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Introduction

This volume 18 a collection of papers presented at the Eighteenth Annual
Conference on Mass Spectrometry and Allied Topics, held in San Franciseco, California,
June 14-19, 1970. It is intended that this volume be distributed only to members
of ASMS, and registrants of the Conference, and therefore should not be considered
as & publication.

It is suggested that any future references to individual reports be cited in the
form: author(s), presented at the Eighteenth Annual Conference on Mass Spectrometry
and Allied Topics, San Francisco, California, June 1970.

R. E. Honlg, Program Chairman

Arranged by the Americen Society for Mass Spectrcmetry (ASM3), in cooperation
with ASTM Committee E-1h.

ASMS
President: J. L. FRANKLIN, Department of Chemistry, Rice University,
Houston, Texas 77001
Vice-President (Program): R. E. HONIG, RCA Laboratories, Princeton, New Jersey 085L0

Vice-President (Arrangements): C. E. JOHANNSEN, Bell & Howell Analyticel
Instruments Division, 1500 S. Shamrock, Monrovia, Celifornia 91016

Vice-President (Data & Standards): H. R. HARLESS, Union Carbide Technical Center,
South Charleston, West Virginia 25303

Secretary: J. M. McCREA, Applied Research Lab. (73), United States Steel Corp.,
Monroeville, Pennsylvania 151L6

Treasurer: H. D. COOK, Westinghouse Bettis Atomic Power Lab., Box 79, West Mifflin,
Pennsylvania 15122

Past President: H. M. ROSENSTOCK, National Bureau of Standards, Washington, D. C. 2023k

Directors-at-Large:
J..T. HERRON, National Bureau of Standards, Washington, D. C. 20234

R. F. PORTER, Department of Chemistry, Cornell University, Ithaca,
New York 14850

ASTM COMMITTEE E-1h

Chairman: H. R. HARLESS, Union Carbide Technical Center, South Charleston,
[ West Virginia 25303 wio

Vice-Chairman: H. E. LUMPKIN, Esso Research & Engineering Co., P. O. Box 4255,
PR Baytown, Texas T7520

Secretary-Tressurer: W. F. KUHN, Philip Morris, Inc., Richmond, Virginia 23206
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ASMS COMMITTEES AND ASTM E-14 SUBCOMMITTEES

ASMS Com. II - "Fundamental Aspects", W. A. Chupka, Argonne National Laboratory,

9700 South Cass Avenue, Argonne, Illinois 60L39.

Joint (Sub) Com. IIT - "Computer and Data Processing", M. C. Hemming, Continental

0il Company, P.O. Drawer 1267, Ponca City, Oklahoma Th601.

ASTM E-14 Subcom. IV - "Data and Information Problems", Paul W. Shearer, Hercules,

Inc., Wilmington, Delaware 19899.

ASMS Com. V - "New Instruments and Techniques", H. J. Svec, Department of Chemistry,

Iowa State University, Ames, Iowa 50010.

ASTM E-14 Subcom. VI - "Standards and Procedures", J. R. Roboz, Mt. Sinai School of

Medicine, New York, New York.

ASMS Com. VII - "Study of Solids", A. J. Ahearn, 9621 E. Bexhill Drive, Kensington,

Maryland 20795.

ASMS Com. VIII - "High Resolution Studies", K. Biemann, Department of Chemistry,

Massachusetts Institute of Technology, Cambridge, Massachusetts 02139.

ASMS Com. IX - "Aids to Education", D. C. Damoth, Bendix Corporation, Rochester,

New York 1L603.

ASTM E-1L Subcom. X - "Definitions and Terms", G. L. Cook, U. S. Bureau of Mines,

Box 3395, University Stetion, Laramie, Wyoming 82070.

ASTM E-14 Subcom. XI - "Evaluation of Critical Data", A. J. Sharkey, U. S. Bureau

of Mines, 4800 Forbes Avenue, Pittsburgh, Pennsylvania 15213.
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3.
‘.

©f Allegheny County, Pennsylvania
Yames ¥. Clarke,

Prothonotary

To All To Whom Theoe Presents Shall Come, Greetings:

Whereas on the 28th day of July in the yoar of
our Lord, One Thousand Nine Hundred rivty-nine at No.. 650
Octobor Term, 1969.
\. "RI'TFEL T, CONGTSEALL Jort I, Ue“OVFRN
nrcE ING Me IV FA WILLIAN M, HICKAM

filed in this Court their application for a Charter, and

Wherean Certificate of Registration from the S y of the Com-
monwealth and Proofs of Publication of Notice of this Application as required
by Law and by the Rule of this Court have been filed, and

whﬂ‘rln in compliance with the provisions of the Non-Profit Corpora-
tion Law of Pennsylvania approved May 5, 1933, P. L. 289, the Court having
found that the purpose or purposes set forth in said Article lawful and not
injurious to the Community.

Now Eherefore, Ve It Remembered thaton the  Lth
dY of Auqust in the year of our Lord, One Thousand Nine Hundred
Sixty-nine  on motion of YINLIAM R, “eHEE Attorney for
Petitioner the Court by his Honor DAVID ", TAURETT, ITR.,
did Order and Decree that

Articles of )}murﬁuratinn

are approved, and that upon recording of said Articles of Incorporation, to-
gether with this Order, that the subscribers thereto named and their associates
and successors shall be and are a Non-Profit Corporation by the name and
title of

THT ANFRICAYT SOCIRTY PR IALS OPRCTR TRY

Said Non-Profit Corporation shall exist verpatually,

and shall be invested with and have and enjoy all the powers, privileges and
franchises incident to a non-profit corporation and be subject to all the duties
and requirements and restrictions specified and enjoined in and by the Non-
profit Corporation law and all other applicable laws of this Commonwealth.

Witneoe THE Honorable 17 NRY 1.1 MONET

President Judge of our said Court at Pittsburgh,
this  7th day of  Aumust

1969.

From the Rdcbrd, ‘
Jumues ¥. Clache Q€

7 Prothonotaty
{

ant I, 1769  Charter Book Vol. 12 Page 519



THE AMERICAN SOCIETY FOR
MASS SPECTROMETRY
CONSTITUTION AND BYLAWS
CONSTITUTION

ARTICLE I. Name

The name of this soclety shall be "The American Society for
Mass Spectrometry".

ARTICLE II. Aims and Purpose

It is the aim and purpose of this soclety to promote and
disseminate knowledge of mass spectrometry and allied subjects.

ARTICLE III. Membership

Membership in the American Society for Mass Spectrometry shall
be open to any individual or with approval of the Board of Directors any
corporate entity with a bona-fide interest in mass spectrometry.

ARTICLE IV. Management

The management of the society shall be vested in the Board of
Directors which shall consist of the following voting members: the
officers of the society hereafter listed, two elected members at large,
and the immediate past President; of the following non-voting members:
the duly appointed chairmen of such committees that may be duly appointed
within the society.

The Officers of the Society shall be:

President

Vice-President for Programs, who shall be President
Elect of the Society

Vice-President for Arrangements

Vice-President for Standards and Procedures, who shall
be the Chairman of ASTM Committee E~14 on Mass
Spectrometry and shall serve, ex-officio, as an
Officer of the Society.

Secretary

Treasurer

ARTICLE V., Duties of Officers

Section 1. The President shall be the chief executive officer
of this society; he shall preside at all meetings of the members and
directors; he shall have general and active management of the business of
this society; he shall see that all orders and resolutions of the Board
of Directors are carried out; he shall execute all bonds, mortgages, and
all contracts of this society and cause or direct the affixing of the
corporate seal thereto; he shall have general superintendence and
direction of all other officers of this society and see that their duties
are properly performed; he shall submit a report of the operations of
the society for the fiscal year to the Board of Directors and members at
their annual meeting, and from time to time shall report to the Board
of Directors all matters within his knowledge that may affect this society;
he shall be ex-officio a member of all committees and shall have the power
and duties and management usually vested in the Office of President in a
corporation; he shall appoint all committees except as herein otherwise
provided. He may individually send or cause to be sent by the Secretary
notices of any meetings of the Board of Directors.
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Section 2. The Vice-President for Programs shall be vested with
all the powers and shall perform all the duties of the President during
the absence of the latter and shall have such other duties as may, from
time to time, be determined by the Board of Directors. The same shall
be true of the Vice-President for Arrangements who shall be next in the
line of succession. In the event that the President shall be absent at
any meeting, the Vice-President for Programs shall preside, and if neither
is present at a meeting, then the Vice President for Arrangements shall
preside.

Section 3. The Secretary shall attend all sessions of the Board
of Directors and all meetings of members and act as a clerk thereof; and
shall record all votes and minutes of all proceedings in a book to be
kept for that purpose as directed; he shall send notices of all meetings
to the members of the Board of Directors; and shall perform such other
duties as may be prescribed by the Board of Directors or the President
under whose supervision he shall be; and he shall be the custodian of the
corporate seal and all of the books and records of this society, except
as may be otherwise provided.

Section 4. The Treasurer, under the direction of the Board of
Directors, shall have charge of the funds of this society and shall
deposit the same in the name of this society in depositories designated
by the Board of Directors; he shall arrange for the payment of all
vouchers or orders properly attested by the President and Secretary from
said society funds, and shall make a complete and accurate report of the
finances of this society at each annual meeting of the members, or at
any time upon reguest, to the Board of Directors.

ARTICLE VI. Duties and Powers of the Board of Directors

1. The property and business of this society shall be managed
by the Board of Directors.

2, In addition to the general powers of the Board of Directors
by virtue of their ¢ffice, the powers and authority expressly given by
law, by terms of the charter of this society, and elsewhere in these
by-laws, the following specific powers are expressly conferred on the
Board of Directors.

To purchase or otherwise acquire for the society any property,
right or privilege which it is authorized to acquire at such price or
consideration, and upon such terms as they deem expedient; to appoint, to
remove or suspend subordinate agents or servants, to determine their
duti'es: and affix their lsalaries; to confer by resolution upon any officer
or. agent of this society the power of permanently removing or suspending
any subordinate officer or servants; to determine who shall be authorized,
on behalf of this society, to sign bills, notices, receipts, acceptances,
endorsements, checks, releases, contracts and any other instruments; to
delegate any of the powers of the Board to any standing committee, special
committee, or to any officer or agent of the society, with such powers
as the Board may deem fit and proper to grant; generally to do all such
lawful acts and things as are not by law, or by charter, or by these by-
law directed or required to be done by members of the Board of Directors.

3. Any action which may be taken at a meeting of the Directors,
may be taken without a meeting, if consent in writing setting forth the
action so taken be signed by all the Directors and filed with the
Secretary of the society.

4. 1In the event that the office of any elected officer or
member of the board of directors shall become vacant, the board of
directors shall immediately fill the vacancy for the remainder of the
unexpired term; however, no member who thus fills a vacancy in the
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office of Vice-President for programs shall automatically succeed to. the
presidency, but the society shall in such event elect its next President.
The provision of Article IV which pertains to the immediate past president
shall not apply to apresident who vacates office.

5. The ballot for the election to membership on the Board of
Directors of this society shall be by a closed, written ballot.

6. Any member in good standing shall be eligible to hold office
in this society either as an officer or a member of the Board of Directors.

ARTICLE VII. Fidelity Bonds.

Section 1. The Board of Directors may require such officers
or agents to be bonded as it shall deem necessary; for any amount or
amounts as it may deem requisite, at the expense of the Society.

ARTICLE VIII. Location.

The principal office of this society shall be located in the
City of Pittsburgh, Commonwealth of Pennsylvania.

ARTICLE IX. Dissolution.

In the event of either voluntary or involuntary dissolution of
the Society, the funds or assets of the Society, remaining after
discharging all just debts of the society or its officers in the name of
the society, shall be distributed without encumbrances to a non-profit
group, organization or institution of learning engaged in the field of
spectroscopy within the contemplation of Section 170 (c) (2) of the
Internal Revenue Code (1954). The selection of the recipient or
recipients shall be made by the majority vote of the Board of Directors
or Governing Board in office at the time of dissolution but in no event
shall the assets be distributed to any member or members of the society.

ARTICLE X. Society Seal.

This society shall have a seal, upon which shall be inscribed the
name of the society, the year of its creation, and the words "Incorporated
Commonwealth of Pennsylvania.”

ARTICLE XI. Amendments.

Section 1. Proposed amendments to this Constitution and the
Bylaws of the society, signed by at least Fhree members of the Board of
Directors or by twenty members of the society must be submitted to the
Secretary at least fifteen weeks before the regular business meeting of
the society at which meeting the proposed amendments may be discussed
and amended. The Secretary shall send or cause to be sent the proposed
amendments to each member within a reasonable time and at least before
or with the notice of the next regular meeting thereafter. A two-thirds
vote of the members present shall authorize a letter ballot on the
proposed amendments (as amended in meeting) and if two-thirds of the votes
obtained by letter ballot are in favor of the proposed amendments, they
shall be adopted.

Section 2. The Board of Directors shall also have the power
to amend the bylaws by a two-thirds vote of the Board of Directors by
letter ballot of all the members or a like majority at a meeting where
all the Board members are present and voting.

Section 3. The Board of Directors is authorized to renumber
articles and sections of the Constitution and Bylaws to correspond with
any changes that may be made. toe ’
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ARTICLE XII. Relations with A.S.T.M.

Section 1. This Society shall cooperate with A.S.T.M. and its
appropriate committees in matters concerned with standards and procedures
relevant to Mass Spectroietry. '

Section 2. This society shall make appropriate arrangements
for joint meetings with A.S.T.M. Committee E-14. Other A.5.T.M. groups
interested in mass spectrometry as applied to specific materials are
invited to schedule their meetings in conjunction with meetings of the
society.

ARTICLE XITI. Constitution and Bylaws

Section 1. The Constitution and Bylaws shall be adopted by a
majority vote of the members present and voting at the time of their
proposal to the members for the ratification.

Section 2. The Constitution and Bylaws shall be in full force
and effect immediately upon their adoption as set forth in Section 1.

BYLAWS

1. Membership

1.1 Application for membership shall be made in writing, on a
form to be specified by the Board of Directors. The membership year
shall commence October 1 and end September 30.

1.2 Applicants shall be admitted by the action of the Board of
Directors and membership thereafter becomes effective upon receipt of
dues by the Treasurer.

1.3 Failure to pay dues for six months shall automatically
terminate membership. Payment of arrears and current dues shall suffice
for reinstatement.

1.4 Membership may be terminated without prejudice by written
notice to the Secretary, with the requirement that dues up to and
including the year of written notice be paid.

1.5 A voting member of A.S.T.M. Committee E-14 shall
automatically be admitted to membership upon submission of an application
for membership and payment of dues to the Treasurer.

1.6 Every member in good standing shall have the right to vote
at the general membership meetings and to hold office.

1.7 Any member not in good standing shall lose the right to
vote or hold office.

1.8 The books, accounts and records of this society shall be
open for inspection to any member of the Board of Directors at any time.
Members of this society may upon written request to the Board of
Directors, inspect such books, accounts and records of this society at
such reasonable times as the Board of Directors may by resolution designate.

2. Collections and Disbursements

2.1 Membership classes and.dues within such classes shall be
determined by the Board of Directors.

2.2 The Board of Directors is authorized to determine separately
a registration fee for each general meeting to cover the expenses of
holding the meeting. Payment of this fee is a requirement for attendance.
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2.3 Disbursements shall be made in accord with an adopted budget
or by approval of a majority of the Board of Directors and the fiscal
year of the corporation shall be from October 1 to September 30.

2.4 The Secretary will prepare or cause to be prepared at least
one annual financial and membership report to the Board of Directors.

2.5 The Treasurer will prepare or cause to be prepared an annual
financial report to the Board of Directors.

2.6 The report of the Secretary on membership and the financial
report of the Treasurer shall be made available for inspection for any
reasonable purpose by any member of the society on written request to
the Secretary or Treasurer.

3. Terms of Office and Election

3.1 The elected officers and directors at large shall hold
office for a term of two (2) years, except as otherwise provided in
Article IV and VI of the Constitution with their term year commencing
on July 1 and ending on June 30.

3.2 The President shall appoint a nominating committee of not
less than three members on or before October 1 of his second year in
office. He shall not be a member of this committee. The committee shall
nominate a slate of candidates and report in writing to the Board of
Directors no later than the first day of the following February. The
Secretary shall prepare or cause to be prepared a letter ballot to be
mailed to the membership at the time of the sending of the final meeting
notice and requesting return no later than two weeks preceding the annual
meeting. Election will be by majority of votes cast. Write-in votes
shall be accepted. The election results shall be made known at the next
annual business meeting and the new officers shall assume office at the
beginning of the next term year as specified in paragraph 3.1 of the Bylaws.

4. Committees

4.1 The President shall appoint such committees as are necessary
for the carrying out of the aims and purposes of the society. Membership
and chairmanship of such committees shall not exceed the term of office
of the President. He may terminate a committee at any time. Members and
chairmen may be reappointed by the incoming President.

5. Meetings

5.1 The society shall meet at least once a year in order to
present scientific papers and conduct business. Twenty members shall
constitute a quorum for the transaction of business.

5.2 The time and place of the general meeting shall be
determined by the Board of Directors.

5.3 Meetings of the Board of Directors may be called by the
President or, in his absence, by the Vice-President for Programs.
Alternatively, two thirds of the Board of Directors may call a meeting
by written request to the President. Five directors, including at least
three voting members shall constitute a quorum of the Board of Directors.

5.4 A simple majority shall be required to pass any motion at
any meeting of the members or Board of 'Directors, unless otherwise provided.
Any member  in arrears six months or more shall not have the right to vote
or hold office.

5.5 Each director shall be entitled to two weeks' notice of
any meeting of the Board of Directors.
Al0



5.6 Notices of all meetings, regular or special, shall be in
writing and sent through the United States mails to each member or
director on the Board of Directors as the case may be; at his latest
address recorded on the books of this society.

5.7 Each member shall be entitled to thirty days' notice of
the annual general meeting.

5.8 The President shall, in response to a petition bearing the
signatures of not fewer than twenty members and requesting that the Board
of Directors consider a specified question, place this item on the agenda
of the first meeting of the Board of Directors which is scheduled to
convene on a date not preceding the thirtieth day following receipt of the
petition. The member whose signature appears first on the petition shall
be entitled to two weeks' notice of such meeting, and the same member or
a member designated by him shall be entitled to attend such meeting and
discuss the specified question with the Board of Directors.

5.9 Unless otherwise provided by law, whenever any notice is
required to be given, by the provisions of the Bylaws, a waiver thereof
in writing, signed by the person or persons entitled to such notices,
whether before or after the time stated therein, shall be eguivalent
thereto.

6. Compensation

6.1 No officers of the society shall receive salaries or fees
for their services.

6.2 Officers of the society shall be reimbursed for all
reasonable expenses not otherwise covered, except transportation, incurred
in connection with their official duties. Reimbursement for transportation
expenses imperative to the business of the society may be authorized by
unanimous vote of the Board of Directors.

All
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Bl1.

B2,

B3.
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B5.

B6.
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B8.

B9.
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PRCCEEDINGS OF THE EIGHTEENTH ANNUAL CONFERENCE

Page No.
Symposium: Mass Spectrometry and the Analysis
of Lunar Samples
Mass Spectrometric Analysis of Lunar Materials.

Paul W. Gast and Norman J. Hubbard—-————e-ewm—————e- No Manuscript
Selected Trace Element Abundances of Lunar Samples.

C. C. Schnetzler and J. A. Philpotts———eee————— No Manuseript
Elemental Abundences in Lunar Materials by Spark Source Mass
Spectroscopy.

G. H. Morrison, A. T. Kashuba, and A. M. Rothenberg-—-———————— B1
WITHDRAWN
Heavy Elements in Lunar Samples.

C. M. Stevens, H. Diamond, P. R. Fields, D. N. Metta, P. E.

Moreland, end D. J. Rokop B5
Ton Microprobe Analysis of the Apollo 11 Samples.

C. A. Andersen and J. R. Hinthorn B6

Organic Spectra
Mass Spectral Rearrangements in Organic Phosphorus Pesticides.

William A. Laurie, Morton E. Wacks, Robert W. Anderson,

James F. Dietz, Bennie Lacy, and James E. Snowden, Jr.----———- B8
Hydrogen Scrambling in the Methyl Acetate Molecule-ion.

P. R. Briggs and T. W. Shannon B18
The Dynemic Stereochemistry of the Elimination of Acetic Acid
Under Electron Impact.

Mark M. Green B24
Anchimeric Assistance in the Loss of Bromine From 5-Bromo-2-phenyl-
2-pentene.

K. B. Tomer and R. H. Shapiro B25
Collision-Induced Metastable Transitions of Organic Ions.

I. Howe, F. W. McLafferty, and R. A. Kornfeld----No Manuscript
Mass Spectra and Pyrolysis of Cyclic Sulfites and Carbonates of
Aromatic Diols.,

D. C. DeJongh, R. Van Fossen Bravo, end D. A. Brent——————e———- B28
Mass Spectra of the Ketalization Products of Acenaphthenequinone.

Allen I. Cohen, Ingeborg T. Harper, and Seymour D. Levine-—--- B30
Energy Effects in the Mass Spectra of Aromatie Compounds.

Noel Einolf and Burnaby Munson - B35
Simulated Distillation by High Resolution-Low Voltage Mass Spec-
trometry.

Thomas Aczel and H. E. Lumpkin B37
High Resolution Mass Spectrometry of Nucleic Acid Hydrolysates.

W. A. Koenig, A. M, Lawson, L. C. Smith, P. F. Crain, and

James A. McCloskey B40
Applications of Ultra-High Resolution Mass Spectrometry and Direct
Data Reduction in Labelling and Tracer Studies.

J. R. Chapman, S. Evans, and W. A. Wolstenholme——————r———————x B42

*Invited Paper
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Page

Symposium: Mass Spectrometry and the Analysis

of Lunar Semples (Continued)

Uranium-Thorium~Lead Isotopes in Returned Lunar Samples.
Leon T. Silver No Manuscript

018/016, 5i30/5428, p/H ana c!13/C!? Studies of Lunar Rocks and
Minerals.
S. Epstein and H. P. Taylor No Manuscript

Solar Wind Gases, Cosmic-Ray Spallation Products and the
Irradiation History of Lunar Material.
K. Marti

Rare Gases in the Lunar Surface.
0. A. Schaeffer No Manuscript

Organic and Biochemical Analyses of Returned Lunar Samples.
A. L. Burlinga No Manuscript

Neutron Capture Effects in Lunar Material.
G. W. Lugmair

Biological Applications

Mass Spectra of Mitomycin Antibiotics.
G. E. Van Lear

Techniques for Mass Spectrometry of Drug Metabolites Without
Extensive Purification.
Donald C. Hobbs

Mass Spectra of Organic Compounds III. Fragmentation Studies of
Phospholipids and Related Compounds by High Resolution Mass
Spectrometry.

H. G. Boettger and A. M. Kelly

Applications of Mass Spectrometry to Studies of Polyene Antibiotics.
Ramesh C. Pandey and Kenneth L. Rinehart, Jr.--——————commeeee

Mass Spectrometric Analysis of Phospholipid Components.
James H. Duncan, W. J. Lennarz, and Catherine Fenselau-——wn=e=
No Manuscript

The Elucidation of the Primary Structure of the Hypothalamic
Thyroid Stimulating Hormone Releasing Factor of Ovine Origin by
Means of Mass Spectrometry.
D. M. Desiderio, R. Burgus, T. F. Dunn, W. Vale, R. Guillemin,
and D. N. Ward

Applications of GC-MS to Metabolic Research Problems.
Sanford P. Markey, Keith B. Hammond, and James Plattner------—-

Analyzing Breath and Air (107° to 10712 sensitivity) by Counting
Ions Through A Queadrupole and Searching a Library of Spectra
Regressively.

Norman Milleron

Applications of GC-MS in Drug Metabolism Studies.
S. R. Shrader, G. Hetzel, and K. Fotherby

Structural Investigation of Glycoprotein Linkage Regions Using a
Gas Chromatograph-Mass Spectrometer-Computer System.
V. N. Reinhold, J. Biller, and K. Biemann

Mass Spectra of Some Germacranolides and Furanogermacranolides.
K. G. Das, M. 5. B. Nayar
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B70

B77

B78
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F2.

F3.

Fb.

F5.

F6.
F1.

F8.

F9.

F10.

Symposium: Approaches to Deteiled

Fragmentation Mechanisms

Deconvolution of Ionization Efficiency Date as a Means of
Determining Fragmentation Mechanisms in the Mass Spectrometer.
Harry J. Svep and Gerald D. Flesch

General Factors Determining Ion Abundances in Mass Spectra.
F. W. McLafferty, Timothy Wachs, Chava Lifshitz, Guiseppe
Innorta, and Philip Irving No Manuscript

Studies of the Structure and Fragmentation of C H50+.
A. G. Harrison, A. S. Blair, end B. G. Keyeg——==« No Manuscript

Substituent Effects on Competing Cleh?ééé“hnd Rearrangement
Processes in Molecular Ion Decomposition Reactions.
Peter Brown e et

Energetics and Metastable Ion Interiities in the Determination
of Ionie Structure.
J. L. Occolowitz ===z

Neighboring Group Participation in the Mass Spectral Fragmentation
of Scme Azulenes.

R. G. Cooks, N. L. Wolfe, J. R. Curtis, H. E. Petty, and

R. N. McDonald

Charge-exchange Spectra of Some Substituted Benzophenones and
N-Substituted Phenyl Benzamides.
Robert H. Shapiro and Jonathan Turk

High Temperature Studies and Energetics

Mass and Phase Spectrometry of Hot SFG.
R. T. Brackmann, W. L. Fite, and W. M, Jackson-e-——e—mccceaaaaaa

DissBociation Energies of Geseous GaAg, Gaz, InAg, and Inz.
Kearl A. Gingerich and Gary D. Blu

Dissociation Energy of Fj.
J. J. De Corpo, Ronald P. Steiger, J. L. Franklin, and
J. L. Margrav

Electron Impact Measurement of Bond Strengths in Some
Transition Metel Chlorides.
D. L. Hildenbrand

Interpretation of Ion Yield Curves for Positive and Negative Ions
from Carbon Vapor.
C. Herndon Williams

WITHDRAWN

Mass Spectrometry of a Chemically Quenched High Temperature RF
Plasme.
J. M. Madson, J. H. Mullen, and T. C. Peng

Mass Spectrometric Study of Vapor Transport Reactions.
Vladimir 5. Ban

High Temperature Equilibria Involving Bonding by Platinum--A Most
Reactive Noble Metal.
Gary D. Blue, R. S. Carbonara, and C. A. Alexander-------—----

Thermodynamic Characterization of Intermetallic Compounds of High
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MASS SPECTROMETRY BIBLIOGRAPHIES

. Bibllographies based on computer and manual searches of the literature

in mass spectrometry comprising publications in open Journals and

government research reports have been prepared and publlshed as AEC

reports. To date reports are avallable at $3.00 per copy from the
Clearing House for Federal Scientific and Technical Information
Natlonal Bureau of Standards, U. §. Dept. of Commerce

Springfleld, Virginia 22151 :
No. of

References
IS 1335 (1965) published Mar. 1966 1591
IS 1611 (1966) published July 1967 2907
IS .1829 (1lst half 1967) published Apr. 1968 3569
IS 2058 (2nd half 1967) published June 1970 _ LeTh
IS 209 * (1st half 1968) expected publication; Fall 1970 4589
IS 2327* (2nd half 1968) expected publication; Winter 1970 5290
IS 2356* (1969) expected publication; Winter 1970 ~4800
A report covering 1970; expected publication, Spring 1971 ~4500

From these statistics, the literature of mass spectrometry is
expected to contain > 32000 references for the last six years. There
1s no doubt that some references have been milssed, especlally those
containlng no reference to mass spectrometry in their titles, those
whose authors are not yet on our computer search profile or those
published in journals not listed by Journal-contents publishers.

*The assistance of ASTM E-14 and ASMS in the form of stenographic
support 1s acknowledged for these 1lssues.

Harry J. Svec



Mass Spectrometrists, 1969-70

The membership records of the American Society for Mass Spectrometry
contain a wealth of information about mass spectrometrists and their
interests during 1969-70. The average year of birth coincides with the
median year of 1931; but the mode of the distribution is 1936. Over 97%
of the members are male and over 97% have a college degree. Of the degree
holders, 55% have earned a doctors at one of 109 institutions.
Massachusetts Institute of Technology, the University of California
(Berkeley), the University of Illinois and Cornell University rank in the
order given for doctor's degrees granted, but collectively account for
just over 15% of the doctorates. The top four for junior degrees are
Pennsylvania State University, University of California (Berkeley), Iowa
State University and Ohio State University, but collectively account for
under 10% of those without the doctorate. About 3.5% of the members are
students still enrolled at colleges, and 23% are employed in academic insti-
tutions. Another 19% work for the government or not-for-profit institutes,
and nearly 54% work in industry. Two members were not employed when they
joined the Society.

The members were asked to give their selection of fields of interest
on their application forms. The condensed results on this selection are
shown in Table I. The compilation was done by assigning weights of 1,

1/2, 1/3, etc. to first, second and third etc. choices, and expressing
the final "interest spectrum" on a percentage basis.

The geographical distribution of the members' addresses can be
compiled in detail from the list of members given elsewhere in this book.
The ASMS as of June 22, 1970 had members from 41 states, the District of
Columbia and 19 other countries. The states leading in number of members
are California with 89, New York and Pennsylvania each with 59, New Jersey
with 52 and Texas with 49. Countries with a relatively large number of
ASMS members include Canada with 24, France with 10, Great Britain and
Japan each with 9 and Germany with 7.

Compiled June 22, 1970
J. M., McCrea, Sect., ASMS

Table I
Members' Interests and Applications, 1969-70
Topic % Discipline %

Analysis, qual/struc. 11.8 Chemistry, phys/inorg 32.5
Instrument, single focus 9.4 Chemistry, organic 31.8
Instrument, double focus 7.4 Physics 14.5
Analysis, MS+GC/DTA, etc 7.4 Biochemistry, Medicine 13.4
Analysis, isotepic 7.3 Geology, geophysics 7.8
Analysis, guant chem 6.7
Analysis, solids (spark etc) 5.7
Computer, calculations 5.1 Type of Application 3

- Ionization, electron,energetics 4.8 Basic Properties 20.4
Instruments, quadrupole 4.2 Instrument Development 19.7
Beams, collision reactions 4.1 Materials Research 13.8
Special studies, kinetics 3.6 Chemicals 11.5
Computer, interface systems 3.4 Space Research 7.3
Computer, data compilation 2.9 Petroleum 6.7
Ion rearrangements 2.8 Nuclear Science 6.5
Thermodynamics 2.7 Surfaces 5.2
Instruments, time of flight 2.5 Instrument prodn, sales ° 5.1
Ionization, surface, thermal 2.3 Other 3.8
Ionization, chem, field 2.0
Theory 1.4
Physical Constants 0.7
Other Interests 1.8
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ELEMENTAL ABUNDANCES IN LUNAR MATERIALS A3
BY SPARK SOURCE MASS SPECTROSCOPY

G. H. Morrison, A. T, Kashuba, and A, M. Rothenberg
Department of Chemistry.
Cornell University
Ithaca, N. Y. 14850

Among the most important types of information desired from the lunar materials re-
turned to earth by the Apollo missions is the characterization of their chemical compo-
sition. Of the various multielement techniques for the survey analysis of solids, spark
source mass spectrography provides the greatest scope and sensitivity. The approach
15 particularly helpful in obtaining maximum elemental abundance data on limited sample
sizes of lunar materials. A method is described for the analysis of lunar material and
results are presented for the a_nalysis of lunar solil and rocks returned by the Apollo 11
and 12 missions.

According to the Surveyor results (1,2,3), the lunar surface materials near the
site of the landings resemble basalts in their major element abundances. Therefore, a -
general technique for basalt analysis was devised. U.S. Geological Survey basaltic
standards W-1 and BCR-1 were selected respectively as "standard" and "unknown."

Electrode shape, composition, magnet current, electrostatic analyzer voltage,
duty cycle and proportionality settings were studied to optimize sensitivity (4). The last
three, being continuous functions, were subjected to a standard analysis of variance ex-
periment, which quickly elucidated the optimal values. Magnet settings were altered
to accomplish two purposes:

1. A low magnet setting, together with relatively low charge collections

(S 30 ncoul.) and a narrow slit (0.0005") effectively spread out the spectrum
under study, elements with masses below the rare earths, in order to obtain
data on the major elements and those trace elements normally obscured by h;'ila—
tion caused by the majors and conducting matrix, graphite powder.

2. A high magnetic setting with higher charge collections {1000 ncoul.) and a -
wider slit (0.0025") sharpened and intensified the high-mass trace elements,
eliminated 12C+ and 130+ from the spectrum. Halation effects were minimized
by increasing the spacing between the larger exposures.

For use with terrestrial basalts, In was used as the internal standard. For subse-
quent work with lunar materials, the small amounts of sample available precluded the
doping of an internal standard. The existing trace Zr was used, and neutron activation
analysis (5) was used to ascertain the Zr concentration in the samples. Sensitivity fac-
tors were obtained from the analysis of W-1.

Because of the complex nature of the lunar materials with attendant serious inter-
ference problems, the use of mass spectroscopy alone would have precluded the deter-
mination of many elements of geochemical interest. Therefore, the mass spectrographic
analysis was combined with neutron activation analysis of the same samples resulting in

the determination of 67 elements 6) (7).
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REE in Lunar Samples / REE in Chondrites
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Figure 2. Classification of Apollo 11 igneous rocks into
groups I and II based on large variation in elemental
abundances. D represents soll and C represents breccias.
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Figure 3. Chondrite normalized rare earth abundance pat-
terns for Apollo 11 igneous rock groups I and If and soll
and brecclas.
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Comparison of the results of our laboratory for the analysis of seven rocks and soil
from Apollo 11 shows good agreement with the results of other investigators presented at
the Lunar Science Conference (8).

The average composition of Apollo 11 lunar material is given in Figure 1. It includes
the average of 17 igneous rocks, 11 breccias and the soil representing all of the data pub-
lished by all investigators at the Lunar Science Conference using a varlety of methods.
The values in parentheses are based on limited numbers of analyses, in some cases only
one analysis was available.

All rocks have unusually high concentrations of Ti, Sc,Zr, Hf, Y, and trivalent
rare earth elements and low concentrations of Na. Some of the more volatile elements,
i.e. Bi, Hg, Z2n, Cd, Tl, Pb, Ge, Cl and Br are signficantly depleted with respect to
their presﬁmed abundance in the primitive solar system.

The chemical composition of all of the igneous rocks are similar except for the con-
centrations of K, Ti, Ba, Y, La, Hf, Rb, Th and U. See Figure 2. These trace elements,
which normally do not enter the rr;ajor mineral phases, distinguish two groups of igneous
rocks. The composition of the soils (D)and breccias (O)_is similar to but distinguishable
from the igneous rocks and fall between the groups I and -II igneous rocks. The igneous
rocks also exhibit a depletion of Eu relative to the other rare earth elements as shown
in Figure 3 where the abundances are normalized to those in chondrites. Groups I and II
igneous rocks are distinguishable with soil and breccia clustering around group I.

Based on the limited data so far, the Apollo 12 lunar materials are chemlically
similar to those of Apollo 11 but with a number of interesting differences including lower
concentrations of Ti, X, Rb, Zr, Y and Ba in Apollo 12 samples. Further details on the
Apollo 12 results and a comparison of both Apollo 11 and 12 basalts with terrestrial and
achondrite basalts will be published later.
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A5
HEAVY ELEMENTS IN LUNAR SAMPLESY¥

C. M. Stevens, Donald J. Rokop, Parker E. Mcreland, Jr.,
Paul R, Fields, Herbert Diamond, and Donald N, Metta,

Chemistry Division Argonne National Laboratory

Mass spectrometric and radiochemical analysis methods were used to determine
concentrations by isotopic dilution of thorium and uranium in Apollo 11 and 12 soil
samples, isotopic abundance of uranium, and to search for transuranic and super

heavy eleme.nts.l Preliminary .esults are: Apollo 11 soil sample 1lu084, Th = 2.24% ppm,

235U/238 = 0,007241 + 0.000012, 236U/238 = 3 ¢ 3 ppb; Apollo 12 soil

235 238 244
sample 12070, Th = 6,47 ppm, U = 1.75 ppm, ~ U/ = 0.007248 # 0.000018. No “ Pu

or %7

U = 0.59 ppm,

Gn were found to the limit of about 107 gn/gm in the Apollo 11 sample. The
limit for 239?u is 10-15 gm/gm. Spe;:ial chemical procedures were used to prevent
contanination and blanks were run in all cases. The mass spectrametry was don.e using
multiple filament surface ionization with a 12" radius single-stage routine instrument,
a two-stage mass spectrometer with ion retarding lens, and the high sensitivity 100"
radius instrument. Except for the members of the Th and U series no radicactivity has

been dedected, Analytical work is still in progress.

*Work performed under the auspices of the U. S. Atomic Energy Commission
and NASA Contract T-76536.
Ypaul R. Fields, Herbert Diamond, Donald N. Metta, C. M. Stevens, Donald

J. Rokop, and Parker E, Moreland, Science 167, 499 (1970),
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Ion Microprobe Analysis of the Apollo 11 Samples A6

C. A. ANDERSEN and J. R. HINTHORNE, Hasler Research Center,
Applied Research Laboratories, Goleta, California 93017

The ion microprobe mass analyzer has been used to study the trace element
chemistry of lunar rocks returned from the Apollo 11 mission. Quantitative mass
analyses were made in situ on the major and trace element contents of individual
mineral grains and glasses. Five polished thin sections of 1 to 5 mm. fragments
of lunar breccia, types A and B basalts and an anorthosite-like rock were
studied. The data are compared to similar analyses made on a basaltic achondrite
(Cachari) and young terrestrial basalts from the Mojave Desert and the Mid-
Atlantic Ridge.

A 100 ym thick crust glass partially coating a breccia fragment was found
to have major and trace element abundances nearly identical to the bulk chemistry
of the breccia and dust reported by other investigators. P, Zr and Y are
slightly depleted in the crust glass, suggesting that these elements .might be
present in refractory phases in the lunar rocks. A vein glass in Cachari also
has a composition very similar to its bulk rock analysis. Compared to the lunar
glass Cachari appears to contain more Fe, Na, Mn, Cr, Ni, B and V, and less Ti,
K, P, Sr, Zr, Ba, Y and Co.

A comparison of the trace element abundances in lunar, terrestrial and
meteoritic silicate phenocrysts shows that Ti and Cr are enriched in the lunar
silicates while Ni, K, Na and Pb are depleted. Mn, Al and V tend to group
closely in phenocrysts from all the basalts analyzed. Table 1. gives represen-
tative analyses of the major lunar mineral phases. The data are from the centers
of phenocrysts.

Partitioning studies indicate that Li is concentrated in lunar plagio-
clase, rather than in clinopyroxene and olivine as in all the terrestrial samples
so far analyzed. The other trace elements studied are distributed approximately
the same in lunar and terrestrial silicates. Zoning studies of individual
olivine crystals in a lunar Type B basalt show that the outer edges of the
crystals are enriched relative to the centers in Al, Ca, Mn and Co, and depleted
in Na, K, P, Ti, V, and Cr.

In an attempt to compare the trace element contents of all the basaltic
rocks measured we have plotted the abundances in the major silicate phases versus
the Fe/Na+K ratio for the same mineral grains. When this is done, the "incom-
patible" elements, Ringwood (1966), .are found to decrease regularly with
increasing Fe/NatK and the "compatible" elements to increase with increasing
values of Fe/Nat+K. This ratio, even in individual phases appears to be a measure
of the degree of partial melting which produced a given basalt, and suggests that
the lunar and meteoritic basalts are products of more extensive partial melting
than terrestrial basalts. On a plot such as this Ti appears to be even more
enriched in Apollo 11 rocks than a simple comparison of abundances would suggest.

Th and U and the resulting radiogenic Fb were found to be concentrated in
minor minsagl pgages such as Zr0,, apatite, and a Ti, Zr, Y, R.E. oxide. The
Pb/

Th/U and b raagos differ by more than a factor of 10 among these
phases, but the 207py/200pp ratios in the two Zr-rich phases are nearly the same
(0.4S + S%).

B6



| Olivine | Clinopyroxene|Plagioclase|limenite|Crust Glass

10085/17 -28 -26 -25 -28 -17
Li <3 12 17 9 AN
8 <12 n 12 <1 26
Na 24 M2 3000 18 3800
Mg M M 988___[18000_| M
Al 390 15200 M 1600 M
Si M M M 852 M
P 43 33 32 1.5 130
K__ 9 14 108 35 666
Ca 1230 M M <475 M
Ti 475 5200 498 M M
" 19 69 <0.5 120 45
Cr 680 1340 <2 3300 858
Mn 980 505 42 1600 795
Fe M M 1450 M M
Ni <45 <1 n.a, <2 15
Co 17 7 n.a. 11 16
Sr 1.2 4 68 <4 70
Y 0.9 8 <1 5 21
Zr <10 4 <1 36 61
Ba <0.9 <0.4 <1 n.a. 29
Pb <1.0 <0.7 <0.5 <10 <0.8
M=MaijorElement  n.a.=not analyzed

Table 1. Representative trace element abundances in the major mineral phases
and a glass in the Apollo 1l fines material (ppm atomic). 10085/17-28, 26, 25
and 17 indicate rock fragments analyzed.

Paper to be submitted to Geochimica et Cosmochimica Acta.

References:

Ringwood, A.E. (1966), Advances in Earth Science, P.M. Hurley, ed., MIT Press
Boston, p. 287-356. ’
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MASS SPECTRAL REARRANGEMENT IN ORGANO-PHOSPHORUS PESTICIDES B1

by

William A. Laurie and Morton E. Wacks
Department of Nuclear Engineering
The University of Arizona
Tucson, Arizona

and

Robert W. Anderson, James F. Dietz, Bennie Lacy
and James E. Snowden, Jr.
Chemical Division
. . Dugway Proving Ground
Dugway, Utah

Several investigators [1,2,3,4] have studied the mass spectra of phosphorus con-
taining pesticides in order to find structural correlations which can be. used to identify
pesticidal residues. Although it has been shown, for example, that dimethoxy and di-
ethoxy phosphorothionates have characteristic fragmentation pathways, it is difficult to
differentiate phosphorothionates from phosphorothiolates. This is important since iso-
merizations of this type can occur readily under the action of heat or moisture, and it
has been shown that such changes can have a large effect on the toxicity of the compound
(51.

The difficulty in differentiating such isomers by mass spectrometric technigues
lies mainly in the fact that such isomerizations also take place in the mass spectrometer.
Jorg et al. [2] have attributed this to thermal rearrangement prior to ionization, whereas
a study on related phosphorus compounds [6] has suggested the rearrangements are electron
impact induced.

The study described here encompasses 14 organo-phosphorus pesticides, several of
which have been examined before. The general fragmentation of the dimethoxy phosphoro-
thionates examined is illustrated in Figure 1 (abundances given are for methyl parathion).
In all cases the R group is a substituted phenyl ring. 1In this and other diagrams, tran-
sitiors marked with an asterisk are those for which a metastable ion has been observed in
the normal spectrum. The relative intensity of each ion with respect .to the most abun-
dant peak' is given in brackets after the mass number.

The ion at m/e 125 can be formed by at least two pathways, as shown. One involves
cleavage of a phosphorus-oxygen bond prior to rearrangement of the molecular ion, and the
other involves a similar cleavage after alkyl migration to sulphur to form ion a. Evi-
dence for this reaction is the presence of a metastable ion at m/e 49.9 (calc. 49.9) for
the loss of CHpS from m/e 125. The most likely mode of formation of m/e 109 is aryl mi-
gration to given ion b followed by a similar phosphorus-oxygen bond cleavage. Investiga-
tion of the temperature dependence of the intensities of these two ions indicated that
the observed isomerizations are electron impact induced. The ion intensity ratio was con-
stant over source temperature range of 50° to 250°C.

Although the normal spectrum had no metastable ions for the formation of m/e 125
and m/e 109, the use of the instrument to detect metastable transitions taking place in
the first field free region [7] by variation of the ion acceleration voltage allowed de-
tection of such metastable peaks. For example, methyl parathion had metastable tran-
sitions which indicated three precursors for both m/e 109 and m/e 125. These were the
molecular ion, (M - OH)*, and (M - NO)*. )

This technique was of greater importance in the interpretation of the spectrum of
fenthion. 1In contrast to the other dimethoxy compounds studied, fenthion has two impor-
tant ions corresponding to charge retention on the aromatic substituent. These ions have
both been shown by examination of metastable spectra to give m/e 125 (Figure 2). The
probable precursors for m/e 109 are shown in Figure 3, and this suggests that m/e 153 as
well as m/e 125 and m/e 109 are doublets. Hence the use of the metastable detector has
pre-empted the need for mass measurement in this case.

The only phosphorothiolate studied (Meta-Systox) showed evidence of isomerization
although to a lesser extent. This may have been due to the greater propensity for migra-
tions to sulphur rather than oxygen which has been observed in mass spectrometry or to
the fact that all three substituents were alkyl in nature (aryl migration is favored). It
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Fig 3. Transitions observed for Fenthion using defocussing technique
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FIG. 4 Rearrangement of diethoxy-
substituted phosphorothionates.
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was noted that temperature had little effect on the abundance of m/e 109 and m/e 125,
again suggesting the isomerization was not thermal. The absence of a metastable tran-
sition in the normal mass spectrum for the loss of CH»S from m/e 79 (even though this
pathway was evident in the metastable spectrum) may provide a diagnostic tool for dif-
ferentiating between thiolate and thionate isomers.

The three diethoxy compounds studied gave predictable results - a similar frag-
mentation to the dimethoxy compounds with subsequent elimination of two molecules of
ethylene. However with these compounds an increased proportion of the observed ion cur-
rent corresponded to the aromatic substituent plus one hydrogen. This could be attributed
to the rearrangement in Figure 4 which is obviously impossible for the dimethoxy substi-
tuted compounds.

The spectra for three previously unreported phosphonothiocates have been determined.
The O-ethyl O-p-nitrophenyl phenylphosphonothiocate spectrum (Figure 5) is seen to be
fairly simple. The aryl migration to sulphdr observed for the phosphorothionates is also
important for these compounds and explains two of the four most important ions in the
spectrum (Figure 6). Ions at m/e 109 and m/e 110 also indicate migration of the phenyl
group directly bonded to phosphorus as shown in Figure 7. Surecide (0-p-cyanophenyl
0-ethyl phenylphosphonothiocate) behaves in a similar manner. The nature of these peaks
‘is confirmed by their absence from the spectrum of Agritox (O-ethyl 0-2,4,5 trichloro-
phenyl ethylphosphonothioate) which exhibits a fragmentation pathv}ay similar to that shown

in Figure 6 but does not have a molecular ion peak (M-Cl being the highest mass peak ob-
served) . . -

The introduction of an isopropylamino function in Dowco 118 (Zytron) leads to the
fragmentation shown (Figure 8) which st1ll exhibits the aryl migration to sulphur as for
all the other compounds discussed. In these compounds containing an o-chloro substituent
on the -R moiety loss of this chlorine was a dominant process, and this ion (Figure 9)
could be used to indicate the presence of an ortho rather than a meta or para chloro sub-
stituent.

All the organo-phosphorus compounds examined above showed evidence of rearrange-
ments which could lead to difficulties in the interpretation of unknown spectra. Further
work on pure compounds of the phosphorothiolate type may yield results which will allow
unambiguous a priori structure determination of pesticidal residues.
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HYDROGEN SCRAMBLING IN THE METHYL ACETATE MOLECULE-ION B2

P. R. Briggs and T. W. Shannon

The Dow Chemical Company
Eastern Research Laboratory
Wayland, Massachusetts 01778

During the course of investigating collision-induced dissociations
(CID), it was noted that wo similar molecules behaved in entirely differ-
ent manners. Acetone logses a methyl radical to give the acetyl ion while
the same ion 1s formed from methyl acetate by the loss of the methoxy
radical. Under CID conditions, namely a high analyser tube pressure, the
transition in acetone is almost entirely collision induced, while the loss
of methoxy from methyl acetate remains a unimolecular decomposition.
Further, using labelled compounds, CD3COOCHa and CH3COOCD3, the observed
metastable peak now becomes a triplet. Since the metastable peak corres-
ponds to (/-cleavage with loss of a methoxy radical the hydrogens and
deuteriums have partially exchanged prior to U-cleavage. The relative
abundance of the three metastable peaks varies with changing accelerating
voltage indicating that ion lifetimes have a decided effect on the
observed metastable abundances. This effect was investigated as a possible
means of obtaining a value for the rate of exchange of the hydrogens prior
to fragmentation.

Experimental:

Variation of ion lifetimes was accomplished by changing the acceler-
ating potential of the MS-12 mass spectrometer used. The ion source was
modified by the insertion of an extra slit plate, Pl, in the electron
gun assembly. The plate was electrically insulated from both the ion
source block and the filament. Under pulsing operation Pl is initilally at
filament potential. The mass spectrometer is then focussed on an ion beam
of interest and the electron beam is arrested by applying a bilas, negative
with respect to the filament, to the electron beam control plate. Com-
plete stoppage of the electron beam is indicated by the disappearance of
the focussed ion beam. A positive pulse, supplied by a Hewlett-Packard®
Model 214A pulse generator was applied to Pl to provide a pulsing electron
beam.’ .

The pulsing electron beam provides bursts of ions which are acceler-
- ated out of the ion chamber by the positive potential applied to the
repeller and by penetration of the accelerating field through the fon exit
‘plate P, into the ion chamber. The main acceleration occurs between the
beam centering and earth plates after which the ions travel at constant
velocity past the y-deflection plate, through the field-free region of the
analyser tube and into the magnetic field where they suffer a deflection
according to their momentum. The observed metastable peaks are the result
of 1onic decompositions occurring during flight from the earth plate to
the entrance to the magnetic field.

The passage of ions through the ion gun may be detected by the use of
a second pulse applied to either the beam centering or y-deflection plates.
The second pulse (approximately 75 volts, 0.05 /. sec. width) is triggered
after a variable time delay by the electron beam pulse. If the pulse on
the y-deflection plate coincides with the arrival of a burst of ions at
that electrode, the ions will suffer a deflection and thus not reach the
collector. The result is a decrease in a recorded peak intensity. By
varying the time between the ionizing and deflecting pulses, a time pro-
file of the ions passing the plate may be obtained. The ion flight times
may then be measured directly as the time between the center of the two
pulses at which the deflection is a maximum.

The arrival time at the y-deflection plate, ™, for the m/e 77 ion
from methyl acetate-d, was determined as a functioh of the accelerating
potential. These potentials were measured accurately using a calibrated
high-voltage probe and a digital voltmeter. The final velocity of the ion
i8 calculated from the total potential drop suffered by the accelerated
ion and this in turn may be used to calculate the ion flight time from the
earth plate to the y-deflection plate. Subtracting this value from the
observed "' values gives T,, the arrival time of the ion in the field-
free drift ¥egion. The drift-region flight time may be calculated from
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the known drift-region length and ion velocity. The ion arrival time at
the entrance to the magnetic field 7, is the sum of T, and the drift-
region flight time and is the total eTapsed time during which metastable
decompositions may be observed.

Results and Discusgsion:

Unlabelled methyl acetate shows a metastable peak at m/e 24.99
corresponding to the transition 74+ —> 43+ 4 31 resulting from W« -
cleavage of the parent ion. For labelled methyl acetate, namely CD3zCOOCHa,
the parent ion moves up to m/e 77 and instead of a single metastable peak
at m/e 27.48, three metastable peaks are observed at m/e 25.1%, 26.30,
27.48 corresponding to the transitions m/e 77 —> m/e 44, U5, L6.
Similarly in CH3COOCDs; three metastable peaks are observed for the trans~
itions m/e —> m/e 43, 44, 45, Since the fragmentation occurs via -
cleavage some exchange of the hydrogens and deuteriums between the two
methyl groups has occurred prior to scission of the C-0 bond.

Similar isotopic mixing has been observed in the mass spectra of
specifically labelled ketones.”® For example in deuterated octan-3-one
H/D scrambling occurs in the alkyl chain prior to a loss of an ethyl
radical by (Q -cleavage. However, this scrambling process is onl; evident
at low electron energies. Similarly in other deuterated ketones® 3the
metastable peaks corresponding to (A-cleavage preceded by scrambling show
significant varlation between the first and second drift region of a
double-focusing mass spectrometer. Thus the lifetime of the scrambling
process is long and suggests that a variation of the ion residence time in
the drift region may result in significant variations in the observed
metastable abundances.

Such an effect is indeed evident as shown in Figures 1 and 2 in which
the observed relative metastable abundance is plotted vs. the parent ion
lifetime to the magnetic field. The error bars associated with each data
point are the standard deviation of at least four measurements. Obviously
interpretation of deuterium labelling experiments in which the relative
retention of the label is evidenced from metastable peak intensities must
be treated with caution unless demonstrated that such variations as shown
in Figures 1 and 2 do not occur.

To account for the scrambling, a multi-step process may be envisioned
in which the reaction is initiated by the presence of a free radical.
Such a process is illustrated in Scheme 1. °

N
+
+
. D Q D
o & N +
el P2 cﬂ"'c\ < I(I) - f:)
Hako/ —> . 5 —>  CHa— COCD2H —> CH2DCOCD-H
CD2

Scheme 1

The application of this type of mechanism to the case of labelled methyl
acetate is shown in scheme 2. The metastable decomposition of d resulting
in a peak at m/e = 27.48 is observed but is of such low intensity that
accurate data concerning i1ts intensity varilation could not be collected.
Since all hydrogens on both the methyl groups have equal probabilities of
attaining the appropriate transition state configuration reverse reactions
are therefore possible. If it is assumed that once the transition state
is ‘reached transfer will occur and that there 1is no isotope effect in the
transfir of an H or a D,+ scheme 2 condenses+to the following;+

0 0 0" 0
1 1 n 1 1
CHaCOCDs —% CH2DCOCD2H T—“l:_ cunaloco, &5 cpaCocHs

a b c d

The relative ordering of the rate constants is determined by the number of
ways 1ln which the reaction may occur and setting the rate for a single
possibility equal to k. ‘The rate of decomposition of a, b, and ¢ by
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X -cleavage is assumed to be identical and equal to k*.

Since the scheme is based on the assumption of no primary isotoge
effect, the plots of I(mi') ve., ¥ 2 for both CHaCOOCDs and CD3COOCHs should
be identical. Inspection of figures 1 and 2 reveal that this is not the
case. The crogs-over point, I(my*)=I(ma*), occurs at a longer time for
CHaCOOCDs. As the process of exchange of H and D occurs by three steps in
the postulated mechanism then the reaction sequence can be depicted
schematically as follows;

Da-OHs —BE  pog-omp P py.-omD:
“DHD “DHD

Hy-ODs 28D  H,D-OD;H 2B  Hp,-ODHa
HDH HDH

where DHD for example indicates the sequential transfer of deuterium,
hydrogen and deuterium. Assuming an equal isotope effect (of y = kp/ky)
for each intermediate step in the process then we have HDH = yk and
DHD = y?k where k is the rate constant for no primary isotope effect.

Figure 3 shows the calculated metastable intensities for y = 0.90 as
a function of the flight time to the magnet. The difference in cross-over
times of 1.65 i« sec. is longer than the observed difference of 0.95 _u sec.
Other calculations indicate that decreasing y causes an increase in the
time separation of the cross-over points. Thus it appears that an isotope
effect of 0.90 to 0.95 is operative in the present example.

The relative abundance of the ion species in the drift tube change as
a function of time for the reaction sequence outlined in scheme 2. This
is illustrated in figure 4 for CHaCO2CDsz using k* = lk and k = 0.230 X 10°
sec. * The concentration of CH3COzCDa, decreaseanapldly, with
CH2DCO2CD-H and then CHDRCO>CDH» lncreasing t6 “a -maximum and then falling
off with the concurrent production of CDsCO' etc: ions$': These ions are
not directly observed as metastable peaks, rather -the sum of all such ions
produced in the drift region is collected as the metastable peak. Under
such.circumstances the matching of the calculated curves (Fig. 3) to the
experlmental data (Figs. 1 and 2) is basically a trial -anderror process
in:whiich\werhave 'two unknowns k* and k. Although the agreement between
the“caléulated 4ndiobserved relative abundances is not good, the change in
intensity :asiaifunction of time is qualitatively reproduced.:=Other
simpler ¢mechanismséwere calculated but would not reproduce the changes in
abundance as well as the full mechanism.

chongh i srigis noa

Althotigh thenorﬁginal objective of determining the rate*of“exchange
of the hydrogens pelortto fragmentation has not been achieved;rit was
possible to determine the: prlmary isotope effect for the incramolecular
transfer of ‘détiterium.Atoms in the molecule-ion. Further; the substantial
variation¢ofitthe metastable:ion abundances with lifetime illustrates the
need for caution when applying such data as evidence for ionic structures.
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THE DYNAMIC STEREOCHEMISTRY OF THE ELIMINATION
QF ACETIC ACID UNDER ELECTRON IMPACT

This work has now appeared in the literature: Mark. M. Green,
J. Michael Moldowan, David J. Hart, and Jeffrey M. Kraokower,
J. Amer. Chem. Soc., 2-2_, 3491 (1970).
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Anchimeric Assistance in the Loss of Bromine from 5-Bromo-2-Phenyl-2-Pentene

K. B. Tomer and R. H. Shapiro

Department of Chemistry, University of Colorado, Boulder, Colo. 80302

The molecular ions of ring-substituted 5-bromo-2-phenyl-2-pentenes undergo two
major competing reactions: 1) The loss of -CHZBr through a simple cleavage reaction

and 2) the expulsion of Br- (Figure 1).

= CHICH,CH, B

Figure 1

Chupka1 in 1959 and recently McLafferty and Fairweather2 have shown that a
rearrangement process will show a more intense metastable peak than will a competing
simple cleavage process.

Chupkal and recently Williams and Cooks3 reported another method for determining
the occurrence of a rearrangement process based on the simplified form of the basic

rate equation of the quasi-equilibrium theory (equation 1).

S-1

K (E) -y E ; G_ (equation 1)

For two competing reactions, one being a simple cleavage and the other a rearrange-

ment process, the terms E and S-1 are constant for the two reactions. The frequency
factor Gdr) for a rearrangement reaction is lower than the frequency factor (LL) for a
simple cleavage, and it has been experimentally determined that the activation energy
ﬁé) for many rearrangement processes 1s lower than the activation energy (LL) for a
competing simple cleavage. At high ionizing energies the simple cleavage is expected
to occur to the greatest extent, since the large difference between E and € allows the
frequency factor to rule the rate expression. As the ionizing energy is decreased, the
activation energies begin to control the rates of the competing reactions, and the

rearrangement process should become progressively more important.
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We employed these two methods to determine whether the expulsion of bromine pro-

ceeds via a rearrangement reaction or a simple cleavage.

Our results for the relative

abundances of the competing reactions as a function of energy are presented in Figure

2 and our results on the relative abundances of the metastable are presented in Figure

3.
Effect of Ionizing Energy on the Relative Abundance of (‘M-Br)+ and (M-CHZBr)+
-Br*
(M-Brt)+ (M-cuzsr+)
Substituent 30 ev 20 eV 18 eV 16 eV 14 eV
m-CH30 .807 .834 .849 .894 .948
m-NO, .694 .70 ©.709 .714 .752
R~CFy .583 .629 .6615 .738 .839
D-CFy .559 .6175 .6525 .725 .835
o-F .5635 .61 .639 .70 .807
m-Cl .573 .5975 .6275 .695 .7845
m-CHy .513 .556 .5835 .637 .741
H .501 .539 .564 .625 .725
p-Cl '4?. .483 .509 .556 .685
p-F ;4?% .459 .49 .5435 .643
p-CH,y .?%;5 476 .50 .5625 .680
2-CH0 T .335 .3525 .3825 .483
Figure 2
et * .
Metastable Ratios at 30 eV Ml*
HyF
" wt o .
1;' . E-OCH3 E-OCH3 E-CF3 g-CF3 p_-CH3 _u_\-CH3 p-F m-F p-Cl m-Cl E'Noz
3.25 0.9 7.65 7.87 7.60 2.66 4.33 3.33 9.0 4.67 2.4

The data indicate that, with

Figure 3

the possible exception of the nitro substituted

compound, the expulsion of bromine proceeds through a 'rearrangement-like' transition

state.

The substituent effects are best explained on the basis of two mechanisms for

participation as shown in Figure 4 and Figure 5.
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Mass Spectra and Pyrolysis of Cyclic Sulfites and Carbonates of Aromatic Diols. B6
D. C. DEJONGH, R. Y. VANFOSSEN BRAVO, and D. A, BRENT, Department of
Chemistry, Wayne State University, Detroit, Michigan 48202.

ABSTRACT -- A variety of cyclic sulfites of aromatic diols have been prepared and
their mass spectra obtained. The compounds have been passed over a glowing
Nichrome coil in a stream of nitrogen and the products of pyrolysis trapped. For
example, g-phenylene sulfite shows a loss of SO, followed by CO, from its molecular
10n:

+

o M (C H,0,5)
@' =0 M-SO (C6H4OZ)
O M-SO-CO (C5H4O) (base peak, 70eV)

M-50-2CO (C4H4)

Upon pyrolysis, a 80% yield of the dimer of cyclopentadienone is formed:

Q O
Q) —4— o | O | —
-50 -CO

5

Thus, the same neutral molecules, SO and CO, are eliminated in each case., Several
substituted sulfites have been studied, also, On the other hand, 2,2'-biphenylene
sulfite shows competing losses of SO and SO2 from the molecular ion. Upon

pyrolysis, a 22% yield of dibenzofuran and a 52% yield of hydroxydibenzofuran are

obtained: OH
O
@ @ A
(e} O
\ﬁ/
O

-0, @

These competing losses upon electron-impact have been studied at various electron

energies, and metastable peak characteristics have been noted.
The corresponding cyclic carbonates have been studied and their mass

spectra and pyrolysis products have been compared to those of the sulfites. For
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example, o-phenylene carbonate loses COZ’ rather than CO which would be analogous

to the loss of SO from o-phenylene sulfite:

+
O\ M (C7H403)

=0 -
C{C M CO2 (C6H4O)

M-COZ-CO (C5H4) (base peak, 70eV)

Pyrolysis in a 12 in. hollow quartz tube with a nitrogen flow rate of 0.8 .#/min and
with methanol as a trapping agent gives a 44% yield of the dimer of cyclopentadiene-1-

carboxylate:

COZCH3
2,2'-Biphenylene carbonate eliminates CO2 upon electron impact and pyrolsis.
Dibenzofuran is formed in 80% yield upon pyrolysis in the quartz tube.

Factors such as product-ion stability, stability of the neutrals eliminated, .
and possible intermediates from rearrangement are being considered to explain the

differences observed in comparison of the behayior of the sulfites and carbonates.

(This work will be published in Journal of Organic Chemistry.)

B29



MASS SPECTRA OF THE KETALIZATION
PRODUCTS OF ACENAPHTHENEQUINONE

Allen L. Cohen, Ingeborg T. Harper and Seymour D. Levine
The Squibb Institute for Medical Research
New Brunswick, New Jersey 08903

High-resolution mass spectrometry generally produces reliable structural assignments. In some
cases, however, the determination of structure also requires information about fragmentation
pathways. Fragmentation pathways can be established by utilizing the defocusing technique of
Barber and Elliott] and electric-sector techniquesz.

EXPERIMENTAL

The acid-catalyzed reaction of acenaphthenequinone with ethylene glycol in refluxing benzene
afforded three products, which were isolated by preparative thick-layer chromatography. The mass
spectra were obtained with an AEI MS-902 double-focusing mass spectrometer equipped with a
manually operated accelerating voltage defocusing attachment and for high-resolution data
acquisition a Honeywell 7600 frequency modulated analog tape recorder. The ion block
temperature was maintained at 180°C. In high-resolution mode, the dynamic resolution was one
part in 13000 and the spectra were scanned at a rate of 16 seconds per decade. The analog tape was
processed on an IBM 1800 computer, using Squibb programs. The accuracy of high-resolution mass
measurements was better than 10 ppm, while that of metastable ion defocusing was +1 amu.
Chemical ionization spectra were obtained by Dr. H. Fales on a modified AEI MS-902, with
methane at 0.5 mm pressure at 220°C. :

RESULTS AND DISCUSSION

The low-resolution mass spectrum of the monoketal is shown in Figure 1. The composition of the
M+ at m/e 226 was confirmed by high-resolution techniques as Cq 4H19Og3. The odd-electron ion at
m/e 198, arising from the loss of the ketonic carbonyl as carbon monoxide, is ten times more
abundant than the ion at m/e 198 resulting from the elimination of ethylene. The m/e 170 ion has
the molecular composition C17HgOg. The m/e 198 ion eliminates CoH40 to form the m/e 154 jon.
Defocusing experiments confirm that the m/e 182 ion is also a precursor of the m/e 1564 ion,
although the precursor ion is present in only very small abundance. However, doubly charged ions
at m/e 182, 154, and 126 are present. While the elimination of carbon dioxide from the m/e 170
ion is expected, the double decarbonylation to form the m/e 142 and 114 ions is unexpected,
especially since the loss of a nuclear carbon is involved. To explain this finding, we postulate that
the ion resulting from the elimination of ethylene from the m/e 198 ion rearranges, in part, to
1,8-naphtholactone, which in turn decarbonylates in two steps to form the m/e 114 ion. Recently,
Seibl3 described the fragmentation of 1,8-naphtholactone by a double decarbonylation in a similar
manner.

The other two ketalization products of acenaphthenequinone were non-ketonic isomers. The
mass spectrum of the low-melting isomer is shown in Figure 2. Below m/e 200, the mass spectrum is
very similar to that of the ketonic product. The doubly charged ions at m/e 182, 154 and 126 are,
however, more prominent. As in the monoketal, it is believed that the m/fe 170 ion exists as the
1,8-naphtholactone ion, from which two CO groups are eliminated successively. The m/e 198 ion
may be formed in three different ways: 1) by loss of ethylene, followed by the elimination of
carbon dioxide; 2) by loss of C3H409; and 3) by ring-cleavage, with successive losses of CgHgO-
and CHO-. :

The chemical ionization spectrum of the low-melting isomer is shown in Figure 3. The base ion at
m/e 183 is probably protonated acenaphthenequinone, which is formed through the consecutive
elimination of two CoH40 moieties from the Q+ at m/e 271.

Although the mass spectral data for the low-melting isomer are consistent with the normal
ethylene diketal structure, the corresponding data for the high-melting isomer are consistent only
with the structure shown in Figure 4. The base ion of the latter is 16 amu lower (m/e 154) than in
the low-melting isomer (m/e 170), while a prominent m/e 182 ion is observed. The m/e 182 ion is
formed either through the elimination of CogH4O9 and then of ethylene or by the reverse process;
like the acenaphthenequinone ion (cf. Figure 5), it loses carbon monoxide in two steps. The
fragmentation pathway that demonstrates the bis-dioxane structure, however, is the elimination of
C9H409 from the molecular ion to form the stabilized unsaturated ion of m/e 210, which further
eliminates ethylene to form the m/e 182 ion. The M-58 ion is formed by the stepwise elimination of
ethylene and formaldehyde from the M+. The ions at m/e 198, 170, 142 and 114 are formed in the
same manner as in the low-melting isomer, i.e. by the elimination of carbon dioxide from the m/e
242 jon. The loss of formaldehyde and CoH4O9 could occur from a m/e 242 jon that had been
formed from the elimination of ethylene, while the loss of carbon dioxide from the m/e 242 ion
would require rearrangement to the m/e 198 ion present in the low-melting isomer. Although no ion
is found for the loss of C4HgO, there are two ions at m/e 199, one corresponding to the 13¢
isotope peak of the m/e 198 ion and the other to the loss of C4H70 from the M+. In contrast to the
electron impact mass spectrum of the high-melting isomer, the chemical ionization mass spectrum
(cf. Figure 6) shows a very intense m/e 199 ion. No metastable ion is detected for its formation and,
unfortunately, the exact mass for this ion was not measured nor was it determined by metastable
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defocusing experiments. Assuming that rearrangement is not favored in chemical ionization, C4HgO
should be lost from the quasimolecular ion to form the m/e 199 ion. Metastable ion transitions are
observed for the consecutive losses of two CoH40 moieties from the quasimolecular ion. Finally, a
m/e 210 ion is present, resulting from the elimination of CogH409 and a proton to form the
unsaturated ion; the ion corresponding to loss of the elements of ethylene and formaldehyde is not
observed.

Ketalization of cyclohexane-1,2-dione gives the normal diketal as the major product plus a small
amount (ca. 2%) of tetraoxapropellane$,5, The mass speetrum of this compound is shown in Figure
7. The characteristic peak for the elimination of CgH40¢ from the M+ is observed, accompanied by
both metastable and defocused ions. In addition, the M-58 ion also illustrates that C3HgO is lost
from the M+. Russell and Ochrymowyecz6 reported that the mass spectrum of the ketalization
product of phenylglyoxal favors the normal product, although they found a small M-60 ion that
would be consistent with the bis-dioxane structure. ’
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ENERGY EFFECTS IN THE MASS SPECTRA OF AROMATIC COMPOUNDS B8

Noel Einolf and Burnaby Munson
Department of Chemistry
University of Delaware

Newark, Delaware

The effect of substituents on particular fragmentation pathways was studied by
an energy variation technique. These competing reactions in the benzophenone series
were chosen:

k1

YCgH4COCgH5 " YCeH4CO'  + CgHs- L

K2 4 cgHsCOT + Yo, -

4o _K1 +
YCeH,COCgHg  ~ —— YCeH," + CgH5CO-
k
2 CgHsT + YCgHLCO* )

For a decomposition of molecular ion to fragment ion, the dependence of k is
given by quasi-equilibrium theory as
E-E N-1
k=v (—© ®)
E

A comparison of rate constants for reactions in equations (1) and (2) will take
the logarithmic form

E - Eyl
log kj/ky = log V1 /Vy + (N - 1) log —_— (%)
- E
0

Equation (4) predicts a dependence of rate constant ratio on a frequency
factor term and an energy term.

The mass spectra of 12 substituted benzophenones were evaluated at electron
energies ranging from less than 15 eV to 70 eV. A plot of log YCsH4C0+/C6H5CO+ Vs,
Ee1 gives smooth, regular curves, as shown by representative substituents in the
figure. This ratio is greater than one at 70 eV for electron donating groups and
increases with decreasing E,y. For electron withdrawing groups the ratio yéco* /oot
is less than one with 70 ev electrons and decreases with decreasing Eg]. There is
a good correlation of the quantity log YCgH4COt/CgHs5COt witho T

Results for the phenyl ions (equation 2) were not as good, probably due to
multiple pathways for the formation of these ions.

Charge exchange spectra show a similar dependence of log YCGH400+/C5H500+ on
internal energy of the molecular ion, E. Internal energy is determined by the
recombination energy of the reactant ions, Xe+, Kr+, Ar™, Also apparent in the charge
exchange spectra is a drastic decrease in intensity of the molecular ion as E is
increased.

By extending this preliminary work on charge exchange, we hope to clarify the
effects of substituents and electron energy on the rate constants for decomposition
of these ions and on the resultant mass spectra of the neutral compounds.

(To be submitted to Organic Mass Spectrometry)
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SIMULATED DISTILLATION BY HIGH RESOLUTION B89
LOW VOLTAGE MASS SPECTROMETRY

Thomas Aczel and H. E. Lumpkin

Analytical Research Laboratory
Esso Research and Engineering Company
Baytown, Texas 77520

The detailed characterization of complex aromatic mixtures obtained through high
resolution low voltage analysis(1) is now being used to predict the distillation character-
istics of the material analyzed,

The approach is based on the determination of the concentration of each component and
sorting according to boiling points. The concentrations of all the components with boil~
ing points within each five degree Fahrenheit range interval, from 170 to 1230°F, are
summed to obtain a distillation curve. The occasional nonvolatile portion of the sample
is determined by weighing the residue remaining in the solid sample inlet system(2) after
the analysis.

The experimental procedures and the mass spectrometric and computer equipment used
are those described previously(1). The distillation curve is printed by the computer at
each 5°F. The data are normalized both on a total volatiles and on a total sample basis,
taking into consideration the nonvolatile residue, A summary table, giving these values
at each 50°F interval, s also printed.

The most important step in the procedure is securing a set of boiling points for the
up to 2900 components included in the analysis. Two main approaches are used for this
purpose: 1) use of true boiling points from the Titerature; 2) calculation of empirical
boiling points from the high resolution low voltage mass spectral analysis of narrow
conventional or gas chromatographic distillation cuts.

Data from the literature were obtained using various sources(3,4). As structural
isomers, such as anthracene and phenanthrene, cannot be distinguished by low voltage mass
spectrometry, average boiling point values were used in these cases. The boiling points
of many of the higher molecular weight components could not be found in the lTiterature;
therefore, extrapolated data based on those available were used for the heavier components,

The boiling points of aromatic hydrocarbon nuclei were extrapolated using a plot of
boiling points versus molecular weight, The boiling points of hydroxyaromatic nuclei were
extrapolated from a plot of the ratio of the available boiling points of corresponding
aromatic and hydroxyaromatic nuclei (benzene and phenol, for example) versus the carbon
number of the compounds involved. As expected, the boiling point ratios between hydroxy-
aromatic and aromatic structures were higher for the low carbon number structures where
the contribution of the hydroxyl group is great with respect to the rest of the molecule,
Boiling points for aromatic sulfur nuclei were also based on those of the aromatic nuclei.
One S atom has approximately the same effect on boiling point as two C atoms; for example,
benzothiophene has a boiling point close to that of naphthalene, dibenzothiophene to that
of phenanthrene, etc.

Finally, the curves used to extrapolate the effect of alkyl substitution on the 58
aromatic hydrocarbon, aromatic oxygen, and aromatic sulfur nuclei were based on the
changes in boiling points observed for n-paraffins of increasing chain length,

The other approach mentioned, not yet in use in the computerized procedure, is based
on the observed fact(5) that plots of the average carbon number determined by the high
resolution Tow voltage analysis for a series of narrow distillate cuts are reasonably
linear for all homologous series with respect to the median boiling points of the same
fractions. These plots can thus furnish empirical boiling point data for each carbon
number in a given series for a given type of sample.

In addition to furnishing empirical boiling point data, the study of narrow distilla-
tion fractions has shown that in a practical distillation each component is described
better by a boiling range rather than by an ideal, unique boiling point. For example, a
single compound such as naphthalene is found in several narrow distillate fractions,
covering a range of up to 100-150°F, Plots of concentration of a given compound versus
the median boiling points of the distillation fractions in which they are present are
essentially Gaussian. We are now in the process of adding a so-called sloppy distillation
curve to our computer output which will be based on boiling range intervals rather than
on unique boiling points.
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The precision of the mass spectral distillation is acceptable as shown by the values
tqbu]ated below, obtained on five replicate analyses in a period of two months on a coal
liquefaction product. .

Weight Percent Off

Temperature, °F Average Standard Deviation
400 3.49 0.78
500 40.68 1.75
600 60.67 2.25
700 72.03 2.29
800 76.39 1.78
900 78.01 1.36
1600 78.75 1.30
Total volatiles 79.42 1.26

A large number of data has shown that the amount of nonvolatiles by MS corresponds to
the 1000°F+ bottoms for coal liquefaction samples.

An example of the accuracy, that is the ability to predict conventional data, is given

by the figure shown below in which MS data are compared to those obtained from a conven-
tional glass spiral distiliation for coal liquefaction products.

COMPARISON OF MS, GS DISTILLATIONS

T T 1 1 1 1 T
1050~ Sample A MS © N
950 GS' = —
Sample B MS o
850 GS a . —
7500
N .
g 650 -
3
= -
g
E 5501~ . —
-
a
450F a —
350

| 1 P11
1 51020 4 60 80 9% 95 99
Cumulative Pct.

In some cases we have observed considerable deviations between MS and conventional
data. These were due to some extent to the MS calibration coefficients, now being
revised, but mostly to the use of ideal boiling points in the MS procedure., Even in these
cases, however, the MS data were consistent and sufficient to predict the variations in
the distillation curve resulting from changed processing parameters.

The MS simulated distillation provides rapid, precise data at a negligible marginal
cost for samples analyzed by the mass spectrometer. It requires a minimum of sample,
furnishes extremely detailed data and avoids polymerization in the still. Its possible
disadvantages are the reliance on extrapolated calibration data both for sensitivity and
boiling point values, the restriction to volatile aromatics, and the impossibility of
furnishing physical. cuts,

This latter disadvantage is partially compensated by predicting the composition of
narrow distillate cuts from the composition of the total fraction, using the boiling point
data in the program. This is a very promising approach, as shown by the partial data
reported below,
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Wide Boiling

Sample
400-700°F.,

Component Found
c]OHB 6.7
c12H12 2.8
€14t 11
Avg. MW, Naphthalenes 147

af2n-6 1.3
Ca2n-10 8.5
C Hon1a 14.2
Cf2n-18 8.2
Catian-22 16
Avg. MW 164

Avg. Z No. 11.9
Percent off at 500°F 45.0
Percent off at 600°F 7.2

Cuts
400-530°F 530-700°F
Found Predicted Found Predicted
14.7 12.5 0.0 0.0
4.8 5.3 0.9 0.0
- - 2.4 1.9
138 138 186 190
2.3 2.7 0.1 0.0
6.6 6.3 10.6 11.0
5.0 3.8 24.7 23.7
0.0 0.0 17.6 15.0
0.0 0.0 3.5 3.3
144 144 192 189
9.4 9.2 14.7 14.9
83.3 84.2 1.2 0.0
99.9 100.0 37.2 38.2

Simulated distillation by high resolution mass spectrometry to predict the distilla-
tion characteristics of aromatic mixtures has been used in our laboratories with good
It has been applied mainly to the prevalently aromatic coal
liquefaction products, but is also useful for the aromatic portion of petroleum streams
and, integrated with data from the gas chromatographic distillation of the saturates, for

success for the past year.

total petroleum streams.

We plan to submit an extended version of this paper to Analytical Chemistry.
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(5) Thomas Aczel and B. H. Johnson, 153rd National Meeting of the American Chemical
Society, Miami Beach, Florida, April 9-13, 1967, Preprints of_Symposia,.Vol. 12,
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High Resolution Mass Spectrometry of B10
Nucleic Acid Hydrolysates

W. A. Koenig, A. M. Lawson, L. C. Smith,
P. F. Crain and James A. McCloskey

Institute for Lipid Research and Department of Biochemistry
Baylor College of Medicine
Houston, Texas

High resolution mass spectrometry has been applied to the identification of modified
nucleosides in ribonucleic acid (RNA), based on the identification of structurally diag-
nostic predetermined sets of exact masses. This approach has the principal advantage
that it can often clearly distinguish and identify closely related compounds with simi-
lar physical and chromatographic properties.

Transfer RNA was chosen as a model system, since pure (isoaccepting) tRNAs of
known sequence yield hydrolysates of known nucleoside content which include modified
forms of the four major nucleosides occurring in RNA. Also, since tRNAs contain
about 80 nucleotide residues they provide an extreme test for identification of minor
components, most of which occur only one time per molecule.

Experimental methods. tRNA (100-300 ug) was enzymatically degraded to nucleo-
sides, and the hydrolysate passed through a micro DEAE Sephadex column, dried over
PZOS, then converted to either trimethylsilyl (TMS) (1, 2) or trifluoroacetate (TFA)

derivatives. A sample of approximately 50 ug of derivatives was placed in the direct
probe of a CEC 21-110B mass spectrometer. This amount of sample is equivalent to
30 ug tRNA or 22 ug of free nucleosides, assuming quantitative hydrolysis and deriva-
tization. A single mass spectrum was photographically recorded over a 3 minute
period while the sample temperature was raised from 220° to 260°, Since the photo-
graphic plate integrates the ion current over the period of exposure, varying rates of
evaporation of different components from the probe are of no consequence. At a mag-
netic field strength of 11.2 kilogauss and 8 KV accelerating voltage, the region from
m/e 28 to ~s 706 is recorded, which is sufficient for virtually all known nucleosides.
Reduction of the accelerating voltage to 6 KV extends the mass range to over m/e 900
but with an approximately two-fold decrease in sensitivity., Resolution of 18.000 -
20,000, was found to provide a suitable compromise between resolution of multiplets
(often over 8 lines per a.m.u.) and sensitivity. Studies with nucleoside-TMS stand-~
ards using Ilford €2 plates indicated that sample quantities equivalent to 20-50 ng gave
signal/noise ratios of > 30:1 for major ions at resolution 20,000,

Mass spectra were recorded on either Ilford ©2 photoplates, or Technical Opera-
tions evaporated silver bromide plates, the latter of which gave excellent sensitivity
at high mass values and negligiable background.

The high resolution mass spectrum of a typical tRNA hydrolysate contains approxi-
mately 900 lines (exclusive of mass standards), and consequently yields the same
number of exact mass values. These data represent the 8-14 nucleosides of varying
concentrations usually present in a transfer RNA, plus small amounts of impurities.
The reduction of high resolution data and the search for characteristic exact mass
values are carried out using a time-sharing system of an IBM 360/50 computer.

Results. Tyrosine transfer RNA from yeast (3) having a known nucleotide sequence
of 78 residues (4) yields the following nucleoside composition on hydrolysis: guano-
sine (20), cytidine (19), adenosine (15), uridine ({8), dihydrouridine (6), pseudouridine
(3), N2-methylguanosine (1), 2'-O-methylguanosine (1), N4, N2-dimethylguanosine (1),
N®-(3-methyl-2-butenyl)adenosine (1), 5-methylcytidine (1), thymine riboside (1),
1-methyladenosine (1), As TMS derivatives 11 of the 13 components were identified
in a single high resolution spectrum. 5-Methylcytidine (TMS), and 2-O-methyl-
guanosine (TMS), were not found. 1-Methyladenosine was observed as the (TMS)
derivative (including the M, M-15 ions) but could not be distinguished from N”-methyl-
adenosine, to which it can rearrange during isolation {5), Using trifluoroacetyl
derivatives, all nucleosides except 2'-O-methylguanosine (TFA)3 were identified in a
single spectrum.

As an alternative to the recording of spectra of mixtures at high resolving power,
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prior separation of components by a gas chromatograph directly coupled to a mass
spectrometer is feasable, and is under investigation in our laboratory as a possible
approach,
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Applications of Ultra-High Resolution Mass Spectrometry and
Direct Data Reduction in tabeling and Tracer Studies

J. R. Chapman,* S, Evans* and W, A, Wolstenholme+

“AEl Scientific Apparatus Ltd., Manchester, England
+AE| Scientific Apparatus Inc., White Plains, N.Y, 10604

iNTRODUCT1ON

The use of high resolution mass spectrometers in conjunction with computer-based
data processing systems is becoming more widespread. An increasing number of
laboratories is using complete high resolution spectra in conjunction with low
resolution and limited high resolution studies. |In the authors' laboratory a
data system based on a small computer (DEC PDP8/1) is used routinely to record
complete high resolution spectra and has been applied to variety of chemical
problems.(1) The data system is normally connected on line to the mass spectro-
meter and, typically, the resolving power of the instrument is set to 10-15,000.

One of the interesting applications of ultra-high resolution studies (say 30,000
to 100,000) is in the study of isotopically labelled molecules. The interest in
these compounds is frequently to determine how much label is present and also at
what point in the structure has the incorporation taken place.

The advantage of ultra-high resolution studies for this work is that it enables one
to study uniquely the peaks containing the label. It removes any ambiguity from
the data and thus increases greatly the reliability of the data,

The use of a mass spectrometer at ultra-high resolution involves, of course, a con~
siderable decrease in sensitivity compared with low resolution operation., This
condition is further aggravated when studying isotopically labelled molecules since
ideally one would like to study and record the peak containing the label at the
molecular ion, Thus, not only is high resolution required but also one is studying
isotope peaks, the intensity of which is typically a few percent of the unlabelled
peak.

In the authors' laboratory,work has recently been carried out which enables much
higher sensitivity to be achieved at high resolution (about a factor 30 increase
at a resolution of 40,000). These results are described in a paper by Evans and
Hallas presented at this meeting.

In this paper we wish to present the first results obtained using the ion optical
modifications.

EXPERIMENTAL

A

The experimental work was carried out on an AEl MS902 high resolution mass spectro-
meter connected on-line to a DS-20 data system based on a DEC PDP8/| computer with
a Lk working store and 6bk disc back-up. The compound used for these initial
studies was 9N enriched gliotoxin:

N O
N

HO ZNCH,
o~ .
CH,OH

Gliotoxin
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The sample used was prepared using a substrate to which ISN-glycine had been added.
Previous work by Bose et al had shown that under these conditions both nitrogens are
labelled although to unequal extents.(2) The doublets requiring separation for
unambiguous study of labeled peaks are thus;

T AM = 0.0108

12 1

Bety - 1215 An = 0.0063
Thus, at the molecular ion minus S, region of gliotoxin (M/e 263), the required resolu-
tion is 41,000 and at typical indo%e fragment (M/e 145) a resolution of 23,000 is
required,
Initially, a routine complete high resolution (10,000) spectrum was recorded for
gliotoxin and this element listing data used to select peaks for further study at
higher resolution.
RESULTS

Table | shows the compositions of some of the ions in the gliotoxin spectrum deter-
mined from the scan at resolution 10,000 on-line to the data system.

JABLE |

COMPOSITION OF IONS IN GLIOTOXIN SPECTRUM OBTAINED FROM COMPLETE HIGH RESOLUTION SCAN

!Lg Composition

326 C|3H|hN20452(molecular ion)
262 c|3H|4N20b

144 09H6N0

143 CgHgNO

116 C8H6N

115 C8H5N

Gliotoxin very readily loses the sulphur even when admitted to the mass spectrometer
b; direct insertion and the peak at M-S;) was chosen to obtain a measure of the total
15y incorporation. The fragment ions in the M/e 143 region are due to the indole
moiety and, therefore, give a measure of the incorporation at the indole nitrogen.

In order to separate the doublets of interest, a complete spectrum was recorded at
a resolution of 30,000. The relative intensities of the isotope peaks at M/e 263,
145, 144 and 117 were measured from the chart and the results are summarized in

Table Il in terms of the measured enrichment.
TABLE 11
15 GLIOTOXIN (ISN GLYCINE SUBSTRATE)
N ENRICHMENT LEVELS MEASURED FROM COMPLETE SCAN AT R.P, 30,000
Composition of lons Measured lsN enrichment level
15
C'3H]L, NNOy, )
CizhiuNz0y ) b8%
15
CoHe ' °NO )
CgHgNO ) 1.8%
CoHe 15NO )
CgHZ N ) 2.0%
15
CgHg “N )
CgHg N ) 1.9%
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Figure 1. Gliotoxin, M/e 263 due to C;,'3CH N0, C3H;,1HNNO,,
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Figure | shows the doublet recorded at M/e 263 due to Cy3!3CH)4Np0k and C)3H LT 5NNOY,.
Figure 2 shows a triplet at M/e 145 due to C9H6|5N0, CCgHENO, and CgHyNO. it can
be seen that the resolving power and sensitivity are quite adequate for unambiguous
identification of the specific isotope peak of interest and also for the reliable
measurement of relative intensity.

The results obtained show that 4.8% of molecules which would normally contain 'hN,
contain one !5% atom. Also, the values in Table | show the percentage of molecules
which contain 5§ in the indole moiety instead of natural N.

Finally, Figure 3 shows part of the computer output from a complete high resolution
scan recorded at 40,000 resolution. At mass 145, the triplet due to the CH, c

and N containing components is resolved and each component identified. The correct
assignments have been marked manually with an asterisk.

CONCLUS | ONS

It has been shown that ultra-high resolution mdss spectrometry can be successfully
applied to the study of isotopically labelled molecules. The sensitivity which can
be obtained with focusing modifications described by Evans and Hallas enabled good
relative intensity data to be obtained for isotope peaks Tecorded at resolutions

in excess of 30,000, Thus, total incorporation of, say, 5N can be measured
directly and unambiguously at the molecular ion peak, certainly up to mass 300, The
further advantage of the complete high resolution spectrum is that it affords an
opportunity to check the level of incorporation several times by using several frag-
ment ion peaks arising from the same part of the molecule.

An interesting and important extension of this work will be the application of the
techniques described to double-labeled molecules 1t is planned, in fact to

next study gliotoxin labelled both with !5N and 13¢. These studies will probably

be carried out with dethiodehydrogtiotoxin which is more easily admitted to a mass
spectrometer,
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Solar Wind Gases, Cosmic-Ray Spallation Products C3
and the Irradiation History of Lunar Material

K. Marti
Department of Chemistry

University of California at San Diego
La Jolla, California 92037

Abstract:

All 23 stable isotopes of the noble gases He to Xe and 2.1 x lOsy KrBl have been
measured by mass spectrometry in the soil and in four rocks from the Apollo 1l mission.
The soil ccntains large amounts of trapped solar wind gases which almost completely mask
other components. In the crystalline rocks, on the other hand, cosmic-ray induced spal-
lation and radiogenic gases are predominant. The isotopic abundances of the rare gases
in the fines are found to be similar to those previously reported for gas-rich meteorites.
Relative tc the heavy gases, Ne and He are depleted by factors of 2.5 and 10 respectively.
Kr-KrBl ages of rocks # 10017, 10047, 10057, 10071 and of the soil cover a range of from
47 to 509 million years. K-Ar ages of type A rocks lie between 2.3 and 2.9 billion years,
that of a type B rock (#47) is 3.5 billion years. Varying relative production rates of
the Kr and Xe isotopes in the rocks are due to differences in chemical composition as
well as irradiation conditions. A complex history for at least some of the rocks is in-

dicated and will be discussed., First results from the Apollo 12 samples were reported.
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C6
Abstract

Neutron Capture Effects in Lunar Material

G. W. Lugmair
Department of Chemistry, University of
California at San Diego, La Jolla,
California 92037
Because of its high capture cross section, Gadolinium is a sensitive indicator for

integrated thermal neutron fluxes. Gd was separated to a very high degree of purity from
50 to 100 mg of several lunar rock and soil samples brought back by Apollo 11 by ion-
exchange techniques., The isotopic ratios of 6do" were measured on a programmable 12"
radius magnetic mass spectrometer with an accuracy of better than 2 parts in qu. The
sample sizes analyzed were approximately 1 x 10_7 g Gd. Two detection modes, ion counting

138340/+%7c40

and current integration, were applied. The anomalies of the isotopic ratio
relative to terrestrial standards vary from below detection limit up to 0.72 percent.
They correspond to integrated thermal neutron fluxes of (17.4, 4.8, 1.04) x lOlSn/cm2 for
rocks 10017, 10071 and 10057 respectively, and of 9.5 x lOlSn/cm2 for the soil. These
results, together with theoretical calculations of the lunar neutron flux carried out by
Lingenfelter et al. in 1961, and radiation ages as well as spallation spectra obtained

from rare gas analyses, permit to design a model for the average depth at which a rock

was located for most of the time of its irradiation.
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MASS SPECTRA OF MITOMYCIN ANTIBIOTICS

G. E. Van Lear

Lederle Laboratories, American Cyanaemid Company,
Pearl River, New York 10965

ABSTRACT

The mass spectra of the four known mitomycin antibiotics, mitomycin A,

mitomycin B, mitomycin C, porfirouwcinl’2 and four related compounds have been

obtained.3 These compounds are the first naturally occurring compounds containing
an aziridine ring. A structure for mitiromycin,l & compound in the mitomycin

class of antibiotics, has been determined by spectroscopic methods.h

1. D. V. Lefemine, M. Dann, F. Barbatschi, W. K. Hausmann, V. Zbinovsky,
P. Monnikendam, J. Adam and N. Bohonos, J. Amer. Chem. Soc., gg,
3184 (1962).
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W. E. Meyer, R: P. Willlams, C. F. Wolf, W. Fulmor, C. Pidacks, and
J. E. Lancaster, J. Amer. Chem. Soc., gi, 3185 (1962).

3. G, E. Van Lear, Tetrahedron, 26 (1970).

%, G. 0. Morton, G. E. Van Lear, and W. Fulmor, J. Amer. Chem. Soc.,
92, 2588 (1970.

B50




Techniques for Mass Spectrometry of Drug D2
Metabolites Without Extensive Purification

Donald C. Hobbs
Pfizer, Inc., Groton, Conn.

The mass spectrometer has proven to be an extremely useful tool in the determination of
structures of drug metabolites because it requires only very small quantities of materi-
al and because it usually permits one to make a complete structure determination with-
out any additional information. To function effectively however it is usually necessary
that the sample, as presented to the instrument, be pure. Drug metabolites, because

of their origin from complex bilological systems, are contaminated with innumerable
extraneous materials which must first be removed. Gas chromatography has been used with
great success in the separation of drugs and drug metabolites when the substances, or
their derivatives, are sufficiently volatile. A combination of gas-chromatography and
mass spectrometry has recently been employed in numerous laboratories with great success
in the elucidation of metabolite structures. To be as exhaustive as possible, 1t is
important that the sample be subjected to combined gas chromatography-mass spectrometry
prior to any preliminary purification, since some metabolites might be lost during such
purification. -However, samples obtained in such a manner generally contain a multitude
of substances of natural origin which are not drug-related but which yield significant
peaks in the gas chromatogram and whose mass spectra must receive partial interpretation
to ensure that they are not drug-related.

A group of commercially available components has been assembled in order to rapidly
determine which of the many components emerging from the gas chromatographic column are
drug-related. By means of a group of unions and valves located within the oven of an
1LKB 9000 combined gas chromatograph mass spectrometer, the effluent is directed to a
Barber-Colman radioactivity detector and a flame detector, or to a Tracor flame photo-
metric detector, or to the mass spectrometer. Where radioactive (carbon 14 or tritium)
or sulfur-containing drug has been administered, these specific detectors will establish
which of the substances being eluted is of interest. In a subsequent run the effluent
18 directed to the mass spectrometer and spectra of the desired compounds obtained.

For example, the figure shows the tracings obtained on chromatography of a silylated
extract of urine from an animal which had received carbon-14 labeled o-nitroaniline.
The flame and radioactivity traces, obtained simultaneously, clearly indicate which of
the many substances being eluted are labeled. Only those are of interest. The total
ion monitor trace in the subsequent sample injection corresponds well with the flame
tracing and permits appropriate spectra to be obtained to deduce the structures of the
labeled substances (A is disilylated phenylenediamine, B is silylated nitroaniline, C
and D are monosilylated hydroxylated nitroaniline and E is disilylated hydroxylated
nitroaniline). Similar results have been obtained with tritium~labeled and sulfur-
containing drugs.

As newer derivatizing techniques become available to volatilize polar drug metabolites
this approach to their rapid identification and structure elucidation should become in-
creasingly valuable. A full account of this work is being submitted to Analytical
Chemistry.
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MASS SPECTRA OF ORGANIC COMPOUNDS III.
FRAGMENTATION STUDIES OF PHOSPHOLIPIDS AND RELATED
COMPOUNDS BY HIGH RESOLUTION MASS SPECTROMETRY'*
H. G. Boettger and A. M. Kelly
Space Sciences Division
Jet Propulsion Leboratory
Pasadena, California
During the course of our work on the identification of biologlcally important com-

pounds in geochemical and cosmochemical samples, the gquestion of ldentifying complex
lipids arose. A search of the applicable literature revealed many excellent studies
related to the mass spectrometry of fatty acids (1-4), steroids (5), and simple
glycerides (6). In contrast, nothing wes found on the mass spectrometry of the more
complex glycerides and phospholipids. Therefore, we decided to investigate the
possibility of using mass spectrometry for the direct structural analysis of the more

complex liplds. The results of the first phase of the investigation are reported in

thls presentation.

Experimental Conditions

High and low resolution spectra of 25 lipids and related compounds were recorded
on a medified MS-902. The samples were introduced via a direct probe lntroduction
system (7) at probe temperatures of 35°C to lSOOC and an ion source temperature of
180°C. Perfluorokerosine was used as a reference compound. Precise masses and
elemental compositions were determined using our previously described automatic data
system (8). Low voltage spectra were obtained for some of the compounds ané typical

examples are shown in Figs. 1 and 2. Since the results showed no advantages over

T0 e-Volt spectra, only the latter were used in the rest of our work.

Results
As an inspection of the spectra (Figs. 3-6) shows, the most intense and struc-
turally most significant peaks occur at high mass. They are due to fragmentation at
the phosphorous atom and can be assigned to the formula
R1 - CO0 - CK

R2 - CO00 - CH

2
'
CH2 -0

where R1 and R, are C16 and/or C18 fatty acids. Occasionally, less intense groups of

2
peaks approximately 28 and 56 mass units higher are found. They are due to the

presence of one or two C-20 acids. Another series of peaks is found 16 and 17 lower.
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PALMITOYL-LYSO-PHOSPHATIDYL CHOLINE C24.H50.N.07.P.
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It is due to ions of the general formula

+ +
R, - C0O - CH, R - COO - CHj,
.
R, - €00 - CH and Ry = €00 - C
632 5112

As we progress further down the mass scale we find another family of peaks in the
310-340 mass region. These ions correspond to a mono-glyceride and are formed through
loss of an acyl group from the primary diglyceride fragment. Furthermore, we find a
number of intense peaks between m/e = 239 and m/e = 294 which are due to the acyl group.
In the low mass region we see & variety of intense ions resulting from the amino-
terminal of the molecule as well as ions which retained the phosphate group. These are

in addition to the alkyl ions from the acld moietles.

If we swmarize these results we come to the following general conclusions:

1. No parent ions are found when a free phospholipid is analyzed by the direct
insertion probe technique.

2. It is not clear &t this point whether the primary fragmentation of the mole-
cules is caused by electron impact or thermally or both.

3. If one studies the mass spectrum of a typical phospholipid, then cne can
recognize several series of fragments which are mlways related to each other
by either a common origin or a common mechanism of creation. These are:

(a) Fragments derived from the glyceride moiety of the molecule.
(v) Fragments derived from the amine part of the molecule.
(¢) Fregments retaining the phosphorous atom.

(d) Fragments resulting from rearrangement reactions.

A more detailed investigation of the various fragment groups proved quite reveal-
ing from the standpoint of the composition of a complex lipid. The structurally most
interesting portion of the molecule appears to be the glyceride molety. Here fragmenta-
tion proceeds exactly along the lines of a free diglyceride or, in the case of a lyso-
phospholipid, along the lines of a mono-glyceride. In other words, we find a "Parent"-
ion of the glyceride moiety and ions z?(:.e Po the loss of R-CO0, R-COOH, and R-COO-CHz.
Furthermore, there are always in{;ense ac—yl ions, as well as acyl plus 128 and acyl plus
74 AMU. Thus it is relatively ;imple to‘det.ermine the fatty ecld content of a phospho-

lipid by mass spectrometry.

Next, it would be of interest to determine the relative position of the various
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acyl groups in mixed lipids. Mass spectrometric determination of the position of a
specific meyl group in the glyceride molecule has been demonstrated previously (6) for
triglycerides. Our investigations confirmed these results, but showed also that the .
situation is much more complicated in the case of the mono- and diglycerides and com-
plex phospholipids. It can be seen, that even though there are guantitative differeﬁces,
qualitatively the spectra of positional isomers are the same. At this time we are unable
to say whether the similarity 1s due to acyl migration under electron impact or because
we did not have the pure isomer to start with. Probably there is a combination of

these factors at work. This prevents us from clearly distinguishing positional isomers.
Efforts are under way to resolve the question. These efforts involve more vigorous

purification of the samples and chemical labelling of the free hydroxyl groups.

The second major group of primary fragments is produced by fragmentation on the
other side of the central phosphate group. In case of the samples which we have
investigated this involves either ethanolamine or choline. In either case, the spectrum

of the amine portion can be readily recognized.

The third group of peaks involves those fragments that have retained the phos-
phorous atom. This group usually lncludes a few intense peaks of phosphorous oxides,
€.8., P02,
of ion loses intensity rapidly as the chain length increases. The most intense peaks

PO3, etc., and a few peaks due to short chain alkyl-phosphates. This type

are usually CH. PO, and C H.PO,. Neither fragment has much structural significance
L2 5773

2

beyond the indication that we are desling with a phosphorous compound in case of a

n,

total unknown.

)

The situation changes drastically when we are deeling with a free phosphatidic
acid. In this case, we have the glyceride moiety attached to the phosphoric acid but
no amine or carbohydrate group. Under these circumstances one of the acyl groups seems

to migrate to the phosphate group. We get intense ions of the composition: C P

19136%
or 021H3805P for palmitoyl and oleyl phosphatidic acids respectively. The proposed

structure for these fregments is
CHy
HO-C 0 0

" "
CH2—O-P-0-C-R
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The primary fragment is followed in each case by several series of secondary fragmenta-
tion products of the general composition CnHZn_EOSP and C2H2n+lohp’ etc. Our conclu-
sion, that we are dealing with a rearrangement process rather than simple cleavage, is
based solely upon the facts that:

1. We do not find ione of this nature when the phosphate group 1s occupied.

2. If we were seelng straight cleavage fragments, then one would expect

fragments of the general composition:

[¢]
"
R-C -0-CH 0 -
12 or ('JH2
ClSHBl—C-O-CH 0 O -CH o}
" ' " ' "
o] CH, - 0 - P CH, ~0-P-0
' ]
OH OH

However, we have found no evidence of ions of this type.

The last series of ions which are found in certain phospholipids must also be due

to & rearrangement process. Ethanolemine phospholiplds show an intense series of peaks
0

which are derived from acyl migration to the amine group, e.g., C - C- NH -

15H3l
CH = Cl—I2 (m/e = 280) etc. from palmitoyl phosphatidyl ethanocl amines. In each case
the entire series of

Caflon-2M0

is found. Ions of this type are not found when the amino group is alkylated as in

choline.

Conclusions

The preliminary investigation has shown that mass spectrometry is quite suitable
for the characterization of complex phospholipids, regardless of the fact that a parent
ion of the intact molecule is not found without chemical modification. This is clearly
demonstrated in Figs. 7 and 8. Mixtures of lipids, mixed lipids (R1¢R2) and lyso‘-lipida

(Rl = H) can easlly be recognized in the presence of each other.

Further work is required to enable us to determine the position of Rl and R2 in
mixed lipids, to produce a parent lon and to make the method more gquantitative. This

work 1s now in progress and will be reported later.
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D4

Applications of Mass Spectrometry to Studies of Polyene Antibiotics. RAMESH C.
PANDEY AND KENNETH L. RINEHART, JR., University of Illinois, Urbana, Ill. 61801

A very useful method for the study of polyene antibiotics' structures involves reduction
of the antibiotic to a saturated hydrocarbonl or to a methyl ester2 for study of its
fragmentation pattern. Trimethylsilyl derivatives have occasionally been employed for
molecular weights.3 We have now developed an alternative mass spectral method for
structure studies of polyene antibiotics, involving acetylation, both of the intact
antibiotic and of its perhydrogenated derivative. We have applied both the older and
the newer techniques in ‘assigning structures to a tetraene antibiotic, tetrin a,4 and
also to several pentaene antibiotics, including chainin® and a number of minor
components of the -filipin complex.
1A. C. Cope, et al., J. Am. Chem. Soc. 84, 2170 (1962).
20. Ceder, J. M. Waisvisz, M. G. Van der Hoeven,and R. Ryhage, Acta Chem. Scand. 18, 83
(1964) . —_— =

3B. T. Golding, R. W. Rickards, and M. Barber, Tetrahedron Lett., 2615 (1964).

4R. C. Pandey and K. L. Rinehart, Jr., Abstr. (Org) 155, Am. Chem. Soc., 157th Meeting,
Minneapolis, April 1969. .

SR. C. Pandey, K. L. Rinehart, Jr., and N. Narasimhachari, tc be presented at the
7th International Symposium on the Chemistry of Natural Products, Riga, Latvia,
June 1970.
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The Elucidation of the Primary Structure of the Hypothalamic Thyroid

Stimulating Hormone Releasing Factor of Ovine Origin by Means of

Mass Spectrometry

D. M. Desiderio - Institute for Lipid Research and the Department of
Biochemistry, Baylor College of Medicine, Houston, Texas 77025

R. Burgus, T. F. Dunn, W. Vale, and R. Guillemin - Salk Institute,
San Diego, California 92112

D. N. Ward - Department of Biochemistry, University of Texas, M.D.

Anderson Hospital and Tumor Institute, Houston, Texas 77025

The hypothalamus releases various neurohumoral substances to the
vascular system of the adenohypophysis, which, in turn, releases hormones
which stimulate the activity of specific target organs. The six known
adenohypophyseal hormones are adrenocorticotropic, luteinizing, follicle,
thyrotropic, growth, and prolactin stimulating hormones (1). Each hormone
has its own corresponding releasing (or in the case of prolactin, inhibiting)
factor. The object of this paper is to illustrate the role that mass spectrometry
played in the elucidation of the thyroid stimulating hormone releasing factor
(TRF).

About one nanogram of TRF is isolated from each sheep hypothalamus
so that it is necessary to obtain about a million hypothalami to produce one
milligram of natural TRF. (2} The biological assay for TRF has been published
(3). Employing purification techniques developed over a decade, one milligram
of TRF was finally isolated and structural work was begun. Hydrolysis with
6N HCl1 afforded three amino acids - His, Pro, and Glu- in equimolar quantities.
These amino acids accounted for all of the weight in the monoacetate form of
a tripeptide. Carboxy-peptidase did not detect a free C-terminus. As a dansyl
derivativ.e could not be formeg, there was no free N-terminus.

In collaboration with Hoffman-La Roche, the six isomeric tripeptides
that could be made from His, Pro, and Glu were synthesized {(4). None showed
activity. In order to protect the N-terminus, as presumably occurred with TRF,

all peptides were acetylated. Only the product from Glu-His-Pro-OH showed
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activity (5,6). This particular reaction product was shown to be L-2 pyrrolidone-
5-carboxylyl- L-histidyl- L-proline-OH, or, in abbreviated form, PCA-His-Pro-
OH, by means of its mass and infrared spectra. This product had ten units of
activity (Natural TRF has 55, 000 units of activity. For activity definition see 7J.
As many brain peptides have a C-terminal amide, the methyl ester was prepared
in order to form the amide by ammonolysis. The PCA-His-Pro-OMe had a
drastic increase of activity to 28,000 units. After ammonolysis, the amide had
an activity qualitatively similar and statistically indistinguishable from natural
TRF activity.

The mass spectrum of the final ammonolysis product proved to be
essentially identical to the spectrum of natural TRF (8). It was necessary to
methylate the two substances with diazomethane in order to increase the volatility.
No molecular ion was observed, but the high and low resolution spectra both
showed that TRF had the structure PCA-His-Pro-NH,, which was substantiated
by the mass spectra of the synthetic material,

This mass spectral work was corroborated by the following six techniques
(9); TLC mobility, IR, NMR, nitrogen analyses, PCA peptidase, and the biological

assay and specificity.
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D7

Applications of GC-MS to Metabolic Research Problems. Sanford P. Markey, Keith B, Ham-
mond, and James R, Plattner, B, F. Stolinsky Research Laboratories, Department of Pedi-
atrics, University of Colorado Medical Center, Denver, Colorado 80220,

In certain disorders relating to mental retardation, abnormal quantities of meta-
bolites are excreted in urine. In support of a routine screening program for inborn er-
rors of metabolism, instrumentation has been developed to identify the structures of
these metabolites. Structure elucidation is necessary to determine the site of the meta-
bolic lesion - usually the absence or decreased activity of an enzyme. Compowmndsmust be
identified rapidly in order to initiate treatment before irreversible damage has oc-
curred. Because of the quantities excreted, gas chromatography is used for initial
screening, and combined gas chromatography - mass spectrometry (gc-ms) is utilized for
compound identification. On-line computer recording is currently being developed for
automated identification of known metabolites., The combined system is described below,
along with several illustrations of its applicability to common problems.

An analytical gas chromatograph 1s coupled to a medium resolution mass spectrometer
through an all-glass system, including magnetically operated glass valves and a fritted
interface. The fritted interface has recently been modified to accept a one cm length
of porous ceramic tubing (8 mm o.d., 6 mm i.d.), rated to have a pore size of one
micron, The porous ceramic replaces a 2,5 cm length of ultrafine porosity fritted
glass tubing previously used, and found to be unsatisfactory because of widely varying
wall thickness dnd pore size. Ceramic frit has resulted in the construction of a more
compact separator, the characteristics of which can be duplicated without extensive
calibration of the particular section being used, Due to the thinner wall (higher
conductance) of the ceramic, it is possible to use shorter lengths for enrichments
gimilar to those obtained with glass frits., Smaller pore sizes are being tested to see
if it 1s possible to substantially improve enrichment characteristics. As with a glass
frit, silanizing eliminates.thermal decomposition of palar compounds in the separator.

The mass spectrometer is interfaced to a small digital computer (4 K core), which
has two 32 K disks for data and program storage. Peripheral equipment includes a
teletype, high speed paper tape reader and punch, and digital plotter, Synchronization
of the start of a magnetic scan and computer sampling is accomplished by a double throw
relay in the repetitive scan circuit. Although time - to - mass conversion routines
are incomplete, several programs have been written which utilize the reporducibility
of repetitive scanning.

Signal enhancement resulting from point by point addition of repetitive scans ef-
fectively increases the dynamic range and sensitivity of electical detection mass
spectrometers, in a manner similar to that described recently by Biros.3 Figure 1
illustrates the integrative capability of signal addition. In a case where only noise
spikes are visable after one scann, real peaks can be discerned after addition of forty
scans. Resolution is not significantly degraded by scan addition as shown in Figure 2,
A single scan was recorded at high sensitivity; the multiplier gain was reduced, and
the doublet was scanned and added ten times. Further reducing the multiplier gain, and
scanning over the doublet 100 times shows little loss in resolution. Thus signal en-
hancement by scan addition may be used at high m/e values with confidence. Figure 3
shows a portion of a spectrum of a molecule for which no measurable peaks could be ob-
served above m/e 1100 with conventional oscillograph recording.

Signal enhancement by scan addition is of particular value for detecting weak ions
and .measuring isotope ratios for compounds emerging from the gas chromatograph, Maximum
chromatographic resolution results in broadened peaks - i.e.,, low concentrations of
sample entering the ion source over a period of time. Scan addition allows the chroma-
tographer to take advantage of maximum resolution, without losing the sensitivity which
results from having a high concentration of sample in the ion source over a short period
of time, The use of stable isotopes to label ingested compounds will become the major
method for human metabolism studies as carbon-13 enriched compounds become available at
reasonable prices. In addition to cost, most investigators have been deterred from the
usage of stable isotopes by the difficulty of detecting and accurately measuring them,
particularly when compared to the ease of using carbon-l4. Safety and the desirability
of a macro-quantity tracer will make carbon-13 more popular, if adequate methods of de-
tection and quantitation are available. Gc-ms is useful for metabolite separation and
identification, but not for accurate isotope measurement. Signal integration produces
more accurate intensity data, particularly for weak peaks. For major ions, the signal
may be averaged with respect to the number of scans. Results of a point-by-point
averaging routine applied to two ions in a chloroform spectrum run at constant sample
pressure are shown in Table I. It is apparent that the larger the number of averaged
scans, the more precisely peak intensities will be determined, The degree of accuracy
will depend to a large extent upon conditions employed for chromatographic introduction
of the sample, mass range to be scanned, scan rate, and the parameters used to define
a peak., Programming efforts are being continued to enable automatic determination of
isotope content in a labeled molecule as it emerges from the gas chromatograph,
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Figure 1.

Signal ENHANCEMENT By Addition of Repetitive Scans,
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Figure 2,

Retention of Resolution During Repetitive Scanning.
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Figure 3.
Repetitive Scanning At High m/e Values For A Compound

Showing No Peaks Above m/e 1000 By Conventional
Recording.
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Figure 4.

Tentative Identifications Of Urinary Organic Acids
From A Methylmalonic Aciduria Patient.
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URINARY ACIDS FROM
SUSPECTED TYROSINEMIC

Figure 5.

Chromatogram Of Urinary Organic Acids From A
Suspected Tyrosinemic.
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Table 1. Increased Reproducibility of Intensity Data by Scan Averaging

No. Scans (3 trials) Mean Ratio of Standard Deviation
Intensities m/e 117/119

1 .99415 . 0894
10 1.0237 .0425
20 .9935 .0277

The metabolic research problems encountered using the above instrumentation differ
with respect to the clinical information sought. It may be important to identify minor
as well as major components; to establish the absence of certain compounds; to confirm
identifications based upon gc data alone; or to identify a previously unreported com-
pound.

The first example deals with the identification of minor components. In methyma-
loniec aciduria, excessive amounts of methymalonic acid are excreted by children who
presumably lack the means to convert it to succinate. Several cases have been found by
our screening program. Some patients appear to respond to large doses of Vitamin Bjg,
co-factor for the isomerase which converts methylmalonyl-CoA to succinyl-CoA, Other
patients grow weaker and die, although their levels of methylmalonic acid decrease.
Initially, the analytical problem was to identify methylmalonic acid; then the question
arose as to the identity of other orgamic acids present in higher than normal amounts.
Mass spectra of the acids (TMS derivatives) as they emerged from packed columns showed
imcomplete resolution, The spectra obtained as they emerged from a 200 ft OV-17
capillary column permitted the identifications shown in Figure 4 to be made, Of parti-
cular interest are the presence of alpha and beta-hydroxyisovaleric, and alpha-methyl,
beta-hydroxybutyrie (tentative), which could arise from a block in the metabolism of
leucine and isoleucine. This suggests a generalized metabolic lesion, affecting several
enzymes, -

A second example is that of a premature infant, who was thought to have tyrosinemia
- an inborn error of tyrosine metabolism associated with the lack of para-hydroxyphenyl-
pyruvic acid oxidase., The chromatogram of extracted organic acids (TMS derivatives) is
shown in Figure 5, Metabolites of tyrosine (para-hydroxyphenyllactic, phenylacetic,
etc,) were expected, and the observed peaks had suitable retention times, Mass
spectra revealed the major component was not a metabolite of tyrosine, but was an
aromatic compound which could only arise from drug metabolism. The patient was found
to be on heavy doses of anticonvulsents (phenobarbital, dilantin) which adequately
accounted for the other excreted organic acids. In this case, mass spectra clarified a
confusing situation. Supplying positive results within a few hours can save days of
misdirected efforts as well as help in diagnoses,

The third example is an identification of an abnormal metabolite, previously un-
reported, The patient was observed in hematology clinic to have an unusual odor,
particularly noticeable during an illness, A fishy smell was present in urine, but
became imperceptable upon standing. A mass spectrum of the volatile components of raw
urine (liquid inlet system) led to a tentative identification of trimethylamine. This
was substantiated by gec-ms using a column suitable for the separation of low molecular
weight amines, Trimethylamine is a metabolite of choline, normally excreted as its
N-oxide, Enzyme assays are in progress to confirm this patient's inability to oxidize
trimethylamine.

The cited examples and description of instrumentation indicate the current role
and anticipated applicability of gc-ms to clinical research problems.
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D8
Analyzing Breath and Air (10'6 to 10-12 sensitivity) by Counting Ions Through A
Quadrupole and Searching a Library of Spectra Regressively. NORMAN MILLERON, University
of California Lawrence Radiation Laboratory, Berkeley, California 94720

Neither the principle metabolite (CO,) nor the other gases abundant in breathl and air
are central here, Rather, this papeF reports work in progress aimed at exploration of
metgbolites in breath and substancesin air in the two sensitivity ranges 1-107° and

106 to 10- . The equipment and technigues used are as follows: 1) A commercial quad-
rupole mass filter (E.A.1.200) modified to count each and every ion striking an E.M.I.

20 stage electron multiplier® during time intervals set by the steps of a D.C. staircase,
each step corresponding to an M/e in the range 45-145; 2) a liquid helium eryopump around
the ionization stage of the quadrupole; 3) a molecular beam sample inlet; 4) analysis of
the ion counts using a stepwise regression code3 to search a library of unknown or known
spectra; 5) & 200°C ultraclean vacuum system for drawing off the originel semple; 6) a
membrane filter* to discriminate against abundant gases; 7) alternatively, a quadrupole
lens in series with the E.A.1.200 permitting exclusion of all M/e below some number,
i.e., 45.

The rationale behind the choice of these equipments and techniques is as follows: The
modified commercial quadrupole was already in house; thus a least cost feasibility step
is mede possible to answer the question, "Should a second step-be undertaken." In our
second step program, we plan to develop a quadrupole instrument along the trail blazing
lines demonstrated by J. M. Nitschke in his on-line isotope separator.5 Nitschke's
accomplishments? that are of especially great importance in our breath and air studies
are: his magnetron ionizer having 1% efficiency and operating on a large cross sectjonal
area molecular beam; and his rf only first quadrupole lens (related to W. Brubaker's
segmented rod idea) that serves two important functions: 1) it acts as a high pass filter
splitting off all M/e < some number, say 45j; and II) reduces the large loss of ions due
to their deflection by the fringe field at the entrance to the high resolution mass
filter lens.

Naturally occurring (pure) air contains a number of gases made up of isotopes. From mo-
lecular weight 45 and up these are as follows: carbon dioxide, nitrous oxide, nitrogen
dioxide, ozone, krypton, xenon, uranium hexaflouride and radon (these two latter are
present in concentrations too small for us to anticipate seeing in our first step).

Splitting of the sample, in our first step, will be done electrically within the E.A.I.
quadrupole mass filter lens. Splitting the sample in this manner (after ionization
within the high resolution lens) limits the number of molecules thet can be analyzed per
unit time, because the meximum amount of electrical charge that can pass into the mass
filter lens per unit time is fixed by space charge effects. Note; J. M. Nitschke's
tandem lens system and jonizer increages the number of mglecules that can be ionized and
processed per unit time from about 1012/sec to about 101°/sec. Scanning can continue
without accumulating undue noise for times up to 10 minutes. As a step for the future,
1t may be straightforward to program Nitschke's high pass lens and thus cast out the
glant size peaks and their fragments (less than 15 in number in the range M/e 1 to 49)
while keeping all the 1little peaks (at least 35 in number).

We propose to test the feasibility of analyzing air, breath and skin respiration at a com-
bination of sensitivity and short time rate never before reported, Our case rests upon
engineering rather than invention, for probably nothing we propose to do is patentable,

By consensus of mass spectrometer experts at L.R.L., the problems presented by our gas
sampling system offer perhaps the most technical challenge, the other necessary technical
art having been already demonstrated.

It is worth remarking that the total number of all organic compounds known that have mo-
lecular weights less than or equal to 500, present in or derived from any of the livéng
plants or animals (including microorganisms) probably is not much greater than 3000,
This number is interestingly small compared to the millions of organic compounds know to
be possible. Life forms are apparently economical. Conceivably then, one could handle
all of the metabolites associated with living things by establishing twenty libraries of
spectra.

Stuff found in air is far more complex, however. This is because machines make more com-
plex garbage than do living systems. For example, upwards of_ 12,000 chemical compounds
have been found in the atmosphere inside a nuclear submarine.

K. T. Fowler, Phys, Med. Biol. 14, 2, 185-199, 1969.

N. Milleron, R. Wolgast, J. M. Nitschke, Proc. 4th Intl, Vac. Cong., 1968.

D. D. Tunnicliff, P, A. Wadsworth, Anal. Chem. 37, 1082-5, 1965.

D. E. Green, Western Pharmacology Society, Vol. 12, 69 pp. 50-54, San Francisco,
J. Nitschke, Nucl. Inst. and Methods, Feb. 1, 1970.

W. M. Brubaker (private communication).

M. W. Miller (private communication, 1970).

H. J. Morowitz, Energy Flow in Biology, 1968, Academic Press.

F. E. Sealfeld and R. A. Saunders, Invited paper, I2, 18th Annual Conf. on Mass.
Spectrometry, June 14-19, 1970, San Francisco, California.
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Applications of GC-MS in Drug Metabolism Studies

S.R. Shrader, C. Hetze!l
Wyeth Laboratories Inc., Philadelphia, Pa. 19101

and K. Fotherby
Postgraduate Medical School, london, England

Urine extracts from humans receiving the progestational agent {(racemic 13p-ethyl-
17a-ethyny1-17B8-hydroxygon-l-en-3-one} I were examined by the combined gc-ms technique.
Though a large number of endogenous steroids, and other material, was found in the ex-
tracts, drug-related compounds were easily recognized by the fragmentation behavior.
all cases, the extracts were silylated before injection onto the gc colum.

In

- OH
C=CH

The fragmentation of I and its derivatives is characteristic, with a large M-CZH
ion occurring in all cases. Endogenous steroids, containing only anguiar methyl groups,
exhibit no such ion. In addition, fragmentation of the D-ring leads to characteristic

ions at the appropriate masses.

In addition, we have

The major metabolite of I is the reduced derivative II.
Other metabolites

identified the 3p-5@, 3a-5a, and 3p-5a isomers of this compound.
inctude hydroxylated derivatives of both I and II.

OH
.+ C=CH

HO*

I1
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STRUCTURAL INVESTIGATION OF GLYCOPROTEINS USING

A GAS CHROMATOGRAPH-MASS SPECTROMETER-COMPUTER SYSTEM;

Meuraminic Acld and Linkage Studles

V. N. Reinhold, J. Blller, and K. Biemann
Department of Chemistry
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

The application of gas chromatography-mass spectrometry-computer
assisted analysis to structural problems In glycoproteins was
introduced earlier (1). This quantitative and qualitative work on a
number of glycoprotelns from diverse sources allowed structural
assignment to a wide variety of carbohydrate monomers derived from
methanolyzed, silylated glycoproteins.

In the present work we have given additional attention to the
neuraminic acid components found in glycoproteins in order to fully
understand the gas-chromatography-mass spectrometry of these
derivatives, This work was carried out with the analytical system
shown in flgure 1 (2).

of the five acetylated and glycolated neuraminic acid
derivatives, di- and triacetylated species and permutations of these
are found in biological sources (3). Studies with 10-15 crystalline
neuraminic acid derivatives has indicated that all appear to follow a
fragmentation shown in figure 2; exemplified here with methyl N-acety!
neuraminate methyl ester.

ANALOG TAP

VIDEO DISPLA

] TAPES (2)
8 2o |

]
gg
RMU6-D PLOTTER
CONTROL UNIT SCANNER .
Ly
INDICATOR LIGHTS| m
LINE
AND TRIGGERS PRINTER
CARD READER
CLOCK DATA MULTI - AND PUNCH
- CHANNEL A/D PLEXER
DIGITAL
I o
OUTPUT 1BM 1800 CPU TYPEWRITER

EIGURE 1

By observation of masses following the fragmentation pathways A,
B, and C, one can quickly ascertain the degree of acetylation and/or
glycolylation. By notlng the . appearance of peaks consistant wlth
fragmentations following pathway D and E an assignment can be given to
any of the posslbillties observed In natural products.

The utility of this understanding is presented In figure 3 with
results obtalined from a study of the glycoprotein-rich fraction of
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porcine blood serum. The top two "mass chromatograms" (2) of 508 and
4,20 readily show that the peaks at spectrum index number 170 and 190
in the total-ionization plot must be due to the N-acetyl and the
N-glycolyl neuraminate derijvatives, respectively, following <cleavage
analogous to D as indicated in figure 2. This assessment of 'mass
chromatograms™ yietding "ion retention times" has provided a unique
parameter to quickly ascertain the types of neuraminic acid
derivatives obtained from enzymatic, hydrolytic or methanolically
treated glycoproteins.

Cp2HagNOgSiy

535.2453 cHor CsHzaNOGS!
GHz0T 318.1373

C. gHOT
TOH :
CH,OT C 7H34NO7Si2
CHOT 420.1874
o cHoT
CHaC HN COOCH,
or ocH, COOCH,

Cp5HssNO,Sis

625.2953 C23HszNO7Sia

A 566.2821

C2aH,,NOgSiy

CH,

610.2719

NEURAMINIC FRAGMENTATION

FIGURE 2
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FORCINE-COHN FRACTION VI
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40 1001207 140 160 1 240
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A very characteristic structural feature of a glycoprotein is the
manner to which the carbohydrate side chain is linked to the protein
core. At present there appears to be only three types of linkages
involving the amino acids asparagine, serine and/or threonine and

hydroxylysine. In this study we have been concerned with the first
and third class, that is, the asparagine-glucosamine series found in
the blood glycoproteins, and the hydroxylysine-galactose linkage

found in connective tissue. The actual structures investigated in
this work included mono- and disaccharides, linked to the above amino
acids with variations in the linkage between the component moieties.
A1l compounds were characterized by conventional techniques and this
work has allowed us to study the 1limits of mass spectral
intrepretation of ring size, amino acid present, linkage type and
sequence arrangement.

A1l compounds were analyzed as their trimethylsilylated analogs
and their molecular weights ranged from 695 to 1206 amu. The
derivatives were gas-chromatographed on lightly loaded silicon coated
non-porous glass beads. Compounds of greater than 700 amu exceeded
the present low-resolution mass spectral-computer assisted calibration
1imit and thus higher-mass ions along with their resultant exact mass
values, were obtained from a high resolution mass spectrometer.

The spectrograms of aspartyl glucosamine showed the presence of
the molecular ion along with the fragments indicating methytl,
trimethylsilyl, carboxyl, and trimethylsilanol loss from the molecular
ion. Glycosidic cleavage and the ions characteristic of a
2-acetamido~2-deoxy-hexopyranose were easily identifiable. Analysis
of a similar compound but with an additional glucosamine residue
linked B(1-4) to the amino hexose again vyielded the molecular ion

along with ions indicating loss of the asparaginyl and
asparagine-glucosaminyl residue, see figure 4. Comparison of this

compound with a similar derivative, only linked B(1-6), resulted in an
ion characteristic of this linkage and not observed in the B(1-4)
compound.

CHOT g YT
”z% NH cr-LZCHgOT

cHOT ot ASPARTYL CHITOBIOSE

o ,° H8CH3
T T=TMS

T 0

NH&CHS FI1GURE &

Analysis of the glucosyl-galactosyl-hydroxylysine, see figure 5,
linkage compound yielded the expected fragment ions for the hexose,
and hexose disaccharide along with the smaller ions of further
fragment-ion arising from each component moiety. The molecular ion
was not observed with this derivative but the exact mass ion of M* -73
and the M* -90 indicated the expected composition. The sequence

informatioq indicated a (1-2) hexopyranoside disaccharide 1linked to
hydroxylysine. Hon (I:HZ'NHT .
—CH
TO ]
oT (?Hgk
CH-NHT
CH,OT | GLUCOSYL-GALACTOSYL-
q f coot HYDROXYLYSINE
TO T=TMS
oT
FIGURE 5
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The known sequence of glucosyl-galactose could not be assigned by
this analysis and the derivative galactosyl-glucose may well vyield
identical spectra.

Results presently indicate that using this analytical approach
would provide a facile method to characterize glycoprotein linkage
regions along with considerable detail 1into carbohydrate fine
structure. The degree of fine structural information available from a
mass spectra will be further pursued by comparison with other
carbohydrate derivatives.
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Mass Epectra of some germscrenolices &sna
furanogermecranol iges

K.G.I'as, M.E.,B.Neyar, 1.5.Kulkarnl anc 3.9,Kelkar

Mstionezl <hemlcal Laboreztory, Qooneé-8, India.

wWith ¢ view to correlnte the (regment=tion moces &nc
structural features a comperative stucy of the mess roectra of
some gervacranolides anu furaznogermecranolices hes heen race.

S
\““‘

The generel fragmentstion moaes opcrating in these
com:ounGs vere csteblishec from high resolution cats enu
metzstable trensitions. Leuterium lebelling technigue ves
empioyeu wnerever fessible for further confirmetion of the
nostuletec mechenisms. .0 support the {reégmentetion modes
incucea by tiie lsctone ring, ¢ comuitrative study was mace with
the muss spectrs of Cg-GesoXxy esters prepurea from these
lactones. :

Come of the citrscteristic festurer in the snectra of
these lezctones are (i) i significent pezrent ion (11) freisrents
corvesponcing to tne cirect anc successive lose ol & methyl
raciciél ané a molecule of crrhon monoxice from the molscular ion.
The general Irsgrentation moues observec 1n the mass spectro of
these lrctonss &re: loss ol 44 (COp),” 55 (CgHp, Caiigd), &7
(Cqiig, UsHsl, C2E0g), 53 (Cshzm02), 71 (C85:11, Cg4B70, CakaCg), 72
(Cqtg0.) anc 83 (Cgil1yy Cghip0) mess units from the perent fon.

Ihe Ug-aesoxy esters show a preferrea loss ol the siaw
chain (<4H00-). The peneral frogmentztion moues observed in the
lactones ajp€ar to operate from the M-Lg4HoOcz ion in these esters.

Tne furancgermscranoliues stucled zre shown below.

(0]

The msin fregmentetion moues of linderslectone sre (i)
loss of COoh, (1i) eliminatian of Cal.p (i11) formation of m/e
148, m/e 121 zna m’e 93 fragments,
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10 stuay the efiect of evoxiu@tion of the € 1-Z.inc¢ D 5-5
couble bonas on the fragmenteotion processes, the mess spectrs of
linderane, ncolinuerane, wveylinicine &na weylinicine were examined.

‘hese epoxides : ppeer to rearrénge to the ketoues uncer
electron impact., Tuls is supported hy the furtner fregmentstion
modes of thece supposes Intermedicte ketones,
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E1
DECONVOLUTION OF IONIZATION EFFICIENCY DATA AS A MEANS

OF DETERMINING FRAGMENTATION MECHANISMS IN THE
MASS SPECTROMETER#*

Harry J. Svec and Gerald D. Flesch

Institute for Atomic Research and Department of Chemistry
Iowa State University, Ames, Iowa

As a result of the interactions between electrons and molecules
in the ion source of a mass spectrometer, positive and negative ions and
neutral fragments of molecules are formed. If chemists are to understand
fully the reactions involved they must be able to observe and measure
the characteristics of all these particles. .As you know from past pre-
sentations we have made here, we have successfully bullt a mass
spectrometer which simultaneously detects positive and negative ions and
another which detects neutral fragments. Aside from detection and mass
measurement, these instruments also are capable of characterizing the
various types of particles éccording to the energy required to form them
and whether or not they possess excess translational energy when they
are formed. One measures ionization efficiency curves to obtain data
about the first and retarding potentials to obtain information about the
second. However, these data are not always interpretable in a simple
way. Indeed, even for simple molecules, one cannot always assume simple
ion source chemistry, especially where fragment ions are concerned.

What we have been attempting to do about this is the subject of this
paper.

Our initial development was based upon data from two methane-like
molecules, CrOZF2 and CrO2C12. They were chosen because the compounds
are quite volatile and the various possible fragments uniquely character-
izable. Furthermore, the possible neutral fragments which are formed
when either positive or negative ions dissociate have easily observable
energy requirement;. Despite the fact that we have worked with both
positive and negative ions (IQE' J. Mass Spectrometry Ion Phys. 3 339
(1969)) we will consider only positive ions today. Figure 1 shows the

ionization efficiency (IE)} curves for all of the possible positive ions
from chromyl chloride (A) and chromyl fluoride (B). Noteworthy about
these data is that they are recorded automatically and thus the solid
lines represent an "infinity" of data points. Furthermore, the shape of
the IE curves for the fragments indicate complex origins for these ions.
One origin depends upon the fact that different chemical reactions are
occurring as a function of the electron energy. Figure 2 shows an
example of this for the fragment ions CrF+ and Crcl+. Ionization
efficiency curves for these ions have been simply deconvoluted to
account for the reactions:

*Work was performed in the Ames Laboratory of the U. S. Atomic
Energy Commission.
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CrOZFZ+ - orF o+ O2 + F, a low energy process
and

cro p,t « orF + 20+ F
on the left and:
cro,c1,t - creat 20 + c1,

cro,c1,t - cre1’t ocl + o
and

cro,e2,t - creit + 0, + €1
on the right. Although the energy differences are difficult to discern
from the figure, determination of the onset potentials corresponding to
each chemical process by the extrapolated difference method, yields
values corresponding to the bond dissoclation energies of o2 and 0Cl
wlthin the experimental uncertainties. The molecule OF 1s not observed
because 1t has at best only an emphemeral existence, doubted by some.

Such treatment of IE data is however insufficient to account for
all possible precursors of fragment ions. Since a knowledge of pre-
cursors of fragment ions is the essence of this symposlum, we now turn
to a description of a scheme we have developed for deconvoluting IE data
in order to account for all possible reaction paths.

During this symposium you will be hearing of a varlety of methods
for obtaining information about ion fragmentation paths in the mass
spectrometer. The principal direct evidence that a reaction may occur
is the observation of metastable ions, but these are limited generally
to reactions with lifetimes > 10™° seconds, and do not necessarily
account for the majority of very much faster reactions taking place in
lon sources. Isotope labelling may also give information about reaction
paths although it is not always possible to do labelling experiments
and labelled compounds can be difficult to make. Clastograms sometime
give an insight into possible reactant-product ion pairs but they are
useful only if the product-ion abundance represents a large fraction of
the reactant-ion abundance. Appearance potentials of fragment ions can
be useful but generally they glve no information concerning which of
several possible paths is most probable. Lifshitz and Long (J. Chem.
Phys. 41 2468 (1964)) and Cantone, Grasso and Pignataro (J. Chem. Phys.
44 3115 (1966)) have used the changes in slopes of favorable fragment
ion IE curves to assign fragmentation paths for simple molecules. We
have extended this idea to the deconvolution of IE data as a means of
observing changes in slope. Although we will be citing data from the
chromyl halides representing work done during the development of the
method, it has already been applied to the Group VI A hexacarbonyls, some
substituted ferrocenes and most recently we have begun on some esters
of acetic acid.

The IE data in our experiments were obtained with an ionizing
electron beam of 2 pa collimated by a ~125 gauss magnetic field. The
energy spread of the electrons was 0.7 eV at half helght. Ion source
residence times for the lons of interest were 1-5 pusec. As stated
eariier, the IE data were automatically plotted with an XY recorder
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and the data were recorded over the 18 volt energy range immediately
above the ionization potentlal of the molecule under study. Onset
potentials were obtained by the extrapolated difference method.

The deconvolution procedure 1s based upon several assumptions
which are simllar to those of Lorquet (Ninth ASTME-14 Conference on
Mass Spectrometry, Chicago, June 1961) in his non-statistical approach
to mass spectra. These are given in Table 1.

. Table 1. Assumptions

1., The parent ion i1s the direct or indirect presursor for all
the fragment ions.

2. Fragmentation reactions proceed 1ndependently of each other.

3. The total-ions IE curve shape 1s that for the parent ioniza-
tion and each fragmentation reactlon.

4., The experimental IE curve observed for an ion is the sum of
the individual IE curves for reactions related to that lon.

The first assumption is widely accepted. The second assumption is
the Key to the method. Since the condltions attained in the mass
spectrometer ion source essentially prevent interactions between the
various ions, each decomposition proceeds independently and is determined
by the particular energy state to which the molecule-ion is excited.

The third assumption is requilred so that a reference IE curve shape
for the deconvolution procedure can be determined experimentally. This
total lons IE curve, or more simply, total ionization (TI) curve, is
the sum of the observed IE curves.for all of the ions of the compound in
the 18 volt energy range above the molecular IP. In order for thg§ to
be valid, the detection efficiency ofi:all ions should be equal and their
kinetic energy zero or negligible. Direct measurement of the detection
efficienc& indicates that the ions from molecules we have studied are
indeed very nearly equal and even in cases where they are different, the
difference 1s.~5% or less. Direct measurements.of excess kineticy,..
energies indicate values of a few-hundreths of an eV or less in the,,
GLP +18) volt energy range even for highly fragmented ions. The last. .-
assumption is a consequence of assumption 2 and is required in order to
ggwable to correct the data for subsequent decompositions of the
broduct ions.

.. An example of how a deconvolution proceeds is illustrated with
Figure 3 which treats the IE data for croclt from chromyl chloride. In
Figure 3A the open circles represent the observed IE data. The TI curve,
which is the sum of all the IE curves, is translated along the energy
axis and its amplitude adjusted until a good fit is obtained at the foot
of the observed curve. (That this is proper 1is given in Figure 4 which
shows the IE data for all of the fragment ions from the chromyl halides.
The amplitudes are normalized at 2.0 volts above the onset potentials
and plotted on a slngle graph. There is little doubt about the
similarity of the shape'of these curves in thls onset region. Similar
data exists for rare gases and ions from many other types of molecules.)
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Returning to Figure 3A; after the fit is obtained, the modified TI curve
is projected to the energy boundary and this projection appears as
Calculated I" in 3A. The shaded area between the curves represents
croclt ions produced by an additional, independent fragmentation process.
The differences between the curves are calculated and plotted as
"Deviation I", the open circles in 3B. Again the TI curve is fit to the
foot of "Deviation I" by translational and adjustment of its amplitude.
The TI curve is again projected to the energy boundary, and the result
is shown as "Calculated II", closed circles, on Filgure 3B. This time
there is a negatlve deviation between the data indicating that crocl”
formed at the higher electron energies is disappearing due to decomposi-
tion into some other species. The negative deviation (difference
between the two curves) indicated by the shaded area is calculated and
plotted as "Deviation II" in Figure 3C. Again the TI curve is trans-
lated and its amplitude adjusted so that there is a fit in the region of
the foot. This time the factor used to adjust the amplitude has a
negative sign. The adjusted curve is again projected to the energy
boundary and appears as "Calculated III". The difference between these
two curves 1s another negative deviation indicating still another path
by which CrOCl+ can be lost., Presumably in this case, this occurs by
the simultaneous loss of both O and Cl. In Figure 3D, no differences
are evident thus indicating no other processes are occurring. In the
processes discerned by the data on the flgure, CrOCl+ was formed from
the parent ion, Cr02012+ and from Cr0201+ and CrOClZ+. The energ etics
indicate it decomposed by losing O to form Crcl+ or by losing both 0O and
Cl to form Cr+.

In our handling of the deconvolution procedure the TI curve was
translated in 0.25 eV steps. Thus, the best possible precision in
determining an onset potential should be expected to be t 0.25 eV.
However, because of the arithmetic involved in obtaining onset potentials
above the lowest value for each ion, the accuracy becomes less certain
for each succeeding step. This must be kept in mind when comparing
product and reactant ion onset potentials. Another important point is
the low energy resolution of the method. Processes whose onsets differ
by less than ~1.5 eV may not be separable and the deconvolution result
may suggest a single process occurring at an average onset potential.

The IE data for all of the ions from Cr02F2 and Cr02012 were
deconvoluted and 1n each case the onset potential for each process and
the ion abundance projected at the energy boundary was recorded. If
our assumptions are correct, there should be a one-to-one correspondence
between a negative deviation observed in the deconvolution of the IE
data for one lon with a positive deviation in another. A partial listing
of some of the results for chromyl chloride are shown in Figure 5.

As you can see, the abundances of various reactant ilons going to product
ions is in good agreement., It is patently apparent that reactant ions
are related to more than a single product ion and product ions related
to more than a single reactant ion.
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Once the pairings are made, a critical test of their validity is
to be able to convolute IE curves on the basis of the ion-pairings and
the projected abundances at the energy boundary. The convoluted curves
are then compared with the experimental IE curves and ion abundances are
calculated, We have done such calculations on the basis of a total
abundance of 10000 units. Table 2 shows a comparison of abundances
calculated on the basis of convolution, which in turn was based on the
deconvolution results, with the observed experimental abundances. A
measure of the fit between the convoluted and experimental data is the
RMS~percent deviation between the two. We were pleased with the results
given in column 4. When viewed as a single set of data the agreement
between the two is within 3%.

Iet us now examine some of the fragmentation schemes which we have
derived for simple molecules. Figure 6 shows the fragmentation of
Cr02F2 which is fairly simple., The algebraic sum of the relative
abundances associated with each symbol gives the experimentally observed
abundance. For example, we calculate that 21% of the parent ions
decompose to form CrOF2+ but 6 of these 21 subsequently decompose
further to give CrF2+II. This leaves a net observed ion current for
CrOF2+ of 15% of the total ions. An interesting observation indicated
on the figure shows that two metal-oxygen bonds, one metal-oxygen bond
or one metal-oxygen and metal-fluorine bond are broken more often than
one metal~fluorine bond. The data indicate that in some cases, although
a molecule apparently. has absorbed enough energy to eject either an
oxygen or a fluorine, 1t does not do so unless both are ejected. Thus
the total excitational energy may not always be accessible to a par-
ticular bond. Not only must the total energy be sufficient to break a
bond, but also the energy must be properly distributed. This is a
plausible reason why many bond dissociatlon energies calculated from
fragment ion IE data are higher than those obtained by other means. On
the other hand, some bond dissociation energies from fragment ion data
may be too low because of unknown low energy reactions forming a
fragment ion. .

The fragmentation map for chromyl fluoride contains only 14 reaction-
product pairs. That of chromyl chloride shown in Figure 7 is more
complicated with 24 reactions taking place. Note that there are many
ions specially designated with Roman numerals. These are apparently
specific excited states of ilons which are due to unique reactions
occurring at different energies. :

Figure 8 contains fragmentation maps for the hexacarbonyls of the
Group VI A metals., The encircled numbers on the figure correspond to
the number of carbonyl groups left attached to the metal atom. Thus

refers to the M(Co)u+ ion. These data indicate that only W(CO)g
decomposes by the stepwise loss of CO. However there is also a non-
stepwise loss of CO. There is no direct decomposition of Cr(CO)5+
and Mo(CO)5+ to the M(CO)L\L+ ion. Also, in the case of Mo(CO)g, there
is no significant stepwise loss of CO to form Mo(CO)+ and Mot.
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The fragmentation of ferrocene, Figure 9, ls interesting. The
deconvolution not only indicates the dlrect stepwise loss of a cyclo-
pentadienyl molety but also a relatlively minor path corresponding to
the simultaneous loss of two cyclopentadienyl groups. The energetlcs of
the reaction lndicates that these are lost not as two separate cyclo-
pentadienyl groups but as dicyclopentadienyl. This would be an inter-
esfihg neutral fragment to observe directly!

In this presentation we have attempted to outline briefly a method
for déconvoluting IE data. The method is an empirical one which is
based upon reasonable assumptions. Its application gives reasonable
answers to questions which have plagued us and others concerning why
some ionization efficiency data give bond dissociation energies in
good agreement with those obtained by other methods while other data
give poor agreement. At present the procedure is somewhat crude because
it lacks sufficient energy resolution. However, in spite of this, 1ts
use can give insights into the complexity of lon source chemical
reactions which may not be amenable to the application of other
Thus it can serve as a means of defining and giving
A detalled

manuscript is being prepared describing more fully the method and

techniques.
supporting evidence for ion source reaction mechanisms.

the implications of results.
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SUBSTITUENT EFFECTS ON COMPETING CLEAVAGE AND REARRANGEMERT

PROCESSES IN MOLECULAR ION DECOMPOSITION REACTIONS

Peter Brown
Department of Chemistry
Arizona State University

Tempe, Arizona 85281

Abstract

Ionization and appearance potentials have been determined for apparently
competing M-CHz cleavage and M-CHz0 rearrangement reactions in a series of m-
and p-X substituted anisoles, and for M-NOz cleavage and M-NO rearrangement
processes in substituted nitrobenzenes. Approximate activation energies AP-IP
have been found to give reasonably linear correlations when plotted against
substituent constants (e.g., g, @ +). For the two reactions in the anisoles,
the slopes of the plots AP-IP vs. r are positive; for the two reactions in the
nitrobenzenes, the correspondiné plots display negative slopes. It has been
concluded from these data that in the M-CHz and M-CHz0 anisole reactions an
additional degree of positive charge is developed at the reaction site, while
conversely in the M-NOp and M-NO processes in the nitrobenzenes a degree of positive
charge is dissipated at the reaction site. Reaction mechanisms are proposed for
these reactions consistent with these energetic requirements.

The merlits of AP-IP as a parameter that reflects rate are discussed, and
compared with peak relative abundance methods (such as Z-values). The limitations
of AP-IP are also discussed. Plots of log (Z/Zo) and log [Ac)/(Mo] (1-f) vs.

substituent constants are reproduced and discussed also.

Submitted for publication in Organic Mass Spectrometry.
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Energetics and Metastable Ion Intensities in the Determination of
Ionlc Structure

J. L. Occolowitz
E11 Li1l1ly and Company, Indianapolils, Indiana, U.S.A.

Introduction

The determination of the energetics of ionic reactlions and the
relative intensities of metastable lons have been used to deduce and
compare the structure of lons produced in mass spectrometers. Usually
the energetic method is used to find the heat of formation of an ifon at
the threshold or with just suffilclent energy to undergo a reaction, and
structural assignments are made by comparing thls quantlty wilth the heat
of formatlon of an 1someric lon derived from another source. The deter-
mination of the abundance of metastable ions gives a measure of the
kinetic behavior of reactinglons.

Because of the isolated nature of ionic reactions, it is not valild
to extrdpolate results obtained for reacting ions to 1someric ilons
produced-at the threshold. The energy difference of these ions (say,
~60 Kcal.mol.”!) can allow for the participation of ionic structures
having ground state energles intermediate between that of the ions
produced at threshold and those having sufficient energy to react. Also,
it can usually be shown that the structures of Intermedlate energy
undergo the same reactions when exclted to the appropriate internal
energy .

Energetics
The heat of formation of an ion F' formed in the reaction
M-e—F « N + N, +-—um N |
can be calculated by the equatilon
BHp(FY) = aHp(M) + A.P. (FY)- LAHp(N)-E ———— 2

where E includes such terms' as relative translational energy,
vibratlonal energy, and reverse activatlon energy. The uncertainty in
AHf(F+) arises from the possible inabillity to determine the appearance
potentlal of F' and E with sufficient accuracy. In assessing the -
method, it 1s necessary to discuss each of the possible errors in some
detail.

1) Reverse Activation Energy. This is the energy required to initlate
the reaction between ¥ and N when they are initially in their’
ground states. Its existence in ionlc reactions has been queried
on the baslis that many ionlc reactlons occur without evidence of
excess energy.! However, there are many ionic reactions in which
considerable excess energy 1s 1lnvolved; and this excess energy may
include a reverse activation energy component. Further information
may be obtalned by studylng the temperature dependence of 1ion-*
molecule reactions. In thils context 1t has been stated that no
activatlon energy has been found for any lon-molecule reaction
studled. However, 1t transplres that the temperature independence
of ion-molecule reactions is inferred implicitly from the
experimental detalls and that often no temperature study was made.?

It would seem that presently there is little evidence for or agalnst
the widespread occurrence of reverse activation energy in ionic
reactions.

2) Kinetic Shift. Unless metastable specles are being studied,
critical potentials are determined on ions produced in the ion
source. For fragment lons lon source residence times of ~1x10"%sec.
require a minimum reaction rate for observation of a partlcular
species at the collector. Consequently, appearance potentials will
be too high by the excess energy requlred to achieve this minimum
reactlion rate. Generally thls reaction rate is taken to be ~10°
sec™!, because,? the maximum point in derivative ionization
efficlency curves occurs at this rate and it is thought that the
usual methods for determining appearance potentials glve results
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corresponding roughly to the maximum on the derivative ionization
efficiency curves. However, rate constants of 5x102sec ! will gilve
rise to an observable current at the collector (less than 1/1000 of
the 50 ev current)., Whether methods of extrapolation using electron-
impact derived ionization effilclency curves, which have a super-
imposed electron energy distribution, can give appearance

potentlals corresponding to rate constants of ~500sec.”! is a
question still unanswered.

Lower 1imits for kinetic shifts have been deduced by measuring
appearance potentials for normal and metastable lons resulting for
a glven 1lonlec reaction. For some reactions of disubstituted
benzenes the appearance potential for the metastable ion 1s ~0.5ev
lower than for the normal ion."

Vibrational Energy. There 1s general agreement that many 1lonilc
reactions at the threshold result in vibrationally excited product
lons and neutrals. However, methods to detect this vibrational
energy are elther of limited applicability! or based on doubtful
premises.®

For reacting lons of less than about ten atoms,it has been shown!
that the vibrational energy 1s related to the translatlional energy
released by the equation

E=oND — 3

where T= translational energy release, N= number of degrees of
freedom in the reacting ion, a= an empirical constant (~0.45), and
E= total vibrational energy. T was determined from the peak shape
of the product lon using a time-of-fllight mass spectrometer. Uslng
this approach a number of heats of formation have been successfully
determined.® One puzzling aspect of thls method 1s that trans-
lational energles derived from the T.0,F. instrument are con-
siderably greater, for randomely selected cases, than those
determined from metastable peak widths on a magnetlc sector
instrument,’ Also, application of equation 3 to more complex
molecules seems doubtful, e.g. in the reactions

R

€O, R=OH
CsHg** + (AcR, Renn, ——— ¥

the kilnetic energy release for the reaction of aniline is zero and
for phenol 5 Kcal.mol.™ -1 (both determined from metastable peaks?®).
Assuming that both reactlons gilve rise to CsHe lons of simillar
structure, then similar heats of formatlon are to be expected.
Correction of the heats of formation using e?uation 2 results 1n
values of 278 Kcal.mol. and 216 Kcal.mol. for the heats of
formation of the CsHg fragment 1lons from anillne and phenol
respectively. Not only are these values considerably different but
the value for phenol 1s 21 Kcal.mol.~! lower than that for the
CsHg ion derived from cyclopentadiene, the lowest energy structure
likely to be formed.

A method has been devised® to qualitatively demonstrate excess
energy in one palr of ions having the same structure. For the
reactions

ey A+_> — 5 Indirect
-—) —— 6 Direct
At in reaction 5 is said to be formed with excess energy 1f
the relations
Direct Indirect
1A TR —
N BT
[A] _[a]
To¥rT [m¥*]
(B] _(B]
Tm¥T ¢ [m#]
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are observed. Thf-figure below (Fig. 1) shows a hypothetical
situation where A in the 1ndirect reaction is formed with no excess

energy but where the molecular ion energy distributions are somewhat
different.

FIGURE 1

Indirect Direct

¥

For simplicity it 1s assumed that the k(E) vs. E curves for the
reactions are steep so that the relative abundances of At* and B

are represented by the approprlate unshaded areas under the curves;
and also that the abundance of m* can be estimated from the distance
between the E axis and the point on the curve vertically above the
appropriate appearance potential. For this system the 1lnequalities
which indicate excess energy in A™° formed indirectly are observed,
but in fact 1t 1s formed with no excess energy.

It is doubtful, in most cases, whether the inequalities give any
indication of excess energy in a fragment. They most likely measure
differences in molecular ion energy distributions and the position of
critical potentials on these curves. The positions of these critical
potentials will depend not only on whether excess energy 1s involved
but also on the enthalpies of the reactant molecule and the neutral
product expelled.

Errors Due to Temperature. The vibrational energy acquired by a
molecule prior to lonization can be utilized in the subsequent
fragmentation of the molecular ion. Hence the appearance potentilal
will be lower than would be observed using a less thermally excited
molecule. In the calculation of the heats of formatlon of fragment
ions,this error would be lowered if the heat of formation for the
molecule at the temperature of ilonizatlon was used in equation 2.
Usually such information is not avallable and a value for a lower
temperature 1s substituted., In these 1nstances the calculated heat
of formation of the fragment will be lowered, perhaps cancelling out
any error arising from kinetic shift. Of all the errors discussed
here, this 1s the only one 'which lowers the observed heat of forma-
tion.

Multiplicity of Reaction Pathways. It is possible, especially in the
ionic reactlions of alkanes, that a fragment ion can arise by more
than one pathway. If the energy requirements of these pathways are
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different, the appearance potential for the lower energy process can
be 1n error.

Assuming that the appearance potential can be obtained from the
lonizing voltage difference required to have the calibration gas ion
and the fragment ion reach 0.1% of thelr abundance at SOev,‘3 the
error can be estimated when the slope of the llnear part of the
semi-log ionilzation efficiency curve 1is known.’ For two processes
having appearance potentlals separated by 1lev the error ranges from
zero when all of the 50ev current is due to the lower energy
process to +13 Kcal.mol.”! when only 1/10 of the lon current at 50ev
is due to the lower -energy process. The figures are applicable to
an Atlas CHy instrument. For ionizing sources with less energy
spread the errors will be less.

6) GCeneral Considerations. Although the consideratlons above might
indicate the contrary, many heats of formatlon obtained from
electron impact data appear to be reasonably accurate, e.g., heats
of formation for the CgHg lon derived from seven different sources
are shown in Table 1.

TABLE 1

Heats of Formation!® of [CsHs]’

Source aHy (Kcal.mol 1) Neutral Products
Ph(CH2 ) 3CHO 232 CH, CHOH

Ph(CH, ) 3COCH; 232 CH,C(CH4)OH
Ph(CH, ), COOH 236 HCOOH

Ph (CHj ) 3COOH 231 Ho0 + CH,CO
Ph(CH, ), COOCH,4 234 HCOOCH,

Ph (CHj ) 3COOCH 227 CH3OH + CH,CO
PhCH = CH, 231 (Photoionization) - - - -

The results agree quite well and indicate that all ions have the
same structure as that of the styrene molecular ion. Although all of
the reactions result from rearrangements, which would imply a relatively
low K(E) vs. E. slope, there is no evlidence of a marked error due to
kinetic shift. Also in the case of CgHg lons resulting from multiple
reactlons,no greater error is evident as would be the case if the
excess energies enumerated before were of importance. Lastly, 1n those
reactions where stable neutral particles are formed there is no
evldence of appreciable reverse actlvation energy.

For the reactions!!

@\Sn@ T yisnte 4 2 -7
@ ©
and Sn ——=-% :sn** _______ 3

the heat of formation of :Sn*+ derived from 7 is 241 Kcal.mol.-!, and
from reaction 8, 243 Kcal.mol.”!. For these reactions the monoatomic
nature of the product ion allows no ambiguity due to different possible
structures. Again, although considerable rearrangement is involved,
there 1s no significant error in the experimental heat of formation of
the fragment ion. It should be noted however that the :Snt* ion derived
from SnMey is formed with excess energy.!!

To sum up, the values of thermodynamic quantities derived from
electron impact measurement are subject to errors whose magnltude is not
known with any reliability. However, for many complex ionic reactions,
the sum of these errors appears to be small. There 1s presently no
simple way of predicting whether large errors are to be expected by
considering the structures of reactants and products.

It is reasonable to question structures derived from energetic
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conslderations because of the uncertainties involved 1n the measurements.
In particular in those reactions where a molecule is expelled from a
cyclic lon, it is intultively attractive to postulate that the product
lon 1s cyclic, even though energetic measurements indicate an acyclic
product with a higher ground state energy. The question arilses whether
the sum of the errors are sufficlent to account for the ~30 Kcal.mol.”
difference in energies of the cyclic and acyclic structures. Fig. 2
1llustrates graphlcally the experimentally determined energy levels for
postulated cycllc and acycllic structures (horizontal lines) and the
values obtained for fragment ions (crosses) derived for a number of
lonic reactions involving expulsion from acyclic precursor.

FIGURE 2
-
W FIGURE 2
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In all cases the heat of formation for the fragment 1s not significantly
less than for the acycliec structure. It seems unlikely that the
uncertainties in the determinatlon of these energy levels would always

be sufficient to account for the dlfference in energy between the two
possible structures,

Abundance of Metastable Ions in Structure Determination

Two approaches are used here, to determlne the abundance of one \
metastable lon for a given reaction and compare 1t with the abundance
of a reactant or product ion involved 1n the same reaction; or to
compare two metastable abundances for two reactlons of the lon in
question. The comparison of ionlc structure for lons derived from
different precursors by the first of these approaches is likely to be
unreliable because of reasons outlined previously (Section 3). Unless
there is evldence to indicate that the molecular ion energy distribu-
tions and energetics are similar, e.g., as is probably the case for
some disubstltuted benzenes,“ it 1s better to use the second approach.
In the system

+

e k(B g K (EL A

my¥ —_—9

m B+

3
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where [my*]/[m;*] is used to characterize F' certain conditions must be
metl? for this ratio to be independent of the nature of MY'. The
conditlons are:

1) The reactions to glve A+'and B* must arise from the same state of
Ft for the ratio Ema*]/[mz*] to be independent of the energy
distribution of MT*, If different abundance ratlos are obtailned
for Ft derived from different molecular ions, then, 1if possible,
the determinatlon of a second abundance ratio using a third
reaction of F* will be useful in detecting the presence of
different reacting states.!?

2) k,(E)>>k,(E) + k3(E) in the range of energy for which k,(E) + k3(E)
<106,

3) There are no marked changes in the energy distribution of M'® in
the energy range for which 102<kz(E) + k3(E)<106,

In practice the fallure of some systems to conform to these criteria
will lead to variations in the metastable abundance ratio for the same
F7 derived from different molecular ions. Some judgement may have to
be used to determine whether the variation i1s due to differences in the
structure of F' in each system or whether it is due to the initlal
preparation effects outlined above.

In some instances there may be evidence, e.g., from energetic
determinations or from spectral similarities, to show that reacting
ions of the same compositlon derlved from different molecules have the
same structure. In these instances it 1s possible to draw inferences
about molecular ion energy distributions and/or rates of isomerization
of molecular lons by measurement of metastable abundance ratlos.

For the system

A+
W
wt k(E)' ot # ¥
10
K, (E)
+ ka(E)
B m C+
m2
It can be shown’ that
- an
[ma*] iEPIk(B), ki(E), k3(E)] gp dE "
m,*1 Felk(E), k,(E), ky(E), k3(E)] _g_ng

Vo1 R
AN

If k(E), the rate of isomérization of ground state molecular lons to the
common reacting state M+'*, is fast compared to its rate of decomposi-
tion 1in the energy ranges for which the Integrands of equation 11 are
significant then [m;¥1/[m,*] can be shown to be independent of k(E). In
this case, for common M*+¥ species derived from different precursors,
the ratio [ma*]/[mz*] will vary only because of changes in dN/dE, the
molecular ion energy dilstrlbutions near the appearance potentials of
At and Ct.

Table 2 lists metastable abundance ratios for some simultaneous
and consecutive reactlions of lons derived from C,H;, i1somers. In
attempting to interpret this data, it must be born in mind that the
analysis of the systems represented by equations 9 and 10 shows that
even 1f all of the reacting states are common to all of the eight
compounds the abundance ratios will be influenced by the rate of
isomerization of M+ (M+'¥ = F* in equation 9), and in those cases where
the appearance potentials of the product ions are not the same the ratio
will be influenced by the energy distribution of the molecular lons.
Previously determined energetic measurements!3 on the first five
compounds in Table 2 showed that the ions m/e 81, 68 and 67 have
appearance potentlals 1n a range of ~0.4ev, consequently the metastable

Bih
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TABLE 2

967 P /\M\

96+68 | 372429 |418+20 |364+50 [126+20 5u+4 14+2 [B77+31 | 290431
96+55 [ 133+9  |164+14 |214426 |171+39 [2045+208] 65+9 |508+46 | 7224107
9479 23+5 46+10 34+ 51+2 261+27 35+3 |231+7 339+38
95+67 | 15+1 16+1 20+1 17+2 3747 17.8+40.9| 48+6 48+6

95+80 | 400+18 375456 [597+128|U914NT | 758495 | 250+33|726+98 | 937446

abundance ratlos [96-81]/[96+68]) and [96+813/[95+67] are not 1llkely to
be much Influenced by differences 1n molecular lon energy distributions.
Differences in these ratios will reflect differences in molecular
isomerization rates, or differences in reacting states, or both.
However, 1t 1s not possible, using thils data, to determine the relative
magnitude of these effects. If one assumes common reacting states, then
the differences are explainable by differences 1n molecular ion
isomerization rates.

The appearance potentials of m/e 81 and m/e 55 for the first five
compounds in Table 2 differ by about l.2ev, and it is to be expected
that differences 1in molecular ion distributions in thls range will
change the ratio [96+81]/[96+55] even if similar reacting states are
involved. For the first four compounds, assuming similar reacting
states, 1t appears that differences in isomerization rates and energy
distributions have a relative small effect (about 60%) on the ratio,

The much different ratio for the fifth compound can be attributed to one
or more of the followlng, different reacting states, different rates of
isomerization, and probably less likely,difference in molecular ion
energy distribution.

It can be seen that for a study of these lonic reactions determina-
tion of metastable abundance ratios are of limited use only because of
a lack of knowledge of the magnitudes of the factors which may influence
them. Their utility would be increased 1if some of these variables, e.g.,
molecular ion energy distributions, could be determined by another means.

An estimate of the effect of isomerizatlon rates can be gauged from
Table 3 in which equation 11 was integrated, by computer, for a
hypothetical set of rate constants.

TABLE 3

Variation of Metastable Ratio ([m3*]/[m2*]) with Rate of

Molecular Ion Isomerization (k) and Rate of Decomposition (k,+kj)

X (my*3/[m,*]
0.1 (k +kj) 18.3
0.6 (k;+kj) 82.9
10 (k,+k3) 220
100 (ki+kj) 236

For the calculation k,+k; = 2x1012(1-3§99),6 and kg = 1010(1-5:00).
The mass spectrometer time scale deriveéd by Chupka® was used.
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NEIGHBORING GROUP PARTICIPATION IN THE . E6
MASS SPECTRAL FRAGMENTATION OF SOME AZULENES

R. G. Cooks, N. L. Wolfe, J. R. Curtis, H. E. Petty, and R. N. McDonald

Department of Chemistry
Kansas State University
Manhattan, Kansas 66502

Participation by phenyl groups, acting as neighboring groups, has
been observed in two previous studies on gaseous ions.l,2 The nature of
the systems studied meant that the evidence for participation was
necessarily indirect, involving mainly a demonstration that the reaction
in question possesses the energy/rate characteristics typical of a
rearrangement not those of a simple cleavage. The non-benzenoid azulene
system has the advantage that participation is isomer dependent.

In a series of isomeric azulenes being the substituents -(CH,),0H,
-(CH,) ,0Ac, -(CH;)20Ts, -CH,COpCHz, and CH,CO,H, it was found tha% the
4-su§s%ituted isomers, and only those isomers, exhibited abundant ions
due to several highly unusual cleavages (Table I).

TABLE 1

Ion Abundances in Azulene Tosylate Spectra

Tosylate M* M*-Ts- M?-Ts0" MY -TsOH M -TsOCH, -
1-Azulyl 20 40.5 0 58 100
4-Azulyl 56 100 5 32 17
6-Azulyl 64 0 €1 100 18
1-Naphthyl 8 0.1 &3 100 33

Evidence that these unusual processes are not simple cleavages but in
fact involve bond formation, was obtained from their metastable and rate
characteristics. A detailed interpretation of the mechanism of some of
the participation processes was attempted using energetic data. It is
suggested that in the form of molecular ion undergoing these reactions,
the charge is "localized" in the substituent leaving the Cz-ring position,
with its characteristic high electron density, to participate in the loss
of the radical. Such a mechanism, if general, helps to reconcile earlier
work! with recent criticism.3

The p-toluene sulfonates studied undergo neighboring group participa-
tion in solution. This is only seen in the 1-substituted compounds and
probably involves intermediacy of the azulonium ion (cf. "phenonium"
ion). The striking difference between participation processes occurring
in solution and those observed in the gaseous ion derives from the
marked facility with which the 1-substituted azulenes undergo A-cleavage.
Moreover, it leads us to predict that solvolysis of the 4-substituted
propanol derivatives should exhibit a participation process analogous to
that observed in the ethanol derivatives in the gas phase.

This study also allowed some conclusions regarding ion structures.
In particular, the structures of the substituted azulenes appear to be
retained upon ionization; neither ring opening, nor substituent random-

% A full account of this work has been submitted for publication in
the Journal of the American Chemical Society.
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ization, nor isomerization to the naphthalene structure occurs. There is
evidence, however, thatﬁ-cleavage is followed by structural isomerization.
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E7
Charge-Exchange Spectra of Some Substituted
Benzophenones and N-Substituted Phenyl Benzamides

Robert H. Shapiro and Jonathan Turk

Department of Chemistry, University of Colorado, Boulder, Colo, 80302

Using 10 charge-exchange (CE) ions with recombination energies ranging from
10.5 to 24.6 eV, we measured the intensities of the ions produced by interaction of
three benzophenones (I) and three N-phenyl benzamides (II) with the CE reagents.
CgH5COCHX 'CgH5CONHC gH X
(D) (I1)
As with electron-impact (EI) excitation, the CE spectra of I (X = H, p-NOp or
E-OCHJ) contain peaks corresponding to I+, C H C0+, C6H5+’ XC6H4CO+ and decomposition

65
products from the latter species. The CE spectra of IT (X = H, _E-NO2 or E-OCH3) con-

65
We measured the molecular ion abundances (I+' and II**) as a function of ionizing

tain peaks corresponding only to II+', CGHSCO+ and C H T,

energy and our results (Table 1) indicate that certain high energy molecular ions
appear to have relatively long lifetimes on the mass spectrometry time-scale. That is,
instead of molecular ion abundance falling off steadily with increasing ionizing
energy, at some point the molecular ion abundance increases.

A second important set of results was obtained in measuring the abundance of
C6H5+ ions relative to the abundance C6H5C0+ (i.e. (77+)/(105+)) in the CE spectra of
the aix compounds. We determined these ratios as a measure of the relative amount$ of
internal energies, and hence their secondary reaction rates, of the primary benzyl ions.
The results for two values of ionizing energy are shown in Table 2. These values
typify the results of high energy behavior (24.6 eV) and low energy behavior (15.8 eV).
The (77+)/(105+) ratio obtained from the spectra of the benzophenones (I) follows the
order of NOy) < H < OCHq at both 24.6'and 15.8 eV, indicating that electron-donating
groups attached to I lead to more energetic benzoyl ions, consistent with the previous
findings and conclusions by Gross and McLafferty.1 Sin ce electron~-donating sub-
stituents tend to lead to a favorable formation of XCGHACOT making formation of C6H5C0+
the higher energy process, perhaps McLafferty's ''competitive shift"2 explains the
effect of the substituent, The benzamides (II), however, behave rather differently at
> H > OCH

24,6 eV, since the (777)/(105%) ratio follows the order NO indicating that

2 3

in the absence of a competing reaction electron-withdrawing groups attached to II lead

to more energetic benzoyl ions. At 15.8 eV (and lower ionizing energies as well),
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however, the opposite order of (77+)/(105+) ratios 1s observed. Combining these data
with those in Table 1 we are led to propose the following argument.

Upon charge-exchange a molecular ion is produced with a descrete amount of excess
internal energy. These ions undergo a series of competing reactions as follows: (1)
Simple cleavage of hot molecular ions to give hot benzoyl ions which decompose to
C6H5+, (2) emission of low energy photons to yield semi-hot molecular ions which undergo
cleavage to yield semi-hot or cold benzoyl ions and (3) emission of higher emergy
photons to yield cold molecular ilons.

Therefore the observed ion abundances will be determined by the relative rates of
the competing cleavages and emissions.

Further work is in progress to determine whether emission actually occurs from

the generated ions.

Table 1

M Relative Abundances

Ionizing
Energy (CE) I, X=H I, X=p-OCH3 I, X=p-NO, II, X=H 1II, X=p-OCH3 II, X=p-NO,

10.5 68 70 57 39 42 13
11.4 28 26 23 -- -- -
12.4 48 34 18 27 26 8
12.7 12 15 14 - 12 -
13.8 14 11 8 8 10 0
14.0 6 10 8 10 6 0
15.3 26 26 7 16 13 5
15.8 10 28 14 20 6 10
21.6 22 19 10 6 1 0
24,6 21 16 8 14 2 0
Table 2

+ +
Relative Abundances of (105) , (77) and (56.5*) in the Spectra of Substituted Benzo-
phenones and N-Substituted-Phenyl Benzamides

X = (77H /105" Y = (56,5%)/(105)
Substituent X at 15,8 eV (CE) X at 24.6 eV (CE)
I, X=p-NO, 0,21 1.1
I, X=H 0.58 1.2
1, X=p-OCH, 0,80 2,7
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Substituent X at 15.8 eV (CE) X at 24.6 eV (CE)

11, X=E-N02 0.29 1.5

11, X3 0.36 1.1

11, X=p*OCH, 0.57 0.6
References
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RepofEEd at Eighteenth Annual Conference on Mass Spectrometry and Allied
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MASS AND PHASE SPECTROMETRY OF HOT SF6 Fi
R. T. Brackmann, W. L. Fite and W. M. Jackson

Department of Physics
University of Pittsburgh
Pittsburgh, Pa. 15213

One of the principal attractions of introducing gas into a mass spectrometer in the
form of a molecular beam running in high vacuum is that the gas source 1s thermally de-
coupled fromithe ionizer and it becomes routine to study hot gases and gases containing
free tadicals:l A problem with molecular beams is that the gas density decreases with
distance from the source, and at reasonable distances the density in the beam becomes
comparable with the density in the residual gas in the vacuum, thus making it difficult
to distinguish between signals from the beam and signals from the residual gas. This
problem is solved by modulating the molecular beam while operating the ionizing electron
current dc. Under these circumstances, the ions coming from the beam produce ac signals
at the modulation frequency and in specified phase while jons from the background gas
give dec signals; the two can be separated electronically and lock-in detection circuitry
can be used to bring the signal-to-noise level to a satisfactory point.

Fig. 1 shows a schematic of the modulated beam mass spectrometer used in the present
studies, the EMBA-II, manufactured by Extranuclear Laboratories, Inc. Gas from a source
enters through an aperture into the first of two differentially pumped vacuum chambers.
The aperture size is chgaen such that the pressure in the first chamber is approximately
10_4 Torr under the gas load from the source. At this pressure those molecules traveling
along the axis of thzvtnattument can reach the second aperture without suffering colli-
sions and enter the second differentially pumped vacuum chamber as a molecular beam tra-
veling in high vacuum Shortly after entering the second chamber, in which the pressure
is approximately 10 * Torr, the beam 18 interrupted periodically at an audio-frequency by
a rotating toqth%é chopper wheel. The beam then travels a distance, L, before entering
an ionizer in which dc electron beams cross the modulated neutral beam at right angles,
ionizing a portion of the neutrals in the modulated:beam. Both the ions and neutrals
travel into thg mass filter. Upon emergence from the mass filter the ions are deflected
into an elecggég-ééltiplier, which 1s set off the axis, while the neutrals (and any ac--

companying p

tggg and metastable.neutrals) travel on to the back wall of the chamber.

Since the neutrals travel as a beam in high vacuum and strike no.surfaces, the identities

of the species 1 tﬁe beam are preserved. The ionizer is separated from the actual gas

source by higﬁ va m, so there is complete thermal decoupling and the only limitations

on gas temperatu e come from. the materials of which the gas source is constructed..

As with any mass spectrometer, a modulated beam instrument provides both signal
strengths and appearance potential information. Additional important information is car-
ried on the phase’ of the ac signals observed. In particular, from the phase of a signal
one cap often identify the parent neutral from which an observed ion comes, and determine

whether é signal thatlincreases with gas temperature is due to a free radical being formed

or to an enhancement . a dissociative lonization cross section with internal energy of a
neutral It is the phase information obtained in experiments on heated SF6 that is of
principal intereat here

Thelphase lag at which an lon signal appears consists of two separate contributing

phase lags. The fitgt. °n’ arises because of the time taken for a neutral to pass between

"

This research was supported by the Advanced Research Projects Agency, The Department of
Defense, and was monitored by the U. S. Army Research Office - Durham, Box CM, Duke Sta-
tion, Durham, North Carolina 27706, under Contract No. DA-ARO-D-31-124-G108S5.
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the modulator and the ionizer. This time, tn, 1s given by L/vn, where L is the distance

traveled and Vo 1s the molecular velocity: In the simplest instance

1/2

¢ = we = wL/vn = wL(Mn/T) (1)

n
where w = 27f where f is the modulation frequency, Mn 1s the mass of the neutral molecule
and T is the gas temperature. This expression 1s modified somewhat for square-chopped
Maxwellian beams at high values of ¢n’ the actual phases having been worked out by Harri-
son, Hummer and Fite.2

The second contribution to phase lag of a signal is due to the time of flight of the
ion through the mass filter. This ion phase shift is given by

1/2

¢, = wt, = wLi/vi « wLi(mi/V) (2)

where L, is the distance through the mass filter from the ionizer to the ion detector, m

1
is the 1on mass and V i3 the energy given the ion for passage through the mass filter.

i

The total phase shift is the sum of ¢n and ¢i.

The effects of these phase shifts can be seen in Fig. 2, which plots the signal
phases of lons formed from heated N2 gas. Increasing phase lag is plotted in the down-
ward direction. At room temperature, the phases are.linear with m:l_l/2 as predicted from
Eq. (2). As the gas temperature 1s increased, the phase lags diminish in accordance with
Eq. (1), but the mil/2 relationship still holds. The latter attests to all signals com-
ing from N2 at all temperatures, 1l.e., indicating that N2 does not thermally dissoc%&te.

This situation is to be contrasted to the case of oxygen that 1s heated in a tubular
iridium source, for which the phases are shown in Fig. 3. At room temperature the phases
of the various ions agailn lie on a straight line on a ¢ vs. mil/2 plot, again indicating
that all observed ions come from 02. At 1325°K the ions still lie along a parallel
straight line. At 2050°K, however, the mass 8 and 16 ions have shifted away from the line
associated with the 02 parent, corresponding to the onset of dissociation. At the high-
est temperature, the shift from the line of the 02 parent 1s quite pronounced and the
phase of the 0++ indicates that this ion came almost entirely from neutral atomic oxygen,
which 1s confirmed from observation of the signal strengths and appearance potentials.

While in simple cases, such as diatomic molecules, phase information 1s largely re-
dundant, in more complicated molecules the phase Information gives an added dimension of
knowledge.

Our interest in SF6 arose because of questions of attachment in electron scavenging
experiments at elevated temperatures performed by Dr. Peter Chantry of the Westinghouse
Research Laboratories. The point to be examined was the validity of the calculations of
Wilkin53 on thermal dissociation of SF6.

In the experiments, SF6 gas was admitted to a tubular iridium furnace source which
had an aperture in the side. The dimensions of the source and the aperture size were such
as to give a residence time in the source of approximately 10_2 seconds. The pressures
used were normally in the range 50 to 100 pHg, which implied that gas-gas collisions were
less important than gas-wall collisions. The mean number of wall collisions of a molecule
before emerging in the beam was approximately 1000.

Fig. 4 shows the amplitudes of the various ions observed as a function of tempera-

+
ture. Particularly to be noted is the persistence to high temperature of the SF. ion,

5
the heaviest and most prominent ion produced in electron impact on SF6'

Fig. 5 shows appearance potential curves for the lighter lons observed at both room
temperature and in the vicinity of 2000°K. The control ion He+ shows the shape of the

appearance potential from a simple ionization process in the instrument, and the shapes of
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both the F+ and S+ curves, as well as thelr appearance potentials, indicate the presence
of both atomic F and S in the heated gas.

Fig. 6 shows appearance potential curves on the heavier observed ions. The progres-
sion of appearance potentials at room temperature is as expected. At higher temperatures

+
the fact that SF3+ has a lower appearance potential than SF

4 indicates the presence of

free neutral SF, in the heated gas.

3
+
While the rise of the SF3 signal with temperature (Fig. 4) and the knowledge of the

presence of SF (Fig. 6) might suggest appreclable dissociation to SF3, the phase infor-

mation indicates that this 1is ‘not the case. In Fig. 7, the phases show that the SF sig-

nal, even at the highest temperatures, continues to lie very clogse to the straight iine

associated with ions coming from SF6, and suggests that something in excess of 80/ of the
SF3+ still comes from SF6' The enhancement of the SF3 signal relative to the SF5
nal evidently must be attributed to the cross section for dissociative ionization of SF6

sig-

+
to SF3 becoming enhanced with internal energy in the SF6.

strengths indicates that this dissociative ionizatlon cross section is increased by at

Analysis of the signal

least 50% at the higher temperatures.
It is also to be noted in Flg. 7 that at the highest temperatures the phase of SF+

+
lies above the line associated with lons coming from SF Evidently the SF comes pri-

marily from lighter dissocilation products. The fact th:t F+ lies below the line for F
suggests that a significant fraction of F+ 1s produced from heavier radicals than F at
2033°K.

The seemingly inescapable conclusion of these studies is that, for reasons unknown,
the SF6 is very slow to achieve dissoclative equilibrium in an iridium furnace. The
amount of SF6 remaining at the highest temperatures exceeds by orders of magnitude the
amount expected from the calculations of Wilkins.

It seems unlikely that SF6 would not approach equilibrium during the approximately
1000 wall collisions each molecule has while in the furnace; it seems equally unlikely
that surface reactionms which are known to remove F atoms would produce an overabundance
of SF6 rather than an underabundance. Notingathat the furnace source used in these ex-
periments is a form of what Benson and Spokes refer to as a "very low pressure pyrolysis"
reactor, one can apply thelr formulas to obtain a rate coefficient for unimolecular dis-

soclation of excited SF6, but given the known binding energy of an F atom to SF the de-

6
duced pre-exponential factor is far less than what seems reasonable.

It is hoped that further experiments will clarify the question of why dissociative
equilibrium is not achieved in a furnace such as was used in these experiments. In the

meantime, it seems clear that peculiarities in electron attachment to heated SF, should

6
be attributed to changes in attachment cross sections to internally excited SF6 rather

than to attachment of electrons to dissoclation fragments.

1. S. N. Foner and R. L. Hudson, J. Chem. Phys. 21, 1374 (1953).

2 H. Harrison, D. G. Hummer, and W. L. Fite, J. Chem. Phys. 41, 2567 (1964).
3. K. L. Wilkins, J. Chem. Phys. 51, 853 (1969).
4.
b

S. W. Benson and G. N. Spokes, Proceedings of the XIth International Symposium on Com-
ustion, pp. 95-103, The Combustion Institute, Pittsburgh, Pa., 1967.
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Dissociation energies of gaseous GaAg, Ga,, InAg, and In2
Karl A. Gingerich
Department of Chemistry
Texas A&M University
College Station, Texas 77843
and
Gary D. Blue
Department of Chemistry
The Ohio State University
Columbus, Ohio 43210

(lfreliminary studies of the dissociation energies of gaseous GaAg and
InAg appeared to establish a correlation between the bond energies of
the homonuclear diatomic molecules of the constituent atoms(s?d their
electronegativity difference in terms of the Pauling model. The re-
sults of further investigations of these molecules and the simultaneous
reinvestigations of the symmetric diatomic molecules of the constituent
atoms are reported here.

The Knudsen cell mass spectometric method was used to investigate a
number of gaseous equilibria involving these molecules. The enthalpies
of reaction were evaluated by the third law method and where possible, by
the second law method. In the case of the gallium-silver system, the pure
metals were placed in a graphite cell together with tungsten phosphide.
The tungsten phosphide decomposed in the course of the investigations into
gaseous phosphorus-containing species and solid tungsten. For the in-
dium-silver system high purity indium and silver were simultaneously evap-
orated from a boron nitride Knudsen cell that was surrounded by a moly-
bdenum cell. The Knudsen cells were heated by radiation from a tungsten -
mesh resistance heater. The neutral precursors of the observed ions were
identified by their mass to charge ratio, isotopic abundance distribution,
ionization efficiency curves, and shutter profile measurements. Pressure
calibration was made by total vaporization of a known mass of bdth metals.
Temperatures were measured with a calibrated optical pyrometer sighted on
a black-body hole in the bottom of the effusion cell after correcting for
the prism and window transmission, or with a chromel alumel thermocouple
fitted into a hole in the bottom of the cell.

The(Sfeatment of the third law data was similar to that used pre-
viously, except that measured multiplier gains ?2§ experimental ioni-
zation cross sections for Ga and In relative to Ag were used.

For the Ga-Ag system the thermochemical data obtained from the meas-
urement of several gaseous equilibria and the derived dissociation ener-
gies of the corresponding diatomic molecules are summarized in the first
table. The second table contains the corresponding data for the In-Ag
system.

Summary of Reaction Enthalpies in the Ga-Ag System

o o
Reaction Method AH, D, (AB) AB
kcal/mole kcal/mole

GaAg (g)=Ga(g) + Ag(qg) 2nd Law 40.8 40.8 GaAg
3rd Law 42.4 42.4

GaAg(g) + Ag(g)=Ag,(g) + Ga(g) 3rd Law 5.7 43.3%)  Gaag

GaAg(g) + Ga(g)=Ga,(g) + Ag(g)  3rd Law 9.4 33.0”  ca,

Ga, (g)=2Ga(qg) 2nd Law 32.3 32.3 Ga,
3rd Law 33.6 33.6

~

a) Using D:(Agz)=37.6 kcal/mole: Drowart, Reference(5)

b) Using D, (GaAg)=42.4 kcal/mole: this work
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Summary of Reaction Enthalpies in the In-Ag System

o o
Reaction Method AH, D, (AB) AB
kcal/mole kcal/mole

InAg{(g)=Ag(g)+In(g) 2nd Law 38.9 38.9 InAg
3rd Law 39.1 39.1

InAg(g)+Ag(g)=Ag,(g)+In(g)  2nd Law 1.7 39.3%) InAg
3rd Law 1.9 39,53

InAg(g)+In(g)=In, (g)+Ag{g) 2nd Law 14.5 36.9P) InAg
3rd Law 13.1 35,59

Inz(g)=2In(g) 2nd Law 23.0 23.0 In2
3rd Law 25.2 25.2

Ag, (g)=2Ag (g) 3rd Law 37.4 37.4 Ag,

a)

5
Using DD(A92)=37.6 kcal/mole: Drowart, Reference (5)

-]
Using Do(In2)=22.4 kcal/mole: DeMaria et al., Reference (7)

Weighted average experimental,values for thg dissociation eneggies,
in kcal/mole are: Do(Ga2)=33.5, Do (In,)=24.5, D, (GaAg)=42.5 and D, (InAg)=
39.0. The 3rd law value, Do(AgZ)=37.4 kcal%g?le is in close aggpeement
with literature values reviewed by Drowart. The value fO{G?o(Ga ) is
consistent with that found by Chupka et al. of 32 kcal/mole. wi%hih
the accugacy of determination,(gyr vaTue also agrees with the literature
value, Do(In2)=22.4 kcal/mole.

From previous investigations with gaseous(iytermetal@c compognds! it
appe?fsstg?t the Pauling model of a polar bond. has a wide applicabil-
ity. ' mr The values in kcal/mole for the dissociation energies of GaAg
and InAg calculated by either the geometric mean or the arithmetic mean
versions of this method are 43.9 or 40.9 for GaAg and 35.1 or 34.8 for
InAg. In these calculations our values(gyr the dissociation energies of
Ga, and In, and(gfowart's value for Ag were used. The Pauling elec-
tronegativities for Ga and In were taken as 1.4 and %9§, respectively,
after correction to a common valence state with silver. A closer agree-
ment for InAg could be obtained by assuming an electronegativity difference
between monovalent In and Ag of 0.5 on the Pauling scale. The calculated
values by geometric and arithmetic mean methods then become 38.3 and 36.3
kcal/mole, re?g?ctively. As has been previously shown for the Al-group
IB compounds, the values calculated with the geometric mean method
agree best with the experimental values.

Because the Pauling model can be applied to these compounds, we ex-
pect it to also apply to other diatomic intermetallic compounds of gal-
lium and indium. Future investigations of such compounds would in addi-
tion, be expected to lead to a refinement of electronegativity values for
these elements.
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DISSOCIATION ENERGY OF F, F3
J. J. De Corpo, Ronald P, Steiger, J. L. Franklin and J. L. Margrave

Department of Chemistry
Rice University
Houston, Texas 77001

The dissociation energy of F2 has been determined mass spectrometrically. The
heat of formation of fluorine, AHE°(F), was determined from measurements of both the
appearance potentials and translational energies of the products resulting from
electron impact, including both positive and negative ions. One can derive a value
for the dissociation energy from each of the possible processes, namely: 1) dissocia-
tive electron attachment, 2) ion-pailr formation, and 3) dissociative ilonization. The

three values are in excellent agreement and establish D°(F2) = 37.5 £ 2.3 kcal/mole.

A complete paper has been submitted for publication to the Journal of Chemical Physics.
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Electron Impact Measurement of Bond Strengths
in Some Transition Metal Chlorides

D. L. Hildenbrand

Douglas Advanced Research Laboratories
McDonnell Douglas Corporation
Huntington Beach, California 92647

Very little is known about the dissociation energies of the diatomic
transition metal halides, although these quantities are of some interest
from both theoretical and practical standpoints. The most reliable infor-
mation of this sort generally is obtained from third-law treatment of
equilibrium data, but the lack of knowledge about the configurations and
energies of the low-lying electronic states of many of these molecules
introduces serious uncertainties into the derived results. As an alterna-
tive, the possibility of obtaining definitive dissociation energy data
from electron impact measurements was explored, after earlier work on the
IIA metal chlorides indicated that such an approach would be feasible.

Measurements were made with a Nuclide Corp. Model 12-60 HT direc-
tion focusing mass spectrometer equipped with a Nier-type electron impact
ion source. The repeller and the electron trap were kept at ionization
box potential, but otherwise no special changes were made in the ion
source. Ionization efficiency curves were plotted continuously with an
X-Y recorder using an ionizing current of about 1 uA in all instances.
Threshold appearance potentials of the various positive ions were deter-
mined by means of the extrapolated voltage difference (EVD) method, using
xenon, argon and the appropriate metal atoms as reference standards; only
that portion of the IE curve within 2 eV of threshold was considered.
Beams of the metal dichlorides were produced by vaporizing the correspond-
ing solids from graphite Knudsen cells, while vaporization in the presence
of a metal reducing agent yielded a small amount of the diatomic metal
chloride along with the dichloride.

A series of threshold measurements on the parent molecular ions

NO+, Hp0t, HCl+ and Art, using the EVD method with Xet as standard,
yielded highly reproducible results, which in all cases agreed with the
known ionization potentials to 0.07 eV or better, the average error being
0.03 eV. "It is tentatively concluded that the accuracy of the method as
applied here is on the order of 0.10 eV.

" i: Table I gives the ionization and appearance potentials determined
byithe EVD ‘method for the iron, cobalt and nickel chlorides. The MCl%*
fragment -ions are assumed to arise from the process MCl, + e » MCl* + Cl
+ 2e, while the atomic fragment-ions M* come from-MCl, + e = M* + 2Cl + 2e.
For Nit/NiCl; the IE curve shows two thresholds; 'the lower one (given in
Table I) presumably originating from NiCl; + e - Nit + Cly + 2e. On this
basis, the dissociation energies D{C1lM-Cl) and D(MCl,) were derived from
the measured electron impact (EI) threshold values and are shown in Table
I1; implicit in these calculations is the assumption that any excess ener-
gy carried away by the dissociation products is negligibly small. Also
shown in Table II are thermochemical (TC) values of D(MClj), obtained
from vaporization and calorimetric data, and which are seen to be in fair
agreement with the electron impact data. The thermochemical values of
D(MCl,) are believed to be-the more reliable, and these were combined with
D(C1M-Cl) to yield the diatomic dissociation energies D(MCl).

The method appears promising, as judged by the nature and consis-
tency of the results, and should be especially useful for studying effu-
sion beam species where "monoenergetic" techniques are difficult to apply.
More work needs to be done, however, on ascertaining the threshold excess
energies of the various dissociation processes, as well as on assessing
the effects of internal thermal excitation on the measured ionization
thresholds.
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Interpretation of Ion Yield Curves
for Positive and Negative Ions from Carbon Vapor*T

C. Herndon Williams
Sandia Laboratories
Albuquerque,; N. M. 87115

Ion yields (Ii/e_) for some of the positive and negative ions pro-
duced by electron impact on carbon vapor from zero through 30 eV have been
obtained using an automated signal averaging data acquisition system.1
The objective was to determine the ionization/fragmentation energetics by
means of structure in the ion yield curves and to interpret these energet-
ics in terms of electronic levels in the (0, %) potential energy diagrams
for these systems, where possible.

The carbon molecular beam effused from a Ta tube furnace at 3000°K
and contained the species Cy - CS(V)' The electron beam was emitted by a
hot W filament and was not energy selected. The studies were done in the
ion source of a Bendix 3015 TOF mass spectrometer. The ion yield of xet
was compared with the ionization cross section measured by D. Rapp and
P. Englander-Golden2 to calibrate the positive ion EE scale; SFé(g) was
used to calibrate the negative ion EE scale. The ionization potentials
(IP) were determined by the semilog plot method; appearance potentials
were located by the linear break method. Some averaged values of the IP
and AP measured in this work are given below:

Ion Ionization Potentials Appearance Potential(s)
(eV) (eV)
¢t 11.32 + 0.15 17.7 £ 0.1
19.5 % 0.2
C2+ 12.30 % 0.15 19.8 * 0.1
21.7 * 0.2
c3+ 12.25 * 0.15 13.8 + 0.2
16.8 * 0.4
c4+ 11.10 # 0.25 13.2 * 0.2
c5+ 11.20 # 0.25 13.3 + 0.3
cz' ----- 5.0 £ 0.5

These energy terms were interpreted as thresholds for the ionization,
fragmentation and electronic excitation of the molecular ions in the
Franck-Condon region of the neutral. Some approximate KE measurements for
the ions Cl+ and 02+ were made as a function of EE. From these interpreta-
tions it was possible to tentatively locate several electronic energy

levels in the Cz’i, Cg’+ and 04+-CS+ systems and to derive two additional
thermochemical quantities: (1) the heat of formation of C3(g) at 3000°K,

190 * 5 kcal/mole, and (2) the electron affinity of C,(g), 3.1 £ 0.5 eV,
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MASS SPECTROMETRY OF A CHEMICALLY F7
QUENCHED HIGH TEMPERATURE RF PLASMA*

J. M. Madson, J. H. Mullen and T. C. Peng
McDonnell Douglas Research Laboratories
St. Louis, Missouri 63166

The processes which govern the production and loss of electrons together with reac-
tions between ions and neutrals plsy an important role in determining the plasma environ-
ment of a vehicle during planetary reentry. In many instances it would be desirable to
' be sble to control the composition of this plasma, in particular the plesma electron
number density. However, this requires the knowledge of the dominant electron production
and loss processes together with their reaction rates at temperatures in the range
encountered during reentry (2000 - 4000 K). Some measurements have been made on the
temperature dependence of the electron dissoclative attachment cross section for NyO up
to 1000 Kl apa for Oy up to 2000 K2. These measurements show the electron dissociative
attachment cross section to be strongly dependent on gas temperature. In addition,
studies made on SFg at temperatures up to 1200 K3 indicate a change in the dominant nega=
tive lon formed as the temperature increases.

The experimental apparatus shown in block disgram form in Fig. 1 has been developed
to investigate the chemical reactions occurring when target molecules interact with a hot
plasma. Details of the apparatus will be given elsevheret. The plasma source is oper-
able from 1 to 760 Torr and up to 69 kW input power to the generator on argon and up to
600 Torr and 100 kW input power on air. Measurements to be reported here were obtained
at 165 Torr argon and 57 kW input power. The plesma tube housing is a Teflon water
Jacket with access ports for an X-band radiometer and an optical spectrometer for electron
temperature determinations. The plasma flows from the discharge tube through a 4 mm
diameter reaction channel at sonic velocity. The local pressure in the reection channel
18 sbout half the discharge pressure (87 Torr for these measurements). The channel
length is variable to permit the determination of an effective reaction time. Target ges
molecules are supersonically injected into the channel through orifices which range from
35 to 200 um in diameter. Light pipes are provided near both ends of the channel for
spectroscopic meesurements.

Spectroscopic measurements of the ArI intensities in the plasma source and at two
places along the reaction channel were made with a one meter (Jarrell Ash Model T78-466)
spectrograph. For the measurements presented here, the electron temperature in the
source was 8500 K and in the channel 5300 K.

Iocal gas temperatures are measured in the reaction channel with a high temperature
tungsten - rhenium thermocouple. These measurements are in good agreement with calcula-
tions of the temperature in the plasma source and reaction channel based on gas dynamic
considerations. For a plasma source pressure of 165 Torr the thermocouple measurements
gave a reaction channel gas temperature of 3000 K which leads to a gas temperature of
4000 K in the plasma source assuming en isentropic expansion.

The plasma leaving the reaction channel undergoes a free Jet expansion into a vacuum
chamber at 0.26 Torr. The rapid expansion occurring in the free jet essentially preserves
the reaction products formed in the channel. The centerline core flow of the expanded
plasma is sampled by an extractor nozzle with a 250 um orifice for analysis by a quedru-
pole mess spectrometer. An interferometer operating at 34.48 GHz is used to measure the
electron density Just shead of the mass sempling orifice. The extractor nozzle wes
designed 80 as to minimize boundary layer effects near the sampling orifice and gas
particle scattering back into the expansion plume shead of the orifice. A commercial
EAI 150A quadrupole analyzer and ionizer is used in the present experiments. Ion currents
from the analyzer are collected with e Faraday cage and measured by an electrometer.
Blaesing on the input electrodes to the analyzer and the Faraday cage is adJjusted to
optimize the positive or negative ion signal. Neutral specie detectlon is accomplished
by ectivating the internal filament and bilasing supplies of the quadrupole control unit.
The background pressure in the analyzer region is sbout 2 x 10™° Torr. Simultaneous
determination of the change in intensity of the positive and/or negative ion signal and
the electiron density as a function of the smount of target gas injected aids in determin-
ing the reaction processes and their associated reaction rates.

Preliminary measurements have been made using verious target gases to determine
their relative effectiveness in reducing the electron density at a gas temperature of
3000 K. Figure 2 shows the behavior of the electron density, F~ and SF: signals with the
eddition of SFg. As SFg 18 injected, the F~ signal builds up first. Ah estimated

1

*This research was conducted under McDonnell Douglas Independent Research and Development
Program. : e
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production rate for F~ from the initlal slope of the F~ curve gives a value of k(F~) =
1.4 x 109 cm3 molecule=l sec~l. The estimated rate for SF: production from the initial
slope of the SF5 curve is also k(SFZ) = 1.k x 10~9 cm3 molefule~l sec*l. At this point
the exact process involved in the négative ion production has not been determined. The
production is probably due to a comblnation of

e + 5Fg ————» ©SF5+F
Dissoclative Attachment

————-
SF§+F

e + SFg —»(SFE)'—»SF; +F

SF5+F'

Temporary Excited Negative Ion

with the former dominating in the F~ production and the latter in the SF'g production. An
explanation for the decrease in the negative lon signals is not available at the present
time. Also, the appearance of positive lons of the SFg dissociation products together
with the increase in the lighter SFg dissociation product negative ion species have not
as yet been evaluated.

Production of O~ from NyO is shown in Fig. 3. The estimated rate constant for O
production from the ion intensity curve is k(0") = 1.8 x 1010 em3 molecule~l sec=l. This
presumebly 1s the rate for the dissociative attachment reaction

e + M0 0" + Ny

More’ recént data where the 0~ buildup is linear over a larger range of signal intensity
is infgenera.l agreement with this rate.

'

- An attempt was made to determine the quenching effectiveness of bromine. A small
semple of bromine was heated in a boller and injected through a hot calibrated orifice.
The results are shown in Fig. 4, The ion intensity plotted here 1s the sum of the Br19
(50.5%) and Brol (h9.5§) isotopes. The estimated rate constent from-the -Br~ ion signal
is k(Br-) = 1.3 x 10-10 cm3 molecule~l sec™l presumsbly for the dissociative reaction

e +Bry ————y. Br” + Br. )

Injection of Oy and COp into the reactlon channel produced no negativé ion signals in the
renge of detection sensitivity used for the other measurements presented here.

Figure 5 shows the lon signals obtalned ‘with Hp injection. Again, within the range
of sensitivity being used, no negative ions were -cbserved. However, the normal positive
ions seen in an Ar-Hp mixture were present. Using the linear portion of the Art decay to
estimate the reaction rate for

P bl

Argt + H

art o+,

gives an approximate rate constant of k(ArHt) = 6.3 x 10711 cw3 molecule~l gec~l.
Reaction rates for the production of the other ions have not been determined. No
slgnal was detected within the sensitivity of these measurements. It is possible that H%
is produced by Art + Hy Ar + H§ and then rapldly lost be the reactions

B+ 1, H‘:'5'+H
and i
X-[;+Ar ArE* + H.

In summary, an experimental apparatus has been assembled for the study of attachment
reactions as well as lon-molecule reactions at temperatures in the range of 1000 - 3500 K.
The goal of these studies is to determine the relative effectiveness of various chemical
edditives in controlling the electron density in a high temperature plasma and to investi-
gate the reaction processes involved. Initial measurements on NxO, SF5, Op, COp, Bro
and Hp indicate that of these, SFg 1s still the best electron attacher at 3000 K.

References:

1. P. J. Chantry, J. Chem. Phys. 51, 3369 (1969).

2. W. R. Hernderson, W. L. Flte, end R. T. Brackman, Phys. Rev., 183, 157 (1969).

3. C. L. Chen and P. J. Chantry, Bull. Am. Phys. Soc. 15, 418 (1970).

4. J..H. Mallen, J. M. Medson, L. N. Medgyesi-Mitschang, T. C. Peng, P. M. Doane, Rev.
Sci. Instr. (to be submitted).

B123



Negative lon Intensity — Arbitrary Units

Block Diagram of Experimental Setup

Strip Chart
Recorder
[ KaBang AL 1504
Jarrell-Ash 0
Plasma Optical Electionics ;
Source Gas X-
Wetering Spectrometer l Revoter
System
s | l $ Keithley
1MHz Plasma 4 1 ]— P
Gm’z‘ulu souree | l| — Electrometer
X-Band | L -!-
Radiometes Target Gas
Metering ] Faraday
System Entrance Focus Cage Grd
Electrode Electrode Biasing
Biasng Biasiog

Fig. 1 Block Diagram of Experimental Setup

Negative lon Intensit_y and Electron Density

10,000
’-.—*N a
L)
1000 —— \Y o
j‘ y \

L Sy

v ~T
00— - o108

+ f
[ Target Gas - SFg
10 1012
T
Ne 1
/ " Reaction Channel: 87 Torr Argon, T = 3000K
Reaction Channel Length = 0.32 cm

1 Mols % = 3.16 1 1019 Mol /Sec -

[ 1.0 15 . 20 25 30
SFg - Male % of Argon

Fig. 2 Negative Ton Intensity and Electron

" Intensity (Arditrary Units)

Density for SFg in Argon

Electron Density and O~ Intensity

100 3
T 10t
as 0" Intensity
/ -
() =
&
&
AL Target Gas - No0 -
. g
b
10 Etectron Density 1012 é
=
\ 2
N a
.\ g
8
™
N
1 104l
0 [X] 0.8 1.2 15 20 ) 28

N0 - Mole % of Argon

Fig. 3 Electron Density and 0” Intensity

for N20 in Argon

Bi24

Electron Density — Electtons cm=3




Electron Density - Electron cm=3

Negative lon Intensity and Electron Density

/° =
1013 5 - 1%
—7 oo
"O\Q
O]
1012 - | Oy Na 10
ra Reaction Chamme!: 81 Ton Argon, T = 3000K
Target Gas - Bry
] | ]
0.952 cm Reaction Channe| |
0 05 1.0 15 2.0 25 3.0 35
Brz - Wole % of Argon
Fig. 4 Negative Ion Intensity and Electron
Density for Br2 in Argon
Positive lon Intensity
10,000

Positive lon Intensity — Arbitrary Units

g

e OO ATH" |

e ]

0 [ L s
A

A

Target Gas: Hy
1 I

Reaction Channe): 87 Tom Argon, T = 3000K
Reaction Channel Length = 0.95 cm

3 4
Hz - Mole % of Argen

B125

H

Br~ lon Intansity - Arbitrary Units

Fig. 5 Positive Ion Intensity for Hy 1in Argon



MASS SPECTROMETRIC STUDY OF VAPOR TRANSPORT REACTIONS* F8

Vladimir S, Ban

RCA Laboratories
Princeton, New Jersey

In vapor transport reactions a substance in the condensed state reacts with a
transporting gas to form a gaseous product. Reactions of the resulting gaseous
product with other constituents of the vapor phase lead in certain systems to the
deposition of a new condensed phase; crystal growth from the vapor phase'is based on

processes of this type,

The MA-1 Bendix time-of-flight (TOF) mass spectrometer was coupled to a vapor
phase crystal growth apparatus[1] and the .composition of the vapor phase (éotal
pressure 1 atm) was monitored as a function of the temperature, flow rates and con-
centrations of the reacting gases. The gas sampling was accomplished by means of a
quartz capillary 1 inch long, which was maintained at the temperature of the sampled
gas phase, The collimated molecular beam emanating from the capillary entered the

TOF fonizing region, which was positioned at 5 inches from the capillary.

The described experimental set-up was used to study a transport of Ga(l) and

In with HCl(g). It was found that the following reaction occurs:

(O]

x
M(l) + HCI(B) X MCl(g) + (1-x) Hcl(g) + 3 HZ(g)

where

M = In or Ga; and

X = mole fraction of HCl(g) participating in reaction.

At T = 750°C the value of x was determined to be 0,70 - 0.75 and 0.80 - 0.85
for indium and gallium, respectively, These results indicate a deviation from
chemical equilibrium; the equilibrium value of x would be above 0.99 in both cases.
The observed deviation increased with increasing gas flow velocity in the crystal

growth system,

The thermal decomposition of AsH, and PH, was also studied. These gases

3 3
decompose according to the following reaction:

3
MH - (1-x) MH + (1-0) £ M +aiy +2xH
3g) ~ (1T Mz t (10D Mg A Mg * T X By
where
MH3 = PH3 or A3H3;
M4 = P4 or ASA;
M2 = P2 or Asz;
x = mole fraction of MM3 decomposing; and
& = degree of dissociation of M4 molecules.

* It is expected that a more complete version of this work will appear inm J. Electro-
chem, Soc. 4
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At T = 850°C the values of x = 0.90 and @ = 0.40 were obtained for the case of

PH3; in the case of AsH, the corresponding numbers were 0.99 and 0,35,

3
From these results one concludes that the thermal decomposition of MHj gases in
the growth system 18 incomplete. Furthermore, the ratio of abundances MZIM4 was

found to be larger than the ratio predicted from the thermodynamical calculations.

A study of the thermal decomposition of a 1:1 mixture of AsH3 and PH3 revealed
the existence of various mixed speciles, such as AsP, As3P, Assz and ASPB’ in

abundances comparable to those of the MA and M2 molecules.

Finally, a reaction leading to the deposition of crystalline GaAs was studied.
It was determined that the reaction responsible for the deposition is

& GaAs + HCl, ..

(s) (2)

This result 1s in contradiction with the common assumption that GaAs 1s deposited via

1 1
+ = + =
GaCligy * 2 A% (g) * 7 Hyqq)

the reaction

+ GaCl .

- ZGaAs(S) 3(g)

1
3GaCl + =
CaCl gy 2 A%u(e)

In conclusion, the application of the mass spectrometer to a study of processes

occuring in a vapor phase ylelded the following results:

1) Significant deviations from chemical equilibrium occur in vapor growth

systems, mainly due to kinetic effects.

2) 1Indium and gallium are transported as monochlorides, but the conversion

of HCl 1s incomplete.

3) Asl-l3 is 997 decomposed at 850°C; PH, is 90% decomposed at 850°C.

3
4) Mixed specles (AsP and AsxPy, where x + y = 4) have been detected in

the AsH3-PH3 systgm.

5) A new reaction leading to the deposition of GaAs crystals has been
established,

[1] J. J. Tietjen and J. A. Amick, J. Electrochem. Soc. 113, 724 (1966).
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F9

High Temperature Equilibria Involving Bonding
by Platinum--A Most Reactive Noble Metal
GARY D. BLUE
Chemistry Department, The Ohio State University,
Columbus, Ohioc 43210 and
R. S. CARBONARA and C. A. ALEXANDER
Columbus Laboratories, Battelle Memorial Institute,
Columbus, Ohio 43201

The high temperature mass spectrometric technique has been applied to the
determination of activities of components in reaction systems containing Pt and ZrPt3
during studies directed toward quantitative confirmation of the Brewer-Engel theory
and its prediction of some extremely stable intermetallic compounds formed by certain
transition metals. Pure Pt in a Be0O cell was studied over 5 decades of vapor pressure
at 1725-2383°K with resultant excellent agreement for 2nd and 3rd law AH vapor values
calculated employing Margrave's recent enthalpy measurements for liquid Pt. A pro-
visional value of DZ(Ptz) is ca. 4 ev. For ZrPt3 in beryllia from 1800-2600°K,

Pt(g) was readily observable, but Zr activity values were determined from ZrO(g),
‘Be(g), BeO(g) and known properties of BeO(s). Activities and partial molar heats of
vaporization of the component metals give free emergy and heat of formation values
in accord with Brewer's predictions and lend support to vital aspects of the theory.
Numerous interesting reactions were encountered in preliminary studies of Pt and

ZrPt3 in graphite and zirconia cells.
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Thermodynamic Characterization of Intermetallic F10
Compounds of High Stability: NiAl
C. A, ALEXANDER, J. S. OGDEN, W, M., PARDUE
Columbus Laboratories, Battelle Memorial Institute,

Columbus, Ohio 43201 and
GARY D, BLUE

Chemistry Department, The Ohio State University, 43210%

Of considerable importance in chemical thermodynamics is the ability to
predict the stability of possible compounds or compositions, hence, the Engel-~
Brewer correlation(l) holds considerable promise as a means of estimation of
thermodynamic properties of materials, The correlation has generally been used
to relate structures of metals to electronic configurations. The correlation,
however, that in a mixture of two types of metals an electron transfer will occur
from the metal with the surplus of electrons to the metal with low-lying vacant
orbitals., This charge transfer would then result in a salt-like reaction with a
significant enthalpy of formation.

As an example of an intermetallic compound where such forces might be
operative NiAl was chosen, 1Its melting point of 1910°K is considerably above
either Ni (1728°K) or Al (932°K) hence it exhibits considerable thermal stability.
Also the material has been previously characterized as to structure and enthalpy
of formation. The structure of NiAl is body center cubic while both Ni and Al
are face centered cubic. The Engel postulates would require for the b.c.c. structure
one (s + p) electron per atom while originally Ni and Al would have three (s + p)
electrons per atom, hence, in the compound some of the electrons must increase the
charge density between Ni and Al, As a first estimate it would be expected that
the strongest bonding in the compound would be Ni-Ni, or Al-Ni because the high
melting point would certainly indicate that the bonding was not predominantly Al-Al
in nature, Goldfinger and co-workers have established that for similar compounds
D(AB)/BHarom(AB) = k where k is a characteristic constant for each type of compound,
and 8Hypom (AB) is the energy change between the compound and its gaseous elements.

In an effort to determine if the mass spectrometric approach could
contribute to an understanding of the energy changes accompanying charge transfer
a series of determinations were performed on NiAl. The Nuclide 12-90-HT was used
for the mass spectrometric determinations and an Ainsworth recording vacuum balance
coupled to a tungsten resistance furnace was used for the weight-loss effusion
determinations, The results of the investigation are shown in Figure l. It can
be seen from the slopes of the vapor pressure curves that the change in the heat
of vaporization of nickel has been very small (if at all) while about a 30 kcal/mole
change occurred for Al, Also, the activity of nickel has not been lowered
significantly while aluminum has been lowered considerably. This lends credence
to the concept of charge transfer and increased bonding strength between
constituent metal atoms.

In the course of the investigation gaseous NiAl was observed and its
dissociation energy was determined to be 61 kcal/mole. If the bonding then between
Ni-Ni is about the same as Al-Ni then

D°_(NiAl)  _ D° (Ni2)
AHatom (NiA1) ZAHatom (Nibcc)

using

A pom AL = 77 kcal/mole

AH e om Ni = 98 kcal/mole (for bec)

D° (NiAl) = 61 kcal/mole

D° Ni2 = 58 kcal/mole
Then AHg ¢ om (NiAl) = 206 kcal/mole.

Since AHgrom = =AHg (NiAL) +AHaprom (Al) + AHatom (Ni) = 206 kecal/mole
AHg (NiAl) = -31 kcal/mole

as compared to a literature value (3) AHg (NiAl) = -28 kcal/mole
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Although the first experiments look promising and ab initio calculatiomns
of other aluminum-transition metal compounds have shown a good correlation it is
still considered an open matter as to whether this is a fruitful method for
calculating the energy changes which occur during charge transfer in intermetallic
compounds,

* Work performed in part under AEC Contract W-7405-eng-92
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NITROGEN THERMOCHEMISTRY IN HIGH TEMPERATURE F11
REACTIONS OF ZIRCONIUM DROPLETS*
R. T. Meyer

Sandia Laboratories
Albuquerque, New Mexico 87115

ABSTRACT

Recent experiments have yielded new information pertinent to the
physicochemical mechanism of microbubble formation and explosion of liquid
zirconium droplets which are burned in N2/02 mixtures at 3000-4000°K.
Extensive application of a mass spectrometry technique for picomole gas
analyses has provided N, (g) evolution data as a function of reaction time,
N /02 reactant ratio, and degree of prenitridation. Prenitridation with
1§N2 or 15N2 + 14N2 mixtures has proven conclusively the origin of the
evolved Nz(g) and has indicated the presence of atomic nitrogen in the
bubble nucleation process. The results demonstrate the equivalence of the
reaction mechanisms for Zr burned in Nz/o2 and for prenitrided Zr burned
in pure 0,. Studies of the physical structure and internal color of the
solidified reaction product as a function of N2/02 reactant ratlo and of
reaction time have revealed the transitional progression of the reaction
from slow oxidation to explosive combustion and the existence of concen-
tration gradients within the reacting zirconium droplet prior to bubble
formation.

The present results are combined with previously published data1'3
on surface temperature versus time, ZrO(g) emission spectra and zirconium
droplet oxidation kinetics to suggest a thermochemical mechanism for the
explosion phenomenon. The proposed mechanism is a thermal, self-
accelerating decomposition of a ternary alloy of zirconium, oxygen and
nitrogen, in which N-atom recombination provides a localized source of
energy for bubble nucleation and Zr0O vaporization supports the growth and
explosion of the gas bubble.

This work was supported by the U.S. Atomic Energy Commission.

R. T. Meyer and L. S. Nelson, High Temperature Science, 2, 35 (1970).

R. T. Meyer and W. G. Breiland, High Temperature Science, 2, 000 (1970).

L. S. Nelson, D. E. Rosner, S. C, Kurzius and H. S. Levine, in
"Twelfth Symposium (International) on Combustion, 1968," p. 59,
Combustion Institute, Pittsburgh, 1969.
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THERMOCHEMISTRY OF THE Eu-Se SYSTEM FROM MASS SPECTROMETRIC MEASUREMENTS F12
by
Margaret Frisch

IBM Thomas J. Watson Research Center, Yorktown Heights, N. Y. 10598
Abstract

An apparatus for mass spectrometric measurements of high temperature gaseous speciles
has been constructed which incorporates several unique features:

-1, The mass effusion rate from a Knudsen cell can be measured simultaneously with
the ion current by means of a Cahn electrobalance, thus permitting direct calibration of
ion current in terms of pressure.

2, Both furnace and mass spectrometer cha&bers are lon pumped which ylelds a very
low count rate for organic ions.

3. The molecular beam is modulated ‘in the furnace one cm from the orifice which
eliminates any contribution to a peak due to re—evaporation from the shields.

4, Ion counting via a bidirectional scaler is employed which greatly increases the
signal-to-noise ratio of low pressure constituents.

This system has been applied to the study of the vapor species over EuSe single
crystals in a tantalum Knudsen cell over the temperature range 1550°K to 1927°K. The
primary reaction is the decomposition to the elements. However, the molecular species
EuSe(g) and Sez(g) were observed both at about 0.5% of the total vapor. The experimental
and derived data for the study are given in the accompanying Table, The experimental
uncertai;ties reported are from statistical scatter of the data while those associated
with the deriyed quantities are the accumulated errors including the temperature and the
thermodynamic data for Eu(g)1 and.Se(g).Z

C. Bergman, P. Coppens, J. Drowart, and S. Smoes3 have just recently published
values for the dissociation energies of the gaseous rare earth monoselenides, based on
mass spectrometric measurements. Their resulé of 71.1 * 3.6 kcal/mole for Da of EuSe(g)

is in excellent agreement with the value of 71.4 * 2,0 kcal/mole, derived from our data.
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Unimolecular Decomposition of Desoxybenzoin Azine Induced by
Electron Impact. Stuart E. Scheppele and Ronald K. Mltchum,
Department of Chemlstry, Oklahoma State University, Stillwater,
Oklahoma T4074 and Ronald D. Grigsby, Department of Biochemlstry
anguBiophysics, Texas A and M University, College Station, Texas
77842,

Mass spectra of desoxybenzoin azine(I), desoxybenzoln azlne
da, and desoxybenzoln azine -dio (a-ring deuterated) have been
Gbtalned. The prellmlnary results are as follows. Although the
fragmentation mechanisms for I fit the general pattern observed
for acetophencne® (II) and benzaldehyde®(III) azines, the intensi-
tles of a number of the fragmentatlon and rearrangement-fragmen-
tation pathways are altered by change in « substltuent from
methyl(Il) and hydrogen(III) to benzyl(I). For example, percent
lonizatlons for o cleavage in the molecular lons wlth loss of
methyl(II), hydrogen(III% and benzyl(I) are 18, ca. 2, and 26,
Percent lonlzations for loss of CgHs from the molecular lons
of I, II, and III are 0.1, 4, and 17 respectively. A specific
1,3 migration of benzyl (0.2% £) and hydrogen (ca. 1% g) 1is
observed for the molecular ions of I and III. However, the
corresponding migration of methyl i1s not observed 1ln the spectrum
of II, The lon at m/e 194 in the spectrum of I appears to be
formed vla simple nltrogen-nltrogen bond rupture in the molecular
ion and loss of benzonltrile from the M-91 ion. A 1,4 migration
of a benzylic hydrogen to nitrogen 1n the molecular ion of I
followed by cleavage of the nitrogen-nitrogen bond appears to
lead to m/e 192 and 195. Formation of the C-H; lon 1in the
spectrum of I appears to speclfically involve one of the origlnal
benzyl groups of I.
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COMPUTER INTERPRETATION OF AMINE MASS SPECTRA
A. M. Duffield, A. Buchs, Allan B. Delfino and Carl Djerassi
Department of Chemistry, Stanford University
Stanford, California 94305

The scope of the computer program Heuristic DENDRAL has been extendedl’2 to the
interpretation of the low resolution mass spectra of aliphatic amines. To accomplish
this result it was found necessary to develop an irredundant notational system for the
representation of saturated aliphatic amine structures, This was done using the symbols
T, S, P and M to define the degree(s) of substitution of the carbon atom(s) attached to
nitrogen in saturated aliphatic amines. Thus the symbols T, S, P and M are defined as
follows:

| |
T = -¢-5 S = -CH-; P = mﬂf and M = ma

The canonical order in this convention is defined as T»>S$>P>M and the following super-
atoms are presented as examples of this notation.
| | |
TP = -C-N-CH,- TSM = -C-N-CH-
Ty 2 U tr
3
A total of 31 superatoms can be constructed from all possible combinations of T, S,
P and M in addition to the three special cases of M, MM and MMM which translate to
methyl amine, dimethyl amine and trimethyl amine respectively.

Figure 1 is a schematic representation of the Heuristic DENDRAL program as applied
to aliphatic saturated amines. The right hand section of Figure 1, which is enclosed in
dotted lines, is an optional NMR subsection and is only utilized if NMR experimental
data are available. This NMR sub-routine uses the position of the NMR signal, its
integral value and multiplicity. From these data the program identifies the number of
carbon and nitrogen bound methyl groups and if possible the number of hydrogen atoms
situated on a carbon atom itself joined to nitrogen.

The sub-routine SIZE (Figure 1) is used by the program to determine whether a-par-
ticular superatom, plus the minimum number of methyl groups to saturate all its free
valences, can be built within the limits of the empirical composition. If insufficient
carbon atoms are available for the construction of a superatom (for example TTT which re-
quires a minimum of 12 carbon atoms) then that superatom is discarded from future con-
sideration.

The mass spectrometric bound conditions are represented diagramatical%y in Figure 1
and begin with the well documented a-cleavage process of aliphatic amines. Additional
theory is incorporated in the heuristic decisions represented by MAXINTENS etc. through
the sub-routine called REARRANGEMENT. The theoretical basis and the implications of
these decisions are described in our forthcoming publication.

The presence of all the 31 superatoms which can be constructed for saturated
aliphatic amines from combination of the symbols T, S, P and M on the initial GOODLIST
requires that the program consider all possible answers to a given problem. When a
superatom fails any one of the heuristic decisions described in Figure 1 it is removed
from GOODLIST and hence eliminated as a potential solution to the problem at hand. The
program then computes the number of possible isomers consistent with all entries remain-
ing on GOODLIST and this number represents the number of solutions to any given problem.
If the structure of each of the isomers is required then this can be obtained from the
optional STRUCTURE GENERATOR portion of the program.

Using a library of 93 saturated amine mass spectra the computer program (Heuristic
DENDRAL) always presented the correct answer in its final output. A brief summary of the
results obtained using the program are listed in Table 1. It is evident that an impres-
sive degree of truncation is achieved by the program when only mass spectrometric input
is used while if this is supplemented by NMR data in general only one answer (the correct
one) results.

Acknowledgements, Financial support from the Advanced Research Projects Agency (Contract
SD-183), the National Aeronautics and Space Administration (Grant NGR-05-020-004%) and the
National Institutes of Health (Grant AM 04257) is gratefully acknowledged.
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Fragmentation Processes in the Mass Spectra of Trialkyl Phosphates, Phosphorothionates,
Phosphorothiolates, and Phosphorodithioates.

Francis J. Biros and Ralph T. Ross

Perrine Primate Research Branch, Division of Pesticide Chemistry and Toxicology, Food
and Drug Administration, Perrine, Florida 33157.

Abstract: The low resolution mass spectra of four trialkyl phosphates, two trialkyl
phosphorothiolates, four trialkyl phosphorothionates, and three trialkyl phosphoro-
dithioates (derivatized metabolic and hydrolytic products of organophosphorus pesticidal
compounds) have been recorded. Fragmentation-structure correlations have been outlined
and some pathways to prominent ions established by means of metastable ion data and
accurate mass measurements. Important init{al reactions of the molecular fons of the
phosphates included replacement of an ethyl group by a hydrogen atom. Secondary proc-
esges involved double rearrangements and cleavage at the phosphorus atom with the lat-
ter reaction predominating in the case of the trimethyl substituted compounds. Similar
dissociative processes involving elimination of alkyl, alkoxyl, and thioalkoxyl groups
were observed for the phosphorothionates in addition to internal electron impact in-
duced P(:5)-OR to P(:0)-SR rearrangeéniéfits and significant fragments due to abstraction
of either a sulfur atom or *SH radical: The trialkyl phosphorodithiocates exhibited
fragmentation schemes involving combinations of those observed for the phosphorothionates
and phosphorothiolates.

Introduction: The mass spectral properties of several classes of organic pesticidal
compounds have received recent attention. Electron impact induced dissociative processes
have been discussed for chlorinated hydrocarbon (1-3), carbamate (4,5) and organo-
phosphorus (6) pesticides. In addition, reports are available for a number of miscella-
neous groups of compounds used as pesticides including uracils (7), triazines (3), and
phenoxyalkanoic acids (3). Mass spectral studies of this type have been found to be of
invaluable assistance in the interpretation of data obtained for unknown pesticidal
transformation products isolated during the course of animal and plant metabolism and
photochemical decomposition studies. In fact, the unimolecular reactions of ions pro-
duced in the mass spectrometer may bear a mechanistic relationship to the photochemical
behavior of certain classes of compounds including pesticides (5,14). In addition, mass
spectral data of standard materials are required for comparative purposes when the mass
spectrometric method is employed as an individual technique or combined with gas chroma-
tography for the purpose of confirmation of pesticide residues isolated from human,
animal and environmental media.

During the course of method development studies directed toward the determination
of the metabolic and hydrolytic products of organophosphorus ingsecticides in human and
animal blood and urine (12,13), the mass spectra of a series of trialkyl substituted
phosphorus compounds were required. These compounds may be considered to be derivatized
(methylated or ethylated) hydrolysis products of organophosphorus pesticides and con~
sist of four classes or compound types including phosphates, phosphorothionates, phos-
phorothiolates, and phosphorodithioates. This report presents a summary discussion of
the chemical fragmentation processes observed for several compounds of each structural
type. A detailed, inclusive discussion will be presented elsewhere. Dissociative
schemes have been proposed on the basis of low resolution mass spectral studies coupled
with metastable ion data and accurate mass measurements.

Results and Discussion: - Trialkyl Phosphates -

The mode of fragmentation of the four trialkyl phosphate compounds'examined are
very similar to that reported for triethyl phosphate and other alkyl and aryl substi-
tuted phosphate compounds (8-11) which have been discussed previously by other authors.
For dimethyl monoethyl phosphate (DMMEP) and diethyl monomethyl phosphate (DEMMP), the
initial process observed to occur was the very favorable elimination of one ethyl
substituent with back transfer of two hydrogen atoms to form a tetra-covalent phospho-
rus species, m/e 141 for DEMMP and m/e 127 for DMMEP. In both cases, the tetra-covalent
phosphorus ion formed in this fashion accounted for the base peak in the mass spectrum.
Metastable ions were observed for both these transitions.

For DEMMP, an elimination of a neutral ethylene molecule from the base peak follow-
ed which led to the formation of a fragment of m/e 113 with a metastable ion observed
at m/e 90.56. Subsequent loss of water from this fragment was observed to occur with
the formation of intense ion current at m/e 95, [CH3OP(O)0H]+ .

The base peak in the mass spectrum of DMMEP of m/e 127, undergoes facile loss of
a molecule of water to form the m/e 109 ion corresponding to the [(CH30)2P=0+] specles
or dissociation can occur at the phosphorus atom, with hydrogen rearrangement to form
the ion at m/e 79, [CH3OPOH+]. Elimination of a methoxyl group from an intense m/e 95
ifon results in the formation of the m/e 65 [P(OH) +] fragment with single hydrogen
rearrangenent and the m/e 66, [PH(OH)+], fragment with double hydrogen rearrangement,

Trimethyl phosphate (TMP) exhibited a relatively simple mass spectrum with intense

B139




peaks at m/e 110, [(CH 0) ,POH]++; m/e 109 [(CH,0) P=0]+; m/e 95, [CH30P(0)0H]+; m/e 80,
[CH. 0P (H)OH]+-; and m/e 73 [CH,0POH]+. MetastabIe ions were observdd for the
traisitions m/e 140—p m/e 110 ~(m/e 86.43), m/e 110—» m/e 109 (m/e 108.01), m/e 110
—pmn/e 80 (M/e 58.20), and m/e 109—P»m/e 79 (m/e 57.25)., A more detailed discussion
of the mass spectrum of TMP has been presented by other investigators (10).

- Trialkyl Phosphorothionates -

The fragmentation pattern for this class of organophosphorus compounds is
characterized by a competition of decomposition modes involving either elimination of an
ethyl substituent with hydrogen rearrangement or fission of the phosphorus oxygen bond,
with or without an associated hydrogen rearrangement. In addition, significant processes
involved the elimination of a sulfur atom or °SH radical and electron impact induced
thiono to thiolo rearrangements leading to the formation of relatively intenmse fragment
ions (15).

The molecular ions produced in the mass spectra of the phosphorothionates were
quite intense ranging from 53% relative intensity for trimethyl phosphorothionate
(TMTP) to 10Q% relative intensity for dimethyl monoethyl phosphorothionate (DMMETP).

For TMTP the predominant initial process involves elimination of a methoxyl substituent
coupled with back transfer of a hydrogen atom to form the fragment ion m/e 126,

(CH,0) ,PSHT, or without hydrogen rearrangement to form an ion of m/e 125, (CH30)2PS+.
SubSequent elimination of an °SH radical leads to the formation of the base p&ak”ion of
m/e 93 corresponding to the (CH,0) P+ ion. A metastable ion at m/e 68.64 was observed
for this transition. Eliminatidn Gf the CH20 species from the base peak generates the
m/e 63 fragment of CH,0PH composition.

An entirely analdgous dual decomposition scheme may be postulated to explain the
significant fragment ions in the mass spectrum of triethyl phosphorothionate (TETP).
As was noted in the mass spectrum of trimethyl phosphorothionate, fragment ions of
m/e 137, (CH CH20)2P=0+, m/e 109, CHBCHZOPO(OH)+, and m/e 81, (HO) P=0+, may be formed
from a rearrangéd, electron impact prodiiced triethyl phosphorothiolate molecular ion
species.

A similar dissociation scheme for DMMETP may be postulated assuming the occurrence
of a dual decomposition pathway. Thus, the molecular ion of m/e 170 undergoes
fragmentation with loss of a C,H,0 species to yield the m/e 126 (CH,0) PSH% radical ion
which may then eliminate a *SH” "radical to form the base peak at mje 93, (CH30) P+.
Decomposition involving elimination of an ethyl substituent with back transfef oI one
or two hydrogen atoms results in the generation of m/e 142 and m/e 143 fragment ions.
Loss of water from the m/e 143 ion of (CH30)2P(0H)SH+ composition results in a
(CH,0) P=S species at m/e 125. Eliminatidn of a CH,0 molecule from the m/e 142 fragment
yieids the m/e 112, CH,OP(OH)SH' species. The m/e %25 fragment may also be formed by
elimination of a CH CHa molecule from the rearranged S-methyl-O-ethyl-O-methyl
phosphorothiolate molecular ion. Fragment ions resulting from the dissociation of
another rearranged molecular species (S-ethyl-0,0-dimethyl phosphorothiolate) occur at
m/e 109 and m/e 110.

- Trialkyl Phosphorothiolates -

Three dissoclative pathways for the molecular ion are observed in the fragmentation
scheme of the phosphorothiolate class of compounds. For the compound 0,0-diethyl-S-
ethyl phosphorothioate (TEPTh), these include elimination of a molecule of ethylene from
either a sulfur atom or an oxygen atom to form the m/e 170 fragment ion, and cleavage
with hydrogen rearrangement of either an ethoxyl or thiocethoxyl substituent to form the
(CH CH20)2P-OHT ion. Further loss of an ethoxyl group from this fragment accompanied by
back transfer of one or two hydrogen atoms accounts for the base peak of m/e 111 with a
CH3CH20P(H)(0H) + structure and a significant fragment of m/e 110, corresponding to a

CH,OP(OH),,t “species. Subsequent loss of a molecule of water from the m/e 111 ion
resul s in the formation of the m/e 93, CH 4CH,O0POH+ fragment.

The pathway resulting from eliminatlon o% an ethoxyl group from the molecular ion
leads to the m/e 154, CH CH,,OP (OH) SCH CHB' species which in turn may eliminate a
molecule of ethylene to yieid a fragment of either S-ethyl or O-ethyl structure with
C H7POZS composition at m/e 126. Multiple pathways may also be postulated for the
décomposition of the molecular ion by elimination of ethylene., Thus the fragment ion of
m/e 170 most probably conslsis of contributions from structures such as (CH3CH20)2P(0)-
SH and CH CH 0- E(O) SCH2 3+

3
- Trialkyl Phosp grodithioaLes -

The mass spectra for the phosphorodithiocate class of organophosphorus compounds
studied present a complex dissociative scheme due to the possibility of formation of
fragment ions with several isomeric structures. Decomposition processes involve the
generation of fragment ions by elimination of alkoxyl and thioalkoxyl substituents
accompanied in some cases by hydrogen rearrangement, For the compounds containing ethyl
substituents, significant alkyl fragmentation occurs with loss of an ethylene molecule.

The simplest decomposition scheme is afforded by the compound 0,0-dimethyl-S-methyl
phosphorodithioate (TMDTP). The molecular ion (m/e 172) may fragment by elimination of
a methoxyl group or a thiomethoxyl group with hydrogen rearrangement yielding ioms of
m/e 142 and m/e 126, respectively. These fragments have been assigned structures of
cH SP(SH)OCHB., and (CH PSH+ The subsequent decomposition is identical in both cases
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and involves the abstraction of a +SH radical producing the base peak m/e 93, (CH30)2P+
fragment from m/e 126, and the m/e 109, CH SPOCH,+ fragment from m/e 142.

Metastable ions were observed for the m/e i42-—> m/e 109 transition at m/e 83.66 and for
the m/e 126 —pm/e 93 decomposition at m/e 68.64. Further loss of methoxyl substituents
from these two ions produces relatively intense peaks at m/e 95, m/e 63, and m/e 79.
Also observed was the initial decomposition of the molecular ion to form a m/e 125
fragment by elimination of a thiomethoxyl group.

The mode of fragmentation of 0,0-diethyl-S—ethyl phosphorodithicate (TEDIP) was
noted to be somewhat more complex due to the possibility of formation of isomeric ion
fragments with identical elemental composition. Thus, elimination of ethylene from the
molecular ion results in the generation of the m/e 186 fragment undoubtedly consiiting
of contributions from the structures CH3CH20P(S)(0H)SCH2CH3. and (CH3CH20)2P(S)SH If a
dithiolo rearrangement species is initially formed, the'm/& 186 ion fmay cofisist of
contribytions from additional structures such as (CH3 S)ZP(O)OH. and CHBCHZSP(O)(SH)—
OCH,,CH

2 An alternate decomposition pathway results from initial elimination of a thioethoxyl
substituent from the parent species, m/e 214 radical ion, Subsequent processes include
sulfur abstraction and ethylene elimination to yileld significant fragments at m/e 121,
m/e 125, m/e 97, m/e 93, and m/e 65. Additionally, the molecular ion may decompose with
loss of an ethoxyl group and hydrogen rearrangement to the m/e 170, CH,CH,OP(SH)SCH CHBT
species which in turn may lose a *SH radical to form the m/e 137, CH ﬁ OESCH CH.+ Ton\
Further decomposition by elimination of ethylene results in the m/e 109 CH Cﬁ OBSH+
or CH3CH25POH+ species with a metastable peak observed at m/e 86.72. The m}e %09
fragmént ‘may also conceivably be produced by elimination of C,H,S from a m/e 170,
(CH3CH25)2P0H. ion if one assumes the exlstence of a dithiolo molecular ion species.

Experimental: The low resolution 80 eV mass spectra reported here were obtained on a
Perkin Elmer Model 270 combined gas chromatograph-mass spectrometer using direct probe
introduction techniques. Only lon fragments greater than m/e 40 are considered in the
mass spectra of the trialkyl phosphates. Both the sample probe and ion source were
maintained at ambient temp. (approx. 35 C). To avoid sample degradation as much as
possible, no external heat was applied to the target. However, the target temperature
averaged 145°C due to the heat of the source filament (100 pa emission). Electrostatic
sector and ion source potentials were adjusted for maximum ion beam current at 2.6 kV
accelerating voltage,

High resolution accurate mass measurements were made by peak matching techniques
employing an AEI MS-9 double focusing mass spectrometer by Prof. R. C. Dougherty of the
Department of Chemistry, Florida State University. -
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HYDROGEN TRANSFER IN ALKYLAROMATICS

David A. Lightner
Department of Chemistry, University of California
Los Angeles, California 90024

The hydrogen transfer rearrangement of alkylbenzenes has been investigated by a
number of workers.l_4 The source of the hydrogen transferred in n-butylbenzene was
shown to be largely (95%) from the y-carbon by single deuterium labelling studias.l'5
In this same work,l’5 it was also shown that 5% of the hydrogen transferred originated
from the 6-carbon. Our data, shown in Table 1, also clearly point to the Yy-carbon as
the major site of transferred hydrogen (deuterium) regardless whether the hydrogen
(deuterium) is primary (1°), secondary (2°) or tertiary (3°). Recent data4 on more
extensively deuterated alkylbenzenes, viz., a given chain carbon fully deuterated, in-
dicates that H-D exchange occurs between the 2:222 positions of the aromatic ring and
the alkyl hydrogens (deuteriums), Exchange processes (Scheme 1) of this type have been
noted in N-all&ylpyrrole6 and y-phenylpropyl bromide7, and l-phenylheptene 8 mass
spectra. The presence of an ion at E/E 94, which may be found when more than one y-

deuterium atom is present in the molecule, is rationalized in terms of the exchange

Scheme 1
) =
- —
H H H
CDZ—R CHD—R
CH, /
~N
GHZ-
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H H D R H H
| > CDZBr
CH CH
2 /// 2
~N
CHZ \CH
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depicted in Scheme 2, A critical evaluation of extensively deuterium labelled n-alkyl-

Scheme 2
UL A

CH,CH,CD R — CH,CH,CHDR ——— H,CH,CH,R
@‘222 D Q 22 — &‘"‘222
d d2

1

CH, CHD
My Gy C;HgDs C,H,D, C.H.D, C7H5Dys CoHgD,

m/e: 91 93 92 93 94 93 94

benzenes4 suggests that in the non-deuterated examples E/E 91 arises essentially ex-
clusively from the parent ion at all ionizing voltages and that although exchange does
occur between the 25322 positions on the ring and B,Y, 8, ¢ etc positions in the alkyl
chain, only transfer from the y-carbon leads directly to formation of E/E 92, The data
of Table 1 appear also to suggest that H-D exchange between the ring and side chain pro-
ceeds to the greatest extent in the life-time of the fragmenting parent ion for 3° hy-
drogen (deuterium) transfer (3° > 2° > 1°),

The relative importance of the type of hydrogen (3°, 2°, or 1°) transferred and the
stability of the neutral fragment may be seen in Figures 1 and 2 which depict a Mc-
Lafferty rearrangement mechanism. Thus, Figure 1 shows a correlation in which hydrogen
is transferred most easily (intensity of m/e 92) if it is 3° and least easily if it is
1°. This finding is in agreement with the work of Budzikiewicz, Fenselau and Djerassi9
who found a 10:1 preference of 2° H over 1° H transferred in the mass spectra of ketones.
We also note however, in Figure 1, that the greater E/E 92 intensity is assoclated with
the, more stable (more highly substituted) olefin. This type of correlation can be seen

Figure 1 Figure 2

Hydrogen Tremsfer 1ow (w/e 92) Intenstcy, 1T
0 o)

Rydrogen Tranater Ton (a/s 31) Latensity, I
19 w0

ar —CE -0

7 (m/s 91 410

QY — G -0 o, — ¢, - 0

141 (mfs 91: NT) 161 (m/e 91 251> i
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A% — ¢, - al, — ¢ - X
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HT (@/s N 1Y)
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more easily in Figure 2 which depicts 1° H transfer in all cases leading to m/g 92 ions
whose intensity correlated one-for-one with the neutral fragment stability. A compari-
son of the ‘data in Figures 1 and 2 finds the m/s 92 intensities roughly equal (14% vs
16%) when the neutral fragment is propylene (EE' E-butylbenzene, 2° H and isobutylben-
zene, 1° H) and also nearly equal (22% vs 24%) when the neutral fragment is isobutylene
(Ez. isoamylbenzene, 3° H and neopentylbenzene, 1° H). It would appear from these data
that the transition state for the transfer mechanism resembles products more closely
than reactants as is predicted for an endothermic reaction.lo’ll
As a further probe of the parameters affecting the McLafferty rearrangement, the
data of Table 2 indicate the effect of a substituent located on the y-carbon. In
keeping with the results of free radical hydrogen abstraction,12 the N02. CN and Br sub-
stituents retard the formation of m/e 92 relative to CH3' OH and OCZHS substituents.
Moreover, both steric and electronic effects explain the influence of ortho-methyl groups
of the McLafferty rearrangement ion of E—butyl— and neopentylbenzene (Table 3), Thus,

for n-butylbenzene, the effect of one o-CH, lowers the m/e 106 ion intensity approxi-

3

mately to the same extent as does a p-CH (but greatly different from that of m—CHa).

On the other hand, two g—CH3 groups dropsthe m/g 120 ion intensity to zero. Whether

this second effect is a steric or an electronic effect is difficult to ascertain; how-
ever, the steric requirements of the transition state leading to E/E 106 are sufficiently
disturbed by one B—CH3 in neopentylbenzene to give a very low intensity (Ez. the effect
of B_CH3)‘

The nature of the hydrogen transfer transition has been further investigated in
molecular orbital calculations. Some results of a calculation of benzylic bond orders
(a) for the ground and excited states of radical cations, using a modified Extended
Huckel programla, are shown in Table 4., An extremely small bond order is found for both
concerted (A) and stepwise (B) mechanisms (X = H); however, the stepwise (B) mechanism
is a lower energy pathway by 0.5 eV [see state (m.o.s.) 5 in ﬁ_and 6 in Qj than the
concerted (A) route. Furthermore, correlation is found with experimental data on amino-
butylbenzenes3 for which the energy of the corresponding low bond order state of m-NH

2
(14.3 ev) is close to that of unsubstituted butylbenzene (14.4 eV) and the normalized

hydrogen-transfer ion intensities are nearly equal. on the other hand,
Table 4
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the normalized hydrogen-~transfer ion intensity of the D-NH

2 isomer is considerably less

than that of butylbenzene (cf. 14.8 eV vs 14.4 eV),

1.

o2 I & B - N ]

IS

11.
12,

13.
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ABSTRACT
ELECTRON IMPACT STUDIES OF GROUP IV--A ORGANOMETALLIC ACETYLIDES
D,I. MacLean and R.E. Sacher, Boston College,
Chestnut Hill, Massachusetts 02167

INTRODUCTION
The purpose of this project was to measure the mass spectral

patterns, ionization potentials and appearance potentials for as many
compounds as possible of the carbon, silicon, germanium and tin methyl-
acetylides, most of which have never been studied by mass spectrometry.
Complete mass spectral schemes have been postulated and related to
bonding and structure.

EXPERIMENTAL
The compounds studied are:
(CH3) 3CC=CH
(CH3)nSi(CECH)4_n, n=3,2,1,0
(CHy) Ge(C=CH), ., n =3, 2, 1, 0
(CH3)nSn(CECH)4_n, n=3, 2

All compounds except the solid tetraacetylides were purified on an aero-
graph autoprep A-700 gas chromatograph using a QF-1 fluorosilicon column.
Experimental conditions were: electron voltage -~ 70 ev, electron
trap current - 0,125 microamperes, temperature of inlet system -
293+2°K, temperature of ion source - approx., 325°K.

The experimental apparatus consisted of a homemade, all glass inlet
system leading into a Bendix Model 2012 Time-Of-Flight Mass Spectrometer,

RESULTS AND DISCUSSION
Correlations of the results of the experimentally determined mono-

isotopic gpectra will be presented in tables and graphs. Contributions
from the metal isotopes and C=13 were summed to give total ion abun-
dances., The abundance of each species is expressed as the percentage

of the sum of the abundances of all the metal-containing ions, since the
hydrocarbon abundances are negligible.

I. General Features
1. Consider the series (CH3)nM(C§CH)4_n where M=C, Si, Ge, Sn. The
abundance of the molecular ion increases from carbon to silicon

and decreases to germanium. For the tin analog, one finds a
decrease in abundance in the monoacetylide series and an increase
in the diacetylides, As each methyl group is replaced by an
acetylene group the molecular ion intensity increases in the
silicon series to methyl-silicon~triacetylide and then decreases
to silicon-tetraacetylide, 1In the germanium series it increases
from tetramethylgermanium= to trimethylgermaniumacetylide, then
decreases to methylgermaniumtriacetylide and increases again
going to the tetraacetylide of germanium., The ion abundance
increases as acetylene groups are added in the tin series,
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2. The most abundant ion in all compounds except for CH3Si(C'~—’CH)3
and M(CECH)3 is the trivalent ion (loss of methyl radical),

This is due to the fact that ionization is accomplished by
removing one of the bonding electrons of the M-C bond, thus
weakening the bonding power.

3. The metal-containing ions are responsible for the major part of
the ion current. This is due to the difference in electro-
negativity between carbon and the metals. The positive charge
will reside on the metal-containing fragment,

4., The abundance of rearrangement ions decreases with the increasing
size of the metal atom. This is caused by an increase in polar-
ization or a decrease in the M-C bond energy.

5. Only a few metastable ions were found in the mass spectra.

6. There is an absence of C-H fission from M~CH3 groups. The lower
stability of the M-C bonds explains this effect.

7. The decomposition of the molecular (odd electron) ion occurs
mainly by elimination of an odd electron (radical) fragment
giving even electrons.

II. Individual Groups of Compounds

The effect of central atom on the fragmentation patterns of the
individual groups of compounds is treated first, and then the replace-
ment of methyl groups by acetylene groups is studied. In general, the
amount of the molecular ion formed increases with the number of acety=-
lene groups. The initial cleavage step, the elimination of the CH3
radical, increases in importance as each acetylene replaces a methyl
group.

ITT. Ionization and Appearance Potentials

Ionization potentials of the carbon, silicon and germanium members
of the organometallic acetylides are presented. No ionization potential
of the methylgermanium triacetylide could be measured since its parent
peak is too small,

Appearance potentials for the monomethyl metal ion of each member
of the silicon and germanium series are reported. As the number of
acetylene groups is increased the energy needed to fragment and ionize
is also increased.
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G7
ELECTRON IMPACT FRAGMENTATION PATHWAYS OF HALOACETONES

By: Edward R. McCarthy and J. S. Smith, Allied Chemical
Corporation, Morristown, N.J. 07960

We have examined spectra of sixteen fluorine and chlorine
containing acetones over a wide range of ionizing voltages. We
evaluated the influence of halogen substitution on the fragmenta-
tion pathways of these small compounds. Hopefully, this study
would provide information to assist in the interpretation of the
spectra from more complex molecules, Also we thought it would be
of interest to compare the behavior of the haloacetones with that
of the aliphatic ketones.

The molecular ion of an aliphatic ketone decomposes by two
competing pathways, These processes correspond to the formation
of an acyl ion. The lower activation energy process corresponds
to loss of the smaller alkyl radical as evidenced by an increase
in the value of the ratio R;-C=0%"/Rg-C=0T as the ionizin +
voltage is decreased. The formation of the alkyl ions, Rg” and R, ,
resulted from subsequent fragmentation of the acyl ions which is
discriminated against at lower electron energies,

Two perhaloacetones were examined in this study, CF3COCF3
and CC13COCCly. The results are similar to acetone. The major
process is the cleavage of the carbon-carbon bond. However, the
major ion in the 70eV,spectrum is CX3". An increase in the value
of the ratio CX3-CEEO+/CX3+ with decreasing electron energy is
observed, -The formation of the acyl ion is the lower activation
energy process, The fluorine and chlorine derivatives differ
from each other. The abundance of CF3—CEEOI exceeds that of CF3
at 15ev.whereas, the abundance of CCl13-C=0" does not become
greater than that of CC13+ until 1llev, This may indicate that
some CClg*t is formed directly from the molecular ion at higher
voltage.

Nine hydrogen containing haloacetones have been examined. The
lowest activation energy process is the formation of RH-CEEO+
where Ry is the methyl group containing the maximum number of
hydrogen atoms. We again observe an increase in the value of the
ratio Ry- =0%/R," with decreasing electron energy suggesting
that Ryt is formed by subsequent fragmentation of the R -c=ot
ion., The value of the ratio RH—CEEO+/RH+ is always greater than
one at low electron voltages. However, the reverse is true at
70ev. when Ry contains only one hydrogen atom.

Two major fragmentation pathways are discerned for the
molecular ion of haloacetones containing only fluorine and chlorine.
They correspond to the formation of R-C==0" and R*. The major
fragment at 70eV. is always Re * where Rpp is the methyl group
containing the more chlorine atoms. The formation of Rey+ is the
major decomposition pathway for unsymmetrical chlorofluoroacetones.
A rapid increase in the abundance of this ion as the electron
energy is decreased occurs. The acyl ion is of greater impor-
tance in the symmetricl chlorofluoroacetones where we observe an
increase in the value of the ratio Rg-C=0 /RC1+ as the electron
energies are decreased.

Summarizing the fragmentation modes of chlorofluoroacetones,
it can be seen that chlorine exerts a strong influence on the
course of fragmentation. We propose the following rule to
describe the effect of chlorine at threshold electron energies.
The carbon-carbon bond is broken with charge retention favoring
the group containing the more chlorine atoms. This rule changes
when hydrogen is added to the haloacetone. In those cases the
acyl ion containing the more hydrogen atoms is the major
decomposition reaction product at low electron energies. We
feel these data can be rationalized by considering the inductive
and resonance effect of the halogen atom on the product ion
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stability. The stability of the acyl ion is decreased with the
addition of electron withdrawing groups, thus giving an order of
stability of Ry-C=O0* > Ro-C=0" > Rp-C=0%. On the other hand,
the stability of the methyl cation would be increased by the
electron donating resonance effect of chlorine. The inductive
effect of fluorine outweighs any electron-donating effﬁct.
Therefore, order of stability of the methyl ion is Rgy > RHET >
RF+. At this stage of the study some bromine containing compounds
would be interesting.

It must be noted no cross-over of the value of the ratio
Rl—CEEO+/R2—CEEO+ was observed with electron voltage change.This
is distinctly different from the behavior of aliphatic ketones.

There are some minor fragmentations of the molecular ion
of these haloacetones., One very interesting rearrangement
reaction is the loss of cﬁ;bon monoxide. In symmetrical chloro-
*fluoroacetones the [M-CO] ion is small at 70eV. (<2% 2,28
however, the value increases to approximately 20%:& 28 at
threshold electron energy. Since this curve almost coincides with
that of R-C==0" ion, we concluded that there is competition between
two separate mechanistic pathways.

The formation of rearranged halomethyl ions is not an
important fragmentation pathway. However, we observed two such
ions at 70eV. which persisted at lower voltages (i.e., the
formation of CClgt, 3% ﬁi28’ from CFC1COCFCls). In these cases
we feel that this ion is not derived from a sample impurity.

The hydrogen and chlorine containing ketones, CHC1,COCHClgp
and CHoC1COCH,Cl are charqgterized by the formation of ketenes,
[cHC1=C=0]" &nd [CHy=C=0] ions respectively. These ions are
major fragments at 70eV. and they are present at threshold
electron energies. Although most of this fragment ion probably
arises from the loss of a halogen atom from the acetyl ion, some
might come directly from the molecular ion.

Haloethyl ions corresponding to the loss of COX from the
molecular ion are observed to a varying degree in most of the
haloketones. Only in the chlorofluoroagetones (with the
exception of CF5COCF,C1) did the [M-X]" ion persist at lower
eV, values.

It may be possible to link these minor fragmentation pathways
mechanistically to a molecular ion rearrangement before
decomposition occurs. We propose the following intermediate
molecular ion structure as a guide to future experiments. We
feel that this halogen bridge ion is an extension of previously
proposed five membered ring chloro and bromonium ion structures.

(o]
|l

N
Ve

+
+ Ketene

R rearr.
[M-co] +
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Mass Spectral Fragmentation Mechanisms
of Some Dibenzo[c,f][1,2]dlazepines

Adria C. Casey, James H. Green
and Michael Mautner

New England Institute
Ridgefield, Connecticut 06877

Abstract

The fragmentation mechanisms of 11H-dibenzo[c,f][1,2]dlaze-
pine (I), its 3,8-dichloro derivative (II), 3,8-dichlorodibenzofc,f]-
[1,2]dlazepin~11-one (III) and 3,8-dichloro-llH~dibenzolec,f][1,2]-
diazepin-N-oxide (IV) are discussed. The initial loss of molecular
nitrogen is characteristic of I, II and III. IV has a strong molecular
ion, that competitively eliminates either NO or Cl® and NZO' The common
radical ion, E 166, present in the mass spectra of I, fluorene, 2-methyl-

9,10-anthraquinone and 2-methylbenzo[c]cinnoline, appears to be formed

in different states.

In Press for J. Heterocyclic Chem.

B150




G9
The Class Approach to Fragmentation Mechanisms--The Mass Spectra
of Alpha and Beta-Naphthylthiaalkanes. NORMAN G. FOSTER, RUBERT W.
HIGGINS*, Jexas Woman's University, Denton, Texas 76204, and MYNARD C.
HAMMING, Continental Oil Company, Ponca City, Oklahoma 4601,

The mass spectra of fifteen alpha and beta substituted naphthylthiaalkanes
are reported and used to illustrate the process of correlation and de-
lineation of fragmentation routes in a class of compounds. Spectra from
low, intermediate and high resolution instruments are used to demonstrate
the process where, 1) by human inspection the correlations are madej 2)
the additional value of data from intermediate resolution finds important
usej 3) the need remains for high resolution to solve some problems. The
application of data from metastable ions and low-voltage spectra are in-
tegrated into the process at places where the computer can be substituted
for human inspection. Additional benefits from the class approach are
explained. Isotopic labeling can be applied to proposed mechanisms with
the preliminary class approach assisting in selecting species to be
labeled by syntheses. For unknown structures, the intercomparison of
the observed spectra and fragmentations predicted from bond orders
obtained from M.0, calculations may prove fruitful.

(To be submitted to "Organic Mass Spectrometry").

*Deceased.
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Fragmentation of Amino Acids and their Esters Containing

a Sulfur, Phenyl or Hydroxyl Group

Kozo Hirota and Mitsuo Saito

Faculty of Science
Osaka University

Toyonaka, Osaka 560, Japan

The base peak of the important aminc acid esters contains an amino

group in their usual MS ("amine—fragment").l

However, esters of tyrosine

and methionine offer rare exceptions, because their base peak does not contain

amino group.

G10

This paper attempts to show that the base peak of these abnormal esters can be

explained as well as that of the

2
others by our MO-theory,

assumption that "the initial scission probability of the skeletal bond of the

bombarded compounds is ‘proportional to the charge density of the HO-MO allotted at

which is based on the

the bonds of their excited parent ion".

LCGO approximation of F‘ranklin3

NH

was adopted, regarding CH2, CH, CO, 5

o0

etc.

united atoms, and the electron density of the neutral molecules is calculated,

as

To calculate the charge density at each bond, the

because in the present approximation it equals to the charge density of the parent ion.

The new parameters used in the calculation are shown in Appendix, where that of § is

the new one determined from the recent data of photo-ionization potential.

Th

=

charge density et each bond in the HO-MO is approximated to be the mean of two groups

forming the bond.

However, charge density at the CN bond, even though generally large,

is excluded from discussion on the scission probability, because the value is mostly

due to lone pair electrons at the N atom.

so that its contribution can be neglected in experiment.

Actually, this bend is hardly rupturable,

This presumption was

2b)

Justified to be plausible on alkylamines.

Distribution of the charge density of some ethyl esters, which contain no special

group, is shown in Table 1, where the left C-C bond adjacent to the CN bond always

becomes the largest in the charge density.

This finding corresponds to the experiment

that the base peak is produced by scission of this bond, denoted by the virtical dotted

line, and thus the amine-fragment is charged.

esters of Ala, nor-Val, nor-~Leu and i-Leu.

Similar results can be obtained on the

The above theoretical assumption is supported.

Table 1
Valine ester
0.7 2 = -3
'
CHy 5.5 27.h4 1 ‘_J_g 5. 1.k 0.2
>c1-1 - 4 .?.-o‘- CH, - CH
. [] 1
CH NH,, : 10 __J M.W.
0.7 51.7 4 145
Aspartic acid ester
0.0 0.3 2.3 5.0 0.2
_ I fo iy I8 -
HoC CH, :?) : CH, CH
[ M.W.
189
Glutamic acid ester
0.0 0.0 ,9_.5_ 0.8 1.4 0.2
- -To-%¢)k-cH, - CH, -
H4C CH, : el 5 5 CH,
(O M.V,
L1
203

1) K. Biemann, J. Seibl

and F. Gapp, J. Am. Chem. Soc. 83, 2795 (1961).
Niwa, J. Phys. Chem. T2, 5 (1968); (b) K. Hirota, I. Fujita,

L1o (1970).

2) (a) K. Hirota and Y.
M. Yamamoto and Y. Niwa, ibid. Th,
3) J. L. Franklin, J. Chem. Phys. 22, 1304 (1954).
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Amine-fragment becomes also the base peak in some esters, which contain -OH, -S-
or CGHS_ group. Hereby, charge density at the C6H5-CH2'bond may be expected to be
lower than the mean value of the two groups, because the charge at the C6HS group
localizes at the ring. Tt is noteworthy that rupture of the left bond adjacent to
the CN bond produces the next highest peak (m/e 91), and correspondingly the charge
density at the bond is also large. The ester of lysine or §-amino norleucine can be

classified into this category, though the base peak m/e 84 is produced by a successive

unimolecular separation of NH3 from m/e 101, as explained by Biemann et al.l)
Table 2
Serine ester Phenylalanine ester
5.3 27.3 t 12,6 1. o2 233 8.8 ! 215, L9:0_,09 0.1
il i g
CH - CH - - CH - - H oy CH — - 0-CH, -
1y A —Ir-:.C. 04~ CH, CH, @ Cy—y CH —=1C - 0-CH, - CHy
OH NH, .0 ' M.W. 91— NH, r » 0 :
1.4 s1.9 y T~ 133 6.5, 7 M.
60 " 120 - 193
Cystein ester )
8.2 8.1 25.8 ' 11.1 1.2 0.1
! e ——
HS - CH - CH o=p=),C -0 -CH - CH
2 [ ) ll 1 3 .
NH 0 + M.W.
2 ! '
45.3 , T 1k9
T6 4
Lysine ester 101 =
0.2 0.2 0.8 by 27.1 ! 12.7‘ 1.4 0.3
. P
C}"I2 - CH2 - CH2 - CH2 - ClH T";— :— CH2 - CH3
i N
NH,, NH,, i ,ro_ o) M.W
L}
{ 17k

0.4 52.5

However, the amine-fragment is not the base peak in the esters of methionine and
+
tyrosine, because their base peaks are m/e 61 (CH3SCH;) and m/e 107 (HO-C6Hh—CH2),
respectively, as the dotted lines in Table 3 show. The above irregularity is, however,

of apparent nature.

Table 3
Methionine ester . 104 =
3.2 19.k 6.9 | 5.8 19.7' 9.6 0.9 0.2 M.W.
- - Lo, - L T oM, - 1
H,C S CH, $ CH, cxl-x _?::' G, CH, 77
L} .
' ] .
61— 136 M,
35.3 ¢
Tyrosine ester 102
L]
! 136-1"73
9.9 66.5 8.5. 5.9 . 1.8 0.2 0.0 M.V,
, : LTI ,
HO -@ ci,, ...E ClH gllcl o™ cn, cH, 209
107= NH, 1,0
7.2

In this latter case, the charge density at the b-bond is larger than
at the a-bond, so that this finding is concordant with our theory. In the former case,
however, the same explanation is not applicable, because despite the small charge density
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at the c-bond the peak at m/e 61 becomes the highest. )

This finding maey be brought
about by the successive unimolecular fragmentation of the ion of m/e 104. This
possibility can be shown by alternation of both ions as the base peak if the ionization
voltage is decreased lower than the usual one. The MS measured using a high resolution

apparatus of Hitachi RMU-THR confirms the tendency. (Cf. Table L (1°)).

Table 4 Important Peaks in the MS of Esters of Methionine (1°)
and Tyrosine (2°) vs. Ionizing voltage in Volts

m/e Assigned Ion v, =80 20 15 10
56 H2C=CH-+CH—NH2 116 1 51 12
(1°) 61 H3C-S—CH; 171 96 57 12
104 H3C-S-CH2—CH2-+CH-NH2 100 100 100 100
116 *CH,~CH-C-0-C_H 10 10 10 11
21 a 25
NH, O
m/e Assigned Ion 'Vi =70 20 15 10
102 +CH(NH2)—COO—C2H5 55 35 L2 55
(2°) 107 HO—C6Hh-CH; 100 100 100 100
+
136 HO-CAHh—CHQ: CH{NH,) 52 8y 101 115
Th (cooczﬂs)-ﬂ ? 41 12 9 9

Similar experiment is carried out (by one of the authors (M.S.)) on tyrosine ester.
In this case, the probability of scission at the b-bond does not become less than that
at the a-bond, considering that sum of the height of m/e 107 and m/e 102 is always larger
than the height of m/e 136 even if the ionizing voltage is decreased. (Cf. Table 4 (2°))}.
Lastly, the MO-theoHQH%s extended, so as to predict which fragment ofhghe two has the
charge after the bond-scission. As a working assumption, Stevenson's rule is applied;

viz., "relative;probability'fo be given the cﬂﬁrge is larger for the fragment whose total

chhrge density is larger, if the ionizing voltage is larger than the ionization potential

Elhs bond energy". As an example, the assumption will be tested on valine ester. Total
éﬁgiéq density at the left amine fragment is 86.0 (%), vhile that at the right non-emine-
ﬁ;;gm§gﬁ is 1P.l (%), so Yﬁgt:the markedly large height of amine fragment (m/e 72) as
compaggg&Fo that of its comp}gmeﬂtal one (m/e 73) can be explained. .
(PSE.Siqilarly, this assumption may be shown applicable for the base p?gk of other esters
(Asp, Glu, Ser, Phe, Cys, Lys, and Tyr). Nevertheless, if the assumption be applied to
methionine ester, the peak at m/e 116 would become very high instead of m/e 61, in the
case when scission at the c-bond occurs initially, because their total charge is 71.5%
and 29.5 %, respectively. This deviation from the expectation indicates again that the
initial scission occurs at the a-bond, but not at the c-bond. The same treatment is

applicable, but the details will be reported elsewhere in future.

*) Since charge density at ~S- may localize at its lone pair, scission at the C-S bond
is difficult in the mass spectra.

L) D. P. Stevenson, Discussion Faraday Soc., 10, 35 (1951).
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Appendix The Parameters Used in the Calculation (e.V.)

New parameters Franklin's parameters

Groups coulomb " resonance coulomb resonance
integral - integral integral integral
—CH3, =CH,, -CH 13.31 1.65 13.31 1.55
-NH,, 10.154%¢ 2.264 © 10.52 2.08
-s- 10462298 1.986 10.47° 1.73°
Cgllg-» =CgH) - 9.2u5%s°¢ 1.379 9.52 1.09
-CO0- 11.05%°¢ 1.413 11.51 1.46
-OH 12.59° 2,065 12.76 2,06

a) K. Watanabe et al., "Final Report on I. P. of molecules by & Photoionization
Method", Dec. 1959, Dept. of Army #5B99-01-00k, ORD-#TB2-001-O0R-#162k. .
b) H. J. Svec and G. A. Junk, J. Am. Chem. Soc. 89, 790 (1967)}. e¢) K.
Watanabe, J. Chem. Phys. 26, 542 (1957). &) K. Watanabe, J. R. Mottle,
J. Chem. Phys. 26, 1773 (1957).
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NOVEL SKELETAL REARRANGEMENTS IN DIFUNCTIONAL BROMOAMIDES
Istvén Lengyel, David B, Uliss, and Robert V, Mark

Department of Chemistry, St. John's University
Jamaica, New York 11432

Within the framework of a broader program undertaken to investigate effects of
stereochemistry on mass spectra, especially in remote group interactions and skeletal re-
arrangements in polyfunctional organic compounds subsequent to electron impact, we had
occasion to record the mass spectra of some bis-K-bromoamides, Model compounds of two
types were synthesized: big-N-t-alkyl- and Ctycloalkyl-bromoamides with (1) skeletal or
conformational flex:Lbility to permit interaction of the functionalities thrcugh space and
(i1) with a skeletally rigid connecting link precluding steric interaction of functional
groups, Representatives of these two typee are N,N'- é-menth-l,fi-ylenebis [2-bromo-3 3=
dimethylbutyramide] (Ia, m.p. 233°), derived from 1,8-diamino-p-menthane, and 2,2'-(1,3-
adamantylene )bia[2—bromo-N-t-butylacetamide] (IITa, m,p. 259°) derived from 1,3-adaman
tanediacetic acid, respectively,

‘3‘ (3 Br O
NC (iR du-C-N,—

% i 'ﬁ gﬁ—c‘:‘-r}lb—f-
B R

F— Nz C-CH-R, PV
g :

? I
10 RI P
I, Ry = Hy Ry = t~C ¥ IIla, R, = H
To, R, = Dj Ry = t~CHg IIlb, R, = D

II, R, = Hj R, = l-Adamantyl(CoH;s)

1
Due to the second functionallty, the 70eV mass spectrum of compound Ia shows
some unexpected fragmentation vrocesses, Our interest was especially kindled by an
abundant (20% rel.int,) singlet at m/e 210, High resolution measurement revealed an
elemental composition of C;3HoNO. Deuterium labeling of both N=H groups ((Ib) caused
& 90% shift to m/e 212, Exchange of the N-t-butyl groups for N-adamantyl II) resulted

0 ey T
SN R
Br \\' CH Ra ﬁ 'Br R0~ \ /R
) ,— MR = D=NC-CHRa A

H - Br ”/@\

i M 2
Ia, m/e 522/52L/526(CoHeoN20,Bry) Ia, m/e 210(GC, 3Ha,NO)
b, m/e 524/526/528 Ib, m/e 212
II, m/e 678/680/682 II, m/e 288
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in a shift of the corresponding bromine-free even-electron ion to m/e 288, Thus, the
fragmantation process leading to this ion involves elimination of carbon atoms 8, 9 and
10 of the terpene skeleton together with the 8-substituent and the second bromine atom,
accompanied by transfer of the Ngz~hydrogen, A mechanism consistent with the isotopic
and substituent labeling and high resolution data, involving an anchimerically assisted
mul ticentered rearrangement (MY —~a) with a 10-membered ring transition state can be
rationalized for the cis isomer (1-CH, equatorial) with the cyclohexane ring in the boat
conformation?, Forma¥Ion of fon a from the trans isomer (axial l-methyl, equatorial
1-amino group) would require ring C-C bond fission,

While - predictably = no evidence for a similar remote-group interaction was fund
in the spectrum of the skeletally and conformationally rigid bis-amide III, the latter
compound nevertheless showed a mumber of other interesting features, As attested to by
the appropriate metastables and accurate mass determinations, bis-bromoamide IITa under-
goes the following unexpected major 3-step fragmentation sequence:

W _ColNO 5y _Cule y . _<ClMoey 4

Ton d still contains both bromine atoms, As the particles eliminated in succession
originate from three different distant parts of the molecule, fragmentation steps b—=c
and c— d require charge migration (ar charge redistribution), In the mass spectrum of
the N,N*-Jideutero analogue (IIIb), ions b and c are shifted by two mass units but d by
only one, These labeling data indicate that the hydrogen originally attached to the
nitrogen lost in the first step (Ng) rearranges to a carbon atom that is eliminated tow
gether with five others in the third step, After the loss of nine carbon atoms, elimina=-
tion ¢ —»d must necessarily involve the adamantane nucleus, Although at first glance
not immediately obvious, closer scrutiny reveals that there is only one possible set of
six carbon atoms (marked with asterisk) that can be ejected so as to take the deuterium
atom originally attached to Ng. Initial fission of the 3=l bond in adamantane and elim-
ination of C Hg=N=C=0 with saturation of the primary radical followed by McLafferty re-
arrangement in the remaining amide function with ejection of C,Hs from the N-t-butyl
group leads to odd-electron ion ¢ which probably rearrangea to ¢! by allylic C~C bond
cleavage and multiple hydrogen migrations, Iormc' eliminates the conjugated allylic
radical CgHge to afford the abundant triplet d (m/e 282/28L/286).

) Br
. HBr —— ./_ ; C'H—Br —_—
: SN H 23=N,,H
HO I H
IIIa, m/e 363/365/367
IIIb, m/e 365/367/369
Tt 1
- Be ‘Be —I Br
TR I e . o X oL B

P i x

z /( Ho™ SNy
&

ct d

II1a, m/e 282/284/286
IITb, m/e 283/285/287
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FOOTNOTES

The low resolution mass spectra were recorded on a Hitachi-Perkin Elmer RMU 6D
inatrument at Morgan-Schaffer Carp,, Montreal, Canada, The high resclution data,
in the form of %element maps™ were obtained on a CEC 21-110B doubly focusing mass
spectrometer in conjunction with an IEM 1801 computer system,

A predistilled sample of the 1,B-diaminc~p~menthune (Rohm-Haas Co,, Philadelphia,
Pa,) used in the preparation of I was gas chromatographically hemogeneous, The
thermodynamically more stable isomer, in analogy with 1,8-terpin and 1,8-dihalo=
p-rmenthanes [ R, M, Carman and H, C. Deeth, Aust. J. Chem., 22, 2651 (1969).] 1is
assumed to be the cis (equatorial methyl, axial amino group in position 1).” Work
to synthesize the fharmodynamically less stable trans 1,82diamino-p-menthane is in
progress,
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Site Specific Hydrogen Abstractions in Even FElectron Ions, THOMAS
H, KINSTLE, W, P, BRYANT, P, J, IHRIG AND E, J, GOETTERT, Iowa State

2

University, Ames, Iowa 50010,

The transfer of a y-hydrogen atom in the McLafferty rearrangement is a
thoroughly studied example of a site-specific hydrogen abstraction
reaction, Various workers have pointed out the importance of the non-
filled orbital with regard to facility and specificity in this reaction.
Many examples of hydrogen migration in even-electron ions are known, but
the reactions are non-site specific, We have documented essentially
complete site specificity in a B8-hydrogen transfer-olefin elimination
reaction of the even electron silyl cations 1 (R=H,CHs) and 2 (R=CHa,
n-Bu) [Kinstle, Ihrig and Goettert, J. Am. Chem. Soc., 92, 1780 (1970)].

R R R
! ' + ' -+
Ph-sit Ph-Si R-?e
]
CH2CHa CH2CH2CH2CHa CH2CH2CH2CHg
1 2 2

We have extended this study tg a series of organo ermapium compounds
g (a, R=Ph, R' = n-Bu; b, R=R'=n-Bu; ¢, R=Ge(n-Bu)s, R =n-Bu) and their
euterated analogs. We again find an extremely site specific (even more
so than with ions 1 and 2) hydrogen transfer from the 8-position
accompanying the loss of butene in these compounds. Even more striking
was the high degree (>80%) of B8-hydrogen transfer which occurred
during the sequential loss of a second butene molecule, presumably from
a structure such as i. This contrasts with analagous silyl cations in

H Br
] : |

R=-Ge+ R-Ge+
CH2CH2CHz2CHg CH=2CH2CH2CHa
4 5

which the second olefin elimination is accompanied by a clearly non-specific
hydrogen transfer, Germanium cation % shows a lessened degree of site
specificity, possibly due to an inductive withdrawal of electron density
from the germanium cationic site by the electronegative bromine atom.

These results are discussed in terms of a size effect of the metalloidal
abstracting atom, Silicon and Germanium are the largest atoms thus far
investigated in this regard. Results with phosphorous and sulfur
compounds are briefly presented.
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H2
MATSUDA TYPE VIRTUAL IMAGE DOUBLE FOCUSING MASS SPECTROMETER

H. Matsuda

Institute of Physics, College of General Education,
Osaka University

E. Watanabe, M. Naito and M. Nojiri
Japan Electron Optics Laboratory Co., Ltd.

Abstract

A double focusing mass spectrometer with an electrostatic field having
the same divergence function as the concave lens has been brought to
realization and commercialized. One of the features of this instrument is
that due to the characteristics of its diverging electrostatic field, the
instrument, despite compact size, can easily attain a resolution of 1000
to 2000, using a wide main slit. This instrument is named ''the JMS-06
Mass Spectrometer,'" which has a diverging electrostatic field with a mean
radius of 150 mm and deflection angle of 90°, and a homogeneous magnetic
field with a mean radius of 120 mm and deflection angle of 60°. The
JMS-06 is used mainly for GC-MS routine analysis. A resolution of 1000
(10 % valley) has been obtained by the use of a 100 v main slit.

Introduction

A conventional double focusing mass spectrometer has an electrostatic
and a magnetic field having the same focusing function as a convex lens.
One of the authors predicted six years ago that the electrostatic field
having the same divergence function as a concave lens would be possible
and named it ''the diverging electrostatic field."!)This field only
permits the formation of a virtual image, but not a real image. However,
the formation of the latter image is also made possible if this field is
combined with the magnetic field having the same focusing function as a
convex lens. So, if a collector slit is provided at the position of real
image, a double focusing mass spectrometer can be formed.

With a coordinate system such as shown in Fig. 1 (a), Newton's
equation shown below applies to the diverging electrostatic field having
a mean radius of (a) and deflection angle of (¢). 2)

(L 390 - §)=-§"

where g* is the distance between the field boundary and virtual focus, and
f* is the distance between the principal plane and virtual focus.

The relationship between these values is shown by an optical analogy
in Fig. 1 (b). '

Also, the image magnification X of the diverging electrostatic field
and the dispersion D* at the virtual image are given respectively by:

_ gk _ it _ f'*
X }* 9+ ?*
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(a) Coordinate system and virtual image formed by
diverging electric field.

(b) Optical analogue
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Calculated Sensitivity : 7.4 x 10 1%gr/sec

Resolytion 1 1000 T T
sN . : 13 o i
o ) -
' ' Sdﬁﬁlé : Cholesterol
Sample Size i20 pg

Sample Temperature :60%90°C
Acc. Voltage : 2 kv
 Tonizing Voltage : 75 V

Sample Inlet : Direct Introduction

Chart Speed : 10 mm/min
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Fig. 6 Fragmentgram of cholesterol moleculor peak
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DY = as®(x-1)

where 5* - Y+ 2@
'kl
The diverging electrostatic field hasafocusing function with respect to
ion movement in the axial direction. The image position in the Z-direc-

tion is given by:
(- %2) (Lz - 32) = {2

fp=2 1
Xz  Aim Xz P
(}’2':')?_2 cot X2 where )(;____kl_'_z

To make a double-focusing mass spectrometer by combining a diverging
electrostatic field and a magnetic field, it is necessary to bring the
virtual image at the electrostatic field into coincidence with the objec-
tive image at the magnetic field, and use the magnetic field to cancel
out the energy dispersion caused by the electrostatic field.

Let us suffix e to values concerning the electrostatic field and m
to values concerning the magnetic field. 1In the case of a homogeneous

magnetic field, Newton's equation shown below applies to the image forma-
tion of the ions entering and leaving the field at a right angle.

(S = G ) (L'~ $n) = §i

)cm=¢__
Aim Py,
%m = am COI<#m

Also, the image magnification Xm by the magnetic field is given by:

1/: ?
—tm m
Xn = -7
j—"‘ «m - ?rm
To satisfy the condition of directional focusing, the distance
between the electrostatic and magnetic fields, A, should be made:
Il*

A= 2l = Lo

As A must be a positive value, it is necessary that £'m > L'"e
The condition of energy focusing is given by the following condition:

2 -Xe) = n (1+ =)

A doublg focusing system is obtained if the instrument is designed
so as to satisfy the above conditions.

The mass dispersion D at the final image position is given by:

[) = 62: ( {1+ Xm

Xe>,Xm Y

B172



Instrument

The JMS-06 is a double focusing mass spectrometer combining a diverg-
ing electrostatic field and a homogeneous magnetic field. The diverging
electrostatic field has a mean radius of 150 mm and a deflection angle
of 90°; the homogeneous magnetic field 120 mm and 60°, respectively. The
ion orbit of this .instrument is shown in Fig. 2. Table 1 shows a compar-
ison between the JMS-06 and the standard Nier-Johnson (N-J type) type
mass spectrometer whose cylindrical electrostatic field and homogeneous
magnetic field have the same mean radius as the JMS-06. Their ion orbits
are shown in Fig. 3.

As is seen from Table 1, the JMS-06 exhibits twice the theoretical
resolution of the N-J type instrument, in case they use the same main
and collector slit widths. Furthermore, the JMS-06 can use a main slit
about 3.5 times as wide, to obtain the same resolution as the N-J type
instrument. This means that the JMS-06 offers a higher sensitivity than
the N-J type instrument in measurement at the same resolution, because
it can use a larger 1ion beam. Another factor that enhances the
sensitivity of the JMS-06 is the focusing function of its diverging
electrostatic field in the axial direction, which reduces ion beam diver-
gence at the image point.

If an instrument offering the same magnification and mass dispersion
as the JM5-06 is to be materialized by the use of a cylindrical electro-
static field with a deflection angle of 60°, that will be a medium-sized
instrument with a mean radius 1.6 times and an ion path 1.8 times as
large as the JMS-06, as shown in Fig. 4. In other words, the JMS-06 has
a resolution as high as that of a medium-sized instrument. Also, the
JMS-06 excels it in sensitivity, due to the focusing function in the
axial direction.

The power supplies of the JMS-06 employ all solid-state circuitry,
ensuring stability for a long period of time. Magnetic scan and mass
number indication are made while the magnetic intensity is being measured
by the Hall element. Furthermore, the JMS-06 incorporates a total ion
monitor (T.I.M.), which permits a T.I.M. chromatogram to be easily record-
ed by plugging a pen recorder in the T.I.M. monitor. The connection
between the JMS-06 and a gas chromatograph can be easily made by the
stop valve located between them, and on-line connection with a computer
is also possible.

Two operation panels —— one for push button control of the evacua-
tion system and the other for electrical system control —— are provided
on the front for ease of operation.

The main evacuation system consists of two 2.5" DPs — one for the
ion source and the other for the analyzer —— which are each fitted with
a liquid nitrogen trap, The ultimate vacuum degree is 1 x 10-’7 Torr.
The sample can be introduced by three different systems—— the direct

sample inlet, reservoir type inlet, or gas chromatograph. The vacuum
system is gperateq by push buttons on the front graphic panel, and is
provided with various interlocks intended for safe operation.

Results

Fig. 5 shows the multiplet at m/e = 28. Resolution is 3500 (10 %
valley). Fig. 6 shows a fragmentgram of the molecular peak of cholesterol.
When the molecular peak is detected at S/N = 5, with consideration given
to the peak intensity and duration, and a reserve of sensitivity of the
detection system (X1000), the sensitivity of the JMS-06 is calculated as
7.4 x 10°'% gr/sec. A spectrum of cholesterol obtained with the use of
a direct sample inlet is shown in Fig. 7. Fig. 8, 9 and 10 show spectra
obtained by a combination of a gas chromatograph and a JMS-06.

Fig. 8 shows a gas chromatogram, Fig. 9 a T.I.M. chromatogram and Fig. 10
a mass spectrum of the 8th peak of the T.I.M. chromatogram, obtained at
a scan speed of 5 sec/m/e 1 ~ 500.
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A NEW ACHROMATIC MASS SPECTROMETER H3
Marcel Baril
Centre de Recherche sur les atomes et les molécules,

Dept. de Physique, Université Laval, Québec, Qué., Canada.

The aim of this work was to build an achromatic mass spectrometer. Many
energy dispersive elements could have been chosen, but the plane parallel condenser

seemed to be the easiest to construct and align.

FIGURE 1

Figure 1 shows the system which was atudied and constructed. There are
three drift apaces called Ll' L2 and L3' a mirror called E and a magnetic prism called
M. Optical properties of the system were calculated by matrix algebra, asince each
element can be represented by a matrix whose dimension varies with the order of the
terms utilised. For the first order, only 4 x 4 matrices are needed. Second order

needs 14 x 14 matrices, in which the 4 x 4 matrices are included.

The four variables utilised are:

x, the lateral displacement relative to the main path,

x, the angular displacement relative to the main path,

AE/E, the relative difference in kinetic energy between the particle
under study and another one which starts with no kinetic energy,

Am/m, the relative difference in mass between the particle under study
and another one which follows the main path in the magnetic field with a

kinetic energy of E.

The four following equations with the coefficients taking appropriate

values, can represent each element and also the complete ayatem.
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2
1 = Ax_ + Ba_ + C(AE/E)_+ D{am +Ex" + P
(1) T Ax » (aE/ )p ( /m)p 1:P xe

+Gx (aB/B) + Hx (an/m) + mi + 7 a (ap/E),

+ Kap (Am/m)p + L (AE/E)i + M (AE/E)p (ml/m)p

2
+N (Am/m)P
(2) @, = ax ¢ bap + c(AE/E)p + d(Am/m)p + exi
s fx @+ gx (AE/B) + hx (an/m) + iai + Ja, (aB/E)
+ ka (8m/n) ) + (8E/8)] + u(aE/E) (au/m) + n(Am/m)f,
(3) (AE/E)q = (AE/E)p
(4) (L\m/m)q = (Am/m)p

In the matrix representing the complete system B = O corresponds to an
imaging system, and B = C = O corresponds to an achromatic imaging system. By imaging
aystem we mean that the source slit is imaged at the detecting slit. The values of
the parameters of the mirror, the prism and the drift spaces for which these relations

are valid have been studied in ref. 1.

Aberrations can also be studied by the same procedure, and it is possible
to correct a> and a(AE/E) simultaneously for an achromatic imaging system. These

results will be published soon. (ref. 2).

Thie type of system is being integrated with an ion bombardment source

to study the secondary ions produced. Results obtained up to now are very encouraging.

1. Baril, Marcel. Can. Jour. Phys., vol. 47, no. 3, p. 331 (1969).

2. Baril, Marcel. To be published in Can. Jour. Phys.
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ASTRONAUT BREATH ANALYZER*
WILSON M. BRUBAKER +
Earth Sciences, a Teledyne Co., Pasadena, Calif.

INTRODUCTION

A prototype of a miniature mass spectrometer for use by an astronaut
has been developed. The entire vacuum system, including the ion pump and
the mass analyzer, fits inside the helmet, under the chin. A small inlet
tube conducts breath gas from the nose to the ion source of the mass spec-
trometer. A micro-sized needle valve admits the very small gas stream to
the instrument. The mass spectrometer jump-scans mass peaks associated
with the four main components of breath gas: water vapor, nitrogen,
oxygen, and carbon dioxide. Most of the associated electronic apparatus
is carried in a back-pack.

THE LEAK

The most difficult part of this project was the micro-leak. Size
limitations result in an ion pump with a speed on the order of a tenth
of a liter per second. Operation of the pump at a pressure of 10-6 torr
results in a through-put of 10-7 torr-liters/second. The admission of
gas at earth atmosphere pressure requires a leak with a conductance of
about 10710 liters/second.

The leak developed for this program consists of an electrically pol-
ished tungsten needle operating in a seat in a thin gold foil. The etched
point is invisible to the naked eye. The laboratory version of this leak
is operated by a combination of screws and levers to give the required
mechanical advantage. The flight model which is designed but not assembled
is operated by thermal expansions.

THE PUMP

The pump is a simple Penning Cell with a tantalum-tungsten wire sub-
limator on its axis. The self-contained magnetic field structure is in
the form of a pillbox with ports for pumping conductances. The external
dimensions are 1 inch in diameter by 1 inch long. The external magnetic
field is so weak that it will not reverse a compass needle. This con-
tainment is essential, because the ion source of the mass spectrometer
is placed adjacent to the ion pump.

THE MASS SPECTROMETER

Mass analyses are made by a small quadrupole mass filter. The rods
are 2 inches long, and have hyperbolic field forming surfaces. Although
the laboratory type quadrupole used four simple hyperbolic rods, 1) those
on the flight unit will have insulated segments to provide a delayed dc
ramp (2) mode of operation.

The desired fast response of the instrument is achieved through the
use of an ion source of unusually small dimensions. 1Its total volume is
only 0.3 cc. Differential pumping is achieved by causing the admitted
gas to leave the ion source through the ion exit aperture. Rhenium fila-
ments are used to minimize the chemical reaction of oxygen and water vapor
with the hot surfaces.

* This research was supported in whole by the National Aeronautics and
Space Administration under Contract No. NAS 98371 and monitored by
Mr. Paul W. Schlottman.

1 Present address: Analog Technology Corp., Pasadena, California.
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INSTRUMENT PERFORMANCE

Operating at a sensitivity of about 5 x 1076 amperes/torr the resolv-
ing power is sufficient to display flat-topped peaks, indicating essen-
tially 100% ion transmission. The addition of segmented rods should
improve the sensitivity appreciably.

The system responds to a step change in the composition of the
breath gas (accomplished by an abrupt change from exhale to inhale while
observing the carbon dioxide peak) with a time constant of 50 milliseconds.

The most critical portion of the device is the leak and pump combi-
nation. Laboratory versions of these have operated cooperatively for
eleven weeks without a single failure. When the test was terminated
voluntarily at the end of this period, the equipment was operating
satisfactorily and showed every indication of continuing to do so
indefinitely.

(1) "Theoretical and Experimental Comparisons of Quadrupole Mass
Analyzers with Round and Hyperbolic Field-Forming Surfaces,"
W. M. Brubaker and W. S. Chamberlin, International Conference
on Mass Spectrometry, 1969, Kyoto.

(2) "An Improved Quadrupole Mass Analyzer," W. M. Brubaker, Advances
in Mass Spectrometry, Volume 4.
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Influence of Ion Beam Energy and Density Distributions on Peak
Shapes and Sensitivity of Quadrupole Mass Spectrometers¥*

by
M. Mosharrafa
Department of Physical Medicine and Rehabilitation
University of Minnesota
Minneapolis, Minnesota 55455

Abstract

The well-observed deterioration of mass peak shapes of quadrupocle mass
filters have been successfully related to imperfections in the geometry of
the analyzing field by N.R. Whetten and T.H. Dawson.l!»233:>% This paper
describes experimental evidence of an additional dependence of peak shapes
(or transmission efficiency) on the cross-sectional density and energy dis-
tribution functions of the ion beam entering the quadrupole field. This
dependence, which can be further influenced by field imperfections, is
explained by identifying the portions of the ion beam cross-section re-
sponsible for the production of the corresponding portions of the mass
peak, and initial transmission criteria from the stability diagram. The
experimental data was obtained from a small quadrupole mass spectrometer
(L =5 cm, v, = 2mm) designed and built for use in clinical and medical
research. Variations in energy and density distributions of the ion beam
entering the analyzing field was possible experimentally over a limited
range by the use of a radial electron impact ion source. The experimental
results emphasize the importance of controlling the inlet conditions of the
ions in order to improve the overall performance of quadrupole-type mass
spectrometers.

Introduction

In constructing quadrupole-type mass spectrometers, a large degree of
emphasis is placed on the dimensional accuracy and electronic stability of
the analyzing field. Practical limits of these parameters determine the
maximum attainable resolving power of the instrument. Towards gaining a
better understanding of the sensitivities of the instrument to the prac-
tical limitations in design parameters, it is necessary to study in detail,
with the aid of a digital computer, the factors affecting ion transmission
efficiency through the analyzing field. Several investigators!»>2>3545556
have successfully used the digital computer to describe and plot the tra-
jectory of the ion as a function of the time which it spends in the analyz-
ing field. Brubaker® has also investigated the effects of the fringe
fields on the ion trajectories as well as the hyperbolic-to-circular geome-
try approximation. However, several experimental phenomena associated
with the passage of an ion through the quadrupole analyzing field have not
been fully explained. The most prominent of these is the observation of
mass peak shape deterioration and loss of sensitivity in most quadrupole
instruments. Von Busch and Paul’ demonstrated analytically the existence
of non-linear resonances in the trajectories of ions due to field errors
in a quadrupole mass spectrometer. Dawson and Whetten3** used the digital
computer to gain information on peak shape deterioration in the three di-
mensional quadrupole ion trap. They have successfully correlated their
findings to the existence of higher order fields which result from errors
in electrode shape, spacing, or harmonics in the rf field.

It is surprising that very little work.has been done to investigate the
affects of density and energy distribution functions over the cross-
seztion of the ion beam entering the quadrupole field upon peak shapes,
and most important, upon transmission efficiency. Maximizing the coupling
efficiency between the ion source and the analyzing field is a necessary
step towards optimization of quadrupole mass spectrometer performance.

*This work was supported by Social Rehabilitation Service Grant RT-2.
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Experimental

The experimental data was obtained on a small quadrupole mass spectrom-
eter which was designed and built in our laboratories for medical appli-
cations. The instrument, shown schematically in fig. 1, has an analyzing
field length of 5 cm, and a field radius of 2 mm. The instrument is capa-
ble of operating in the mass range of 1-100 amu per/electron with a PWHM
resolution of 150. The required dc and rf voltages applied to the quad-
rupole rods are generated using solid-state circuitry exclusively. The
operating frequency of 3 MHz is generated by a crystal controlled oscil-
lator for maintaining the desired frequency stability. Sweep linearity is
maintained at better than *.1% over the entire mass range with a very high
degree of amplitude stability. A small radial electron bombardment source
is used for production of the ion beam. The source shown schematically in
fig. 2 is similar to that investigated by Brubaker® with an additional
grid used for ion drawout from the ionizing region. The source features
high ionization efficiency for the incoming gas sample with maximum ion
production close to the axis of the quadrupole analyzer. The exit aper-
ture diameter is 0.5 mm.

Using an ion source of this geometrical configuration, a large varia-
tion was observed in the shape of the mass peak pertaining to an ion spe-
cies, depending upon the operational parameters of the ion source alone.
The peak shape was found to be a strong function of the amplitude of the
voltage applied to the cone-shaped grid electrode. With reference to
fig. 2, two operating conditions can be deduced:

a) weak focusing: with small positive voltages applied to the cone
(0 to uv), only those ions formed in the ionization region very
close to the quadrupole axis of symmetry are able to leave the
source through the small exit aperture. These ions, therefore,
possess little or no radial energies. Under such conditions, an
almost ideal peak shape similar to that shown in fig. 3 is
obtained.

b) strong focusing: increasing the amplitude of the positive voltage
applied to the cone-shaped grid electrode focuses the ion beam,
at, or near the pinhole exit aperture, with the resulting in-
creased radial energy of the ions. In this case, despite the in-
creased sensitivity resulting from the focusing effect, additional
structure appears on the mass peak. This structure is a very
strong function of the cone potential. At cone voltages slightly
above u4v, a precursor peak appears on the low mass side. Increas-
ing the cone voltage results in an increase in the number and
prominence of the structural peaks. At 8v cone potential the peak
shape deteriorates to that shown in Fig. 4. The peak shape is al-
so dependent to a lesser extent on pressure, emission current, and
resolution. Increasing the emission current to a point where the
ion source is space-charge limited will improve the peak shape.
Upon decreasing resolution additional oscillations appear on the
peak, while increasing resolution will eliminate the oscillations
starting at the high mass side of the peak; the precursor peak is
least effected by resolution changes. The structure is, on the
other hand, independent of accelerating potential, electron energy
and sweep rate.

Discussion and Conclusions

These experimental observations indicate that the transmission effi-
ciency and quality of mass spectra of quadrupole mass spectrometers is a
strong function of energy and density distribution across the incoming ion
beam cross-section as predicted from theoretical considerations. Further-
more, the influence of analyzing field geometry imperfections upon the .
performance of the instrument can be determined to a certain extent by the
entrance conditions of the ions. This is evident when one considers the
simple ‘example of ions entering parallel to the quadrupole axis with no
radial energy. Since the maximum amplitude of oscillation of the ions
traversing the quadrupole field is proportional to their initial displace-
ment, the analyzing field errors which are proportional to higher order
powers of the distance from the field axis3 will have an increasing influ-
ence upon the transmission efficiency with increasing amplitude of
oscillation.
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A qualitative interpretation of these experimental observations cag be
arrived at by identifying the segments of the ion beam cross-section re-
sponsible for the production of the corresponding portions of the mass
peak, while taking into account initial transmission requirements from the
stability diagram. We shall consider first the simplest case, that of an
ion beam with a circular cross-section of radius R entering the quadrupole
analyzing field with zero radial energy. Consider first the case of uni-
form density distribution; i.e., the number density of the ions is a con-
stant over the cross-section of the beam. With reference to fig. 5 which
shows the tip of the stability triangle together with the admissable ini-
tial conditions of the ions for injection parallel to the axis, one can
readily see that the low mass side of the peak during the scan results
from the transmission of those ions which enter the gquadrupole analyzing
field near the x-axis, while the high mass side of the peak results from
ions entering close to the y-axis. With a uniform density distribution
and no significant field distortions, the resultant mass peak would there-
fore be similar to that predicted by theory.

Considering next, as an example, the case of an annular density distri-
bution function similar to that shown in fig. 6. In this case, similar
reasoning illustrates how fine structure may appear on the mass peak. The
mass spectrometer acts, therefore, during the scanning of the stability
triangle pertaining to a specific ionic species, as a secondary profile
scanner of the cross-section of the incoming ion beam in a unique manner
starting with the x-axis and ending on the y-axis of the beam.

This simplified analysis has not taken into consideration the influence
of the errors in field geometry and the initial radial energy of the in-
coming beam. It further assumes that the transmission efficiency of the
ion is independent of the operating point within the stability boundary.
This assumption is known to be incorrect, especially when imgerfections in
field geometry are present as reported by Dawson and Whetten?®s* and
Brubaker.® Additional structure may therefore appear on the mass peak
during the traversing of the stability triangle. The influence of the
initial conditions would therefore be to enhance the structure.

In conclusion, an attempt has been made to demonstrate in a qualitative
preliminary manner that initial density distributions of ions can play an
important role in the performance of the quadrupole mass spectrometer. It
would be advantageous to study in detail, with the aid of a digital com-
puter, the exact nature of the dependence of these parameters in order to
arrive at a realizable density and energy distribution function for the
ions for optimizing quadrupole mass spectrometer operation. The results
of this study may lead to the design of a new ion source which will be
compatible with quadrupole mass filters and enhance the quality of their
performance.
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*
A NEW TIME-OF-FLIGHT MASS SPECTROMETER

J.M.B. Bakker

Shell Research Limited,
Sittingbourne, Kent, England.

In the course of work on a helical path time-of-flight mass spectrometer
(Bakker 1970) a straight path beam modulated time-of-flight mass spectrometer was
constructed, The instrument consists of an ion source, drift tube and a collector.
The fon source is constructed by combining a conventional ionization chamber with an
electron gun structure from a cathode ray tube. The gun comprises a three element
lens followed by an X-Y deflection system. The ion beam is modulated by applying to
the X or Y plates a voltage varying in accordance with a step function. The advantages
of using beam modulation are that continuous ionization improves sensitivity, and a
continuous ion beam makes resolution independent of the position where the ions are
generated. The mathematical analysis of the beam modulation process has shown that
the theoretical resolving power of this instrument is inversely proportional to the
beam plus collector slit width and proportional to the square of the flight path or:

VL2

RS swomm

R where

resolving power

potential difference of the step function applied to
the deflection plates

separation of the deflection plates

length of drift space

ion beam accelerating voltage

=  beam width

= collector slit width

<
|

[0 -- I =N ol -N
i

The validity of this equation was tested by varying the flight path from
60 cm to 150 em. The resolution obtained for complete separation of adjacent masses
was 120 and 700 respectively, giving an experimental increase of 5.8x versus a
theoretical value of 6.25x.

No difference was observed between the resolving power for organic species
and the resolving power for inorganic species.

*

" A more detailed account of this work will be submitted for publication
in the Journal of Scientific Instruments.

Bakker, J.M.B. (1970). To be presented at the Triennial International Conference on
Mass Spectrometry, Brussels, September 1970. . Iy
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A NEW TIME OF FLIGHT MASS SPECTROMETER

J. P. Carrico, L. D. Ferguson, and R. K. Mueller

Bendix Research Laboratories

The possibility of using the measurement of the time of flight of ions in an
inhomogeneous, oscillatory electric field to separate ions of different mass-to-charge
(m/e) fatios is being investigated in this laboratory. Calculations and experiments
have been performed using a field which is a linear function of position and has both
static and oscillatory components. The equations of motion are of the form of the

L

familiar Mathieu Equation.

Ions are pulse injected into the oscillatory field at the position of zero field.
For the appropriate choice of field parameters, ions having a limited range of m/e

ratios can return to the source region where they are detected. The extent of this
t .

range and the associated m/e values are controlled by the field parameters.

Important properties of the arrival time of ions at the detector include: the

arrival time depends only on the field parameters and m/e and does not depend on the
.
ion's imitial velocity; for fixed field parameters, the arrival times and the difference

in arrival times of adjacent masses increase with increasing mass; and, depending on
. . B
the field parameters and the phase of the oscillatory field at which injection occurs,

the spread in arrival times of ions of a given m/e ratio can be less than the spread

in their injection times.

«

~.

\\\\ (1) See, for example, W. Paul, J. P. Reinhard, and U. von Zahn, Zeit. fur Physik 152,
~

Y 143 (1958).
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A TOF MASS SPECTROMETER WITH MASS SCALE STABILITY H8.
Donald C. Damoth, A.J. Luchte, Patrick McGinnis

The Bendix Corporation
Scientific Instruments & Equipment Division
Rochester, New York

A stable mass scale is desirable in a mass spectrometer for many reasons.
Typical cases where stability is very important are continuous measurement -
of several mass peaks simultaneously as in on-line process monitoring for
respiratory gases, and obtaining the most efficient GC/MS analytical measure-
ments. With a stable mass scale, it is possible to obtain better sensitivity and
accuracy in simultaneous peak monitoring because the measurements can be
taken on the tops of the peaks, eliminating time spent scanning where it serves
no purpose. In gas chromatograph/mass spectrometer analyses, a stable mass
scale permits assignment of mass numbers to unknown peaks by simple compar-
ison of scans of the unknown to scans of known compounds such as perfluoro-
kerosene. If the mass scale is not stable, direct comparison of scans is unreli-
able, causing inefficiency due to uncertainty. Therefore, mass scale stability
is a most important parameter in a mass spectrometer.

The primary factors affecting the mass scale stability in a TOF mass spectro-
meter are the voltages on the electrodes and the relative timing of the pulses.
These factors also affect the resolution and quantitative stability.

It was the development of solid-state electronic circuitry with its inherently
superior stability that led to the design of a new generation of TOF instruments.
In addition to design of power supplies with stability of 103/1 or better, a time
delay generating circuit was developed which has a stability in excess of 102/1,
This time delay generator is vital when resolution of 600 is obtained, because
this is obtained with a 30 microsecond flight time and 5 nanosecond peak widths.
So, if the peak location instability is greater than 2 nanoseconds, it is not pos-
sible to unequivocally assign the mass numbers.

The combination of parameters in the new TOF instruments yields a timing
stability of better than one nanosecond over extended periods of time. This
means the mass scale is stable to about ¥ 0.2 amu at mass 500. Consequently,

it is feasible to set the analog gates on mass peaks and they will remain there
indefinitely unless the basic timing conditions are changed. Similarly, the mass
scale can be calibrated on an occasional basis with confidence that the calibration
is holding.

The task of defining or testing the mass scale stability was considered and the
technique of setting the gate on the side of a mass peak was determined to be the
most definitive and clearest test. It is also easy to do.

The mass scale stability of the MA -3 Time-of -Flight Mass Spectrometer was

tested by narrowing the scanning gate width to a narrow width which yields near
maximum resolution, setting the gate on the side of a mass peak at the 75% of

peak height level and observing the output level of the instrument as a function of
time. Due to the steep slope of the mass peak, any mass scale instability is -
observed as an output change. A change of 10% in output level corresponds to a
change of about 10% of a mass number at mass 500 by this technique.

Since the test was to be continued over a period of several weeks, a constant
sample source was needed. Mass 28 due to nitrogen in air was chosen and a
two-stage inlet comprised of a capillary followed by molecular leak was used
to obtain most stable flow. The advantages of the nitrogen in air sample con-
stancy outweighed the dramatic effects possible by performing the same ex-
periment on a peak in the mass 500 range. Even pump fluid background abun-
dance is not reliable for such long periods and no suitable high mass sampling
means could be found.
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No attempt was made to stabilize input line voltage and consequently the 60-cycle
voltage into the instrument varied from 115 to 130 volts during the experiments.
A standard production MA -3 type instrument was used to insure typical results.

The experiment was performed by setting the gate on the side of the mass 28 peak,
then simply recording the output. Figure 1 shows part of the actual data. In 1A,
the 28 to 32 peaks were scanned, then the gate was stopped on the side of the 28
peak. The recorder speed was slowed after 45 seconds. In 1B, the trace is shown
for a ninety-minute period. The complete electronic portion of the instrument was
turned off at the end of the working day and turned on again the following work day
without touching any controls except the single on-off button.

In 1C, the 28 peak was scanned, then the gate set on the side of the peak again.
The whole instrument was turned off for two minutes, then turned on again. The
gate returned to within 0.1 amu easily. The 28 maximum is shown again. We
wish to reemphasize that these tests were conducted at near maximum resolution.
That makes this procedure a most critical test.

The short-term mass scale stability appears to be better than 1/100th of a mass
unit at m/e 28 and the largest excursion observed over a 30-day period was less
than 1/10th of a mass unit even by turning the electronics off over a three-day
weekend. The mass scale stabilized faster than the output stability, but by
manually going from the side of the peak to the top to observe the position on the
peak during the warm-up period, it was evident that the mass scale stabilized
to these values in less than ten minutes. The variation of abundance sensitivity
settled to about £ 1% short term within 30 minutes. This is consistent with a
normal warm-up stabilization time for the electronics, ion source and glass
strips in the magnetic electron multiplier.

Another measurement of this stability was obtained on an MA-2 by use of an
Infotronic CRS-160 analog to digital converter and MDS high-speed printer. It
took less than 15 minutes to hook the CRS-160 to the MA -2 and calibrate it to

0.2 amu at 500 amu. The calibration was observed to hold constant from day-to-
day also, even with indiscriminate turning off and on.

It is clear that this degree of mass scale stability opens up new possibilities of
scan function beyond the historical continuous sweep scans. It is now feasible
to make the TOF mass spectrometer scan by means of computer control which
allows complex scan functions in addition to the linear ramp so commonly used.

One of the most promising complex scan modes is the optimum-dwell jump scan
wherein the analog jumps from peak-to-peak and stays on top of each peak just
long enough to reach the required statistical level, then quickly moves on to the
next peak of interest. This scan mode will yield much greater useable sensitivity
in fast scanning GC effluent peaks.

The absence of any factors such as magnetic hysterisis or R.F. field instability
in the TOF makes this type of programmed scan feasible.

To summarize, a production MA -3 TOF mass spectrometer has been shown to

have better than 0.1 amu stability from week-to-week with line voltage changes
of 15 volts and being turned off and on daily.
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A TIME-OF-FLIGHT MASS SPECTROMETER FOR SPACE EXPLORATION H9
Tony C. D. Knight

Bendix Aerospace Systems Division, Ann Arbor, Michigan 48107

The Time-of-Flight mass spectrometer has many desirable features for space
applications. Hitherto the resolution attained with a drift-tube length compatible with
a flight constrained instrument has been inadequate for most applications and conse-
quently few TOF instruments have been flown., However, recent improvements in
certain mechanical components and the significant advances during the last few years
in high speed clectronics have led to an instrument fully compatible with the require-
ments and constraints of flight hardware. The characteristics of a flight instrument
using the current state-of-the-artis shown in Figure 1.

In the past the major technical obstacle lay in the general area of electronics
stability -particularly in stability of the timing delay. Figure 2 shows various timing
relationships for the instrument and timing delay stabilities of about +2 nanoseconds
are required in time delays up to about 8 microseconds in order to realize the full
potential of the TOF spectrometer for the space application, This stability require-
ment can be approached using digital logic in the 300 megahertz range but this is pre-
cluded in a flight instrument due to the relatively high power requirement. After
various investigations and trade-offs two reasonable approaches were identified. Both
of these met the stability requirements and were generally compatible with flight hard-
ware constraints. The first technique was to use acoustic delay lines-similar to those
developed for phased radar arrays, and the second was to use electronic delays based
on the circuit techniques used in the commercial range of instruments. Pertinent
performance data is presented in Figure 3 for these two approaches.

The acoustic delay appears to provide the best performance but since the delay
can not be varied the electronic delay approach was finally selected in view of its
greater flexibility. The temperature coefficient of the electronic delay circuit is
rather higher than ideal but it is a comparatively simple matter to design all of the
circuits that have some effect on the required delay to effectively reduce the overall
temperature coefficient by about one order of magnitude from that of the delay circuit
alone. This being the case, then the temperature coefficient problem becomes
insignificant. The configuration selected for the timing and data handling section of the
flight instrument is shown in Figure 4. The delay obtained from the delay circuit
varies approximately linearly with the level of the reference voltage applied. For the
flight instrument this reference voltage is derived from a 12 bit D/A converter, This
provides the capability for performing digital control either to scan through some, or
all, of the mass range or to sit on a particular mass peak for as long as required. The
12 bit.level provides an increment of about 2 nanoseconds.per digital step, which
provides a perfectly adequate timing resolution. The delay timing is initiated by the
ion draw-out pulse and outputs from the delay timers are used to trigger the data
collection channels (or can be used to trigger pre-dynode gating channels).

The output from the multiplier is amplified and fed into a linear fan-out, each
output feeding separate identical data handling channels, so allowing monitoring of
more than one mass peak or mass range at the same time. The linear fan-out feeds a
fast gate and dual fan-out; the opening of the gate being triggered by the delay timer
and the period during which the gate is open and accepts a signal, if present, either
being pre-set and fixed or adjustable via up-link command.

One channel of the dual fan-out feeds an analogue electrometer channel and the
other a digital counting channel. The electrometer channel is intended to handle the
higher level signals and provides a logarithmic compression of the current. On read-
out command the electrometer voltage outputis sampled and held in a sample and hold
circuit for later multiplexing into the data stream. As soon as the sampling is
completed the channel is ready for the next measurement. This technique allows
sampling many data channels at exactly the same time and yet still multiplexing the
data into a serial data stream.

B191



The digital channel is intended for the low signal levels. Its capability is to
detect whether or not at least one ion is present in an instrument cycle and sum these
over the period between readouts. On readout command the digital output is stored in a
buffer store for multiplexing into the data stream. The expected noise level in a digital
channel is about one count every 50 to 100 seconds so allowing the digital mode to provide
an exceptional minimum detectable signal level. At low signal levels the statistical
probability of there being more than one ion in any instrument cycle is very low and the
count provided in the digital mode can be considered to be a true ion count. As the
count rate increases then the probability of there being more than one ion detected in
each cycle increases and an additional statistical error has to be added to the basic
statistical error which varies as a function of count rate. The actual count in the digital
register can be used to determine whether the analogue or digital output is multiplexed
into the data as providing the most accurate output. An area of overlap, in which both
the analogue and digital output are read, provides a means of obtaining a calibration of
the analogue channel. If required one of the outputs from the fan-out can feed directly
into a electrometer to provide a total ion current output.

Other aspects of the instrument design will not be considered here but the
design is a straightforward application of flight design practice to relatively simple
problems.

FIGURE 1
PROJECTED INSTRUMENT CHARACTERISTICS

WEIGHT: 12-16 POUNDS

SIZE: ~13" X 8" X € {~ 36 CU FT}

POWER: 10 WATTS + 1 WATT PER OUTPUT CHANNEL
RESOLUTION: BETTER THAN UNIT RESOLUTION AT MASS 150 AMU

USEFUL MASS RANGE: 1 THROUGH 250 AMU
SENSITIVITY: TO ABOUT 1015 TORR PARTIAL PRESSURE FOR NITROGEN

DYNAMIC RANGE: TYPICALLY 108

FIGURE 2
INSTRUMENT TIMING RELATIONSHIPS
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FIGURE 3
DELAY TIMING STABILITY

ACOUSTIC DELAY LINES:

® 8 MICROSECOND DELAY + 0.25 NANOSECONDS

® TEMPERATURE COEFFICIENT 0.04 NANOSECONDS/C

ELECTRONIC DELAY LINES:
® 9835 + 0.5 {15.D.) NANOSECONDS DELAY

SHORT TERM {10 MINUTE} STABILITY

® TEMPERATURE COEFFICIENT 0.20 NANOSECONDS/C

FIGURE 4
DATA HANDLING—SIMPLIFIED BLOCK DIAGRAM
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ENVIRONMENTAL ASSAY OF TRACE METALS

W, G. Myers and F. A, White

Department of Nuclear Science
Rensselaer Polytechnic Institute
Troy, New York 12181

INTRODUCTION

At this particular laboratory we are interested in environmental
measurements of trace metals, especially those metals that relate to the
nuclear industry. In many instances, techniques other than mass spectro-
metry may be employed and a usef¥} comparison of sensitivity has been re-
ported by Morrison and Skogerboe ). Nevertheless, mass spectrometry often
exceeds, in sensitivity, neutron activation methods and it provides iso-
topic information that rarely can be obtained by other methods.

Inasmuch as this presentation is intended to provide preliminary
information, rather than a complete report, we have chosen to make refer-
ence to three types of environmental measurements. First we shall discuss
the utility of mass spectrometry in measuring transient phenomena - speci-
fically, the assay of copper in rainfall. Secondly, we shall review recent
measurements of uranium and rubidium concentrations in surface waters of
New York State. Finally, we would like to call attention to the increasing
importance that isotopic data is expected to provide.in- future environmen-
tal surveys, especially as the nuclear power industry in the United States
will generate literally tons of material whose isotopic abundanceiwill. be
significantly changed from the naturally occurring elements. Additional.:
applications of ‘mass spectrometry to trace metals ag&}ysis in environmental
sciences have been suggested by one of the authors.

ASSAY OF COPPER IN RAINFALL
v B () Sl s

s twt 7 % The primary sources of metallic pollutants and:their rate of
introdaction 'into’the atmosphere is-generally known. The natural forces
andymeteorological -procésses regulating their removal, however, are not
as~well -defined, receiving comparatively little attention to date. The
high sensitivity of thermal ionization, mass spectrometry to metal analysis
was applied at this laboratory to observe the dynamic 'washout' of copper
from the atmosphere.

Figure 1 shows the copper content of fractionally collected rain
samples taken during a shower in the Troy, New York area, June 1968, The
samples were collected in plastic containers and spiked with an isotopi-
cally enriched nitric acid mixture. The analysis was performed on drop-
sized (10 ul) portions of the precipitation whose total copper content
amounted to only 1 x 10-10 gm in some cases,_ _The results shown in Figurel
were found to agree with theoretical mode1s (3) describing contaminant wash-
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Figure 1. Copper Content of
Fractionally Collected Rain
Samples from the Troy, New
York Area, June 1968.
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Figure 2. Uranium Concentra-
tions in Seven New York
State Lakes, 1966-67.
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out mechanisms. Graphical analysis of this data indicated the copper con-
centration in the precipitation follows the expression:

C ( ug Cu/emd) = 0:00275 (1 - e"36-6h) + 0.0044 (1 - e1.66h

where h is in terms of centimeters of rainfall. By estimating other para-
meters of each storm, one can calculate the approximate copper content in
ambient air both prior to and during the period of precipitation. Such in-
formation, along with direct air sample analyses allows the determination
of atmospheric self-cleansing rates, and provides a better understanding
of the complex mechanisms which establish contaminant concentration levels,

ENVIRONMENTAL MONITORING OF URANIUM AND RUBIDIUM

The need for increasing numbers of nuclear power generating sta-
tions and theilr deployment adjacent to large bodies of water initiated two
studies at this laboratory to establish base line concentrations of zgeci-
fic elements within the confines of New York State. In one study, ( con-
ducted in 1967, the determination of the uranium concentrations in seven
New York lakes was made. The analytical procedure employed, involved
collecting 100 ml water samples, followed by splking with U235 enriched
isotopes, evaporation and ether extraction at the laboratory, and the sub-
sequent isotopic dilution analysis via thermal ionization mass spectrometxy.
Figure 2 lists the uranium concentrations. The significant difference in
concentrations between the Adirondack Lakes and those of the Finger Lake
and Lake Ontario grouping can be explained on the basis of the geological
and agricultural history of these two distinct regions.

In another study (5 during the period 1966-67, the rubidium
concentration over a 140 mile length of the Hudson River was determined.
The interest in rubidium stems from it being a naturally occurring radio-
active element whose chemical similarity to potassium allows it to play at
least a passive role in biological processes. Rubidium is also a signifi-
cant end-product of the nuclear fission of uranium. Figure 3 shows the
stations along the Hudson River which were sampled, The observed rubidium
concentrations ranged from 0.66 ug/l to 2.06 u/l; Figure 4 showing the
gradient as a function of distance from the mouth of the river. Other data
indicated that domestic waste and some industrial sources have significant
rubidium concentrations which would produce noticeable variation in hourly
concentrations.

A current investigation at this laboratory is directed towards
the analysis of trace elements in urban air environments. Although the
National Air Surveillance Network is monitoring urban atmospheres for some
15 odd metals, the instrumental methods of analysis presently applied to
these samples are not sensitive enough to detect those metals which exist
in trace concentrations. One example of the sensitivity and value of mass
spectrometric analysis to environmental surveillance has been demonstrated
on air samples taken in June 1969 from downtown Albany, New York., These
samples were analyzed for their uranium content by employing t?g isotopic
dilution procedure, using thermal ionization source techniques ) developed
by the authors. The results of this particular analysis are listed in
Table 1 along with the concentrations of a few other metals present in the
atmospheres of U,S., cities as a means of comparison.

IMPORTANCE OF ISOTOPIC ASSAYS IN FUTURE STUDIES

We believe that within the near future, not only will the ele-
mental "finger-print'" of environmental systems be recorded and monitored,
but also theilr 1sotopic composition. In addition to being ideal for bio-
logical and environmental tracer studies, stable isotopic analyses offers
a very sensitive means of observing human induced changes to natural en-
vironmental systems, A change in the isotopic abundance of an element
will not only provide a measure of the amount of contamination introduced,
but possibly its sour%e. This technique has already been demonstrated
with the element lead(7,8),

Those interested in monitoring the impact of the nuclear indus-

try on the environment will find the rare earth elements particularly use-
ful for such purposes. The rare earth elements are attractive here because
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of their relatively low abundance in nature and rather high yield from
nuclear fission. Based upon a predicted power output of 109 MW (T) in
the year 1990 from nuclear plants, the yearly production of stable fission
product elements therefrom would be 110,000, 58,000, 28,000 and 24,000
pounds of neodynium, cerium, lanthanum and samarium, respectively. The
introduction of a small portion of this material into the en¥8ronment )
would be detectable due both to the low levels (i.e. 5 x 10~ g Sm/1 in
seawater) presently existing there and the characteristic isotopic abun-
dance difference between natural and fiszion product elements. As an
example, the isotopic ratio of Cel40/Cel®Z in nature is 7,98, whereas that
from the fission 8f uranium 235 is about 0.015. Given a body of water con-
taining 12 x 10-10 g Ce/1 (seawater), the input of only a small quantity
of fission product cerium will produce a noticeable change in the natgral
isotopic ratio. In the case of a river with a flow rate of 26,000 fg2/sec
(Hudson River at Albany), a nuclear power plant leaking only 6 x 107° g/sec .
into the river would produce an isotopic ratio change from 7.98 to 7.5
downstream even after complete mixing.

The need for establishing background concentrations and isotopic

analyses of these and other ecosystems is apparent. It is here that mass
spectrometry can provide a unique contribution to environmental studies.
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ANALYSES OF ATMOSPHERES OF ENCLOSED ENRVIRONMENTS 12

F. E. Saalfeld and R. A. Saunders
Physical Chemistry Branch
Naval Research Laboratory, Washington, D, C. 20390

I. Introduction

Since the mid-1950's, the Naval Research Laboratory has analyzed a number of differ-
ent kinds of closed envirommental atmospheres from the point of view of determining their
trace contaminant content in order to maintain a check on the viability of these atmos-
pheres. These atmospheres have included aviators' and divers' breathing gases, high-
pressure atmospheres for diving habitats such as the Sealab experiments and Tektite,
various manned and unmanned spacecraft atmospheres, the atmospheres from a variety of
environmental chambers, and, of course, nuclear submarine atmospheres, The importance
of these contaminants is 1llustrated by the fact that the length of a submarine cruise
is now limited by the purity of the atmosphere. , .

The number of organic trace contaminants in these closed atmospheres varies from as
few as 50 to more than 12,000 in nuclear submarine atmospheres. Many of the seemingly
harmless contaminants cannot be ignored because some of them can be decomposed to form
toxic or corrosive materials by the catalytic burners installed in these atmosphere
systems to oxidize CO. These contaminants exist in the atmosphere as gases, or as
liquid or solid particulates. For the most part, our attention has been confined to
the volatile contaminants. Because most of our experience has been with submarine at-
mospheres, it will be primarily these mixtures that will be discussed here.

This report will review gsome of the Navy's effort in this area from the following
points of view: ’

(1) how are the atmospheres sampled?
(2) how are the contaminant mixtures analyzed?
(3) what are some of the current analytical problems?

(4) what are some of the mechanical and physiological problems caused by atmospheric
contaminants? .

II. Sampling Methods

The cholce among the several methods of sampliﬁg an atmosphere depends on ‘the pur-
pose of the analysis. The most commonly used methods of sampling are:

(1) adsorption on activated charcoall;
(2) sampling of whole air;
(3) in situ sampling (and wonitoring) of the atmosphere.

By far the most used method of these is the charcoal technique. It is thus the most
important and will be described more fully than the other sampling wmethods.

In the nuclear submarines, the entire volume of the atmosphere of the submarine is
passed through a charcoal bed every few minutes. When the bed becomes loaded with con-
taminants, it is replaced. The used adsorbant is sealed in plastic bags and returned to
various laboratories for analysis,

Contaminants are recovered from charcoal in our laboratory by slowly heating the
adsorbant in a vacwmm to a temperature of 300°C and retaining the desorbate in cryogenic
traps at various temperatures, the last trap being cooled with liquid nitrogen. The
efficiency with which various contaminants are adsorbed on charcoal varies considerably,
as does the efficiency with which they are desorbed. Low molecular weight or volatile
compounds are recovered with ease, whereas many high-molecular-weight contaminants may
not be recovered at all. Thus, for assay purposes, charcoal is not a good sampling
method, but for qualitative identification it 1s the best method available.

Sampling of whole ailr is accomplished by two methods. An evacuated flask 1s opened
at a given time or sometimes pressurized with a speclally designed pump. This method of
sampling the atmosphere has some major drawbacks, however. Only a relatively few of the
more concentrated contaminants can be accurately assayed in an "as 1s" sample of the
atmosphere. The identification of contaminants present at lower levels of concentration
requires a sampling method which concentrates the contaminants. This can be accomplished
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by adsorption on activated charcoal or by freeze-out in cryogenic traps. The former
method has the problems just discussed, while the latter method greatly concentrates the
CO, and H,0 in addition to the organic pollutants.

The last sampling method 1s perhaps the best of all the methods - in situ sampling.
In this approach the sample is pumped from the various compartments of the enclosed en-
vironment to an analysis instrument. The major concern here is the prevention of con-
teminant condensation, The instruments will be briefly described in the next section.
Obviously, the in situ approach eliminates the troublesome absorption-desorption or con-
centration steps of the previous two sampling methods, The more serious drawbacks of
this method are associated with the instruments employed for the analysis and will be
dealt with in the next section of this paper.

I1I. Analytical Methods

Before describing the techniques employed to analyze the contaminant mixtures, a
brief description of the type of mixture being considered is in order. A typical sub-
marine atmosphere contaminant profile is given in Table 1. Of the compounds present in
submarine atmospheres, most are hydrocarbons. These may be analyzed as 'types", denoted
in Table 1 as aromatic and aliphatic hydrocarbons, rather than specific compounds. This
greatly simplifies the analysis problem.

At present there are three types of instruments being employed in the submarines and
diving habitats for atmosphere analysis. The oldest of these monitors several gases by
different techniques; e.g., oxygen by a paramagnetic measurement, hydrogen by thermal
conductivity, and carbon monoxide by infrared absorption. A newer approach, based on
multicolumn chromatography, also monitors only a preselected number of components. The
last technique, also based on chromatography, can measure the very volatile organic con-
taminants (methane and a few chlorinated compounds) individually and the bulk of the
hydrocarbons in total, by a back-flush technique. Appropriately, this instrument is
known as the Total Hydrocarbon Analyzer.

All of the above methods suffer from several major drawbacks, e.g., they will not
detect a new deleterious component and they are not capable of distinguishing between
aliphatic and aromatic hydrocarbons, which is now a requirement of submarine atmosphere
analyzers.

Thus, if the Navy is to successfully monitor the contaminants a new in situ approach
to the analysis is necessary. The one of immedfate interest to the Navy is a combination
of mass spectrometer/computer. It must be born in mind that such a system must be oper-
ated and maintained by sailors and therefore the combination must be rugged and automated
both in its operation and in its data readout. The use of this combination should also
enable the concentration of aromatic hydrocarbons to be assayed in the classical hydro-
carbon "type' determination. This system is currently being investigated by the Naval
Ship and Engineering Command.

As for the material returned to the laboratory for analysis, after the contaminants
have been concentrated almost every technique possible is employed to aid in the identi-
fication of the pollutants. The most useful analytical system for analysis of these
complex organic mixtures is the gas chromatograph/mass spectrometer combination. There
are several excellent commercial combinations available, The particular system in use
at NRL is an F&M 810 ges chromatograph coupled to an Atlas CH4 dual ion source mass gpec-
trometer. We have employed many different types of Interfaces between these two instru-
ments, some obtained from commercial sources and others built at MRL, but with the tre-
mendous concentration differences and the diverse nature of mixture components found in
these atmospheres, none of the interfaces has been entirely satisfactory. We obtain the
most satisfactory results when the entire effluent of the gas chromatograph is fed into
the mass spectrometer. Therefore, the development of a gas chromatograph/mass spectrom-
eter using a chemical lonization source 1s most exciting. In principle, one has only to
record a mass spectrum of each component as it elutes from the column to make an identi-
fication. However, it is not quite that simple because even with the best columm reso-
lution, many of these peaks represent more than one component. By obtaining a mass
spectrum on the leading side, at the peak maximum, and on the trailing side of a peak,
it 18 often possible to identify unresolved components. In the case of the space cabin
atmosphere, and some of the other simpler atmospheres, there may be no more than 50-100
contaminants and the gc/ms technique by itself is adequate to identify them. However,
for more complicated atmospheres, such as those from nuclear submarines, where there are

. a great many sources of contaminants, more specialized techniques are required in order
to identify the pollutants.

One of these specialized methods of analysis, which has not been adequately tested
but appears promising, is the slow desorption of charcoal (a very small amount) directly
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Table 1
A Typical Submarine Atmosphere Contaminant Profile

H,

Methane

Nitric Oxide

Carbon Dioxide
Nitrogen Dioxide
Aliphatic Hydrocarbons
Vinylidine Chloride
Trichloroethylene
Aromatic Hydrocarbons
Methyl Chloroform
Freon 12

Freon 11

Freon 114

Freon 113

Freon 1143-2

Benzene

Mercury

N,0

co

Ozone

Table 2
Analysis of Tektite Carbon

Desorption Method Direct Probe Method
Butape Butane
n-Pentane n-Pentane
Benzene Benzene
Xylene Xylene

Unidentified GC Peaks Ethanol
Isopropanol
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in the ion source of a mass spectrometer. The sample is placed on the direct insertion
probe which can be cooled to -150°C to retain very volatile components. To prevent con-
densation of H,0 and CO, during cooling, the probe is immersed in a stream of pure helium
before being inserted into the vacuum lock; after insertion into the ion source, it is
slowly heated. As the probe temperature rises, repeated mass spectra are recorded until
all the volatile components have been desorbed, A comparison of the results obtained by
the probe approach and a conventional desorption for a Tektite sample are shown in Table
2, The results are encouraging. We have also used this approach for a submarine desor-
bate, and while the results are not as satisfying, they are acceptable. The limitation
of the technique is the minute concentration of some of the constituents of the mixture,
If one only wishes to determine the major impurities, the probe approach is adequate.

Its major advantages are a great savings in time (2 hours compared to 16 hours for thé
normal desorption analysis) and the capability to follow the various constituents as they
proceed through the charcoal bed. The method 18, of course, an extension of the tech-
nique first described by Amy, et al. (1) and Damico and co-workers (2) for the identifi-
cation of chromatographic peaks.

IV. Current Analyticdl Problems

One of the most troublegome problems in these analyses is the selection of the
chromatographic columms which will give the best resolution of the contaminant mixture.
No single columm is likely to give complete resolution. Therefore, the use of several
columns is frequently required to separate the mixture; This is accomplished by the use
of stop-flow chromatography. A problem to be considered in stop-flow chromatography is
the mixing of components on the first column when the carrier gas column flow is halted.
This occurs to a very limited extent if the column flow is fiot halted for too long a
period. Assuming that it might take 20 minutes to investigate each of the components on
a second column and that there are five or six different peaks on the first chromatogram
being investigated, the total hold-up time on the first column might run to as much as
three hours, Towards the end of this time some mixing does occur and ghosts of peaks are
observed on the first column. But the problem is nonexistent, or only slightly trouble-
some for the first few peaks. Another technique, which is really essentially the same as
stop-flow chromatography, involves collecting fractions as they are eluted from one
column and reintroducing the fraction onto a different colummn or directly into the mass
spectrometer with a direct imsertion probe (1,2).

Another problem arises from the relative concentrations of the components in these
contaminant mixtures. Some components are present at concentrations 1, 2 or 3 orders of
magnitude lower than others. In the case of multiple components eluted from the chro-
matographic column at the same time, the concentration of one is usually very much higher
than the others; thus, the mass spectrum of the abundant component tends to mask the
presence of the minor components. It is helpful if the concentration of the major com-
ponent can be reduced relative to the other components to enhance the identification of
the minor components. When a sample 18 concentrated by cryogenic techniques, CO, 1is a
major contaminant, The concentration of this component is usually 1 to 2 orders of mag-
nitude greater than any of the other contaminants present in the mixture, The amount of
sample which can be introduced onto the chromatographic column is limited and this, in
turn, limits the quantities of the minor components which reach the mass spectrometer ion
source. The CO, concentration may be greatly reduced by passing the sample through a
lithium hydroxide trap, which does not adsorb any significant quantity of the remaining
trace material. The relative concentration of the other components in the mixture is
thus enhanced and a far greater number of contaminants can now be identified from the
mass spectra.

V. Connectfons between Analysis Results and Environmental Problems

There is a fantastic number of components which contaminate a submarine atmosphere
and, in spite of the sophisticated techniques available for identifying them, only a rel-
atively small number have actually been identified. Once a component has been identified,
the Navy is interested in determining its short- and long-range toxicity. This work is
done at the Naval Toxicology Unit at Bethesda, Maryland. It is interesting that only a
very few of the many contaminants in a submarine atmpsphere have ever caused any obvious
physiological or equipment problems, There have been a few incidents, of course. One
particularly troublesome situation, which has occurred on a nimber of occasions, has in-
volved the generation of strong lachrymators. The source of lachrymation in all cases
has been traced to overheated lubricating oll. Surprisingly, the lachrymator formed is
not acrolein, H,C=CH-CHO, as one might think, but acetaldehyde. Another contaminant
which has given a great deal of trouble in some envirommental atmospheres, and whose
existence in these atmospheres is quite surprising, is dichloroacetylenme. According to
the literature, this compound 18 spontaneously explosive in air, and was previously
believed to be unstable in these atmospheres. The compound, however, can exist in air
at low concentrations because it is stabilized by the presence of other contaminants,
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notably trichloroethylene and methyl chloroform. Dichloroacetylene is not off-gassed
from materials as are most contaminants, but is actually produced in the envirommental
control system designed to eliminate contaminants, It is generated when trichloroethyl-
ene (or methyl chloroform) reacts with lithium hydroxide, or any other alkaline material
used to adsorb carbon dioxide. Dichloroacetylene is extremely toxic and concentrations
of only a few tenths of a part per million can effectively incapacitate a man for normal
activities after 7-8 days of continuous exposure.

VI. Summary

In summary, GC-mass spectrometry is an extremely apt technique for the resolution
and identification of the many trace organic contaminants which develop in environmental
atmospheres. The complexity of some of these contaminant mixtures, however, requires
certain additional supporting techniques to identify the maximum number of components.
These special techniques include special sampling methods and chromatographic tricks,
such as "stop-flow" chromatography, fraction collection, and really any other technique
available.

Finally, one must always be aware of the possibility of introducing new and perhaps
deleterious compounds into an enclosed atmosphere from a seemingly harmless source; for
example, the generation of dichloroacetylene from trichloroethylene, as mentioned pre-
viously. Another source of potential problems is the partial decomposition of materials
in the catalytic burner (present in the atmosphere purification system to oxidize CO to
C0,) to toxic or corrosive materfals. Since the presence of these materials can seldom
be predicted, the need for a sensitive, universal atmosphere analyzer, such as a mass
spectrometer/computer, which can be operated and maintained by nonscientific personmel,
is apparent.
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THE USE OF MASS SPECTROMETRY IN THE IDENTIFICATION OF ORGANIC CONTAMINANTS

IN WATER FROM THE KRAFT PAPER MILL INDUSTRY

A. W. Garrison, L. H. Keith, M. M. Walker

Southeast Water Laboratory
Federal Water Quality Administration
U. S. Department of the Interior
Athens, Georgia 30601

Contaminants in Kraft Mill Effluents

A research project at the Southeast Water Laboratory is the identification of the
chemical constituents that are present at the various stages of a kraft pulp mill's
waste treatment system. Special attention is focused on the chemicals that remain after
the final stage of waste treatment, at the point where the effluent enters the natural
water system. Although many of the organic chemicals occurring naturally in the wood
and some of those produced by the pulping process have been identified, little or
nothing has been done to characterize the organics remaining in the process wastes after
treatment.

Waste treatment processes are currently evaluated by the measurement of such gross
pollution parameters as biochemical oxygen demand (BOD) and total organic carbon (TOC).
Such determinations give useful information but may be misleading when efflueats contain
toxic or nonbiodegradable chemicals. BOD and TOC values do not specify which chemicals
have been degraded. Many organics may have been only partially hydrolyzed, photolyzed,
oxidized, or reduced, leaving derivatives that may be toxic or otherwise troublesome.
The identification of the compounds that are resistant to present treatment processes
is essential to the design of more efficient facilities; this information will also
provide a basis for determining the effects of industrial effluents on the quality of
our natural waters. A comprehensive analysis of the complex mixture of chemicals
‘entering our waters from kraft pulp mills was practically impossible before the advent
of the technique of tandem gas chromatography-mass spectrometry.

The treatment facilities of a modern kraft paper mill were chosen for our first
study. These particular facilities are falrly advanced by today's standards and reduce
substantially the BOD and TOC of the mill effluent. This is to be expected since the
chemicals involved are of natural origin and are susceptible to secondary (biological)
treatment. However, even in this case it will be shown that the treatments are not
removing as many of the chemicals as BOD and TOC measurements are often interpreted
to indicate.

The mill effluent is first pumped into a 225 ft. diameter storage tank where
particulate material is allowed to settle or, in the case of wood fibers, to float to
the top where they are continuously skimmed off. Next, the effluent is sprayed into a
100,000 cu. ft. trickling filter where it trickles over a lattice covered with a slime
bacteria for biological degradation. It is collected in the basin of the trickling
filter and passed through a secondary 160 ft. diameter clarifier before being discharged
into a series of aerated lagoons with an area of 21.6 acres and a retention time of three
days. At the end of the lagoons, approximately 13 million gallons per day of this
treated effluent are discharged into the river.

Previous characterization efforts have relied almost exclusively on gas chromato-
graphic analysis. We have developed a program that will, in general, employ the

following outline:

1. An initial study to determine the best method of obtaining samples for
analyses.

2. TIdentification of as many components of the sample extract as possible
by gas chromatography/mass spectrometry. .
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3. Identification of compounds by NMR, IR, UV, and high resolution mass
spectrometry/computer analysis when necessary.

Two methods of sampling were considered:

1. The first is that of collecting one or two gallons of "grab sample'.

This method has the advantages of being rapid and easy; the samples are also
readily frozen and stored until used. However, relatively small amounts of
material are available for analysis. Although GC-MS analysis requires only sub-
microgram quantities of each component, other methods such as NMR or infrared
spectroscopy require 10 micrograms to a milligram of each pure compound,

which must be isolated from the mixture by preparative gas chromatography

or some other separation technique.

2. The second method involves the adsorption of the organics from several
hundred gallons of water onto activated carbon, followed by drying and
desorption with some suitable solvent. This method can supply enough material
for preparative gas chromatographic separations. The disadvantages are:

it is more complicated than the ''grab sample' method, all of the compounds

are not completely desorbed from the carbon, and some of the compounds present
in the final extract may be the products of hydrolysis, oxidation, reduction,
isomerization or some other chemical reaction of the original materials
catalyzed by the large surface area of the activated carbon.

To obtain an evaluation of the first ("grab sample") method of sampling, 1 liter
aliquots of the treated paper mill effluent were extracted with four different solvents.
Each solvent extract was concentrated and analyzed by the same gas chromatographic
procedure. Of the four solvents used -- petroleum ether, ethyl ether, chloroform,
and ethyl acetate =~- chloroform had the greatest extraction efficiency and was used
for all further extractions.

In the second method, carbon filters were set up in two parallel banks of 4
filters each, and 900 gal. of the treated effluent, obtained at its point of discharge
into the river, was passed through each bank for a total of 1800 gal. The carbon from
the filters was then air dried at room temperature and extracted with chloroform
in a Soxhlet apparatus for 24 hours. Concentration of the 8 gal. of extract solution
to 300 ml was effected in a Kuderna Danish apparatus. The gas chromatogram of the
carbon chloroform extract (CCE) was very similar to that of the grab sample chloroform
extract, with minor differences in the intensities of the peaks.

Since an abundance of material was at hand from the CCE procedure, it was decided
to characterize the compounds remaining after treatment using this extract. The
sample was chromatographed on a 0.02 inch x 50 ft. support coated open tubular
(8.C.0.T.) carbowax 20 M column, programmed from 85-220° @ 2.5°/min. The chromatograph
was interfaced with the mass spectrometer via a heated capillary line and a Watson-
Biemann separator. Peaks were scanned as they were eluted from the chromatograph
and detected by the total ion current monitor. The GC was a Perkin-Elmer 900; the
mass spectrometer a Hitachi Perkin-Elmer RMU-7.

It 1s beyond the time and intent of thls paper to present a lengthy interpretation
of all the mass spectra obtained from this research. A few examples will suffice.

The earliest eluting compound for which we could obtain mass spectra exhibits a
parent ion at m/e 136, corresponding to an empirical formula of CjgHjg. The relatively
intense parent ion suggested a cyclic structure and/or conjugated double bonds, and the
empirical formula is characteristic of the monoterpene class of compounds. The frag-
ment at m/e 121 (M - 15) indicates the presence of a methyl group. Most, if not all,
of the other monocyclic monoterpenes, except limonene, have their base peak at m/e 93
or above; the unusual base peak at m/e 68 quickly led to the identification of this
compound as limonene. Fragmentation of the molecule into two isoprene units is postu-
lated to explain the base peak of limonene (1).

Two compounds, eluting after 12,5 and 18.0 minutes, both exhibited a pareat ion
at m/e 152. This, coupled with the long retention times, suggested oxygenated mono-
terpenes of empirical formula CygHjg0. Lack of significant ions at m/e 134 (M - 18)
further indicated them to be terpene ketones rather than alcohols or aldehydes since the
latter would tend to lose water in the GC-MS system.
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MILL EFFLUENT BEFORE TRICKLING FILTER

10C 4250pm 20D 186 ppm

MILL EFFLUENT AFTER TRICKLING FILTER

TOC 350ppm 80D 156 ppm

NEUTRAL VOLATILES
Y 2

MILL EFFLUENT AFTER AERATED LAGOONING

l 10C 300ppm BOD. 102 ppm

| 11 1

Figure 1. Gas chromatogram of kraft paper mill effluent at various stages of

treatment. Arrows indicate peaks which increase at each stage of
treatment. Numbered peaks correspond to: 1, limonene; 2, p-cymene;
3, terpinolene; 4, fenchone; 5, camphor; 6, fenchyl alcohol;

7, Ol-terpineol; and 8, gualacol. GC conditions: 18' x 1/8" $S
column packed with 6% SE-30 on Gas Chrom Q. Programmed at 70°

for 4 min., then 6.5°/min. to 250°, then held for 25 min.

Instrument
was a PE-900 with flame ionization detector.

PHENOLS AND ACIDS

4

METHYL ABIETATE
METHYL DEHYDROABIETATE '
METRYL ISOPIMARATE
METHYL PIMARATE

QUALACOL METHYL ETHER

MW I
/

VANILLIN METHYL ETHER
3,4-DIMETHOXY ACETOPHENONE

Figure 2. Gas chromatogram of acidic fraction of kraft paper mill effluent
before treatment. GC conditions same as in Figure 1.
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Figure 3. Methyl esters of resin acids and long-chain acids from Perdido
Bay, Florida. GC conditions: 0.02" x 50' SCOT column with carbowax
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Figure 4. Mass spectrum of methyl dehydroabietate in Perdido Bay foam sample
compared with a standard. Hitachi Perkin-Elmer RMU-7 mass spectro-
meter; 70 eV; introduced via gas chromatograph.
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The literature (2) revealed that fenchone had the same base peak (m/e 8l) as
the earlier eluting compound, -but there were major dissimilarities in the fragmentation
patterns since the published spectrum was obtained from a different instrument and
under different instrumental conditions. A standard fenchone spectrum obtained from
our instrument under the same instrumental conditions used for the unknown sample from
the mill was identical to the spectrum of the unknown.

The mass spectrum of the longer eluting compound closely matched the fragmenta-
tion pattern of camphor found in the literature (2), and comparison with the spectrum
of an authentic sample confirmed the identification. The longer retention time of
camphor results because enolization can occur in this isomer whereas it cannot occur
in fenchone.

The mass spectrum of alpha-terpineol was considerably different from that appear-
ing in the literature (3) because the fragmentation is dependent on source tempera-
ture and because we could not obtain complete gas chromatographic separation of this
compound. No parent ion was observed; the fragment at mass 139 arises from loss of
CH3. The intenie fragment at m/e 136 is produced by. loss of Hy0, the peak at m/e
59 is the C3H70" fragment, and the base peak arises from M-(18 + 43) (3).

In summary, we found compounds of the monoterpene class and their alcoholic and
ketonic derivatives to be the primary contaminants being adsorbed on the carbon and
desorbed by chloroform. In addition to the compounds previously mentioned, we also
identified and confirmed p-cymene, terpinoline, fenchyl alcohol, and guaiacol.

To determine the source of various compounds, we collected grab samples of the
effluent before and after the trickling filter and after the full treatment, which
included aerated lagooning (Figure 1). The BOD and TOC values decrease during the two
stages of the treatment. However, various chemical components vary greatly in their
behavior in these waste treatment systems. Some are completely removed or effectively
reduced by the trickling filter while others remain unchanged. Likewise, some com-
pounds are completely removed or effectively reduced by the aerated lagooning. Many
compounds, however, remain unchanged by either of these biological treatment systems,
at least as employed at this mill; and, further, some compounds are actually produced!

For instance, fenchyl alcohol (peak #6, Figure 1) can be seen to decrease in
intensity during both steps of the biological treatment while the peak corresponding
to fenchone (peak #4) correspondingly increases in intensity. Thus, a simple oxida-
tion of the alecohol to the ketone has occured. This process contributes to a lowering
of the BOD, but, at the same time increases the concentration of a chemical that
could potentially cause taste and odor problems in water. Camphor (peak #5) an isomer
of fenchone, is also produced, undoubtedly from one or both of its alcoholic precursors,
borneol and isoborneol. 2-Methylisobornoel was determined to be the cause of an
earthy taste and odor problem in the water supply of Celina, Ohio. Although the latter
was a separate problem and completely divorced from a paper mill source of pollution,
it 1llustrates the point that these terpene derivatives are a potentially obnoxious
class of water pollutants.

A similar approach was used to characterize the phenolic and acidic components
of the effluent. Samples from the same three sites (before and after the trickling
filter, and after lagooning) were extracted with chloroform to remove the terpenes
and other neutral organics and were methylated with dimethylsulfate in sodium hydroxide
solution. Comparison of the gas chromatograms again shows that most of the compounds
are reduced in concentration by one or both phases of the biological treatment, a few
are removed, and the concentrations of a few increased in the course of the treat-
ment with at least one new chemical being produced by the lagooning.

A number of compounds have been identified in this fraction of the effluent by
GC-MS (Figure 2). These include guaiacol, vanillin, pimaric and isopimaric acids,
and abietic and dehydroabietic acids. Efforts are continuing to identify more of the
constituents.

This chemical analysis of kraft mill wastes is an example of an approach to
pollution control that may be applicable to many other industries. Specifically,
when the final results of this work are made available to the kraft paper industry,
one very important parameter of pollution can be considered that has been neglected
previously -- the qualitative and quantitative identification of individual chemicals
introduced into the ecosystem by this industry. Other mills will be able to use
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these data to evaluate the effectiveness of their treatment systems. New types of
treatments can be compared to the existing ones for a chemical evaluation of their
efficiency.

We are currently comparing the chemical constituents in untreated effluents from
several different kraft mills; preliminary analyses show that they are quite similar,
at least qualitatively. Another extension of our current work will be the identifica-
tion of products from several different treatment systems. Preliminary analyses show
that very definite differences exist in the chemical composition of effluents that
have undergone different treatments.

Contaminants in the Environment

The pollution of our aquatic enviromment from industrial wastes is so extensive
today that the need for the analysis of organic pollutants in natural water arises
often. 1In such cases, the concentration of pollutants is much less than in industrial
effluents. The GC-MS has proven to be admirably applicable to such analytical problems.

For example, Perdido Bay, in Florida's Western Panhandle, has been plagued by a
foam problem for several years. Foam floats to shore in brown masses and creates a
nuisance to recreational and other water activities, as well as being esthetically
unpleasant. The suspected source of this foam, or the chemicals causing it , was a
kraft paper mill at the north end of the bay; the substance causing the foam was
suspected to be tall oil from the mill.

To determine the presence of resin acids from tall oil in the water and foam,
grab samples were collected, extracted with chloroform, esterified with diazomethane,
and analyzed by flame ionization gas chromatography (4). At least three resin acids --
pimaric, isopimaric, and dehydroabietic -- were indicated to be present in 2ll samples.
Thelr structures were confirmed by GC-mass spectrometry.

A water sample was taken between one and two miles below the paper mill in a
stream that is almost totally composed of the plant's effluent. The sample was
collected just below the second of two sedimentation ponds formed as part of the stream.
As shown by the gas chromatogram from the GC-MS analysis, several compounds other than
plmaric, isopimaric, and dehydroabietic acids were present (Figure 3, top). Methyl
esters of two different resin acids of molecular weight (MW) 318, one of MW 312, an
unknown compound of MW 264, and methyl palmitate were also shown to be present by
the mass spectrometer.

The second.sample was of foam and scum collected at a point in Perdido Bay about
17 miles below the paper mill at a location where foam was in abundance (Figure 3,
center). Methyl esters of pimaric, isopimaric, and dehydroabletic acids were identi-
fied, as were the long-chain stearic, eicosanoic and lignoceric acid esters. Unknown
resin acids of MW 318, 314, and 312 were also found.

The last sample was of foam only and was collected at a point about 24 miles
below the paper mill (Figure 3, bottom). Methyl esters of pimaric, isopimaric,
dehydroabietic, and palmitic acids were identified. Esters of unidentified resin
acids of MW 312, 314, and 318 were found as well as the unknown compound of MW 264.

The three mass spectra of the methyl esters of dehydroabietic, pimaric and
isopimaric resin acids in the samples are distinctly different from each other, and
each compares favorably with 'its standard spectrum. There is no ambiguity about their
identification, especlally since GC retention times also match with those of the
standards.

The mass spectrum of methyl dehydroabletate is simple (Figure 4). The m/e 239
peak, due to loss of CH; and HCOOCH3 from the molecular ion, is the most intense peak
by far (5). The m/e 240 peak isdue to loss of CH, &nd COOCH3. There are medium
intensity peaks due to the molecular ion at m/e 314 and due to loss of CHy at m/e 299.

The gpectrum of methyl pimarate (Figure 5) is also relatively simple, the peak
at m/e 121 constituting a large part of the total ionization. This peak is due to a
fragment in which the A ring of the resin acid is still intact (6). The extended
resonance possibilities of this ion may be one of the driving forces leading to its
formation. The ion of m/e 181 is composed of this same ring with the carbomethoxy
group still attached. Other imporatnt, but low intensity, ions in this spectrum are
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the molecular ion at m/e 316; and the M - CHy (m/e 301), M - COOCH; (m/e 257) and the
M - (CH3 + HCOOCI{3) (m/e 241) ions.

The mass spectrum of methyl isopimarate (Figure 6) is much more complex than those
of the preceding resin acid esters. The m/e 257 peak, due to M - COOCHy; the m/e 256
peak, due to M - HCOOCH3; and the M - (CH3 + HCOOCH3) peak at m/e 241 are more intense.
The relative intensities of these ions are reversed in the standard spectrum; however,
the pattern in the sample spectrum closely matches that of several published spectra
(6,7). Peaks at m/e 181 and 121 constitute a much smaller percentage of the total
ionization than they did in the spectrum of methyl pimarate. This indicates the
absence of a double bond between the C-8 and C-14 carbon atoms. Presence of this double
bond, as in methyl pimarate, is apparently necessary for formation of high intensity
ions at m/e 121 and 181 (6). Other important peaks in the spectrum of methyl isopimarate
are those at m/e 316 (the molecular ion), m/e 301 (M - CH3), m/e 287 (M - CyHg)
and m/e 227[M - (CHzCHp + HCOOCH,)].

Work is in progress to identify the four unknown resin acid esters found in the
samples. The MS fragmentation patterns of these compounds are similar to those of
the identified resin acid esters. The spectrum of the ester of MW 312, for example,
is similar to that of methyl dehydroabietate except that the molecular ion peak (m/e
312) and one major peak (m/e 237) appear at 2 mass units lower, with the addition of
a base peak at m/e 197, The spectrum of the unknown resin acid ester of MW 314 is
similar to that of methyl isopimarate except that most major peaks are at 2 mass units
lower. The spectrum of one of the unidentified MW 318 esters is similar to that of
methyl isopimarate except that many of the important peaks are at 2 mass units higher.

Four long-chain acids were identified (Figure 7). The presence of palmitic,
stearic, and eicosanoic acids in the samples was verified by matching GC retention
times and mass Spectra with those of standards. The presence of methyl lignocerate
was deduced by interpretation of its mass spectrum.

Mass spectra of long-chain acid methyl esters are well documented (8); a
detailed interpretation of their spectra is unnecessary here. All four esters show
the molecular ion, M - 29 ion, M - 31 ion and M - 43 ion; all at low intensity. The
peak at m/e 143, formed by 6,7-bond cleavage, is present in medium intensity in all
these esters. Peaks at m/e 74, 75, and 87, characteristic of long-chain methyl
esters, are the most intense peaks in all four spectra (Figure 7).

In conclusion, application of mass spectrometry, especially in tandem with gas
chromatography, is essential to water contaminants characterization. No other tool
presently available provides such definitive information on the constituents of small
samples of complex mixtures.

References:

1. R. Ryhage and E. von Sydow, Acta Chem. Scand., 17 (7) 2025 (1963).
2. E. von Sydow,ibid., 18 (5), 1099 (1964).

3. E. von Sydow, ibid., 17 (9), 2504 (1963).

4. F. H. M. Nestler and D. F. Zinkel, Anal. Chem., 39, 1118 (1967).

5. C. A. Genge, Anal. Chem., 31, 1750 (1959).
6. K. Biemann, Mass Spectrometry, McGraw-Hill, New York, 1962, p. 335.

7. H. H. Bruun, R. Ryhage, and E. Stenhagen, Acta Chem. Scand., 12, 789 (1958).

8. R. Ryhage and E. Stenhagen in (F. W. McLafferty, ed.) Mass Spectrometry of Organic
Ions, Academic Press, New York, 1963, Chapter 9.

B213



DIESEL ODOR IDENTIFICATION

by
F. G. Padrta and P. C. Samson
Universal Oil Products Company
Des Plaines, lllinois

ABSTRACT

In order to develop an efficient means for eliminating the odorants from diesel exhaust, a
thorough investigation was made into the identity of these components.

The diesel odor sample is condensed from the exhaust with a thermal gradient trap, extracted
and separated by liquid=solid chromatography into two fractions, unburned diesel fuel and odorants.
The odorants are further divided into different solubility classes, which are then analyzed by the mass
spectrometer.

A unique mass spectrometer inlet system was used for in=situ reaction of samples with phenyl
hydrazine or silylation agents for identification of compound types. A nominal ionizing voltage of
10 simplified interpretation of the spectra by reducing the intensity of the fragment ion peaks.
Identification of 38 types of oxygen= and/or nitrogen-containing compounds are made. However,
narrow chromatographic fractions taken of the odorants showed that no specific types could be
associated with diesel odor confirming that the odor is due to a synergistic effect.

#44
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Chemical Identification of the Odor Components
in Diesel Engine Exhaust. ALEGRIA B. CARAGAY, JOHN T.
FUNKHOUSER, EIVID A KENDALL, GREGORY LEONARDOS, PHILIP L.
LEVINS, Arthur D. Little, Inc., Cambridge, Massachusetts
02140. Research sponsored jointly by the Coordinating
Research Council and the National Air Pollution Control
Association.

The chemical species responsible for the characteristic
odor of diesel engine exhaust are being identified using
the combined techniques of sensory characterization and
identification through the use of high resolution mass
spectrometry on well resolved fractions. Exhaust con-
densate is separated from the non-odorous components and
resolved into specific odor fractions through solvent
extraction and 1iquid column chromatography on silica '©
gel to yield two primary odor fractions: oily-kerosene
and smoky-burnt. These are further resolved byra two
stage gas chromatography approach on a non-polar and a
polar cotumn. Odor profiles are obtained on the. efflu-
ent from the gas chromatograph, and final identification.
of individual odor components is achieved through coupled
gas chromatography - high resolution mass spectrometry.
The oily-kerosene odor complex appears to have its or-
iigin at least in part in the unburned fuel and consists
mainly. of cycloparaffins and aromatics. The smoky-burnt
odorscomplex is unique.to the combustion process and con-
tains a variety of oxygenated species.
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SIMILARITIES OF ORGANIC CONTAMINANTS IN ATRBORNE PARTICULATES 16
AND COAL TAR BY HIGH-RESOLUTION MASS SPECTROMETRY

by
A. G. Sharkey, Jr., J. L. Shultz, T. Kessler, and R. A. Friedel
INTRODUCTION

The purpose of this investigation was to compare mass spectral data for organic
material extracted from airborne particulates with similar data for coal tars.

Sawicki et al.l/ reported extensive investigations of polynuclear aromatic hydro-
carbons assoclated with particulate matter and other airborne contaminants. Hange-
brauck, von Lehmden, and Meeker%/ reported determinations on several of the major poly-
nuclear aromatics in emissions from potential sources of contaminants in the atmosphere.

A detailed high-resolution mass spectrometry study of coal-tar pitch was reported
previously by the Pittsburgh Energy Research Center.2/ Preliminary data were also
reported for polynuclear aromatics vaporized from airborne particulate matter./ 1In
the present investigation additicnal data were obtained for the composition of organic
material in airborne particulates, waste water, and products from treated municipal
wastes.

EXPERIMENTAL PROCEDURE

A Consolidated Electrodynamics Model 21-110B double focusing mass spectrometer
was used for this investigation. A resolving power of 1 in 12,000 was used for most of
the determinations. Spectra were obtained at low and high ionizing voltages to deter-
mine parent ions. Thirteen fractions of organic material extracted from airborne par-
ticulates were obtained from Thomas Stanley, U.S. Public Health Service, Cincinnati,
Ohioc. A sample of airborne particulates collected in Pittsburgh, Pa., by Morton Corn,
Graduate School of Public Health, University of Pittsburgh, was also investigated.

RESULTS AND DISCUSSION

The major oxygenated compounds detected in fractions of organic extracts from air-
borne particulates contained one and two oxygen atoms. Components with molecular
weights over 400 were detected. ' :

Mass spectral data for aromatic hydrocarbons in airborne particulates and coal tars
from low- and high-temperature carbonization are compared in table 1, including the
average molecular weights, the ratio of peri- to cata-condensed ring systems, the ratio
of unsubstituted to alkyl substituted ring systems, and the mean structural unit.” Aro-
matic components from the particulate sample collected in the Pittsburgh area showed a
higher degree of condensation, that is, a higher ratio of peri- to cata-condensed struc-
tures, than the other samples investigated.

A major difference appears in the ratio of unsubstituted to alkyl substituted
structures. The high ratio, 0.93, observed for the coal-tar pitch is typical of high-
temperature carbonization, while the lower values of 0.34 and 0.39 obtained for the
airborne particulates are typical of a lower temperature carbonization product. The
mean structural units, indicating the average number of aromatic rings per molecule,
varied only from 3.0 to 4.2 for the airborne particulates and the coal tar.

A distinctive series of peaks corresponding to fatty acids has been observed in
spectra obtained from extracts of airborne particulates as well as material vaporized
directly from the particulates. Fatty acids from airborme particulates and treated
refuse show similar distributions.

Samples of secondary treated waste water, obtained from a municipal sewage disposal
plant, were examined before and after treatment with activated carbon. Mass spectral
data for polynuclear aromatics alsc indicated similarity between high-temperature carbon-
ization products and organic material in waste water.

In a related investigation heavy oils from the destructive distillation of tires
were examined. This type of incineration is another possible source of airborne con-
taminants. A minimum of 17 structural types were indicated. Alkyl benzenes in the
78-190 mass range and alkyl naphthalenes in the 128-212 mass range were the major com-
ponents of the heavy oil.
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Table l.- Aromatic hydrocarbons in airborme particulates and coal tars
from low- and high-temperature carbonization

Low- High-
Aromatic Total temperature temperature
fraction sample, carbonization carbonization
(Public Health) Pittsburgh (total tar) (pitch)
Av. mol. wt. 229 195 - 208 242
5 e/ 2.9 3.6 2.6 2.8
% Unsub./Alk. Sub. 0.39 0.34 0.15 0.93
Mean structural unit 3.6 2.9 3.0 4.2
Percent of sample 4
analyzedb/ 11 12 e/ 50-70

5/ Ratio of peri-condensed to cata-condensed ring systems determined from
4-, 5-, 6-, and 7-ring compounds.

b/ Total sample for airborne particulates is considered to be the total
organic fraction obtained by solvent extraction.

¢/ Unknown.

CONCLUSTONS
Many similarities were observed in mass spectral data for polynuclear aromatic
hydrocarbons in coal tars from high-temperature combustion and airborne particulates
collected from urban areas:
1. Average molecular weights of material examined are in range 195 to 242.

2. Peri-condensed polynuclears are more prevalent than cata-condensed structures.

3. Aromatic ring systems contain alkyl substituents with up to four carbon atoms
and show a progressive decrease in concentration for alkyl derivatives.

4. Aromatic ring systems contain from one to at least seven rings.
5. Mean structural units of the aromatic systems contain three to four rings.
Fatty acids derived from natural fats and oils show similar distributions for air-
borne particulates and products from hydrogenated refuse. Mass spectra of airborne
particulates and extracts of waste water indicate many of the same aromatic compounds.
REFERENCES
L/ Sawicki, E., T. R. Houser, W. C. Elbert, F. T. Fox, and J. E. Meeker. Polynuclear
Aromatic Hydrocarbon Composition of the Atmosphere in Some Large American Cities.

Am. Ind. Hygiene Asso. J., v. 23, 1962, p. 137.

g/ Hangebrauck, R. P., D. J. von Lehmden, and J. E. Meeker. Sources of Polynuclear
Hydrocarbons in the Atmosphere. Public Health Service Publ No. 999-AP-33 (1967).

3/ Sharkey, A. G., Jr., J. L. Shultz, T. Kessler, and R. A. Friedel. High-Resolution
Mass Spectrometric Investigation of Coal Derivatives. Ch. 1 in Spectrometry of
Fuels, R. A. Friedel, ed., Plenum Press, 1970, pp. 1-14.

4/ Sharkey, A. G., Jr., J. L. Shultz, T. Kessler, and R. A. Friedel. Determining
Organic Contaminants in Air and Water. Research/Development, Sept. 1969, pp. 30-32.
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THE ANALYSIS OF THIN FILMS BY ION MICROPROBE MASS SPECTROMETRY

Charles A Evans, Jr. and J. Paul Pemsler

An ion microprobe mass spectrometer has been modified to provide a
primary ion beam with a reproducible, homogeneous current den%ity. The
depth homogeneity has been found to be + 20 A at a depth of 1000 Aby visual
observation of the color uniformity of craters sputtered in anodized Ta205
thin films. The technique has been used to study both isotopic and concentration
gradients in metallic thin films and in thermal and anodized oxide layers. The
technique and detailed results and discussion will be published in the July or

August 1970 issue of Analytical Chemistry.
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DIRECT IMAGING SPATIAL MASS SPECTROMETRIC ANALYSIS OF CANYON DIABLO
METEORITE, PUEBLITO DE ALLENDE CHONDRITE AND APOLLO 11 RETURNED LUNAR
MATERIAL. W. S. Updegrove and J. Oro”, Department of Biophysical Sciences,
University of Houston, Houston, Texas 77004, and R. Lewis, Bell & Howell,
Pasadena, California.
ABSTRACT

A Castaing/Slodzian type ion imaging mass analyzer has been used to
study selected extraterrestrial material. The samples surveyed in this
experiment are the Canyon Diablo meteorite, the Pueblito de Allende chon-
drite, and Apollo 11 returned lunar samples. Ion images show nuclide spa-
tial distribution to a resolution of about 1 micron. Ion mass-to-charge
spectra with a resolution, M/AM of 300 show gross chemical composition
over a 150 micron diameter area. The search for carbon in the lunar sam-
ple, ionizable as negative Cy, shows the possible existence of the follow-
ing phenomena in the different 150 micron diameter areas: (1) approxi-
mately uniform distribution, (2) spotty segregation on the 2-5 micron dia-
meter scale, (3) more random segregation and in some cases, (4) the ab-
sence of this type of carbon. This study demonstrates the capabilities of
the imaging mass analyzer that make it particularly suitable to the study
of extraterrestrial material, e.g. minimum sample preparation, vacuum con-
ditions simulating outer space, spatial and in-depth distribution of the
elements present, and the ability to differentiate indigenous species from

contaminants. INTRODUCTION

Although it is repetitious to state the concern over contamination,
laboratory induced alterations, and artifacts in data on extraterrestrial
materials, it is nevertheless a prevailing problem. 1In the effort to mini-
mize these factors sputter induced ionization combined with mass analyses
is considered a good candidate technique for the investigation of returned
lunar and other extraterrestrial materials. If, in the event this dis-
tinct type of nuclide analysis is not sufficient to justify the experiment,
surely the additional feature of collecting data on the nuclide topography
constitutes sufficient justification. This sputter technique peels-offs
ionizes surface molecules from the solid samples under conditions which
exclude subsequent contamination or the alteration of the secondary ion
mixture composition prior to analysis in the mass spectrometer.

Using this technique it may be possible to obtain unambiguous data
as to the elemental distribution and composition of the sample. To date
only doped semiconductors and special metal alloys have been analyzed by
this technique. Nevertheless it should be technically applicable to the
study of extraterrestrial material also. The following samples were
analyzed:

a) Pueblito de Allende Carbonaceous Chondrite
b) Canyon Diablo Iron Meteorite
c) Apollo 11 Returned Lunar Material

The prime objective was to observe carbon and determine what elements
it is associated with in its indigenous state. Other elements were exami-
ned to correlate this with other techniques.

DESCRIPTION OF THE APPARATUS

The apparatus used is the outgrowth of studies in particle balistics
by Castaing (1), Slodzian (2), and others (3). Originally the intent of
these investigators was the improvement of electron microscopy, however,
the relevance to heavier charged particles, i.e., ions, was obvious. The
result of this work is the development of an instrument producing an ion
image, a two dimensional replica of the object with a mass to charge fil-
ter in the middle. The ions of a selected m/e originating at a specific
location in the source will appear at a corresponding location in the
collector. The optic system really fills the function of a mass filter
rather than a mass spectrometer. It is defined as having focussing free
of: 1) distortion, along two axes, 2) field astigmatism, 3) aperture-."-
aberrations, and 4) chromatic aberrations. In terms of mass spectrcdmetry
it is stigmatic focussing at the same point in both momentum and energy."

Ions are generated from a solid surface through sputtering induced by
a beam of high energy primary ions. The source of the high energy prim-
ary ions is a dual plasmatron of the type described by Coggeshall (4}.
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Read~out utilizing the Daly ion to electron converter (5) is made on
a three galvanometer recording oscillograph when total mass spectra are
desired, while nuclide maps of the surface can be observed directly on the
fluorescent screen or recorded on the 35 mm photographic film. Ions of
the desired mass to charge ratio are selected by varying the magnetic
field.

EXPERIMENTAL PROCEDURE

The sample specimen holder consists of a disc one inch in diameter.
Several different methods of mounting the specimen in the holder were
utilized, as follows:

1) Bismuth was melted on the face of the sample holder disc and powder
from the Pueblito de Allende or the Moon was sprinkled on the bismuth as
it solidified.

2) A 1/8 in. diameter hole was drilled through the disc and powder from
the lunar material was pressed into the hole. A punch press and a tool
steel packing plate were used to compact the powder.

3) Chips of the specimen were spring loaded into a cavity machined in the
center of the sample holder with a flat side facing outward.

4) Chips of the specimen were potted in a cavity machined in the center of
the sample holder with liquid bismuth, or a 95% tin/5% silver mixture,

5) The faces were smoothed on a wet lapidary wheel, when necessary, to
produce a moderately flat surface.

Due to problems in electrical conductivity the chips were, in some
cases, covered with a fine mesh silver gauze or with vapor deposited con-
ductive coatings.

Once the sample mount was inserted in the outer roughing chamber, the
pump-down and positioning sequence was automatic. An ion source pressure
in the 108 torr range was achieved within a few minutes. Final movement
and positioning of the sample was accomplished by remote control., After
satisfactory sputtering has taken place on an area of interest, one or
more of the data collecting options were exercised. Usually a survey was
made observing the fluorescent screen while noting the magnet setting
producing the most interesting patterns of ions. Then it was returned to
the previously noted magnet settings and photographs were made on 35 mm
films. In addition, mass spectra were recorded electrically. This same
procedure is carried out for positive or negative secondary ions.

RESULTS AND CONCLUSIONS

The Canyon Diablo meteorite specimen was the best to work with be-
cause its high iron content made it easy to mount and polish and alsc made
it quite conductive. A survey mass spectra of secondary positive ions
using oxygen plus ions as the primary bombarding beam showed the relative
concentration of sodium, magnesium isotopes, potassium, calcium, chromium
and iron the strongest peak of all at mass 56. Several 125 micron in dia-
meter images were collected. The Cr-42 images showed a one micron reso-
lution and the fact that the chromium is very segregated in small spots.
The S$i~28 showed only three small spots and compared well with low sili-
cone peaks in the survey spectra. To understand the C-12 image it has to
be compared with the Mg-24, since it is possible to have doubly ionized
Mg at m/e of 12, thus masking the carbon. It is obvious, however, from
these two pictures that the m/e of 12 was not associated with the m/e of
24. Therefore, it is carbon not magnesium. Unfortunately, from this
suite of pictures it is impossible to determine just what the carbon is
associated with. Calcium appeared to be accumulated in a crevase which is
conspicuously void of all other elements except oxygen.

The Pueblito de Allende chondrite images yielded good proof of segre-
gated carbon on the 2-5 micron scale but did not reveal the associated
species. Evidence of other distributions of carbon were negative. Chron-
drules in the Pueblito were too non-conductive to permit the collection
of good images, however nuclide assemblages were apparent in the other
parts of the matrix, showing:
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1) 10 micron diameter spots of chlorine

2) large backgrounds of sodium and magnesium

3) diffuse semi-segregated oxygen in some areas and well
segregated in, others

4) silica as Si0O more concentrated in certain regions

5) well segregated calcium

6) well segregated potassium

Since these results were obtained from the examination of only a very
small region of one part of the matrix material of this chondrite, little
can be said about the entire body or the relationship of this information
to other data previously published.

The results on the lunar material are incomplete to say the least.
Problems arose because of the irregularity and non-conductivity of the
breccia analyzed here. Survey mass spectra indicate a general composition
quite similar to that already published. The general isotopic relation-
ships are confirmed as is the fact that most of the metals exist as oxides.
The ions of the metals would mask the inert gases except for helium,
which was not detected by this technique on the lunar breccia. Evidence
for the presence of carbon was quite conclusive but a detailed examination
of segregated carbon images does not rule out any of the following possi-
bilities.

1) indigenous concentrations of carbon
2) surface geometry artifacts in place of real nuclide concentra-
tions

3) contamination during the polishing of the sample
In general, this experiment provided more questions than answers.
The newness of the technique contributed to the different problems. How-
ever the demonstrated potential of this technique should provide the
stimulus for additional research in this area.
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MASS SPECTROGRAPHIC ANALYSIS OF LUNAR MATERIALS BY PROBE TECHNIQUE® J4

by
A. J. Socha, Bell & Howell Company, Pasadena, California;
W. S. Updegrove and J. Oro, Department of Biophysical Sciences, University of Houston

ABSTRACT

Spark source mass spectrographic analyses of Apollo-1l lunar rock and powder were
performed utilizing probe technique., Elements related to organic materials were of pri-
mary interest. The materials were handled in a dry nitrogen atmosphere before insertion
into the high vacuum of the instrument. The powders were hydrostatically compacted at
60,000 psi without the use of additives, to minimize possible contamination from carbon,
hydrogen and other low level impurities, Results indicate carbon concentration as low as
1 to 10 ppm in both the rock and powder.

1. INTRODUCTION

Six analyses of Apollo 11 lunar materials were conducted utilizing spark source mass
spectrographic probe techniques.! These analyses were made of samples of fine powder and
breccia rock, Although analyses for other elements were obtained, those elements related
to organic materials were of primary interest. Obviously, the minimization of contamina-
tion was of prime importance, The rock presented no particular problems except for pre-
cautions against contamination. The powders, however, required special techniques due to
the problem of compacting them into solid electrodes suitable for sparking., Initially,
only one powder (unsieved) was analyzed to investigate the technique, This analysis was
then followed by a second analysis of the same powder, a second powder (sieved) and three
different locations of a small breccia rock.

2. HANDLING TECHNIQUES

All of the samples were received in containers filled with dry nitrogen, These con-
tainers were opened in a dry nitrogen-filled glove box.

The powders were prepared for analysis by the hydrostatic compacting of the materials
into electrodes without the use of additives.?

A simple but efficient bagging facility was used for the hydrostatic pressing of the
lunar powders.® A small latex bag is first cleaned by washing the outside with alcohol and
by rinsing with de-ionized water, The bag is then turned ocutside-in and filled., It is
sealed with a rubber stopper and evacuated through a hypodermic needle, After evacuation
and sealing, the bag is tied off and inserted in a second bag, Hydrostatic pressing is
then carried out at pressures of 60,000 psi. After pressing, the bags were returned to
the glove box where they were cut open, Although great care was used in cleaning the bags
for accepting the powders, the outer portions of each pressed sample were removed.

The three rock analyses were obtained from a single sample, The rock sample was
approximately 1.5 x 1 X 0.5 cm in size and was cracked into pieces suitable for mounting
in the sample holder, A multiple sample holder® was used so that many samples could be
loaded with one pumpdown. Three separate loadings were made. The original unsieved
powder was analyzed first to determine feasibility. Two weeks later the same sample was
analyzed along with the sieved powder. This was then followed by the three rock analyses.
For all analyses, ultra-pure gold foil was used extensively in the source of the mass spec-
trometer to reduce contamination from slits, holders, etc. The sample holder was removed
from the glove box via a plastic glove bag, In Figure 1, the bag was filled with dry
nitrogen, the holder placed inside, the bag tied off and carried to the mass spectrometer,
After attaching the bag to the source, the source was rough-pumped and then backfilled
with dry nitrogen. This was repeated three times before untying the bag and transferring
the holder from the bag to the source.

3. _ANALYTICAL TECHNIQUES

A, Gold Probe Technique. Gold probe techniques were used in the analysis of these

* Supported in part by the USAF under Contract No. F33615-68=C-1635 and by NASA under
Contract No. NAS-9-8012,
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lunar materials., Using these techniques, an important problem was eliminated--that of
mixing additives with the powder. The technique permits the sparking of high resistivity
materials such as these oxides which, using ordinary techniques, could not have been
analyzed without mixing conductive additives to the powder. When viewed as a complete
electric circuit power is developed over the high resistivity sample rather than the
probe. The sample then becomes hotter than the gold counter electrode, and hence has the
larger ion yield. In many samples it was found that the ions contributed to the mass
spectrum from the probe were less than one percent® as was the case for these lunar
samples, An analysis of the gold counter electrode material used is given in Table I.
The maximum contribution of any of the gold impurities to the analysis was about two
orders of magnitude lower than the values shown. The maximum exposure obtained for all
samples was 1 X 1077 coulombs, This exposure level was adequate for the analysis desired
and provided nominal detection limits of approximately 0.1 to 0.3 ppm.

B. Instrument Background. The mass spectrometer used was a Bell & Howell/CEC 21-110
spark instrument which has a special high speed low background pumping system, Analyses
for H, C, N, O and other gases can be seriously affected by residual gases in the source
due to their contribution of ions to the mass spectrum. This is especially so for samples
which show a marked increase in source pressure during sparking.4 The instrument used is
equipped with a 350 liter/sec ion pump connected to the source via a 5-inch manifold.

This provides a system which has an effective pumping speed in the sparking area of 60
liter/sec pumping speed in the sparking area for water vapor and hydrocarbons, Utilizing
this pumping system, the lowest concentrations found at a pressure of 5 X 107 torr during
sparking are given in Table I1. These values were obtained from hundreds of analyses of
semiconductor materials, To provide good analytical results from gaseous materials such
as these lunar oxide samples, high pumping speeds are essential,

C. Data Reduction. Mass spectra were accumulated using photographic plates and data
reduction using an in-line analog computer.® Standardization was achieved by using fac-
tors obtained from a sample of Spex Mix 1000.° This is a standard comprised of mostly
oxides and carbonates of 49 elements. Additional refinements were then made using anal-
yses performed on a sample of Pueblito de Allende Meteorite.® Normalization was obtained
by summing all metallic elements and assuming the oxygen content to be of their common
oxide phases.

4, COMPOSITIONAL RESULTS

With the many elements present a number of interferences occurred. These were pri-
marily multiply-charged species of very abundant elements which had undergone space charge
broadening and occurred near an element of low concentration, This problem existed in the
case of carbon at mass 12 because of the large concentration of Mg'? at mass 12, These
lines require a resolution of only 1 part in 1600, but the space charge broadening of Mg*?
affects the resolution, The samples were sparked slowly to reduce this effect. In addi-
tion, an adjustable object slit was used to control the number of ions in the ion beam,
Figure 2 shows the lines of C* and Mg*?.

Table IV contains the analysis for H, C, N, F, and Cl. Note the carbon levels for
the six analyses, The lowest carbon value was found for the cleaved inner surface of the
rock at 2.7 ppm. The higher carbon concentration found for the second run of the un-
sieved fine is understandable because the specimen had been handled between analyses. The
sieved material also had undergone some preparation before analysis., The rock, however,
best exemplifies the carbon levels found. The low carbon levels found for the first anal-
ysis of the unsieved sample also is indicative of the low contamination received during
preparation,

The hydrogen values being very low in all samples would indicate the water content in
these samples to also be very low,

The major elements (excluding oxygen) are given in Table V., Silicon and iron are the
major metallic elements., Note that magnesium is at a concentration of about 5%, Table VI
contains the remaining 33 minor elements found, All of these data were found to be in
good agreement with other analytical techniques,

Although other investigators have found large concentrations of inert gases, none
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were found in these analyses, Suspicions are that these are trapped gases which escaped
without ionization during the sparking process.

5, SUMMARY

The probe technique offers analyses which are not compounded with the necessity of
using additives and hence reduces the probability of contamination. The analyses de-
scribed required good handling techniques, high pumping speeds in the source of the mass
spectrometer and standardized data reduction. The results, however, indicate this tech-
nique to have many advantages when analyzing for biological elements.

The authors would like to express their appreciation to E. M. Masumoto for the data
reduction of the photographic plates and to J. R. Shirk for sample handling and operation
of the mass spectrometer.
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TABLE I. IMPURITY CONCENTRATIONS IN COMINCO GOLD (ppma)

Detection Shot Detection Shot
Element Limit Lot 32A Element Limit Lot 32A
C 0.03 4,3 K 0.007 0.73
N 0.03 0.47 Ca 0.01 0,12
o] 0.03 14 Cr 0.03 0.03
F 0.03 2,2 Mn 0.02 0.05
Na 0.003 7.1 Fe 0.05 0,84
Mg 0.03 0.19 Ni 0.02 0.39
Al 0.01 0.1 Cu 0.06 0.26
Si 0.04 0.43 Zn 0.2 0.2
S 0.03 0.22 Ag 0.05 0.2
Ccl 0.03 0.71

TABLE II, LOWEST DETECTABLE VALUE AT A SOURCE PRESSURE OF 1 x 10”® TORR
( ~ 5 X 10°® TORR DURING SPARKING)

Element ppma
0 0.4
N 0,01
C 0.01
H 0.01
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TABLE III, MASS SPECTROGRAPHIC ANALYSIS OF APOLLO 11 LUNAR MATERIALS
(in ppm weight)

Fines Rock
Unsieved Unsieved Cleaved Outer White
Element (1st Run) (2nd Run) Sieved Surface Surface Spot
" 1.2 1.2 0.41 0.13 0.011 0.083
C < 5-9 24 41 2,7 6.0 5.5
N 14 20 7 15 <10 <10
F 6.3 3.5 5.0 3.7 2.4 7.0
c1 3.5 0.91 1.0 3.3 2.0 1.4
TABLE IV, MASS SPECTROGRAPHIC ANALYSIS OF APOLLO 11 LUNAR MATERIALS
Major Elements (in percent weight)
Fines Rock
Detection Unsieved Unsieved Cleaved OQuter White
Element Limit (1st Run) (2nd Run) Sieved Surface Surface Spot
Si 3 23 21 20 20 18 20
Fe 0.3 12 10.4 12 12 15 15
Ca 0.3 6.3 6.4 8.0 5.8 9.2 8.3
Mg 0.3 4.2 . 5.0 6.3 3.9 4,6 3.3
Al 1 4,0 5.2 6.2 4.4 7.9 6.2
Ti 2 3.8 5.6 2.4 5.3 3.8 5.2
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TABLE V.

MASS SPECTROGRAPHIC ANALYSIS OF APOLLO 11 LUNAR MATERIALS
Minor Elements (ppm weight)

Fines Rock
Detection Unsieved Unsieved Cleaved Quter White
Element Limit (1st Run) (2nd Run) Sieved Surface Surface Spot
S 5 4200 590 960 2800 2100 1000
Na 0.07 2000 1660 1300 2600 340 780
Cr 0.1 1900 1700 1640 1800 2100 1300
Mn 0.1 1400 1650 1500 1000 2000 1300
K 0.07 600 1200 3600 1200 2300 1400
P 0.3 270 187 110 110 250 59
Ni 0.3 63 56 72 160 420 <1l
Ba 0.3 41 170 230 110 18 16
Sr 0.3 29 42 64 40 42 31
v 0.1 27 11 .23 31 25 24
Zr 0.5 23 140 100 32 15 17
N 2 14 20 7 15 < 10 < 10
Zn 0.5 14 <5 <5 < 5.0 < 5.0 < 5.0
Rb 0.07 14 13 7.4 13 7.0 9.2
Cu 0.3 12 <3 <3 < 3.0 < 3,0 < 3,0
Li 0.03 9.2 4.9 3.5 4,1 3.7 2.6
C 1 < 5-9 24 41 2,7 6.0 5.5
Co 0.3 8.7 12 20 14 9.6 3.3
F 0.2 6.3 3.5 5.0 3.7 2.4 -7.0
Ga 0.3 4.6 3.9 2.9 1.6 3.0 < 0.3
As 0.2 4,0 0.57° 0.31 0.39 0.28 0.42
Ce 0.3 3.8 7.3 15 2,8 1.0 0.9
Ccl 0.3 3.5 0.91 1.0 3.3 2,0 1.4
Nb 0.3 3.1 10 16 2.3 1.8 0,69
B 0.03 1.4 0.71 0.74 0.63 0.11 0.37
Y 0.3 1.4 11 9.3 1.4 1.3 0.74
H 0.03 1.2 1.2 0.41 0.13 0.11 0.08
Ge 0.3 1.0 1.3 0.38 0.45 1.3 0.83
Ag 0.4 0.91 3.9 0.44 1.0 3.0 3.0
Sn 0.5 0.5 <1 <1 < 1.0 < 1,0 < 1,0
La 0.3 0.3 0.67 1.0 0.73 0.34 0.9
Cs 0.1 0.19 0,24 0.16 0,22 0.89 1.2
Be 0.07 < 0,07 1.3 2.1 0.42 < 0.07 0.1
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ON LINE ANALYSIS WITH A SPARK SOURCE MASS SPECTROMETER

R. A. Bingham, R, Brown and P, Powers
AEI Scientific Apparatus Limited
Manchester, England

INTRODUCTION

The provision of an electrical detection facility as an addition to the photographic
plate detector has considerably increased the speed of survey analysis (l). As a
logical step we in this laboratory have started to investigate ways to process the
electrical output from the mass spectrometer. A small computer with a suitable
interface has been put on line to acquire the data, and to carry out the usual inter-
pretation procedures required to produce analytical information. The initial work
has already been reported, (2) and so the purpose of this paper is to briefly
summarise the principles and to describe the operation of the developed system in

the analysis of a water pollucion'standard.

PRINCIPLES

The system we have used is based on the AEI MS702 and a PDP~8I computer with 4k core
store and 64k disc backup store. The effects of spark fluctuation on the electrical
output signal are minimised by the use of automatic spark control (2) and by the use
of a ratiometer system as is shown diagrammatically in Figure 1,

The samples are loaded into the ion source of the spectrometer in the usual way and
the discharge initliated. The 'Autospark' control is then used to maintain constant
discharge conditions by automatically adjusting the electrode gap as required. The
spectrometer is scanned by initlating an exponential decrease of the magnet current
and the resulting mass spectrum is detected by an electron multiplier detector. A
portion of the ion beam is intercepted by a monitor collector before mass separation
takes place to provide a signal representative of the residual ion beam fluctuatioms.
The multiplier and monitor signals are then divided, the one by the other, in a
logarithmic ratio amplifier and the resultant logarithmic signal, free from fluctua-
tions, is passed to a UV recorder and, via an antilog amplifier, to the data system,

The dynamle range of the ratio amplifier is 1000:1 and so this allows a concentration
'window' of about this range to be observed at any one time. Of course, the position
of this 'window' in the concentration scale is determined only by the gain setting of
the electron multiplier.

Two typical scan rates for this system are 3 and 9 minutes to cover the range from
mass 210 to mass 7 and the precision on repeat runs is of the order of 35% standard
deviation. (2,3).

The data system interface accepts the linear signal from the antilog amplifier and

an analogue to digital converter digitises 1t at a frequency such that between 20 and
40 digital samples are taken across each peak of the spectrum, Peaks are detected by
comparing these digital samples against an operator set threshold and those samples
of a peak which are above threshold are processed to give a measure of the peak area
and of the position of its centroid in time, This information is stored on the disc,
Further processing converts these times to masses and finally an interpretation is
carried out using reference data permanently stored on the disc.

The time to mass conversion takes place after the operator has identified up to 10 of
the peaks from a peak time print out. The computer then calculates the masses of all
other peaks by interpolation.

The interpretation process follows the procedure adopted by the chemist and is shown
in Figure 2. Each element is looked for in turn by recognition of its characteristic
isotope and its concentration is calculated by reference to the intensity of that
isotope. The choice of characteristic isotope can be made at run time if need be

for example: the characteristic isotope for nickel is ordinarily mass 58, but if iron
is present in the spectrum, interference can occur at mass 58 and so mass 60 is
preferable. The computer is therefore programmed to look at mass 57 first to see if
iron is present or not and then to use mass 60 or mass 58 as appropriate.
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INTERPRETATION

SEARCH ELEMENTS ¢t AG», MO, ZN, CU, NI, CO, FE» MN,
SI, AL, B,
MATRIX ELEMENTS t AG.,
STANDARD ELEMENT: AG
CONCENTRATION FACTOR :S5.0
FIGURE 7

ELEMENT PPM ++? CONFIRM CHECK

ATOMIC +++? ISOTOPES OVERLAP
SILVER MATRIX(S)
MOLYBDENUM 12.93 NO YES
ZINC 7.23 NO YES
COPPER 23.10 2+ YES
NICKEL 2434 NO NO
COBALT 29.52 2+ -
1 RON 28.87 3+ YES 188¢ Sa)
MANGANESE 25.94 2+ -
CHROMIUM 27.03 NO NO
VANADIUM 36175 2+ -
POTASSIUM 56.83 2+ NO
SILICON 39.74 NO NO 56( 28)

8 a( 28)
ALUMINIUM 48. 76 2+ - S a¢ 27
BORON 4. A3 NO NO 33C 11
END OF RUN
FIGURE 8
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After the concentration has been calculated, several checks are made to establish a
level of confidence in the value, Firstly, checks are made to see Lf either the
doubly or triply charged specle is present in the spectrum, then checks are made for
other isotopes of the element in question and if they are sufficiently intense a rough
check of abundance will be made, Next, checks are made for interference both from
multiply charged species of other elements, and from common complexes of the matrix
with each of the isotopes of the element used during interpretation., The results of
these checks are printed in a compact tabular form - see Figure 8,

OPERATION

There has been a growing need for a rapid and highly sensitive survey method for water
samples. A useful feature of any technique is the ability to carry out analysis
without the need for sample preconcentration. Consequently the choice of a water
sample serves to check the usefulness of spark source mass spectrometry in pollution
studies and also the viability of the computer program, The sample analysis reported
here is on a water pollution standard prepared in our laboratory. The level of 10
micrograms per millilitre is much higher than the usual element levels in streams but
the linearity of the method over a range of 107:1 allows accurate extrapolation down
in concentration.

For this analysis, 1 millilitre of water was taken and deposited onto 100 milligrams
of graphite, An internal standard of 5 micrograms of silver was added as silver
nitrate in solution and the whole was wetted with 3 drops of pure ethyl alcohol to
asslst in achieving homogeneity. After evaporation of the liquid the remaining powder
was ground in the agate vial in which it was prepared, and compressed as tips on a
pure graphite substrate, The electrodes were mounted in the instrument source so that
the sample tips formed the analysis gap.

The spectrum was scanned and a mass range from uranium down to lithium was covered in
approximately 9 minutes. Data was acquired in the computer and at the same time a

UV recording was made of the spectrum. Figure 3 shows the first stage after data
acquisition where the list of peak times and intensities has been printed out,

The transformation of peak centroid times to mass numbers is accomplished using
information typed in by the operator who must identify 5 or more peaks in the centroid
time 1ist, In this example the peaks corresponding to Agl07, MolOO and Mo92 were the
first three references chosen. Figure 4 shows the way in which these are entered in
any order via the teletype. The peaks are identified by their serial number, their
chemical symbol and isotopic mass., Although it is not shown in Figure 4, multiply
charged peaks can be specified by typing '/n' after the isotopic mass where 'n' is

the number of charges, Complete checks are made at type-in time to ensure that both
the symbol and lts isotopic mass are present in the disc resident file of all

isotopes of the majority of elements,

When enough references have been typed in, the computer summarises the reference list
and performs the mass measurement process. A print out of dubious masses is then
produced so the operator can be sure he has identified all references correctly. This
is a simple 1ist of the number of measurements made in between each pair of reference
peaks where the measured mass defect was outside the ordinarily expected range, Most
inorganic ions have mass defects in the range 0.850-0.999, most doubly and triply
charged ions therefore have mass defects in the range 0.425-0,500 and 0.283-0,333
respectively, Mass defects lying outside these ranges are either due to polyatomic
species, to other impurities or are due to defective mass measurement, It 1s this
class of measurements which are counted as dubious.

The unexpected occurrence of substantial numbers of dubious measurements can be caused
by a wrong reference identification and the print out in Figure 4 shows this. No
dubious measurements are found up to reference peaks 4 and 5 whereas after this point
several are detected., The operator can choose to accept this result or not. If he
does not the reference identification can be done again., If he does accept (as in
this case) he may then print out the entire mass measurement list or go straight to
the interpretarion phase. In this example a further examination of the peak centroid
time 1ist revealed that in fact peak number 23 was not Ni58 but Co59 and therefore

the entry should have specified peak 24 as Ni58, Figure 5 shows the revised dubious
mass output when this correction is carried out.

As explained above, a print out of the exact mass measurements is possible and

Figure & shows the format of it., Reference peaks are identified and intensities are
normalised to a maximum of 10,000.
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The final and main phase of the program is the interpretation., The operator first
specifies the elements he wants the program to look for. He can specify all stored
elements, merely some specified elements (as in Figure 7) or all the stored elements
except selected ones, Next, specification of matrix, standard, and concentration of
the standard are requested, Notice that the only reason for requesting the matrix
element is to set up the process for searching for complexes of that element. There
can be more than one and indeed it need not be the true matrix as is the case here.
The true matrix of the pollution sample is carbon, of course, since the sample was
graphite mounted.

Figure 8 and Table 1 show the results of the interpretation of the water pollution
standard. Silver is marked as being both matrix and standard and the concentrations
of other elements are determined relative to silver, The elements copper, molybdenum,
nickel, cobalt, iron, manganese, chromium, vanadium and aluminium all give values

well within a factor of 2 from the known concentration of 10 micrograms per millilitre,
When one considers that no account was taken of the relative sensitivity coefficients
of these elements in this instance, the agreement is excellent. Zinc shows a lower
value than the rest of the elements and it is probable that there may have been some
selective depletion of the element due to the very long sparking time to which the
electrodes were subjected, We cannot at this time propose any reason why boron

should show such a very low value, this element has been found to have about unit
relative sensitivity in past experiments. A possible explanation is that double
decomposition has occurred due to the complexity of the solutions.

Notice that although no interpretation was requested for carbon there is nevertheless
a report made of its interference with iron (9 x '“C) and silicon (7 x 14C), Another
point of interest is the fact that the nickel isotopes were not confirmed because
carbon interferered with SONi (used because iron was present) and this affected the
apparent isotope ratios.

Standards for this method are very easily prepared and may be stored as dry powders,
since essentially these are graphite standards.

The use of properly prepared standards should allow quantitative analysis of water
samples down to the nanogram per millilitre level, without preconcentration. The
use of preconcentration methods should allow limits of detection in the picogram per
millilitre range.

TABLE 1
FOUND CONCENTRATIONS OF ELEMENTS IN WATER POLLUTION STANDARD

Values in yg/ml. Nominal value for all elements = 10Pg/m1

Cu 13.6
Mo 11.5
Zn 4,4
Ni 13,2
Co 16,1
Fe 14,5
Mn 13.2
Cr 13.0
\Y 17.4
K 20.6
Al 12,2
B 0.4

CONCLUSION

The system is now operative and the first results are very encouraging. Scans can
be processed in a time of about 15 minutes and the simplicity of operation and the
concise report make the technique especially suitable for routine use by relatively
inexperienced personnel.
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A SPIRAL SPARKING SOURCE FOR SURFACE ANALYSIS 16

by
R. A. Meyer

Science Center, North American Rockwell Corporation
Thousend Oaks, California

The subJect of thin layer or surface analysis with a spiral sparking source for the
RF spark source mass spectrometer is well documented by Clegg et al.

SOURCE:

The JEOL-JMS 01B RF spark source mass spectrometer incorporates the very desirable
feature of completely interchangeable source systems. Thus, by simply releasing the
source vacuum, everything between the spark accelerating voltage contacts, and primary
slit may be interchanged. Our spiral sparking source was designed to capitalize on this
feature. Typical source turn-around time from breaking vacuum to sparking the new sample
is ten minutes.

The source provides separate rotational and translational drive systems which, when
operated simultaneously, cause the stationary counter electrode to trace a spiral path on
the sample. In both cases the power originates in an external variable speed motor and
is transmitted with an eccentric bellows type rotary feedthrough. Electro-craft type
E-500 motors, which are variable in speed between 200 and 5000 rpm, were used for both
drives. The rotational drive is transmitted by Pic gears and belt. Gear change coupled
with the motor variation produces an ultimate sample rotation range between 3000 rpm and
imperceptable movement. Translation movement is transmitted with anti-backlash gears and
in its present configuration is variable between O.4 and 9% mm per minute. Other ranges
can be achieved by drive gear or motor interchange.

Figure 1 is a diagram of the mechanical system within the source vacuum. Our common
samples are 1 to 2 inch diameter silicon wafers about 10 mils thick. These are mounted
on the rotating copper pedestal with a ring clamp. The spring wires on the pedestal
shaft engage slots in the ring. The copper pedestal is not removed for sample inter-
change, but provision is made for pedestal interchange. The alumina shaft is 1-7/8"
long, 3/8" diameter and has two precision ground Journals on either end of the pedestal
thread. The thread is undersize and only holds the pedestal on the precision Journals.
This design allows interchange of sample pedestals and still limits runout at the edge of
a 2" wafer to less than .001". Electrical contact is through two spring wire contacts
riding in a groove in the lower part of the pedestal. The alumina shaft has two other
Journals on the lower end which accept dry MoS, lubricated ball bearings. Between the
ball bearings, the shaft is grooved to accept the elastic belt drive. A single Bena N
"0" ring has been used for several months without sign of impending failure. The elastic
belt drive is required by the changes in position of the shaft during transletion.

The shaft carriage is translated by anti-backlash bevel gears driving a 10-32-60°
threaded lead screw. The carriage rides on two round ways. The selection of 304 stain-
less steel for the cerriage and hardened 17-b stainless steel for the weys reduced gall-
ing to a point where thorough burnishing with dry MoS; eliminated the problem. Each
revolution of the drive shaft translates the sample 0.031". The translation system will
move the sample over an inch thus allowing complete coverage of a 2" wafer.

The counter electrode consists of a simple clamp arm attached through bellows to an
external micrometer. The system provides 3/16" of movement to compensate for electrode
consumption during a run.

An unfortunate part of spiral geometry as developed by the technigue we employed is
non-constant surface velocity at the counter electrode, The coordinating control system
shown in Figure 2 was developed to eliminate thls problem end also provide for automatic
termination of all operations after a preset number of .031l" translation movements,

A miero switch operated by a cam on the translation drive shaft advances a stepping
relay one contact for each .031" of X movement. The total number of steps may be pre-
selected to limit sparking to a desired band. There are a total of 36 steps available
while only 33 are necessary to cover an entire 2" dimmeter wafer. The pulse start switch
and repetition rate circuits of the mass spectrometer have been connected to the control
system. Reduction in surface velocity as the spiral proceeds toward the center requires
a constant chenge in spark pulse repetition rate. This is accomplished with a second
stepping relay which, operating in consort with the counting relay, changes condensers
with each step. The condenser values were empiriceally determined to permit approximate
constant pulse separation.
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Apparatus Diagram

Fig. 1:
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The stepping relays may be pre-advanced to any step with a manual push button. When
the operate button is depressed, a multi contact control relay is energized. This relay
simultaneously energizes the rotational and translational motors, closes the pulse start
switch, and energizes the midro switch operated stepping relay circuits. The sparking
proceeds automatically (except for manual counter electrode movement); changing pulse
repetition rate each .031" of radial movement until the preset number of steps have been
completed. When the stepping relay reaches that particular contact, the holding circuit
of the control relay is opened. This causes a cessation of all movement and sparking and
the run is ended. A stop switch is provided to allow operator interruption of the run at
any time.

OPERATIONAL EXPERIENCE:

Several counter electrode materials have been tried including gold, tungsten, and
tantalium. Fine wires would be the natural choice, but the erosion rate of .002 to .006
inch diameter wires was too large for satisfactory spark gap maintenance. Thus, larger
wire such as .025 inch gold has been pointed for use. The large wire appears to rapidly
absorb the spark generated heat and protect the point from melting.

Many combinations of rotational and translational speeds have been used in an
attempt to entirely cover the surface of the wafer. When speeds were selected to just
overlap the spark craters in a continuous spiral pattern, the heat transferred to the
wafer caused fractures in a large number of cases. At present the best compromise seems
to be a rapidly rotating wafer {2000 rpm), an initial spark rate of 3 KHz, and a slow
translation rate of 0.031"/minute. In this case, the entire wafer is covered with a
random overlap of spark craters. The heat is well distributed and wafer breakage is
minimal.

Calibration experiments present problems due to the extremely small quantities of
material involved (101 atoms Na = 4 x 10-1l grems). Experiments involving the doping of
the surface of a wafer with radioactive sodium 22 show that 50 to 70% of the radio-
activity is removed during a single sparking pass.

Calibration with surface deposited LiCl indicated a detection limit between 1011 and
10%2 atoms. The lithium T line was well resolved from the silicon 28**** and the nitro-
gen 1Lt

Many survey type runs have been made on silicon wafers with and without oxide coat-
ings. Crater depths appear tc be in the .Tp range on silicon surfaces and 2u in silicon
oxide surfaces.

Figure 3 shows Talysurf profilometer tracings of a series of 3 KV craters in silicon
It appears that the trace only covered the diameter of one crater, number 3. The volcano
like ring reported by Clegg et al. is well evidenced. Weight loss experiments were
thought to be meaningless due to deposition of counter electrode material on the surface
of the wafer.

Exposures as high as 3 x lO_8 coulombs have routinely been achieved when sparking
2 inch wafers using the rapid rotation-slow translation technique.

Reference:

(1) J. B. Clegg, E. J. Millett, J. A. Roberts, Anel. Chem. L2, 713 (1970).
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THE ANALYSIS OF NON-CONDUCTING SOLIDS
BY SPARK SOURCE MASS SPECTROGRAPHY

by
Maynard H. Hunt

Hqg Air Force Cambridge Research Laboratories
Solid State Sciences Laboratory
L. G. Hanscom Field, Bedford, Massachusetts 01730

The easiest and possibly the best way to analyze a non-conducting solid by spark
source mass spectrography is to grind it into a fine powder, mix it with a pure, con-
ductive powder in such proportions necessary to form a homogeneous mixture from
which a pair of conducting rods may be pressed. These rods when sparked will yield
a spectrum from which the impurity concentration in the solid may be inferred for all
elements except those contained in the conductive powder at or above the concentration
of that element in the solid. Thus the use of silver precludes the detection of Cl or S
at less than a few parts per million since these are irreducible contaminant levels in
the purest silver powder. Other available powders are graphite, copper, and gold.
Copper is not available in the purity level of silver, and the best gold powder is not
suitable for mixing. Reactor grade graphite is the purest conductive powder avail-
able, but the pressed rods are fragile, and the resulting spectra are extremely com-
plicated because of carbon polymers and carbides. For a number of elements one
must resort to the doubly or triply charged ion to identify the element and estimate
its concentration. Quartz is an example; the faint line at m/e = 52 may be Cr or it
may be SiCy. Verification can only be made by looking at m/e = 17 1/3 and the detec-
tion limit is increased by an order of magnitude.

The grinding of soft materials presents no problems. Such materials as mag-
nesium oxide, lithium germanate, and calcium fluoride have all been reduced to fine
powders in corundum, agate, or boron carbide mortars. Na do these materials
provide any memory problems in the mortar since they are easily dissolved, whereas
the mortars are extremely resistant. But the materials discussed in this paper are
among the hardest available to man. Quartz, ruby, and germanium oxide, 8, 9, and
9+ on the Mho scale cannot be ground in the aforementioned mortars, but must be
crushed in a "soft'" mortar, the Plattner mortar, available from most scientific supply
houses., This consists of a steel plate with a cylindrical depression into which fits a
cylindrical steel pestle. The hard materials may first be smashed and then ground
to the desired fineness, after which it must be thoroughly leached with appropriate
acids to remove all traces of the mortar and finally washed with high purity water.

The desired degree of purity may not be attainable, since one may speculate on the
chemisorption properties of as much as several hundred square centimeters of
freshly exposed alumina or silica. There is some evidence that cations are strongly
absorbed on such powders.

These are the reasons for not following the "easy" route and analyzing a pow-
derez{ sample. A method first described by Ahearn{l} and modified by Stephani et.
al. (2) has been adapted to the AFCRL instrument. Stephani used a pair of non-conduc-
ting electrodes married to conducting electrodes and obtained ions from sparks be-
tween the non conductors, but this arrangement was not found to produce a satisfactory
ion beam at this laboratory. Instead, using Ahearn's method, a high purity gold rod
was placed in one electrode holder along with the sample rod and positioned so that it
made firm physical contact near the free end of the sample rod, and a second high
purity gold rod was placed in the opposite electrode holder.

In order to initiate a spark, various tricks are sometimes necessary. As much
as 80% of the available spark voltage may be used, although it is usually necessary
to reduce this to 40-60% for stable operation. A film of gold evaporated onto the sur-
face provides a conductive path. This film probably exists in the steady state anyway,
and an initial coating by sparking the gold electrodes to each other merely establishes
this condition. An extremely tough material such as ruby may be sparked at high
voltage and a high duty cycle with little danger to the electrodes, but crystalline
quartz will fracture from thermal shock if subjected to too great a heating rate.

The utility of this method to follow a laboratory preparation and purification of
a ruby crystal is shown in Table I. Ruby powder #1 was prepared by dissolving
aluminum and chromium alums in the desired proportions, evaporating to dryness
and calcining to produce an intimate mixture of AlsO3 and Cry03. Ruby #1 was then
grown by the Verneuil method, powder #1 being fed into a furnace thru an inverted
Hg-O9 flame onto a seed crystal. Ruby #3 was ruby #1 float zoned in an arc image
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furnace in air. Of particular interest is nitrogen which presumably enters the ruby as
a nitride of aluminum. Ruby #3 was also ground in a Plattner mortar, leached,
washed, and mined with silver powder. The analysis is comparable to the analysis of
the solid rod except for Cl which, it is assumed, came from the leach since it is far
in excess of its concentration in the silver powder.

Table I
ppm by wt.
Ruby Ruby #3 +
Element Powder #1 Ruby #1 Ruby #3 Silver Powder

N 3.3 4.7 61. 2.6

Mg - 2.7 : N.D. N.D. N.D.

Si 486. 3.3 27, 29

S 110. 58. 12, 43

C1 62. 13. 30. 115

K 120. 93. 25. 14.

Ca 34. 2.9 0.1 0.6

Cr* 1360. 800, 360. 360.

Fe 13. 6.2 5.0 6.7

Ni 0.5 5.8 N.D. N.D.

Ga 53. 2,3 N.D. N.D.

*Determined by neutron activation analysis.

In this kind of analysis using dissimilar electrode materials, there arises the
question as to whether each contributes a constant proportion of ions to the beam. 1In
the analysis of ruby this was avoided by employing the Cr as an internal standard. The
Cr content was determined by neutron activation analysis, stated accuracy + 10%. If
we limit the useful exposure range of Q-2 plates to 100, any element can be determined
relative to Cr if its apparent concentration is between . 00045 and 84. times the Cr
cgncentration. Cr cannot be used because of possible interference by both Aly and

Fe.

This does not, however, guarantee an accurate analysis. Fig. 1 shows the re-
sult of an exposure by exposure determination of four elements relative to Cr as well
as the apparent variation of Cr in the sample. The exposures were in the ratios of
1:3:10 repeated five times. The apparent variability of Cr, the standard, might well
be attributed to varying contribution to the ion beam by the gold and ruby electl('gsies
if it were not for the countervariant behavior of Fe, Mn and C. E. M. Dodson has
reported on a microcolorimetric determination of Cr and Fe in ruby sections a few
microns thick perpendicular to the axis of the boule. She found periodic fluctuations
as much as 30 in concentration for both Fe and Cr, and they were not in phase. So
what is seen here may be a weak indication of this as the spark erodes through the
ruby.

Fig. 2 shows a section perpendicular to the Y-axis of a quartz boule grown by
Sawyers Research Products, Inc., of Eastlake, Ohio. This section, originally clear,
has been subjected to 2 megarads from a 60Co source. The visible striae are due to
substitutional aluminum. It is quite apparent that the material is not homogeneous and
the variations are known to be of a diurnal nature. Visible are the seed, the +X, S,

Z and -X zones. Although the Z zone is clear, it also contains Al interstitially. This
crystal was grown in a solution containing LiyCO3 and NagCOg.

Table I
ppm by wt.
C2-IU, X+ Emission Cc2-1U, 22 C2-1U, Z2(Plus Ag)

1155 1156 1157 Spectroscopy E’ ll_@ 1161 1181 1182
Li 19, L0 1.8 20. 17.
B 0.2 0.05 1.0 0.6

130. 61, 21, 180,

F 31, 2.7 6.1 1.9 10 100, 80.
Na 130, 110. 84, 21, 66. 41. 130. 190, 210.
Al 80, 3L 80, 238. 7.1 20. 12. 17. 87,
P 6.
S 10.
Cl 380. 8.2 4.7 15, 9.8 3.8 305. 210.
K 2.8 0.8 .42 3.1 2.2 2.7 1.1 3.1
Ca 1.7 .32 1.0 0.8 15, 0.9 2.6
Cr 7.4 3.1 .6 11
Fe 5.2 11. 6.7 8.7 8.1



Table II shows a series of analyses of the +X and Z zones of a similar quartz
crystal. The repeatability of the analyses leaves much to be desired but as a quick
survey of the approximate composition may be quite satisfactory. Note that Al in
Z zone seems to be 25% what it is in the X zone. The Z material was also ground,
leached, washed and mixed with Ag powder. The marked increase in F and C1 are
again seen supporting the chemisorption hypothesis.

The variability of the results of the bulk analyses can be attributed to the in-
homogeneity of the sample for three reasons. The first is the obvious one, the second
is that the material, being frangible, tends to fracture along the weakest plane. There-
fore, during sparking a thermal stress may produce spalling, revealing a new surface
rich in impurities. The third is that the striae, being rich in impurities, may be
favored as a conductive path for the spark. Therefore the analysis of a bulk sample
has limited applicability as an analytical tool, but can be used as a survey method to
determine the presence of impurities which may then be determined with greater
accuracy by analysis of the powdered sample using the appropriate matrix.

This type of analysis has led to the observation of an interesting phenomenon
which might be termed an inversion of the ion population produced by the spark. A
similar phenomenon has also been observed with the refractory metals such as W and
Ta, although not to such an extent.

Fig. 3 shows the relative abundances of the various charge states of the ions of
Cr, Ta and Au produced while sparking ruby. The apparent abundance of each ion
state was divided by the number of charges per ion as an approximate correction for
the increase in plate sensitivity with ion energy. The correction is probably inade-
quate since the increase is less than linear at higher energies. While Cr behaves in
the normal fashion, both Au dnd Ta exhibit a marked deviation from normal behavior.
In Fig. 4 Si is seen to exhibit similar behavior until the M shell is depleted. The Au
data from the same plate is relative to Aut* since Aut was not on the photoplate,

The consequences of this phenomenon are that a large proportion of the ion
current may be carried by multiply charged ions, not usually considered in photoplate
evaluation, and that the phenomenon is not observed on every plate. It may be the
explanation for the rather large spread in some of the data for quartz.

In conclusion, this method of analysis of bulk samples of non-conductors serves
as a survey method to indicate the presence and approximate concentration of im-
purities, but more refined techniques are required for accurate analyses.
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RELATIVE SENSITIVITY COEFFICIENTS FOR ELEMENTS IN A SILICON MATRIX

DONALD LEE DUGGER

TEXAS INSTRUMENTS, INCORPORATED
ABSTRACT

A KNOWLEDGE OF RELATIVE SENSITIVITY COEFFICIENTS (RSC) IS
IMPORTANT IF QUANTITATIVE INFORMATION IS DESIRED IN AN
ANALYSIS PERFORMED ON A SPARK SOURCE MASS SPECTROMETER. TO
DATE, LITTLE IF ANY INFORMATION IS AVAILABLE ON RSC FACTORS
FOR ELEMENTS IN A SILICON MATRIX BECAUSE OF THE UNAVAILABILITY
OF SUITABLE SILICON STANDARDS. THIS PAPER WILL DISCUSS THE
USE OF SILICON STANDARDS TO DETERMINE EMPIRICAL RSC FACTORS
FOR SEVERAL ELEMENTS IN SILICON. THE TECHNIQUE EMPLOYED AND
ALL OPERATING PARAMETERS USED WILL BE PRESENTED AND DISCUSSED.
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LITHIUM COHTANT DETERIATHATIGH Iw 1y NANOGRAIME RANGE BY ISOTOPIC DILUTTON
G. FREJAVILLE - R. BIR

Commissariat & 1'Energie Atomicue
Service de Spectrométrie de Masse
CEM,SACLAY — FRAVCE

T - INURGIUCTICN -

Lithium isotoves gbundanees are usually determined without big oroblems. The common
nractice is to use a nseudo multinle filament ion scurce. The evaporating surface is simoly
a nickel sheet put on a rod of the filamenf bead. A solution of Li nitrate is painted on the
nickel flag and the heat radisted from the center filament produces evcporation of the sample.
LiuL ions arc produceds At A temmerature of 900 to 1000 °C and a sample size of 1 to 10 g,
currcnis of ld_lo to 10_9A are readily nroduced.

The double collection techniques are specially easy to use for this low range of
masies. The outnut of the mass spectrometer-something rroportirnnal to the isotonic ratio—
romaing well eonstant in snite of ion current evolution, at least in a wide range of current
values. Using-double collection involves comparative measurements. For the comparison to be
achievced in the best conditioas, it is obvious that all physical parameters of both measure-
ments must be identicale. More specifically, the value of the ion current at which the ratio
is measured rust be kent constant »s strictly as vossible. This reduces the mass discrimina-
tion and " intensitv " effects ( i.e.instrumental dependance between ion currents and measured
ratio volues )

As Li is a very abundant element, natural eontrmination possibilities must be always
kept in mind. Contaminntion may come from chemicals, vensels, filaments, nickel frame, etc..
For inntnn%e, it ig emsy to nroduce an ion current as high as 10_9A, from a bead without
coatinm, if the filarmont temperaturc is raised at 1,200°C,

A11 these considerations sugeest the specific problems aricing if the sampnle size
goes down the 100 1o 10_9g ranze.

1 - Although the ion current is anything but vronortionnal to the sample size, it reduces
greatly if the amount of product becomes very small. Moreover, the total electrical
charge available for measurerent becomes unsufficient. In addition, the maximum value
of current is no longer reoroductible and one cannot be sure to be able to take
ratios et a constant output value. Altering the working temmerature - i.e. increasing
it -~ may be extremely dangerous for the value and the constancy of the contamination
levels. So the sensitivity must be actually increased, in such a way that the currents
remain of the same order of magnitude in svite of sample size variation.

2 - Bven if the sensitivity is made large enough, natural contamination will more or less
occurs Even with specific precautions durine all the anslytical procedure, it may be
shown that the minimum level of contamination is something in ths neishbourhood of
2 ng. So a correction has to be wade. But, 2s our purpose is to get a content value
via isotonic dilution, it is possible to verform this correction in a very simnle
manner. This will be examined at first.

II - ESOTOPIC DILUTICH WITH HATURAL POLLUTION —

The princivle of isotopic dilution is well known. In the whole, it may be summarized

as follows : let a mixture of several constituants differing only by the isotope abundance of
a given isotome in the same elmaent. If all quantities are known but the amount of one cons—
~

tituant, this unkown can be cnlcnlated from the isotope abundance of the mixture.
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If Ni is the isotopic concentration of the i product

Ai a factor representing the relative amount of them:
_2hN
Sa,

where M is the isotope concentration in the mixture.

(1) M

This equation can be written s

2 A - =

() Ta (K- )=0

Let Aj be the quantity to be determined. So :

_E. Ai(Ni_M)
G A e

J M.N,
3

In the specific case of isotopic dilution, if the subscript X reffers to the sample,

aquation (1) becomes :
AT NT * %( Nx
(4) M o= e
Ap + &

AX may be caleulated if a1l other guentities are known. More perticularly, the isotope
gbundance of the sample { Nx ) must be krown. A special determination has to be performed,
axcept if NX is known a nriori ( natursl valne for instance e

Natural pollution will slter the background equations. Any nroduct Y willbemeasured ass

-

Ay Ty + By T

(5) Y e
A‘I + Ao
wvhere No is the naturel isotonic concentration
Ao is the pollution level.

The true value Y may be reached in to ways :
a - AO is !mown. This knowledre comes necessarily from special measurements.
- i . . 1
b A:.ssothat.AO<<Ay.Then.Y#'Y

0
Let us consider now the case of a mixture. The isotope abundance of the mixture is
measured as @
Al. N1+L2N2+A0 No
Al + A2 + AO

Suppose that N, has been run alone. We know the value of :

(6) H =

1
N
Al .Il + AO No
Nt =
(7) 1
A+ 8y

So ecuation (6) can be changed to @
( A
(4 + 4 ) LU A

(A +ay) +4

If the sum ( Al + Ao ) can be measured as a whole as A'l- ( 1-&1 + AO ), S0 @

(8) M=
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A'l N'l + A2 N2
A'l + Az

and AO has no longer to be known or measured.

(9) M =

This applies immediatly to isotopic dilution, Sample-spike mixture will be measured

as ¢
Ay Ny + Ay By + 45 T,
My
AT + Ax + Ao

the subscripts T, X and O refering to the spike, the sample and the pollution

(10}

Running the spike alone leads to ¢
Ay Bp + Ao Ky
Ap + 4
So equation (10) may be written :
(AT+AO)N'T+AXNX
(AT+A0)+A0

To reach ( AT + Ao ) , a calibration is necessary. A mixture of a standard solution
( subscript E ) with the spike gives a M, value :

(AT+A°)N'T+AENE
( A+ Ay ) + Ay
In this equation, ( AT + AO ) is the only unknown. Let @

(14) Aty = An + A

(21) W o=

(12) m =

(13) m =

Equation (12) becomes :
t 1
Alg Wlg + &y By
(15) 1 = —
Alg + By
AX is now readily calculable if NX is kmowr.

N'T and A'T may be called " apparent " constants of the spike solution. Further uses of the
constants require

1 - A constant value for AT ¢ the amount of spike must.be strictly the same for all
analyses.

2 - A constant value for AO ¢ the experimental procedure must be sufficiently identi-
cal that the absolute value of the pollution may be assumed constant. This invol-
ves the constancy of :

-~ amount and purity of all chemicals
~ bead filaments materials
- working temperature of the filament
~ anzlytical cycle of spectrometric determinations.
It may be pointed out that the conditions above can be tested in rurming several
times the same sample. For instance the dispersion of succegsive N'T and A'T values during
calibration includes the dispersion of pollution level., The table 1 shows the successive
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values measured during a typical calibration run .
Table 1
SPIK CALIBRATION

Isotopic N‘T ) Li content ( A'T )
95.65 % 44.34 ng/g
95.66 % 44,35 ng/g
95.66 % 43.92 ng/g
95.59 % 44,02 ngle
95.58 % 43.90 ng/g
95,60 % 44.36 ng/g
95.62 % 44,39 ng/e
95,57 % 43.98 ng/g
95.65 %

95.68 %
95,66 %
95.62 %
95,63 % 44,16 ng/g
Standard devintion : Standard deviation @
.03 .07

Such values are constant enoush to be used for actual measurements. Note that inde-
pendent exveriments permitted to evaluate the pollution level in the vicinity. of 4 ng, that
is very much greater than the A'T standard deviation.

Working with " apparent " values for tracer constants requires that the isotope
abvndance of the samples are lmown. In the measurements described here, both the sample and

the standard vroducts had the natursl composition.

II1 — INCREASING MASS SPECTROMETSR SuNSITIVILY —
The usual sizes of deposits lie somewhere between 1 to 10 wg.
To solve our problem we have to get about the same electrical charge with a denosit
as low as . 01‘/pg and the same filament temverature.
Experiment showed that the two main parameters for increasing the sensitivityv are :
1 - Chemical spercies of the Li to be deposited
2 ~ Width of the deposit.

It has been found that using Lithium acetate instead of nitrate leads to a gain of
sensitivity as high as 100. On the other hond reducing the width of dewosit to a maximum
velue of 1 mm instead of the usual value { 5 mm) increases the sensitivity by a fnctor of 10.
Both eflects are cumulative, so that on the whole the gain in sensitivity comwensates about
the lost in material. The wnrking procedure for mass snectrometric determninations remain

unchanged.
IV - RLSULTS -

The table 2 shows some tyrical ra-ulits ohtained with the workinr conditinns described

ahoveas
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TABLE 2

Lithium content in nanogrammes par gramme
£8,.88 7.89 1.03 <167
88.86 7.89 1.03 142
88.72 7.91 1.05 <154
88.60 T.92 1.03 .142

1.06 $152

1.03 -149

«140

88.77 T90 1.04 »149
Estimated standard deviations

.12 AJ .03 .02 017

Bach individual value was obtained within a one hovr nrocedure. Intervals of several
weeks separated the successive determinntions of the same sample. From thege figures the
nrocedure appears to be very usable.

In nddition to the reproducibility errors, systematical bisses have to be considered.
They come chiefly from the spike constants, i.e. the knowledge of the standard solution para-
meters. These errors are probably lower than .1 %.

In the particular case of lithium, another cause of systematic deviation may take
place. It comes from the fact that the commercially available lithium compounds have very
often a non-natural isotopic composition. This fact, in addition to the natural isotopic
variations, produces an incertitude on the value of N, to be put in the formuilae. At the

X
limit, even the isotopic composition of the natural pollution may become questionable.

V — CONCLUSION -

The procedure described here is very easy to perform. The mass spectrometer can be
quite a conventional one. The lasting of determinations is very close to that of common
practice.

However, the sensitivity is greatly improved. The detection 1limit can be evaluated

1 ge In the 10—'9 g range, the precision is about 3 5,

es 3.107%
The actual lithjum content of semi-conductor materials, where lithium was the main
dopping product, has been determinad on numerous samples and related to their electrical
properties.
The procedure is usuable for other lithium content measurements, on the same

concentration range.
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TRACE STUDIES WITH ION-MOLECULE REACTIONS
IN THE PLASMA CHROMATOGRAPH - MASS SPECTROMETER INSTRUMENT

Francis W. Karasek, University of Waterloo, Waterloo Ontario
and
Martin J. Cohen, David I. Carroll, Franklin GNO Corporation,
West Palm Beach, Florida

Presented at the Eighteenth Annual Conference on Mass Spectrometry and Allied Topics -
June 17, 1970. San Francisco, Califormia.

ABSTRACT

Plasma ChromatographyTM permits identification and analysis of trace consti-
tuents in gaseous mixtures. Functioning at atmospheric pressure, the instrumentation
involves a positive and negative fon-molecule reactor coupled with an ion drift spectro-
meter, which produces a plasmagram of separated ion-molecule peaks from a sample mixture.
Individual peaks of the plasmagram can be directed into a quadrupole mass spectrometer to
identify the ion-nmolecules present.

This study explored the trace detection of the oxygenated compounds, l-octanol
and l-nonanocl, as preliminary work to the identification of more complex oxygenated
compounds in air pollution studies. The positive ion plasmagrams and mass spectra were
fairly complex and originated from a series of the type (an2n+20) (1,0) H*, The less
complex negative ion results showed a reactant ion corresponding to CO,” ~and resultant
ion-molecules of the single species (CnH2n+20)02_’ which were easily separated in the
plasmagrams.

In contrast to fragmentation mass spectra obtained with an electron bombard-
ment ion source, alcohol identification by this technique, coupled with mass spectral
data, is quite easy.

INTRODUCTION

Plasma ChromatographyTM is a technique whose characteristics permit the
identification and analysis of trace constituents in a gaseous mixture. Functioning at
atmospheric pressure, the instrumentation involves a positive and negative ion-molecule
reactor coupled with an lon drift spectrometer, which produces a plasmagram of separated
ion-molecule peaks from a sample mixture. Individual peaks of the plasmagram can be
directed into a quadrupole mass spectrometer to identify the ion-molecules present.

After generation of ion-molecules in the reactor, they are then separated
by a process of injection into a tube filled with a nonreactive gas through which they
are drifted by a strong electric field. The lon-molecules arrive at a collector as ion
peaks at times characteristic of their structure. The name of Plasma Chromatography (PC)
arises because this entire separation process can be thought of in gas chromatographic
terms. The drift time of different ion-molecules after sample injection is the result of
their interaction with the gas and electric field through which they move, much as the
retention time of molecules in gas chromatography is a result of their behavior as they
move through a gas under the influence of the partitioning effect. The plasmagram
resulting from a recording of detector output versus time resembles a chromatogram with
a millisecond time scale. Like in a chromatogram, the peaks can be used in a
qualitative and quantitative manner.

Basic features of this method have been described by Karasek (1). A
further description and the considerations attendant to coupling a gas chromatograph to
the system is the subject of a recent paper by Cohen (2). The great sensitivity of PC
to trace compounds arises from the ion-molecule reaction occurring at atmospheric
pressure, where many millions of collisions of reactant lons with the trace molecules are
possible. This means the ‘probability of detecting all the trace molecules present is
very high. While the literature contains a great deal of information about such
reactions, most of these studies have been made under low pressure (below 10 torr)
conditions (3).

Fundamental to the sensitivity and selectivity of the technique are the
specific characteristics of the ion-molecule reaction producing the detected species.
Since these reactions have very high reaction rates and form stable ion-molecules for
oxygenated compounds, this investigation was initiated to explore the trace detection of
such compounds. The compounds used for this exploratory work were the alcohols;
l-octanol and l~nonanol. Since other more complex oxygenated compounds are important
species in studies of air pollution, this work was preliminary to determining suitability
of the technique as an analytical method for such air pollution studies.
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PRINCIPLES AND INSTRUMENTATION

A block diagram of the basic functions of the instrumentation is shown in Figure 1.
The reactant gas and gaseous sample are introduced into the PC tube continuocusly.
Formation of the plasma of reactant ions occurs in the ionizer region of the tube,
through a series of steps that take place in less than a millisecond. These steps are
initiated when radioactive nickel-63 emits electrons (with energies as high as 60 keV)
that then create positive ions and low energy electrons in the reactant gas. The
positive ions and electrons rapidly dissipate their initial energy to a thermal level
through collisions with neutral molecules. 1In moist air the end product of these steps
is creation of (H,0) 0~ and (HZO) €07 in the negative mode and (HZO) H+ ions in the
positive mode; the value of n depends on water vapor concentration. These hydrated ions
react, in about a 10 millisecond interval, with the trace organic molecules from the
sample to form stable ion-molecule entities that are separated and studied by the data
contained in their plasmagrams and mass spectra.

Functions of the instrumentation to produce the plasmagram are illustrated in
Figure 2. Ionization, reactant ion generation, and ion-molecule reaction processes are
occurring continuously. To separate the ion-molecules produced, a discrete pulse of
them is injected into the drift region of the PC tube by opening the shutter grid for
0.5 milliseconds. The ion-molecules drift down through the electric field and the gas
present until they arrive at the collector; drift time of each ion-molecule depends on
its interaction with the electric field and drift gas. The drifting step takes about
50 milliseconds, after which time the whole sequence is initiated again. The signal
recelved by the collector produces a recorder tracing of a plasmagram.

Since the whole sequence of steps occurs in the millisecond time range, the
plasmagram scan is produced by a moving gate technique. The gating grid in front of the
collector opens for about a 0.2 millisecond interval to permit drifted ion-molecules to
pass through to the collector. The gating grid opens at times delayed from the shutter
grid operation varying from O to the entire 50 millisecond drift time. Typically, a
5 minute scan time is used. This means that after the sample is injected by the shutter
grid, the delay of the gating grid function will slowly vary from 0 to 50 milliseconds
in 5 minutes. A plasmagram results from the ion-molecules this moving gate allows through
to the detector as it scans slowly across the range of drift times. This recording
method is illustrated in Figure 3.

Many cycles of the injection and drift process have occurred during the scan.
Observation of only one peak can be accomplished by permitting the grid delay time to
remain fixed in the position corresponding to that ion; only that particular ion-molecule
concentration and its related trace constituent can pass through to the detector and be
measured. Ton intensity recorded at this peak is the sum of ion-molecules collected
from about 6000 consecutive injections.

Drift time, much as retention time in gas chromatography, can be used to identify
the trace molecule originating the peak in the plasmagram. However, by directing these
ions into a mass spectrometer, a fairly complete identification can be obtained. This
is done through an interfacing device with an aperture and ion focusing electrodes; this
device reduces the pressure to the 10-5 torr required by the mass spectrometer and
delivers the ion-molecules to the analyzer section of that instrument. Having charged
particles that can be confined electrically permits the design of a more efficient
interfacing device than those commonly used for interfacing gas chromatographic effluents
into a mass spectrometer. These mass spectra, combined with the plasmagram, provide the
information about the compounds under study. Either positive or negative ion-molecules
can be studied.

EXPERIMENTAL PROCEDURE - ALCOHOLS

Samples of l-octanol and l-nonanol were obtained from a kit of gas chromatographic
reference compounds. (Polyscience Corporation, Evanston, Illinois, cat, no. 120).
Prior to introducing the sample alcohols, the drift cell and mass spectrometer tube were
baked out overnight at 250°C under a vacuum of 1075 torr or less.

The drift cell was operated with a drift field of 320 volts per centimeter at
room ambient temperature and pressure. Bottled air at a flow rate of 100 cc/min was
used as a carrier gas and nitrogen gas obtained from liquid nitrogen at a flow rate of
2.5 1/min was used as a drift gas. Both gases were passed through a molecular sieve
trap and micron particle filter prior to use.

The sample alcohol was used to wet the barrel of a previously cleaned 5cc gas
tight-syringe. The syringe was then back filled several times with dry nitrogen gas
and allowed to come to equilibrium. The resulting nitrogen gas, saturated with sample
vapor was injected into the carrier gas stream by means of a syringe pump at a rate of

B252




Drift gas

l -Collector _J\_j\\J\_A_

Reaction lon-molecule Plasmagram
region separation

Reactant in sample gas

lonizer

PC-MS
interface

Mass spectrometer

Mass spectrum

Fig. 1. Plasma Chromatography separation process. Sample gas containing organic compounds is ionized to convert
each organic molecule to a very stable ion-molecule. lon-molecules. are separated by injection into a tube filled
with a nonreactive gas; the ion-molecules are drifted through the gas by a strong electric field. They arrive at
collector at times characteristic of their structure. Signal received by collector produces a recorder tracing of a
plasmagram. When interface is used, ions of plasmagram peaks can be directed into mass spectrometer to provide
positive mass identification of sample being studied.
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Fig. 2. Simplified diagram shows how plasmagram is produced.
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ION ABUNDANCE

mfe . 1-OCTANOL 1-NONANOL
30 12 4
33 - 7
37 25 40
48 12 14
51 - 80
55 100 87
65 - 100
69 - 7
85 6 -
87 - 5
92 - 5
98 - 5
111 35 -
127 20 -
144 45 -
149 45 -
163 - 3
179 - 20
205 - 10
250 - 7
261 75 -
289 - 14
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FIGURE 8 - NEGATIVE ION MASS SPECTRA OF ALCOHOL PLASMAGRAMS
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54
6
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10 microliters/minute. This gave .a sample concentration in the carrier gas of about 30
parts per billion.

Plasmagrams and mass spectra were taken of the resulting negative and positive
ions. :

The positive ion mass calibration was based upon the ion series (H,0) H+ present.
in the initial control runs. This ion series has been identified previously based upon .
experiments with deuterium oxide and by spectrometer calibration with its standard
electron bombardment ion source.

The negative ion calibration was obtained by adding several parts per millioh of
sulphur hexafluoride to the drift gas. The resulting ions are SF ; and SF  which serve

as calibration points.

POSITIVE ION RESULTS

A plasmagram of the reactant ions before introduction of the alcohols 1s shown in
Figure 4. The ions present in this peak were identified as (H 0)2 Ht and (1, 0) ut
equilibrium by the presence of ions of mass 37 and 55 in its mass spectrum. The mass
spectrum also reveals the presence of small amounts of the ion (HZO)NO+, which as a minor
constituent appears not to enter into the results found here.

A typical plasmagram obtained for each of the alcohols is shown in Figure 5 and
the resultant mass spectra for these plasmagrams are tabulated in Figure 6. Because of
the complexity of these positive data, and the simpler results shown for the negative ion
case, only a partial identification of the ion-molecules present in the plasmagram peaks
was determined. Those shown in Figures 5 and 6 suggest that ion clusters with structures
corresponding to:

(CH, 1,0, @ 0) gt
are being formed for both alcohols. The peak at mass 261 in the l-octanol data is very
possible (C.H O)H+ with a similar double cluster at mass 289 being observed for the
l-nonanol. The first large peak after the reactant ion in the l-nonanol plasmagram of
Figure 5 contains ion-molecules of m/e 163, 179, 205. The next peak contains ion-
molecules of m/e 250.

The ion-molecules observed for l-nonanol contained the series of masses 33,37,51,
55,65,69 and 87. This corresponds to the ion series expected for methyl alcohol water
clusters of the form: (CHHO)X(HZO)y'H+ as illustrated below.

n/e

33
37
51
55
65
69
87

FHNOHOM |X
WNOWRNO K

The fact that this series was only observed in the runs made with nonanol indicates it
1s a contaminant in the original sample and not due to experimental technique. In each
case the same syringe and cleaning procedures were used and no trace of methyl alcohol
was detected in the cleaned syringe when blanks were run.

Based upon the peak intensities and the vapor pressure ratios of methanol and
nonanol, the contamination level is probably below 100 parts per million. Since samples
were always poured from the original containers, and nothing ever introduced into the
original container, it appears that this contaminant was most likely present in the
original sample and not accidentally introduced at a later time. The detection of the
minute trace of methyl alcohol contamination of the nonanol was an interesting outcome
of these experiments and serves to illustrate the analytical scope of the ion-molecule
reaction technique.

NEGATIVE ION RESULTS

The negative ion drift time and mass spectra are quite simple in comparison to
the positive. Plasmagrams for the alcohols are shown in Figure 7 and the corresponding
mass spectra are in Figure 8. The first peak in each plasmagram appears to be the
reactant ion (CO )0,” which transfers the charged oxygen to the alcohol molecule. It is
not surprlslng to flnd the C0 ~ being present and assuming this role. Mohnen indicates
that CO,” is a very stable ion found in mixtures of oxygen and carbon dioxide (4).
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The major ion-molecule formed in each case appears to be the alcohol combined
with a negatively charged oxygen molecule. These appear as the distinctive plasmagram
peaks with different plasmagram times shown in Figure 7. The ions associated with the
large plasmagram peaks are observed at m/e 162 and 176. The lon-molecules giving rise to
the two smaller peaks in the l-octanol plasmagram were not identified. A similar series
with water in place of the alcohol; (HZO)nOZ' has been observed and verified using
deuterium oxide. It is apparent that in the negative ion mode one can identify these
alcohols from their characteristic plasmagrams and the presence of ion-molecules at m/e
of 162 for l-octanol and 176 for l-nonanol.

CONCLUSTIONS

Both positive and negative ion-molecules are formed with these alcohols. Under
the conditions of this experiment the positive ion plasmagrams and mass spectra originated
from a series of the type (C Hyn4,0)_ (H,0) HY. These positive plasmagrams and mass
spectra were falrly complex. The negative’ion results produced the simpler data. The
plasmagrams showed a reactant ion corresponding to a CO,~ ion and resultant ion-molecules
of the single species (C,H,,4,0)0,7. These ion-molecules are easily separated in the
plasmagrams which, coupled with mass spectral data, makes identification of the alcohols
quite easy with this technique. By contrast, it is well known that these alcohols give
no parent ions in their fragmentation mass spectra obtained with electron bombardment
ion sources, which make identification difficult.

These results are encouraging. Beilng able to study both positive and negative
ion-molecules and chose from a number of lon-molecule reactions to provide specific
sensitivity and selectivity gives one a wide range of analytical possibilities. Applying
these techniques to the identification of other oxygenated compounds appears quite
feasible.
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FIGURES

Figure 1. Block Diagram of the Plasma Chromatograph

Figure 2. Functional Diagram of Plasmagram Recording

Figure 3. Plasmagram Recording Using a Moving Gate Technique
Figure 4. Positive Ion Plasmagram of Reactant Ion

Figure 5. Positive Ion Plasmagrams of 1-Octanol and 1-Nonanol
Figure 6. Positive Ion Mass Spectra of Alcohol Plasmagrams
Figure 7. Negative Ton Plasmagrams of 1-Octanol and l-Nonanol
Figure 8. Negative Ion Mass Spectra of Alcohol Plasmagrams.
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ABSTRACT

A number of alr samples from Rochester, Montreal, Houston, the Sierra Nevada area,
and water from Houston's Ship Channel, have been analyzed by combined gas chromatogra-
phy-mass spectrometry for thelr alkane content., Environmental peculiarities of the
zones where the samples were obtained indicate correlations between the patterns of the
hydrocarbons found in each case and their likely sources.

The combination of high resolution capillary gas chromatography with the identi-
fication capability of mass spectrometry is considered one of the best techmniques to
perform analyses of such complex mixtures in which some individual components are
present in very minute amounts.

INTRODUCTION

It 1s well known that hydrocarbons are widely distributed in nature (1). Alkanes
are found, in addition to petroleum crudes (2), in animals, plants and their products
(3,4); micro-organisms, e.g. algae (5) and bacteria (6); terrestrial and extraterres-
trial samples, e.g. rocks, sediments (7), meteorites (8); air and air pollutants, e.g.
dust (9), smoke, and exhausts; water, and in general in all those samples being exposed
to the Earth's atmosphere and hydrosphere for some time.

In an attempt to get some complementary views on the overall distribution of
hydrocarbons in air, we have undertaken a comparative study of the alkane fraction in
alr samples from four different localities: Montreal, Rochester, Houston and the
Sierra Nevada. The aim of these studies is directed towards monitoring pollution on
one hand and contamination control (of samples to be analyzed for hydrocarbons) on the
other. The role played by contamination arising from environmental sources is quite
critical in studying compounds present in the submicrogram level in samples which have
been in our environment for certain periods of time. This situation is of particular
concern in the analysis of extraterrestrial samples (meteorites and lunar soil) coming
from high vacuum systems, a condition which consequently enhances the potential contam-
ination by products of our biosphere (10).

In another aspect of this work we have studied the alkane fraction of the water
from Houston's Ship Channel that connects Houston to the Galveston Bay system. We
have attempted to correlate both quantitative and qualitative results to the environ-
ment peculiarities of the zones where the samples were obtained.

EXPERIMENTAL

a) Air Sampling

Alr sampling was carried out by passing amounts of the order of 1500 m3 of air
through glass cloth filters in the case of Montreal and Rochester, and 3.5 m3 of
Houston's air through silica gel. Paper filters and a Staplex high-volume air sampler
were used to sample 924 m3 of Sierra Nevada's air.

b) Analytical Procedure

The filters and silica gel were Soxhlet extracted with a mixture of benzene/
methanol (3:1). The extracts were fractionated on silica gel columns with pentane,
benzene and methanol. The pentane fraction, which congained the alkanes, was studied

*Present address: Texaco Inc,, Bellaire, Texas
**Present address: Space Scilences Laboratory, University of California,
Berkeley, California

B259



RECORDER RESPONSE

FIGURE 1

Co9

rA MONTREAL

€25 (g

Ca2

C2s Co6 Co7 (g

Cog C30

B ROCHESTER

¢ UOUSTON
B BLANK
STARTED AT 125°C TEM?.°C
175200 2715 300 300 300 00 30 3.0
— g —— ; . .
10 20 30 40 50 60 70 P

TIME [MINUTES)
Gas chromatographic separation of alkanes from air on a,
FIGURE 2 30.5 m x 0.25 mm I.D,, capillary column coated with Aplezon L.

PRISTANE

a-Ci7 HOUSTON'S
nm% SHIP CHANNEL WATER

NORPRISTANE n-Cig

n-C
15
kr,PHYTANE

n-Cig

n-c, |

n-Csp

TIME (MINUTES)
20 49 80
T L T T T
140 160 180 200 200

TEMPERATURE (°C)

Gas chromatographic separation of alkanes from water om a,
154.0 m x 0.76 mm I.D., capillary column coated with Polysev.

B260




by high-resolution capillary gas chromatography on 500 ft, x 0.02" columns coated with
suitable phases (see Figures 1 and 2). Details on the procedure have been given else-
where (8). The other fractions containing aromatics (benzene) and the polar compounds
(methanol) will be the subject of later studies.

The effluent of the gas chromatographic column was introduced to an LKB 9000 GC-MS

instrument that uses the Becker-Ryhage jet type separator. Mass spectra of the individ-
ual components emerging from the chromatographic column were recorded at 70eV.

RESULTS AND DISCUSSION

The preliminary results obtained in a survey of air samples undertaken some time
ago are depicted in Figure 1 which shows the chromatograms of air from three different
localities: Montreal, Rochester, and Houston. In the Montreal air, an odd over even
carbon number predominance of alkanes can be observed. The air from Rochester shows a
rather monomodal distribution, while Houston's air displays a slight even over odd pre-
dominance. Preliminary results on air samples from the Sierra Nevada (in the surround-
ings of Lake Tahoe) show in general less than 1011 ppm of hydrocarbons which turned out
to be insufficlent to get a reliable chromatogram with the amounts of air sampled.

Table I summarizes the amounts of alkanes in the air from the four localities studied.

TABLE I
Locality Total ppm Characteristics
Houston 1.7 x 1076 Even over odd predominance
Montreal 1.2 x 1078 0dd over even predominance
Rochester 7.2 x 1072 Monomodal distribution
Sierra Nevada <1011 Trace amounts only

With the data presently available we cannot be too certain at the present time on
the exact sources of these hydrocarbons. However, these patterns can be correlated to
a certain extent to a biological or non-biological origin depending upon the predomin-
ance of the odd over even carbon number series of the alkanes. The odd over even pre-
dominance is commonly taken as an indication of biogenecity (4). Consequently, in this
sense, one might assess a biological origin for the hydrocarbons detected in Montreal's
air. It is Interesting to note that the only even over odd predominance, which points
to alkanes of industrial, or non-biological origin, is confined to the city with the
heaviest concentration of petrochemical industry (Houston). This observation is also
correct in a quantitative sense. Houston contains two orders of magnitude more than
Rochester, three more than Montreal, and five more than the air from Sierra Nevada in
the samples analyzed.

As indicated earlier we also studled for comparative purposes the water from the
Houston Ship Channel. Figure 2 shows a rather complex distribution of hydrocarbons
extracted from this water. The total amounts reach a value of 14.500 ppm, which can be
compared with the 50.000 ppm obtained from an East Texas petroleum crude by application
of the same method. Interestingly enough, on their tour of the Houston Ship Channel
and Galveston Bay system, as recently reported (l1), members of the President's advisory
board for pollution control were appalled to see ships actually churning up oil from
the two foot thick sludge from the bottom of the channel. This distribution resembles
very much petroleum crudes of East Texas (usually characterized by a high content of
isoprenoids, pristane and phytane), an observation which is in line with the above
remarks.

CONCLUSIONS

Even though this work is only preliminary, the results presented here give an
indication of what are the major sources of the hydrocarbons present in the samples
studied. As far as air is concerned, not only the hydrocarbon distribution, but the
total amounts found point in general, toward the predominance of determined sources of
hydrocarbons over others which contribute to a lesser extent.
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The water analyzed is a cle'ar example of water polluted predominantly with petro-
leum-like hydrocarbons. The total amounts found are roughly 29% of the alkane fraction
studied by application of the same procedure to an East Texas petroleum crude (12).

It should be made clear, however, that due to the interaction of other atmospheric
phenomena, such as wind and rain, and to the different methods of sampling, there is an
inherent difficulty in obtaining analyses of "representative' samples of air and water
of any zone. Only continued studies can give a better correlation of the data resulting
from this preliminary work.
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Mass Spectrometric Studies of the Reactions of Singlet Molecular K4
Oxygen (OzlAg) and their Significance in Air Pollution*

John T. Herron and Robert E. Huie

National Bureau of Standards
Washington, D. C. 2023k

The reactions of singlet molecular oxygen (OzlAg) vith organic compounds have
been studied in the gas phase using a flow system coupled to a mass spectrometer.
The concentration of singlet oxygen was determined by titration with 2,5-dimethylfuran.
Reaction mechanisms and rate constants were obtained for reactions with olefins and
other organic compounds. The rates of these reactions are compared with those of

the corresponding atomic oxygen reactionsunder atmospheric conditions.

* To be published in Environmental Science and Technology.
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HIGH-TEMPERATURE HIGH-RESOLUTION MASS SPECTROMETRIC STUDIES

OF APOLLO XI LUNAR FINES *

F. M. WACHI, D. E. GILMARTIN, W. K. STUCKEY and V. L. KNIGHT
Materials Sciences Laboratory

4terospace Corporation, El Segundo, California

/
J. F. ORO and W. 5. UPDEGROVE

Departments of Biophysical Sciences and Chemistfy
University of Houston, Houston, Texas

ABSTRACT

The liquidus-solidus behavior of Apollo 11 lunar fines and the evolution
characteristics of CO, N,, He, Ne and Ar were investigated by the combined techniques
of high vacuum differential thermal analysis (DTA) and mass spectrometry between
100° and 1SOO°C. The DTA thermogram has shown that the lunar fines undergo fractional
melting over a broad range of temperature from about 9150 and lBOOOC, the iron-sulfide
melt separates immiscibly from the silicate magma at about llhOOC, and the lunar
material becomes a homogeneous melt at about 13OO°CA

With the exception of a few surges of nitrogen gas below 114000, significant
quantities of nitrogen gas are released between llhOOC and 1180°C. The source of
nitrogen gas could be from decomposition of nitrides, nitrates and the sudden release
of occluded nitrogen. Small amounts of CO are evolved continuously from about 580o
to 1140°C. The rate of CO release increases sharply above 1140°C and reaches a
maximum at about 135000 indicating the existence of carbon in the lunar fines.
Although the precise nature of the lunar carbon is still undefined, the source of CO
could be from trapped CO, decomposition of carbonates and carbonyls, and reactions
between the mineral oxides and carbides and the various allotropes of carbon (graphite,
chaoite, lonsdaleite and diamond). The possibility of high temperature reactions of
elemental carbon with the molten mineral matrix cannot be ruled out since all of these
allotroplce forms of carbon have been found in meteorites and the lunar soil from the
Sea of Tranguility has been estimated to contain about 2% meteoritic material. The
thermal evolution curves for the noble gases have indicated that these yases come from
severa) sources witn the principal sourccs teing the solar wind, radiogenic decay
reactions and spallation processes. Bclow about lOOOOC the major source for the
noble gases appears to be the solar wind. At higher temperatures the composition of

the noble gases trends toward spallation and radiogenic decay type of noble gases.
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The search for carbon-containing materials was performed with a speclal low
hydrocarbon background vaporization apparatus that was coupled to the mass
spectrometer. Comparison of the mass spectra from the blanks with the corresponding
spectral data on the lunar fines has shown that the trace quantities of organic
matter can be attributed to contaminants either from the exhaust of the lunar module
or from terrestial handling of the lunar samples. All of the organogenic elements
(H, ¢, N, 0, S, P) have been observed mass spectrometrically, but the chemical nature

of these species in the lunar material has not been identified.

This work was supported under Air Force Contract No. FO L4701-69-C-0066 and NASA

Contract NAS-9-8012
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DECOMPOSITION OF FIRE RETARDANTS BY MASS K6

SPECTROMETRIC THERMAL ANALYSIS
H. G. Langer and T. P. Brady

The Dow Chemical Company
‘Eastern Research Laboratory
Wayland, Massachusetts Q1778

With the increased use of plastic materlals in everyday items, the
problem of flammability becomes acute. Up to now, the evaluation of fire
retardant agents has been empirical. Thus, the need for methods and
instrumentation to test fire retardants has never been greater. In this
papgr we shall describe a method which at least partially can fulfill this
need.

In 1961 Friedman reported on the fire retardant properties of a
number of bromine containing compounds (Fig. 1). An interesting conclusion
may be drawn from this data: the total amount of bromine available in
these compounds is apparently more important than the molecular structure
of its carrier to inhibit burning. This, in turn, seems to indicate that
indeed the smallest fragments such as bromine radicals, HBr or possibly
Br> are the active species in the fire retarding process. If this is true
it might only be necessary to study these low molecular weight species in
the gas phase as a way of evaluating this type of fire retardant agent.

Obviously low molecular weight species cannot be incorporated into
polymers or added to synthetic fibers without losses by diffusion or even
chemical interaction. Thus a fundamental requirement for an additive fire
retardant is a decomposition pattern producing such low molecular weight
species at a time where a polymer also undergoes decomposition.

If the fire retardant agent is decomposed at temperatures below the
decomposition range of the polymer, it might disappear before the flame
starts. On the other hand, if the fire retardant agent is thermally
much more stable than the polymer it might prevent the remaining char from
burning but not the burning of the gaseous pyrolysis product from the
polymer. Consequently, knowledge of the decomposition of fire retardant
agents as a function of temperature and an identification of decomposition
products must represent knowledge of fire retardant potential.

This is exactly the goal for the first phase of our studies on fire
retardants by mass spectrometric thermal analysis, a method which we have
previously described. (1) For this method intensities of ions observed
in the mass spectrometer are plotted as a function of linearly increasing
temperature. The sample itself is heated inside a time-of-flight mass
spectrometer close to the ion source. Figure 2 shows the decomposition of
pentabromochiorocyclohexane. The major ions are HCL', CgHs' , CeHsCl* and
CeHsBr'. In addition all ions formed by successive dehalogenation of the
parent compound were detected although they are not plotted in this graph.
What then is the information we can extract from these curves?

The decomposition starts slightly above 100°.

. The major reaction product is benzene which shows up in
part as the phenyl ion.

Negligible amounts of HBr were detected.

Surprisingly high concentrations of HCl and chlorobenzene
are present,

B C B VY

The chemical reaction is summarized in Fig. 3.

Initiated by homolytic cleavage of a carbon-bromine bond the
remaining radical becomes successively more stable with formation of
double bonds after loss of a second halogen. Loss of HCl or HBr would
explain the formation of bromobenzene and chlorobenzene. The large
amount of HCl and chlorobenzene observed is explained by the presence of a
considerable amount of dichlorotetrabromocyclohexane.

At this point it should be noted that field testing has shown that
this brominated compound indeed has fire retardant properties as measured
by several of the laboratory tests described under ASTM classifications.
Empirically it has also been shown that this fire retardant does not alter
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the properties of the polymer by chemical interaction so that we can
classify this material as an additive FR agent. The effect of this agent
then must be displayed in the flame front itself.

Looking at the decomposition of polystyrene, as shown in Fig. Y4, which
we have chosen as a model system because of the ease of handling the
polymer in the laboratory, we find that the FR agent is decomposed
slightly before the onset of polymer decomposition which is a prerequisite
for fire retardancy.

Since different polymers do decompose at different temperatures, fire
retardant agents should be available which will also decompose at differ-
ent temperature ranges. One possibility is present in the structure of
the fire retardant itself. Changing the location of the halogen on the
carbon skeleton should have a definite effect on the onset of the reaction.
On the other hand, physical properties of the FR agent can also become
quite important. Both these phenomena are demonstrated with the follow-
ing series of brominated allylphenyl ethers all of which have shown fire
retardant properties. The decomposition of tribromoallyl-tribromophenyl
ether (Fig. 5) similarily to the previous example also begins at approx-
imately 150°. Here, however, the reaction proceeds in two steps with a
number of reaction products appearing in the gas phase. Very significantly
a fairly large amount of hydrogen bromide is liberated at low tempera-
tures, more at the onset of the second reaction step, and continuing to
temperatures of approximately 500°.

By linking two of these molecules at the phenyl groups to a
dimethylmethane bridge (Fig. 6) the character of the decomposition is
maintained. However, a relatively large amount of hydrogen bromide is
liberated and the reaction is sustained, in fact, increased much more
strongly with increasing temperature. The importance of physical pro-
perties is demonstrated with the following two examples, the allyltri-
bromophenyl ether (Fig. 7) and the tribromoallylphenyl ether (Fig. 8).
Both compounds vaporize readily, so that essentially no decomposition could
be observed in the mass spectrometer. However, when the first of these
two compounds was incorporated into a polystyrene matrix this molecule
was not vaporized but styrene fragmwents and HBr was observed at about 350°
Where the ortho-position in this phenyl ring was not brominated (Fig. 9,
10) a sharp exothermic reaction was observed by differential thermal
analysis, possibly indicating a Claisen rearrangement of a condensation
reaction,

To summarize,molecular composition has an effect on the release of
bromine within a given temperature range. If this temperature range is
fairly low, one would expect this material to be very effective for a
“"flash fire'. On the other hand, slower burning materials and those with
high decomposition temperatures would require a fire retardant that shows
a fairly high thermal stability.

We have shown that mass spectrometric thermal analysis is an
excellent tool to study fire retardant potentials. At present, we are
extending these investigations to detect possible interactions between
polywmers and fire retardants which would not only allow us to investigate
the desired high temperature reaction but also detect undesirable reactions
which might occur during the molding and processing operations on the
polymer.

The question of synergism is also under investigation.
References
1. MAutomated Mass Spectrometric Thermal Analysis". H. G. Langer and

F. J. Karle, Reported at the 15th Annual Conference on Mass
Spectrometry and Allied Topics. May 1967, Denver, Colorado.
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MECHANISMS FOR TEMPERATURE EFFECTS IN MASS SPECTRA

BY

Fred P. Abramson
CEC/Analytical Instruments Division
Bell & Howell Co.
Monrovia, California 91017

This paper studies strong temperature effects in certain classes of compounds

by varying instrumental parameters as well as comparing spectra obtained

from field ionization with those obtained via electron impact. The purpose of
these experiments was to evaluate the validity of comparative spectra run on
different machines where some very large discrepancies were observed. Perhaps
the largest discrepancy was observed by Spiteller-Friedmann, Eggers and Spiteller
who compared the spectrum of n-triacontane obtained from their Atlas CH-4 using
direct inlet methods with one obtained from a CEC 21-103 using a batch inlet

systemza. It was of interest to attempt a direct comparison using the same in-
strument in each case. Here a CEC 21-170C equipped with a heated all-glass inlet
system and a direct introduction probe was used. The idea was to try to repro-
duce the API spectrum for a compound as closely as possible, and then to vary the
experimental conditions and see if equally dramatic effects could be obtained.

A sample of n-octacosane was chosen. It was introduced into the mass spectrome-
ter first via the batch inlet system which was operated at 270° while the source
temperature corresponded closely to that used for the API spectrum-270°. A com-

parison of the API2b and the present results are found in columns 1 and 2 in
Table 1. Reasonable agreement is observed, especially for the very temperature
sensitive molecular jon. Next, the ion source temperature was lowered to 115°
while all other experimental parameters were held constant. The spectrum obtained
appears in column 3. There is one large change which resulted from having Towered
the source temperature-the molecular jon intensity increased by nearly a factor of
20. To complete this series of experiments, a sample of n-octacosane was intro-
duced via the direct introduction probe with the source still at 115° and this
spectrum is tabulated in column 4. There is some increase in the molecular ion
intensity but the change of inlet method has only a small effect on the observed
spectrum.

The explanation relates to the nature of thermal equilibrium in mass spectrométers.
The thermal state in which a molecule finds itself just prior to jonization will
reflect the last point in the system where some sort of thermal equilibrium occurred.
In a "closed” ion source design 1ike the 21-103 and 21-110, molecules spend a rela-
tively long time in the ionization chamber and will thereby cause the molecules to
ionize from a temperature represented by the ion source chamber. For thermally
stable materials, such as the hydrocarbons studied here, the method of introduction
will have Tittle influence on the spectra; only the source temperature is an im-
portant parameter, It should also be noted that this increase in the molecular ion
intensity is an absolute increase, not just a relative increase as in the case of
low energy electron impact spectra.

The loss of small molecules from complex natural products is another way that spectra
exhibit temperature effects. It is of interest to ascertain whether these losses
occur in the act of vaporization or whether they are electron-impact induced. The
comparison of field ionization and electron-impact ionization provides a potential
method for deducing the dissociation reaction mechanism. These molecular losses

are rearrangement reactions, It has been shown that, in general, rearrangement

reactions are discriminated against in field ionization mass spectra3. However,
there are examples of spectra where rearrangement processes produce the base

peak in field ionization’. Therefore it was decided to investigate the effects
of temperature on the FI and EB spectra to incorporate yet another physical para-
meter in the tests. The assumption is that strong temperature effects may be ob-
served in EB spectia independent of whether the mechanism was pyrolytic or elec-
tron induced. However, since only the fastest rearrangement reactions may be ob-
served in FI spectra and since the fast ones are those which already have suffi-
cient energy, any increase in apparent dissociation in field ionization should re-
present the results of pyrolysis to produce a new molecular species which will
then give its own FI spectrum superimposed on the spectrum of the original material.
|
Our own experience, as well as that of otherss, indicated that the residence time
of a thermally unstable compound was yet another experimental parameter. In order
to minimize the effects of residence time, 2 ug. samples were used for the follow-
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ing experiments and the mass spectrometer was repetetively scanned over a small
mass range (from the molecular ion down to loss of acetic acid) every four seconds
for the duration of the sample. Cholesterol was the first sample tested. Where
the electron impact produced a M-HZO peak which rose from 38% of the molecular ion

at 200° to 64% at 295°, the field ionization produced peak at M—HZO remained con-

stant at 10%. It would appear that there is a temperature dependent fragmentation
reaction for loss of water from cholesterol molecular ions but that this fragmen-
tation doesn't occur under these conditions for cholesterol molecules. This is a

similar result as previously notedﬁ.

Two acetates were studied next. Their behaviors were quite different from one
another. Table 2 summarizes the results. The data for testosterone acetate points
out nicely the discrimination for slow processes in field ionization and show, as did
cholesterol, that temperature dependent electron impact induced eliminations are
occuring but not from the neutral molecules. Androsterone acetate, on the other hand,
shows a dominant loss of acetic acid under electron bombardment and also shows a
considerable temperature dependent loss from field jonization. The rationalization
here is that the rapid rise in the EB data reflects mostly an activation of the
electron induced elimination while the FI data show that at 270° about half of the
androsterone acetate is losing acetic acid prior to being ionized.

Experiments are continuing to evaluate the fragmentation mechanisms in cortisone
which is a steroid with a high degree of thermal sensitivity7.
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TABLE 2
FI/EB SPECTRA OF ACETATES

TESTOSTERONE ACETATE

ELECTRON IMPACT FIELD IONIZATION
T M M-42 M-60 M M-43  M-59
135° 100 51 13 100 21 4
200° 100 72 17 100 23 4
270 100 137 30 100 23 -

ANDROSTERONE ACETATE

ELECTRON_IMPACT FIELD IONIZATION
T M M-60 M M-60
135° 100 440 100 20
200° 100 770 100 51
270° 100 1750 100 107
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ANALYSIS OF COMPOSITE SPECTRA FROM MIXTURES SUBJECTED TO
MICROMOLECULAR DISTILLATION IN A MASS SPECTROMETER

R. D. Grigsby, R. H. Cole, W. G. Fox, and G. M. Gable

Department of Biochemistry and Biophysics
Texas A&M University
College Station, Texas 77843

The technique to be described here could be classified as a special method in
mass spectrometric thermal analysis.!~> However, we are choosing instead to call it
"micromolecular distillation' because of its relationship to molecular distillation
on a large-scale basis. &8

Micromolecular distillation depends on the same principle of operation as the
"integrated-ion current” method that has been described for quantitative analysis
with a probe; i.e., the intensity of one or more masses is recorded while the sample
is distilled completely to dryness.?~!3 However, micromoleculr distillation gives,
in addition to the amounts of components present, their individual spectra also.
The technique should find utility in the analysis of mixtures that are not sufficiently
volatile for the GC-MS combination. An independent means of quantitative analysis by
probe introduction has been described in the literature elsewhere.l4=15

To subject a sample to micromolecular distillation a specially designed direct~
introduction probe is used which can be temperature programmed linearly with time.
The probe designed and constructed in our laboratory consists almost entirely of
glass except for the heating element and thermocouple. It can be linearly programmed
from room temperature to 300°C at greater than 20°C/min. and in a non-linear manner
at more than 100°C/min. By employing a stream of nitrogen gas passed through a
coil immersed in liquid nitrogen, the probe can be cooled at least to -50°C.16  The
apparatus is presently bheing used with a Bell & Howell Model 21-110B mass spectrometer,

The micromolecular distillation data are obtained by distilling the sample in
the probe at a constant rate of temperature increase, which is normally 5-10°C/min.
During the distillation multiple spectra are taken under fast scan conditions
(0.4 octave/sec.) at recorded time increments. Plots are then made of peak intensity
for given masses vs. time to give elimination curves similar to those obtained for
macro-scale molecular distillation. In actuality the data are handled by a computer
which uses a least squares technique to fit the points to an empirical equation:

I = a(t-b)3 - ctn
where I is intensity, t is time, and a, b, ¢, and n are constants determined by the
least-squares fit.

A typical elimination curve for a single mass is shown in Figure 1. Note that
the intensity increases rapidly with time until the component is distilled away,
at which time the curve drops sharply to zero.

Three quantities of importance to the analysis of the data are obtained from
the computer output. These are: t(Im), the time at which the curve "peaks out";
Im, the maximum intensity of the curve; and A, the area under the curve.

If elimination curves are plotted for several masses all of which arise from
the same component, a family of curves results having the same t(Im) within
experimental error. On the other hand, if curves are plotted for a number of masses
originating from more than one component, separate families arise each corresponding
to a single component. Thus, the number of components present in a mixture is
determined by the number of families obtained in the analysis of the data. Experience
has shown that two components can be separated if their t(Im)'s differ by more than
0.2 min. in the range of 0 to 10 min. total distillation time. Several curves for
the two component system acetophenone azine-acetylalanine are shown in Figure 2.

The number of elimination curves that can be plotted for a mixture depends only
on' the number of peak intensities measured in the spectra. If automatic data
acquisition equipment is available, curves can be plotted for all peaks above a
certain minimum intensity. On the other hand, if intensities must be measured
manually, curves will ordinarily be plotted only for the more significant spectral
peaks.
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When an attempt is made to obtain the elimination curve for a mass arising from
more than one component -- e.g., mass 43 in the spectra of a mixture of hydrocarbons --
the computer either rejects the data after a set number of iterations or else it
produces a root mean square deviation which 1s abnormally high. In these cases, it
i3 possible to use the constants determined for the different components present
to plot a composite elimination curve from which the pertinent information for the
orlgin of the mass can be obtained. Thus, t (Im), Im, and A can be approximately
determined for each component adding to the intensity of the mass. This method is
more or less successful depending on the nature of the individual data.

The results for eleven masses measured in the spectra of the acetophenone azine-
acetylalanine mixture are given below.

Mixture of Acetophenone Azine + Acetylalanine

Mass t (Im) Im A Rel I (Im) Rel I (A) Rel I (Std)

Acetophenone Azine

236 6.4 min 697 1283 57.4 57.4 67.5
221 6.4 1059 1948 87.2 87.2 93.9
180 6.4 155 285 12.8 12.8 13.4
159 6.4 284 523 23.4 23.4 24.4
118 6.4 491 903 40.4 40.4 37.9
103 6.4 349 641 28.7 28.7 25.9
77 6.4 1214 2233 100.0 100.0 88.6
Acetylalanine
131 4.9 23 63 4.4 4.7 3.7
86 4.8 238 632 45.5 47.2 50.0
74 4.9 65 177 12.4 13.2 9.2
44 4.8 719 1807 137.6 134.9 138.0
Rel I = 100n | Ii/

2 EIi

n = no. of peaks

Note that the elimination curves obtained for acetophenone azine peak out at 6.4 min.
and those for acetylalanine at 4.8-4.9 min. Relative intensities for the spectra of
the components can be calculated either from Im or A. As seen from columns 5 and 6
these will be the same within error limits depending on the quality of the data. In
column 7 are listed the relative. intensities of the standard compounds run separately
under isothermal and fast scan conditions. These are to be compared with the
micromolecular distillation results in the two previous columns.

Mention should be included here on the method used to calculate relative
intensities. These are actually given in percent lonization except that the results
are multiplied by n/2 where n 1s the total number of masses used in the calculations,
This method shares the advantage of %I in that the intensities are not relative to
any one base peak and thus are not subject to the error inherent in the measurement
of that peak. On the other hand, by multiplying the intensities by n/2 they are
forced to fall in a range which generally runs from zero to 100 (or occasionally
higher as seen for the acetylalanine data). Thus, the intensities can be read or
visualized more conveniently than if they existed as small decimal fractions. This
is particularly true for spectra containing a large number of peaks, in which case the
%I numbers are generally very small. It should be noted, however, that the micro-
molecular distillation technique is not dependent on any one method of expressing
intensities and that the calculations given here are primarily for the convenience
of the authors.

The quantitative results for the two-component system are shown in Figure 3.
Here, acetylalanine is considered the unknown and acetophenone azine an internal
standard. The amount of acetylalanine present in a sample is determined from the
equation

_w A4 (2) c w(l)
w(2) K 2221 (D)

where w(2) is the weight of acetylalanine present, 4,4(2) 1s the area under the

elimination curve for mass 44 in the spectrum of acetylalanine, Ap27(1) the corres-
ponding area for mass 221 in the acetophenone azine spectrum, and w(l) the weight of
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acetophenone azine added to the sample. The constant K is simply the ratio of the
sensitivities for the two masses (area under the elimination curve : the amount of
component present). Note that K is independent of instrument operating conditionms.
The determinations would actually be more accurate if the sum of the areas under the
curves were used in place of the areas determined for single peaks.

Theoretically, the line in Figure 3 should go through the origin. The finite
value for the Y intercept occurs instead because the data were fit to an equation of
the type Y = mx + b by the method of least squares. Thus, the effect of data scatter
1s enhanced for the purpose of testing the theory. 1In actual quantitative analysis
calculations the line should probably be forced through zero.

Acknowledgements. The authors wish to express their appreciation to C. 0.
Hansen and D. G. Mannering for helping to program the mathematics of the least
squares technique and to J. S. Bird for assistance in measuring the spectra,
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Gas Analysis in Films by Laser-Induced Flash Evaporation and Mass Spectrometry K9
Harold F. Winters and E. Kay
IBM Research Laboratory, San Jose, Calif. 95114
The presence of gases in thin films is known to significantly affect their physical
properties. This is particularly important in sputtered films which are usually grown in

1.2 has

a high pressure discharge.l’2 A gas analysis technique, briefly described earlier,
been perfected to systematically study the gas content of nitrogen and argon in sputtered
films. This method involves laser induced flash evaporation of a small portion of the
film followed by mass spectrometric analysis of the gas which has been released into a
closed volume. In contrast to a related method, described by Guldner, the laser method
evaporates less than 1 mm2 per shot leaving most of the film undamaged. Moreover, mass
spectrometric analysis allows concentrations smaller than 1 part per billion to be
measured under ideal conditions.

This type of analysis is applicable for determining the noble gas or nitrogen con-
centrations in most film-substrate systems. Standards are not needed since the mass
spectrometer is calibrated as a function of pressure using a Meleod and/or an ionization
gauge. This method also has the advantage that it can be conducted in ultra high vacuum
systems which are used for other purposes.

The fact that the area of the film from which the gas is released is closely
approximated by the area which is visibly damaged by the laser beam has now been demon-
strated for a variety of gas-film-substrate combinations. Hence a knowledge of the weight
of the film, the damaged area, and the partial pressures of released gas allows calcula-
tions of the desired concentrations.

Whereas the technique has been shown to be exceedingly sensitive for such gases as
nitrogen, argon and xenon, the accuracy of the present level of development is only good
to *25% at best. Similar sensitivity and accuracy is expected for the other noble gases.
However, there are experimental questions which remain to be answered for some of the
chemically active gases. The released oxygen, for example, appears mainly as CO and COZ'
It is possible that the partial pressures of these two gases may be a good indication of
the oxygen content of the film. However, phenomena such as reversible CO adsorption on
the vacuum system walls and the desorption of CO resulting from the presence of atomic and
molecular oxygen must be investigated further before one can convincingly argue that the
oxygen analysis is quantitative.

Most active gases will be adsorbed on the walls of the vacuum system if they are

4,5 In this case the pressure

desorbed in the atomic form during flash evaporation.
increase in a closed volume is not a reliable indication of the gas content. Hydrogen is

expected to be desorbed to some extent as atoms6 making quantitative analysis difficult.
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Nevertheless, each evaporation produces a significant amount of H2 which at worst places
a lower limit on the concentration and at best is directly proportional to that
concentration,

Temperature dependent affects such as the desorption of atoms have been detected in
the following manner. The amount of energy in the laser pulse is changed by placing
optical filters in the path of the laser beam. This changes the maximm temperature
attained by the evaporated material. The presence of temperature sensitive phenomena is
detected by showing that the measured concentration is a function of the energy in the
laser pulse.

The gettering of devices such as the mass spectrometer and ion gauge can produce
significant errors in this type of micro-a.nalysis.7 However, the affect of these devices
can be minimized by using low work function emitters and by using very low emission
currents.l For example, the partial pressure of CH4 (’\46x10_6 Torr) will be reduced by a
factor of two in 60 seconds if a standard ion gauge is operated at 17(10'3 amp emission,
whereas, the pressure will be reduced by less than 2% during the same period if the
emission is 1x10'7 amps. Results of a similar type have been observed for the mass
spectrometer.

The affect of gettering by the laser evaporated material has been discussed in a
previous paper.7 In many instances there is no gettering. However, in cases where
gettering occurs one can evaluate its significance by evaporating a relatively gas free
film of the same thickness in the presence of partial pressure of the gas of interest.
If gelttering occurs the pressure will immediately decrease.

In conclusion, laser induced flash evaporation followed by mass spectrometry has been
shown to give quantitative results for a number of gases and qualitative results for
others. Methods of detection and prevention of several sources of error in this type of
analysis have been discussed.

1. Harold F. Winters and Eric Kay, J. Appl. Phys. 38, 3928 (1967).
2. E. Kay and H. F. Winters, 1965 Transactions of the Third International Vacuum
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GAS SAMPLING DEVICES FOR MASS SPECTROMETRIC ANALYSIS K10

OF HERMETICALLY SEALED SYSTEMS

R. E. Witkowski and A. Pebler’
Westinghouse Research Laboratories
Pittsburgh, Pennsylvania 15235

Several devices have been constructed and used in the laboratory to sample
gases from encapsulated devices and hermetically sealed systems for mass spectrometric
analysis. In addition to obtaining quantitative gas analysis, a means for establishing
the pressure and quantity of gas within the sealed system has been incorporated in the
sampling systems. Most sampling devices are integrated into the inlet system of the
CEC 21-103 mass spectrometer and permit the analysis of hermetically sealed gas samples
with the same rapidity as those stored in valved containers. The devices are capable
of sampling sealed systems having pressures in the range of 10_6 - lO2 atm containing
as little as 10_5 cc-atm of gas and can be used at temperatures as high as 400°C.

The analyses are programmed in BASIC language using a remote terminal and provide
information regarding evacuation, flushing and filling procedures, chemical reactions
and the effectiveness of sorption or getter materials within the hermetically sealed
device or systems. Several sampling devices will be described and their use

i1llustrated.
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L1

A Minlature Cold-Cathode Ion Source/Quadrupole Residual

Gas Analyzer. F. L. TORNEY, Norton Research Corp., Cambridge,
Mass. 02142,

A miniaturized version of the cold-cathode ion source residual
gas analyzer reported previously1 has been developed. The
instrument, including all operating electgonics is mounted

in a cylindrical container 472" o0.d. x 127" long. The

unit weighs less than 5 1lbs. and requires only 5.2 watts

average power from a 28 volt dc source. The instrument

mounts on a single UHV flange located at the ion source
entrance. The mass range 1-50 amu is scanned automatically

and a voltage analog of the mass number 1s provided. Peak

width is nearly constant and is 1 amu or less (at 5% of

height) over the entire mass range. The electronics utilizes
integrated circuit operational amplifiers for high gain feed-
back control of the quadrupole parameters. A 6 decade log-
arithmic electrometer displays the full range of peak amplitudes
on a 0 to 5 volt analog output. The minimum detectable nitrogen
partial pressure is 107!°% Torr.

1F. L. Torney & P. Blum, 1llth Annual Conference, Dallas,
Texas, 1966.

This work was sponsored by NASA-Langley Research Center under
Contract NAS1-5347, Task 14.
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A COLD-ELECTRON SOURCE SUITABLE FOR MASS SPECTROMETRY L2

J. F. Sprouse, K. M. Jackson, T. A. Raju, and M. K. Testerman

Department of Electronics and Instrumentation
University of Arkensas Graduate Institute of Technology

Little Rock 72203

A cold electron source which operates by a mechanism other than thermionic
has been developedl’z. This source possesses the potential for use in instrumen-
tal applications and has been used in a mass spectrometer. It operates at approx-
imately room temperature and produces non-collimated electron output currents of
the order of 100-200 microamperes. A collimated output current of approximately
1 to 3 microamperes can also be obtained by making the emitted electrons traverse
the inner diameter of a length of Vycor capillary tubing.

Figure 1 shows schematically the vapor-deposition apparatus used to deposit
conductive tin oxide films along the inner diameter of a section of capillary
tubingB. The capillary tubing is cut to length and cleaned with hot chromic
acid and rinsed in distilled water. It is then sealed by means of an asbestos
seal into one end of a section of delivery tubing. The opposite end of the
delivery tubing is connected by means of tygon tubing to a flow-meter and then
to an oxygen cylinder. The capillary tubing and delivery tube are extended into
a furnace at GOUOC. The system is allowed to reach thermal equilibrium; then
approximately 0.2 milliliter of 0.2 molar SnClh . 5H2O is injected into the
delivery tube by means of a hypodermic syringe. When the solution contacts the
hot glass, hydrolysis occurs, producing vapor which is carried through the inner
diemeter of the capillary tubing. A conductive film of tin oxide is deposited
along this diameter with oxygen acting as a carrier gas (F ~ 0.6 1/min) and oxi-
dizing agent to the system.

Figure 2 shows the general structure of a typical capillary electron emitter
after films have been d;posited. Metsl contacts are vacuum evaporated on to the
end surfaces and extend approximately 5 millimeters from both ends along the out-
side of the tubing. ‘he metal contacts also extend approximately 1 millimeter
along the inner diameter of the tubing from both ends. This allows an electrical
ohmic contact to be formed with the tin oxide film., The tin oxide film is electri-
cally etched near one end of the capillary tubingh. This etch is made by using a

tungsten or stainless steel probe and applying 50 to 150 volts on the probe relative
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to the capillary. The etch is usually made approximately 1 to 2 millimeters inside
the inner diameter of the tubing. Before the etch, the electrical resistance from
one end of the device to the cther is approximately 1 kllohm. After etching, the
resistaence 1s increased to approximately 150 kilohms and the electron emission is
acquired by applying 300 volts across the device (end to end).

Figure 3 shows a typical schematic diagram of a circult which is used for
activating and testing the emitter. The emitter is activated by placing 300 volts
across the device for approximately 1 to 3 hours. The amount of time required for
activation 1s determined by periodic checks of the output electron emission. The
micron sized emitting region forms at the electrical etch and essentially all of
the bias voltage is dropped across this region. After activation one of two modes
of operation is used: (1) The forward bias position is with contact A at ground
potential and contact B at +300 volts. This produces a non-collimated electron
output since the emitting region is near to the end of the capillary with +300 volts

applied. The electron output current is measured as I, and Il is the collimated

3
ion beam output current. (2) The second mode is the reverse bias position with
contact A having +300 volts applied to it and contact B is at ground potential.

The electron output is now collimated and measured as I The ion output is non-

1-
collimated and measured as 13. 12 is the film current passing through the emitting
region and, when combined with the electron output current, can be used for deter-
mining electron emission efficiency in the forward bias mode.

Figure 4 shows the voltage-current characteristic curves for a cold emitter
in the forward bias mode. The voltage-output current relationship appears to be
exponential for smell emitter electrom output currents {1 x 10—6 amperes) and
linear for outputs greater than 1 x 10-'6 amperes up to the maximum electron out-
put cbteinable. After reaching meximum electron ocutput the device tends to
"saturate" with further increases in the bias voltage. The bias voltage-film
current characteristics seem to follow essentially the same relationship as the
output current-bias voltage. Under typical operation. the film current will decrease
to less than one milliampere after a short period of operating time. Initial elec-
tron emission is acquired at 40 to 80 bias volts depending upon the individual
emitter.

Figure 5 shows the electron output current of a cold source for 120 continuous
operating hours with 300V DC bias voltage applied. The output undergoes an expo-
nential decay, becoming essentially constant after approximately 3 to 10 hours.

Initial electron output is typically 100 to 300 microamperes and decays to a value
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of epproximately 50 microamperes. After operation the output electron current can
be increased Dy placing the potentials on the device in the reverse bias mode for
a short period of time, After return to forward bias again & sizeable initial out-
put electron current is experienced and it undergoes an exponential decay as before.

Hecent investigations into the behavior of thé device under AC operation bias
voltage have proven gquite promising. Since the blas is reversed for a portion of
the operating time cycle, the reactivation process of the device is utilized during
actual operstion. In contrast to the electron emitting behavior of the source in
Figure 5, the same source after the 120 hour DC operation was operaged using AC
bies voltage. The electron emission current increased to 135 microamperes as shown
in Figure 6 and remained essentially constant for 175 hours with no attempt aé elec-
tron emission regulation. A 250 V peak, 1 kHz unregulated supply provided the AC
bias voltage. The advantage of AC operation is readily apparent.

Figure T shows the ion current output generated by the emitter as a function
of pressure in the 10_6 Torr pressure region. These data and others were obtained
with the emitter operated in the forward bias condition end, thus, the device was
generating & collimated beam of ions. At pressures less than 10_5 Torr a highly
linear relationship exists between ion current and pressure. At pressures greater

than 1077

Torr the electron emission begins to decrease and; therefore, the ions
generated per unit pressure decrease proportionately. However, the ratioc of the
ion current generated to the electron current emitted from the source remains
constant. All of these data were obtained without any electron emission regulation.

Figure B presents a comparison of two background mass spectra obtained from a
smell magnetic sector single focusing mass spectrometer. The background in the
analyzer tube was increased 'in both cases to 6 x 10_6 Torr by throttling the
pumping speed of the diffusion pump. The top spectra was obtained while using a
hairpin type tungsten thermionic filament as an ionizing electron source in a
Nier type ion source. The tungsten filament was simply removed and the cold elec-~
tron source placed in the same position. This source was reverse biased so that a
collimated electron beam was generated which was aligned with the ion exiting slit
of the iier source. The bottom mass spectra was then obtained, all other factors
remaining constent. As can be seen, there was no change in the resolution of the
analyzer tube when the cold electron source was employed. It should be noted that
the mass specta peaks are a logarithmic presentation.

The authors wish to express their sincere appreciation to Dr. John H. Hoffman
at the University of Texas at Dalles for installing the cold source in his magnetic

mass spectrometer and acquiring the spectra for this laboratory.
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Routine isotopic analvsis of solids for peological applications. L3

HL.H. DODS0M, D.R. DICKINSON and M.L, COLEMAN, Department of Earth Sciences,
University of Leeds, England.

This paper outlines some modifications made to a cormercial solid-
source nass-spectrometer (A.E.I. MSB). The developments were oriented
towards the umore efficient routine acquisition of geological daEP, includ-
ing tie precise measurcment of isotopes of low abundance (e.g. lCa or \
2O‘Pb); they also had to be inexpensive and suitable for use by inexper-—
ienced operators. The twe main changes were the adoption of peak-switching
and digitisation of output.

Peak-switching, compared with continuous scanning of a mass spectrum,
gives relevant data more rapidly. The system uses two circuits which are
used to control the magnet current and accelerating voltage respectively.
Thhe former applies preset voltages to the basic magnet current power supply,
for the selection of up to four peak positions. Although it is necessary
to set up the switching routine in a cyclic pattern, and to keep to it;
once thie hysteresis loop has been set up for an element, it will remain
stable over the period of a day's work, reguiring very little adjustment.
All peaks can be tuned to 11/30000 in magnet field, or better, and the
system has the advantage that drifts that may occur usually affect all
peaks cqgually, and should not affect isotopic ratios. Stability is approx-
imately 1/12000 in field, over a 20 minute run.

The other circuit is controlled by a three-position switch which o~
Jices small positive or nezative increments to the normnal value of the
accelerating-voltage. This is used in two wmodes; to check tuning by peak
centring, and to select positions awny from the peaks for measurement of
the baseline. In botlhh these functions it has the advantaze of not dis-
turbing the hysteresis loow.

For tne measurement of Calcium isotopes the large mass-differences
involved made it difficult to set un a lhysteresis loop., TFor this element
a flux-integrating circuit controlling magnetic Ticld (Dodson, in-press),
similar to ZDanner's mass warking system (Banner, 1963), has been used
successfully. It has a response time of about 2 seconds, approximately
three times better than the current contra, and eliminates hysteresis
effects.

The digitising system is similar in principle to that of Compston
(Compston et al, 1965). A voltage-to-frequency converter (Hewlett—
Packard) feeds a timer-counter (Advance); together they cost approximately
half the price of the equivalent integrating-digital-voltmeter. With the
large dynamic range of a 6 digit system, range-changing is avoided, even
when measuring very low abundance isotopes. Tihe integrating system gives
objective averaging of a noisy signal during the gating period. A gate-
time of 1 second or more is suitable for the output of the normal elect-~
rometer. The availability of gate-times of 2, 4 and 10 seconds extends
the dynanic counting range Tor very small or noisy signals.

A varallel-entry printer was used alone initially, but for paper-tape
output a serialising interface is necessary. Thus the output from the
counter is fed to a serialiser, and from there to a serial-entry printer
and tape-punch (both Addo, although a Westrex Teletyve terminal might be
morg versatile). The gain in speed of magnetic tape is of no use in our

application. llence the choice of paper-tape, which gives a great saving
in cost and is the standard input medium of the university computer. The
capacity of the system, 1 reading per second, is quite adeguate, in

relation to the response of the jon detector and the magnet.

In use, tiie timing of the scanning program is controlled by the dis-
play time control set on the counters the operator sclects the next pos-
ition as soon as the previous one has been counted. (An automatic peak
selector is being built). The delay during the display time allows the
wmasnetic field to achieve its new value. Delay times of 2 - 11 seconds are
used as necessary, depending upon the response-time of the magnet or the

1
To be submitted to J. Sci. Instrum.
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time taken for depolarisation of the output resistor after passing a
large signal.

Two main sorts of scanning routine are used. For rough work, the
baseline values are averaged before and after a series of cyclic peak
measurements. Alternatively, 1if the baseline is read once or more during
each cycle, greater precision is obtained; standard errors within a run
of 10 = 20 scans are 0.02 - 0.05%, while between-run variation is some-
times as great as 0.1%, possibly because of small-scale irregularity in
the shape of the peak top.

Banner, A.E., 1968. 16th Conf, llass Spectrometry, Pittsburgh, Paper 92.

Compston, W., Lovering, J.F. and Vernon, M.J, 1965. Geochim. Cosmochim,
Acta 29, 1085.

Dodson, M,H., in press, J, Sci. Instrun.
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Application of Sorption and Ion-Getter Pumping L4
to the S5liding-Shaft Vacuum Lock®*t
J. J. Stoffels

Pacific Northwest Laboratory, Battelle Memorial Institute
Richlend, Washington 99352

A sliding-shaft vacuum lock made of sintered alumina was recently describedl.
Three steges of differential pumping were provided on the vacuum lock by two rotary pumps
and a baffled oil diffusion pump. Experience revealed that, in the brief (15 sec)
passege through the lock, samples were contaminated by backstreaming oil vapors from the
pumps. It was decided to eliminate the source of contamination by use of a completely
oil-free vacuum system. The use of sorption and ion-getter pumps to handle a dynamic
gas load such as that associated with the sliding-shaft vacuum lock was untried. Calcula-
tions indicated, however, that a sorption pump could handle the gquantity of gas involved
in operating a vacuum lock for an 8-hour shift without becoming saturated.

Single sorption pumps containing 6.6 kg of molecular sieve material were con-
nected through valves to the first and second pumping stasges of the vacuum lock. A
25 2/sec ion-getter pump was connected directly to the third pumping stage. The pressure
attained against a constant leak from atmosphere is an order of magnitude lower (0.1
Torr) at the first pumping stage than the pressure attained with a 140 2/min rotary pump.
Other pressures are essentially as before.

Liquid nitrogen consumption for each sorption pump is about 1 %/hr plus 5% for
initial chilldown. The sorption pumps are rejuvenated each night by allowing them to
come to room temperature. A static O-ring seal at the atmosphere end of the vacuum lock

permits rejuvenation of the sorption pumps without loss of vacuum.

* This work was supported by the United States Atomic Energy Commission

T Submitted for publicstion in full in the Journal of Vacuum Science and Technology

1 J. J. Stoffels and C. R. Lagergren, Rev. Sci. Instrum. 4o, 1288 (1969)
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A Stabilized Peak Switching System L5

P.C. Rankin ARS, USDA, Beltsville, Md. 20705
W.H. Craig and C.F. Hammer, Georgetown University,
Washington, D.C. 20007

Under normal operating conditions the positive ion mass spectra
of most compounds are complicated by the large number of fragment ions.
Fortunately most compounds have characteristic ions in their mass
spectra and if a mass spectrometer could be made to selectively detect
these characteristic ions, mixtures could be analyzed. A useful applica-
tion for a mass spectrometer which would selectively detect characteris-
tic ions would be in isotopic kinetic studies. Non-deuterated and deu-
terated species of a compound are eluted from most g.l.c. columns with
essentially the same retention times and if one was able to reduce these
unresolved g.l.c. peaks, changes in the composition on non-deuterated/
deuterated mixtures could be measured.

There are several ways of using the mass spectrometer as a selective
detector for unresolved g.l.c. effluent analysis. An automated system
was reported by Sweeley in 1966 (Anal.Chem,38,1549(1966). The basis of
this system and the one reported in this paper is to alternately change
the accelerating voltage in a square wave function so that pre-selected
characteristic ions are alternately focussed at the detector.

One of the greatest problems encountered in trying to repeatedly
refocus a mass spectrometer at a given m/e value is that of instrumental
drift. Most instruments have short term stability but for extended work
over longer periods of time instrumental parameters change so that
constant adjustments have to be made to keep the ion beam focussed on
the collector slit. There are several possible approaches to this
problem with the most common being the use of wide slit settings to
obtain broad flat-topped peaks. This is not a good practical approach
as one is operating at low resolving power and for work extending over
several hours a constant check on the ion beam focussing is still
necessary. Our approach has been to automatically center and stabilize
the ion peak during each voltage step of the high voltage switching.
This results in minor retuning each time an ion peak is focussed on
the detector.

The peak switching circuitry consists of four main sections.
They are (a) main logic and driver circuits
{(b) high voltage switching circuits
{(c) integrator circuits
(d) peak locking circuit

The main logic and driver circuits are all solid state and control the
various switching procedures. The accelerating voltage switching cir-
cuitry enables us to switch to three different accelerating voltages.
This number of channels was an arbitrary choice and could be extended
if necessary. In our present system the switching time of the high
voltage is limited by the response time of the 8 Kv. power supply. We
have been operating at 1 cycle/second switching speed but planned modi-
fications will enable us to increase this tenfold. We did try the
approach of magnet current switching but hysteresis effects limited the
switching speeds severely. There are three operational amplifier inte-
grators; one for each channel. The integration data (taken during the
time the particular ion is focussed on the detector) is read out on a
digital voltmeter at the conclusion of a g.l.c. peak analysis. The
locking circuit consists of a 5 KHg oscillator which provides a variable
amplitude signal to modulate the accelerating voltage. When the accel-
erating voltage is adjusted so that the ion beam for a particular ion
is focussed on the collector slit, the 5 KHs modulation slightly shifts
the ion beam either side of the true focus at a 5 KHa rate. The result
is a small AC signal superimposed on top of the DC ion intensity signal.
A 5 KHe component filtered out of the detector signal has a phase shift
relative to the original 5 KHg modulating freguency. This is caused

py slight ion beam shifts about the true focus position. The recovered
signal is synchronously rectified and filtered to produce a DC signal
proportional to the deviation of the ion beam from the true focus
position. The DC output from the phase detector is fed back to the
high voltage supply as an error signal to correct for any instrumental
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drift. This system enables the mass spectrometer to remain focussed

on an ion peak for hours of switching time yet permits us to retain

the resolving power capabilities of the mass spectrometer. We routinely
operate at a resolving power of 2000 for g.l.c. peak analysis.

The maximum mass range of switching in the present design of the
electronics is in the ratio of 1:2., However, the further apart the
mass of the ions are the slower the switching speed possible. Aalso
corrections for differences in ion beam energies would be necessary.
The system has few operator controls and is a self-contained device
requiring only a few minor modifications to the existing mass spectro-
meter. When the peak switching device is turned off the mass spectro-
meter operates normally.

Results on a number of non-deuterated/deuterated mixtures indicate
an accuracy of better than 1%. This accuracy holds for wide ranges of
do/d, ratios in the composition of the analyzed g.l.c. peak. Standard-
ization procedures are necessary since some non-deuterated/deuterated
mixtures either fractionate in the molecular separator or are selectively
ionized. This latter occurs more predominantly at 20 ev than at 70 ev.
For any given mixture only one standard sample need be analyzed and the
constant factor so determined can be applied to the experimental data,
as long as instrumental parameters are kept constant (e.g. slit width,
band pass).
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L6
MASS SPECTROMETRIC SAMPLING OF SHOCK TUBE FLOWS
George Sanzone
Dept. of Chemistry, Virginia Polytechnic Institute, Blacksburg,
Virginia 2406}
R. Linn Belford
Dept. of Chemistry, University of Illinois, Urbana, Illinois,
61803
ABSTRACT
This paper reports recent theory and experiments involving the
direct mass spectrometric sampling of shock tube flows. Experiments
involving both steady orifice-nozzle flows and dynamic sampling of
the reflected-shock region clearly demonstrate the importance of not
<
only the geometry of the ion source but also the location and geometry
of the free jet. It was found that the jet could be sampled independent
of both static and dynamic background gas only at the orifice.

It is shown that the geometry of the jet boundary can be approxi-

mated, in the vicinity of the orifice, by the equation
y = 0.5D + 4.0 x (1)

where D is the diameter of the orifice or nozzle, y is the radial
distance from the jet centerline to the jet boundary at a distance
x from the nozzle throat.

The location of Xg the virtual point source of the jet
expansion, is given by the equation

x, = {0.20f - 0.56} D, (2)

where X is the downstream distance from the orifice throat to the
point-source expansion center of the underexpanded jet; f is the number
of active degrees of freedom in the gas.

Glick and Hertzberg gave criteria for calculating the minimum
start-up time of a nozzle. Application of these same criteria to the

formation time of the free jet leads to the following egquation.

5/2 5(y=1
At _  _0.0152 (5.43} {%} 20=1) (3

jet ag Tan A Y
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ag is the sound speed in the sampled reflected-shock region while
A is the angle from the jet centerline to the widest diameter of the
£ is the jet-formation time at a distance x

downstream of the nozzle throat while Y is the heat capacity ratio

jet's Barrel Shock; Atje

Cp/Cv. The validity of equation (3) is tested by comparison of its
predictions with experimentally reported rise times.

This research was supported by National Science Foundation
Grants GP-6986 and GP-17875 and by a Special Fellowship awarded to
G. Sanzone by The National Committee for Air Pollution Control.
Details of the work are reported in the Ph.D. thesis of G. Sanzone,
University of Illinois, Urbana, 1969, and in publications to be

submitted.
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L7
The Application of Field Ionization to GLC=-MS Studies by J.N. Damico and R.P. Barron
(Division of Food Chemistry and Technology, Bureau of Foods, Pesticides, and Product
Safety, Food and Drug Administration, U.S. Department of Health, Education, and Welfare,

Washington, D.C. 20204)
Introduction

Combined GIC-electron impact mass spectrometry for the analysis of GIC effluents is a
widely used technique as evidenced by the excellent review articles and the references
therein (1, 2). One of the most important bits of information obtainable from mass spec-
tral data is the molecular weight of a compound. In electron impact ionization the rela=
tive intensity of the molecular ion for many compounds is very small and comprises a
small percentage of the total ion yield. Components of interest in natural products are
often present in the range of ppm or less. Accordingly, the total ion yield will be small
and the molecular ion may be of low intensity and difficult to distinguish from column
bleed and/or background. Field ionization (FI) was initially shown by Beckey (3) to be
very effective in enhancing the relative intensity of molecular ions. For other examples
(also see Table 1) and additional information on FI the reader is referred to a symposium
on FI mass spectrometry (4). To the best of our knowledge no work has been published
utilizing FI for the analysis of GLC effluents. The object of this report is to demon-
strate that FI does have utility in combined GLC-mass spectrometry.

Experimental

All studies were made with an Atlas CH-4B mass spectrometer as supplied with a dual
electron impact/field ionization source (EFO-4B). An exploded drawing of the GLC-MS
system is shown in Fig, 1.

th;llgl-(g; SIGHT
CARRIER GAS
VENT EMITTER

WIRE 3000/3000v
MOUNTING \ .
FLANGE
[
[N s PRES.
e e 5 > MEAS.

SOURCE

————=q E ‘ 0
A ry Z

SEPARATOR ¢ o

nt ) 3000/~7000v

HOUSING - 2500/3000v
INSULATING PIPE <~ 2400/2820v
L0 2_6_0_0/2880v
‘\He
OVEN 0A195v P 450/250+
460/200v

EXCHANGEABLE
SLITS /

Figure 1. Exploded drawing of the GLC-MS system,

Instrumental Parameters. (1) Source exit and collector slits werg 0.1 mm and 0.3 mm,
respectively, The gain of the electron multiplier was usually 10°. (2) The anodes em-
ployed were wires of 2,5 microns diameter, obtained commercially, They were activated as
described previously (8) except that usually only 4 to 5 hours were required to approach
maximum sensitivity. (3) The GILC detector was a pressure measuring source (PMS), an
electron impact total ion collector., The electron energy was 20 ev and the trap current
was 100 pya, The total ion monitor, widely used as the GLC detector for EI, is inadequate
for FI because the total ion current is very small, For example, the maximum total ion
current observed on the total ion monitor from FI of 2 pg of Ci,Alactone injected on the
GIC column was about 10714 amps, whereas the maximum response for the same amount of
sample using the PMS was about 10°*" amps. (4) The column bath for the GLC was a Barber-
Colman Model 5360 equipped with temperature programmer and controller. The bath also
contained a flame ionization detector (FID); the effluent could be split to the FID and
to the mass spectrometer. This made it possible to simultaneously monitor the effluent
with the FID and the PMS. The column was a 6' x 1/4'" 0.D, glass coiled column packed
with 10% diethylene glycol succinate on Gas Chrom Z, 100-120 mesh, (5) The GLC was
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interfaced to the mass spectrometer with a permeable membrane separator (Varian, 5620),
The membrane is a methyl silicone polymer layer 0,00I'" thick and has a surface area of
0.4 em? exposed to the column effluent., Single-stage and double-stage membrane molecular
gSeparators in conjunction with 0.02 and 0,03" I.D. columns have been investigated by
Black et al.(5). Insulated heating wire was used to heat the entire interface assembly
which was mounted in line-of-sight to the ionization chamber, The carrier gas vent (see
Fig, 1) for the effluent which does not permeate the membrane was sometimes monitored
with a FID.

Results and Discussion

Although the sensitivity of FI is markedly less than EI, the FI spectra obtained from a
2 pg injection on the GIC column for CipA, Cy5A, and CjsAlactones show molecular ion
responses that have a greater S/N than is observed in the EI mode for these compounds (6).

Intense doubly charged ions were observed by FI but not by EI (6) for Cgd, Cyoa, Ciod,

a lactones and for Cyoo, G128, and Cp4A, b lactones. The lactones designated by a give
abundant ions due to (M-0)++ which have relative intensities between 60-90%, In contrast
the lactones designated by b give ions due to M+, but of about the same relative inten-
sities as the (M-0)++.

During GIC-MS field ionization studies of food extracts containing carbonyl compounds,
there were several instances when the response of the PMS and the molecular ion response
were inconsistent. This suggested that some types of compounds might be more sensitive
to FI than others. Accordingly, a FI sensitivity study was initiated. The system de-
scribed in this paper offers a convenient way of doing this on a microscale, The results
of this study are listed in Table 1. The maximum molecular ion response expressed in
mv/ug 18 intended only for comparison purposes and does not imply that the sensitivity is
linear. These results do show significant differences in sensitivity for various types
of compounds. The ketones and lactones are the most sensitive of the group whereas the
aldehydes and decyl acetate are the least sensitive. The experiments with decyl acetate
were repeated at least ten times with comparable results.

In order to place credence in the sensitivity study (Table 1), the amount of sample which
permeates the membrane must be known, The transmission of sample through the membrane
was determined indirectly. The peak area response was obtained for a given sample injec-
tion with the column connected only to the FID in the column bath (Cgp), and again with
the column connected directly to the membrane, the residual sample (RSpyp) being measured
at the carrier gas vent with a FID. Percent transmission of sample through the membrane
is equal to

Peak Area Response (Cpyp)~ Peak Area Response (RSID)

X 100
Peak Area Response (CFIp)

Table 2 shows that the aldehydes and decyl acetate permeate the membrane as well as the
ketones and lactones. This indicates that the low sensitivity observed for these com=-
pounds (see Table 1) is in fact due to FI phenomena,

Although no data on alcohols are included in this report, a few were examilned with very
poor results. A 1 mg injection of decanol yielded only a very weak molecular ion peak
(possibly M+1l) (6). Similar results were observed with propanol. It appeared that the
alcohols made the wire insensitive. Beckey (3) reported difficulty obtaining reproducible
peak intensities for alcohols and suggested that this was caused by amonolayer of water

on the surface of the wire anode produced by the alcohols. 1In addition to the decyl
acetate studies, poor FI sensitivity was obtained for cis-9-tetradecen-l-ol acetate.

These results indicate that esterification as acetates is not an effective means for en-
hancing the FI sensitivity of alcohols.

References

(1) W.S. Updegrove and P. Haug, Amer. Lab,, pp. 8~30 (Feb. 1970).
(2) F.E. Saalfeld, Ind. Res., 11, 58 (1969).
(3) H.D. Beckey, "Field Ton Mass Spectra of Organic Molecules" in R,I. Reed (Ed.), '"Mass
Spectrometry," Academic Press, London and New York, 1965, pp. 93-127.
(4) Sixteenth Annual Conference on Mass Spectrometry and Allied Topics, ASTM Committee
E-~14, Pittsburgh, Pa., May 12-17, 1968. Papers numbered 9, 10, 11, 12, 21, 22, 23,
and 24 (see also Int, J. Mass Spectrom. Ion Physics, 2, pp. 101-193).
(5) D.R. Black, R.A. Flath, and R. Teranishi, J. Chrom. Sci., 7, 284 (1969).
(6) Unpublished data from the authors' laboratory.
(7) ASTM Uncertified Mass Spectral Data File, No. 1809.
(8) Ibid., No, 1821,
(9) Ibid., No, 1822,
(10) 1bid., No. 1836,
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Table 1. Field Ionization Sensitivity for the Molecular Ion of Some Carbonyl Compounds.

AMOUNT MAXTMUM MOLECULAR RELATIVE INTENSITY OF

INJECTED ION RESPONSE MOLECUILAR ION-%
COMPOUND ug mv/ug FI EI (Reference No.)
Cs A LACTONE 50 45 100 6.6 1)
C1oy LACTONE 30 100 100 0.3 (8)
C10A LACTONE 30 250 100 3.5 9)
Ci2Y LACTONE 30 88 100 0.1*% (€)
C12A IACTONE 30 110 100 4.3 (10)
C1448 LACTONE 50 200 100 <O, 1* (6)
Cio ACID 250 12 100 &4, 0% 6)
DECYL ACETATE 500 0.2 100 <0.3 (6)
C1o METHYL ESTER 40 62 100 3.6% (6)
Cy> METHYL ESTER 40 62 100 2.7 (11)
Cy4 METHYL ESTER 40 62 100 3.2 12)
Co  KETONE 50 70 100 4.9 (13)
C11 KETONE 50 200 100 2,5% (6)
C;g KETONE 50 200 100 3, O (6)
Cyg ALDEHYDE 50 0.4 100 1.0 (14)
C1o ALDEHYDE 50 0.8 100 0.5 (14)
C1- ALDEHYDE 50 2 100 0.3

(14)
*Obtained with electron impact E-4B source using GLC=-MS inlet,

**Obtained with electron impact E-4B source using direct probe.

**%0btained with EFO-4B source using GLC-MS inlet.

Table 2. Sample Transmission of Some Carbonyl Compounds Thru Polymer Membrane Separator.

COLUMN MEMBRANE TRANSMISSTON
COMPOUND TEMP, °C HOUSING °C %
Ce  ALDEHYDE 80 30 43
C9  KETONE 80 30 60
Ci; KETONE 95 48 31
DECYL, ACETATE 100 55 61
C1o ALDEHYDE 100 65 35
C1o METHYL ESTER 110 65 40
C1> METHYL ESTER 125 70 59
C1~ ALDEHYDE 135 75 72
C1; KETONE 135 75 57
Ci1s METHYL ESTER 145 95 59
Cs A LACTONE 155 80 . 29
Ci0v IACTONE 170 85 48
C1oA LACTONE 180 85 46
Cizy LACTONE 195 92 62
C12h LACTONE 205 100 54
C14A LACTONE 225 100 72

References (contd)

(11) Ibid., No. 1081,
(12) 1bid., No. 1084,
(13) Ibid., No. 211,
(14) L.A. Gilpin and F.W. McLafferty, Anal, Chem., 29, 990 (1%957).
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Application of a High Resolution Double Beam GC-HS to Problemsg L8

in Orgzanic Chemistry.

M.Barber, J.R.Chapman, B.N.Green, T.O.lMerren and A.Riddoch.
AsE.I.Scientific Apparatus Ltd., Urmston, Manchester,England.

troduction,

.88 spectral data suitable for mass moasurement has usually been obtained at regolu-
.ons of the order of 10,000 or more, Campbell and Halliday (1) theoretically showed
st electrically recorded mass measurement data obtained from a given amount of sample
iould be just as accurate at reolutions lower than 10,000 and even as low as 1000

:golution.

wthermore it can also be shown that by operating at low resolutions, mass measure-
mts should be possible on smaller amounts of sample than at high resolution, albeit
.th less accuracy but nevertheless with sufficient accuracy to give useful information.

1fortunately, the inability of conventional instruments to separate the sample peaks
rom the reference peaks at low resolution has precluded carrying out mass measurements
1 this way except in a few limited cases. This objection is removed if the sample

an be isolated from the reference by using a mess spectrometer in which thers are two
on beams on the same mass scale, Provided the mass scales in such a double beam
nstrument can be precisely matched, one beam can be used to provide an accurate mass
cale for the other, so enabling accurate mass data to be obtained on nanogram sample
uantities. The high sensitivity achievable is an obvious advantagein the analysis of
i eluents.., It is the aim of this paper to describe some work carried out on the M330
.ouble beam instrument at low resolution which shows that one beam can be used to
‘eference the mass scale of the other heam with ppm accuracy.

nstrumnental.

lhe essential features of the MS30 double beam mass spectrometer are shown in figure 1.
[ons are produced by two independent ion sources in the usual way. These sources may be
the same or different. For example both could be electron bombardment sources or one
could be a electron bombardment source and the other a field ionization source. The same
or different samples may be admitted to the two sources by a variety of inlet systems.
After accleration. the ions pass out of the sources throuch two independently adjust—
able source slits. Immediately after leaving the source, each beam then passes through
two sets of electrostatic deflection plates (not shown in the diagram) whose function
is to bring the itwo beams closer together and direct them essentially parallel to one
another into the electrostatic analyser. The two beams then pass side by side through
the magnetic analyser, where they undergo mass separation in the usual way, and are
refocused at two independently adjustable resolving slits. A separate electron multi=~
plier and amplifier system for each beam =allows the signals to be presented independ-
ently, Two total ion current collectors or monitors situated hetween the electrostatio
and magnetic analysers enable either beam to be monitored, Essentially, therefore, the
MS30 consists of two mass spectrometers which are independent with respect to sample
introduction and data presentation but bascause the two beams share s comman slectro-
static and magnetic analyser, the spectrs may be presented on the same mass scale. The
two beams may be operated at the same or different resolutions.

Figure 2 illustrates a typical record obtained from the double beam instrument at 1000
resolution. The upper two traces show 3the parent region of l-methyl naphthalene
introduced into one source from the chromatograph and the lower trace shows the corres-
ponding mags region of a reference compound, in this case perfluorockerosine (PFK),
introduced into the other source. Since the peaks in the spectrum of PFX can be easily
recognised, the masses of the peaks in the upper spectrum can be assigned. This spectrum
was Obtained by injecting 10 ngm of l-methyl naphthalene onto the chromatograph column
and scanning the masa spectrometer at 3 seconds per decade. During the time to scan from
mass 200 to 10, about 3 ngm of sample were eluted from the column.

To show that one beam can be used to accurately mass reference the other beam, PFK was
admitted to one source and hexachlorobutadiene (C4Cls)was admitted to the other source.
Both beams were get for 1000 resolution, Normally the two beams would he on the same
mass scale in whichcase a two channel data system would be required. However, by dis~
placing the mags scales in the spectrometer by an amount sufficient to ensure that
sample and reference peaks occur separated in time when the instrument is scanned,
a single channel date system may be used. The mass scale of the PFX reference was dis-
placed relative to the C4 Cl§ sample by about 2000 ppm in mass. The two low resclution
signals were then electronically combined in a simple adding circuit and the combined
signal fed into the data acquisition and processing system (DS10) normally used for
processing high resclution data, A series of 6, 10 second per decade scans were
digitised at 12.5 KHz and the centroid of the peaks calculated by the computer.
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Figure 1. Principle of the MS30 doudble besm mass spectrometer
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Figure 2, MS30: 1078 g l-methyl Naphthalene from G.C.

B300




The masses of the peaks in the C4Cl6 spectrum were then caleulated in the computer by
the procedures normally used in high resolution single beam mass spectrometry using

the PFX specirum as the mass reference., The first and last of the six runs were used
te calibrate the system, that is, measure the difference between the mass scales of the
two beams. The results for the intermediate 4 runs calibrated in this way are given in
table 1 below.

Zrror (mm)

Mass Run 1 Run 2 Run 3 Run 4 Yean
260 1.3 -0.2 3.1 -0.2 1.1
225 0.9 0.0 1.9 -1.6 Ce3
188 -0.4 1.6 -0.3 1.4 0.6
153 1.9 1.7 -0.3 -1.7 0.4
118 -3.2 -0.6 0.8 0.6 -0.6
83 0.3 1.2 0.6 0.1 0.5
82 1.6 -0.5 -1.4 1.3 0.3
RM.S 1.7 1.0 1.5 1.4 0.6

Table 1. Double beam mass measurement resgults at 1000 resolution.

It can be seen that all except two of the results are better than 2mmu and 68 are
better than 1.5 mmu.

Discussion.

It has been shown that one beam of the MS30 double bsam mass spectrcmeter con be used
to reference the mass scale of the other beam with good accuracy.Furthermore the beams
nay be operated at resoclutions as low as 100C. The accuraciss which should be achievable
with various amounts of sample are summarised in table 2.

Resclution Sample tlass measuremant Intensity
Quantity (ngn) Aceuracy (ppm) Range
10000 400 <5 10:1
1CCC 200 <5 10:1
1000 200 < 5-50 10C0:1
21000 20 £-15 10:2
1000 z 15-50 10:1

Teble 2., Variation of mass measurement accuracy with sample
quantity at high and low resclution.

At 10,000, the usual resclu*ion “or mass measurement with the conventional single beam
technique, a sample quantity of about 400 nanograms eluted from the chromategraph
durirg the scan 4ime would be needed tc achieve accuracies betler than $ ppm. At 1000
resclution with the double beam technique, with 200 ngm injected on tre column, mass
measurements can be made over the same peak intensity range to the same accuracy as at
10,000 resolution. In addition, with this relatively large sample, the intensity range
of peaks that can be detected at 1000 reszolution is 10C times greater *than at 1C,000
resolutions Peaks down o 0,15 of the base peak can he observed and their masses at
this level measured <c an accuracy at least a factor 1C better thon with the convential
nass markev.

#ith only 20 ngm of samplz injected on the column, mass measurements accurate %o hetter
than 17 ppm can be made. Actually on the more .intense peaks, accuracies approaching

5 ppm should he achieved, Tt is worth noting that at 10,000 resolution with 40 ngm of
sample, mass measurement data could be obtained only on the strongest peaks in the
spectrume. Even with only 2 ngm of sample, the peaks can be det2cted and mass measured
altiiough the accuracies approach 50 pom on the weakest peakse Even so accuracies on
the more intense peaks should approach 15 ppm,

Reference.

(1) Campbell, a.J7., Halliday, J.S., 13th Annual Symposium on
Yass Spectrometry, 3t Louis, 1965.
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Improvements in Sensitivity in Ultra High Resolution Mass Spectrometry
S. Evans & B, Hallas

The performance of high resolution mass spectrometers has continued to improve year
by year, in terms of the maximum useful resolution which can be achieved,(l) This
i{mprovement has been obtained by reducing instrumental aberrations, with until now
little or no gain in sensitivity since Halliday 2) demonstrated that less than
100 nanograms of sample were required to obtain accurate mass measurements at 10,000
resolution. Such measurements could be achieved using a ten second/decade scan on
the M5902 on peaks covering a considerable range of intensities. However, the amount
of sample required for dynamic scans at higher resolution was considerably greater,

The limiting factor in obtaining high sensitivity at very high resolution was image
curvature, originating from the passage of the ifon beam through the inhomogeneous
fringing flelds of the magnetic sector,(3)

In the past, this effect was reduced by limiciﬂg the height of the beam in the
z-direction, with the result that only a small fraction of the ions leaving the
source actually reached the collector. By introducing hexapole image correctors,

the principle of which was first suggested by Boerboom image curvature
distortion has been effectively eliminated in the MS902, thus enabling the beam height
to be increased.

As a result of this the sample quantity now required for a 10,000 resolution, ten
second/decade scan is reduced to 20 nanograms.

The effect of the hexapoles is most marked at higher resolution, however, and gives
an effective increase in sensitivity of greater than a factor of 10 at 50,000. Under
static conditions, the sensitivity now avallable at 40,000 resolution is roughly the
same as that previously obtainable at a resolution of 10,000.

Setting up a mass spectrometer to obtain constant resolution over a wide mass range
can be particularly difficult at very high resolution, as the effect of eddy currents
and fringe field changes during a scan produces image defocussing. To overcome these
effects, an ion lens was developed to enable the position of the image plane to be
altered electrically and this was later improved so that the position could be cont-
inuously varied during a scan according to a predetermined law, By using this lens
in conjunction with the hexapole, useful scans can now be obtained with a constant
resolution of 40,000 at a scanning rate of 80 seconds/decade from about lug of sample,

Table 1 illustrates the performance which can now be obtained, The data shown was
obtained using the early version of the ifon lens from an 80 second/decade scan of
perfluorotributylamine recorded on magnetic tape, Selected portions of this spectrum
were played back at a reduced speed to & U.V. recorder, and the resolution measured
from the chart, The resolution was a constant 50,000 up to mass 250 and the fall-off
to 40,000 at the high mass end could now be avoided by using the facility now avail-
able for determining and correcting for the variation of focusing parameters with mass,

The sensitivity and intensity range available are well illustrated in figures 1 and 2,
which show the parent and p-18 peaks from a spectrum of Streptovaricin A. This again
was recorded on magnetic tape at 80 seconds/decade, the resolution being set to 40,000,
as illustrated by the p-18 peak. The parent peak resolution of 65,000 is exaggerated
by ion statistics, the peaks shown containing probably less than 20 ions. Obtaining

a good parent peak from this material is particularly difficult as this peak repre-
sents only about 1 part in 10%4 of the total spectrum.

The ability to scan at very high resolution is particularly valuable for applications
involving isotopic labelling, and an example of this has been described earlier in
these Proceedings (Wolstenholme et al ). During this work, 15N labelled
Gliotoxin was introduced via the direct insertion probe and, using perfluorokerosene
as a reference, a 150 second/decade scan at 40,000 resolution was carried out om line
to the DS10 data system. The scan speed was determined by the maximum digitisation
rate available, and the requirement of 20 digital samples per peak. A portion of the
elemental composition print out is showm in figure 3, the correct identification of
each component being indicated by an asterisk, All the components of the multiplets
shown were correctly identified, with very good mass measurement accuracy. The large
apparent error of 0,97 mmu {~ 7ppm) for the C9HgNO peak at m/e 144 can be accounted
for by the presence of the 1°C isotope of the large CgH5NO peak at m/e 143, which has
not been resolved., The discrepancy introduced by the isotope peak is calculated to be
between 0.7 and 0,8 mmu,
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Figure 1
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TABLE 1

HIGH RESOLUTION SCAN FROM A LODIFILD 5902

Sample:- Heptacosafluorotributylamine.
Magnat scan decrease rate 6. (80 saccnd scan).
Recorded at 30 i.p.s.$ playhack 3% j.pes.

Feed -back resistor 109 ohm.

o

Measurements from the scan gave:-

g[g Resolution
614 38,4c0
502 49,9C0
414 39,300
264 39,800
220 > 5C,000
219 46,400
131 >50,000

69 50,000
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In this case, although the resolution was adequate to separate the two peaks at the
5% points, the valley between the peaks was above computer threshold. The r.m.s.
error on the other five correctly identified peaks is 0.9 ppm.

The sample quantity required for a 40,000 resolution scan has been estimated from
measurements of the base peak Intensity for a given amount of Hexachlorobutadiene
passing into the ion source. These measurements show that 400 ions would be obtained
in the base peak for a sample consumption of 1.5 micrograms during the scan., This
quantity would enable accurate mass measurements to be made over an intensity range
of 20 to 1, the smallest peaks measured containing 20 ions. At this resolution, a

20 ion peak should be measurable to an accuracy of 1.1 ppm on the basis on ion
statistics, compared with 4.4 ppm at a resolution of 10,000, For compounds in which
the ions of a given species are concentrated, unlike hexachlorobutadiene, mainly into
one fsotopic peak, the same performance would be achieved on sample quantities two

or three times smaller, i.,e, less than 1 microgram.

Conclusions

1t has been demonstrated that by using hexapole Image correctors and an ion lens to
provide dynamic control of the image position, the performance of the MS902 can be
considerably improved, Dynamic scams at 40,000 resolution can now be achieved with
a mass measurement accuracy from a single scan of less than 1 ppm, and from sample
quantities of 1 microgram,

Ref.

1) Evans,S. Kemp T.R. Wolstenholme W.A.

Seventeenth Annual Conference on Mass Spectrometry & Allied Topics
May 1969, Dallas. pp. 326-332,

2) Halliday,J.S.

Advances in Mass Spectrometry., Ed, E. Kendrick
Inst, of Petroleum, London, 1968. pp. 239-254

3) Berry,C.E. R.S.I. Vol. 27. No, 10. pp. 849-853, Oct. 1956

4) Boerboom, A.J,H. Mass Spectrometry. Ed. R.I. Reed
Academic Press, London & New York. p.80. 1965
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A NEY GC/MS-SYSTEM

C. Rrunnée, L. Delgmann, X. l'abfast
and S. Meier
VARIAN MAT GMBII, Bremen, Germeny

Summary

A small low cost GC/MS-System is described consisting of gas chromato-

graph, separator and sector type mass spectrometer built into one unit.

Mass range: 1000 (linear scale); resolution (1C % valley): 3500 maximun,

600 standarc; sensitivity of the entire system: (2 ,uz injected sapple
gives an evaluable rass spectrum. An extra elcctroh impact ionization
detector allows simultanecus recording of gas chromatogram and mass
spectrum without interference. The separator (variable slit type) accepts
colunns with flow rates between 1 and 100 ml/min. Typical results ob-
tained with this system will be given.

1. Introduction

More than 90 percent of all the CC/MS analyses made during the last

10 years were performed with relatively expensive instrument combi-
nations, i.e. with mass spectrometers priced between 30.000 and 60.000
Dollars. The experience gained during this time has meanwhile led to
the conclusion that it should be possible to perform the majority of
GC/liS analyses and, in particular, almost all routine analyses, with
considerable smaller and simpler instruments. The question arises: What

is expected from such a simple instrument?

Accorcing to our experience, a maximum molecular weight of 600 and a
naximum GC tcmperature of about 300 °C will meet the requirements of
more than €0 percent of all GC users. In respect to the sensitivity

of the mass spectrometer, it seems to be sufficient when an injected
sample amount of the orcder of 1/un vields an evaluable mass spectrum.
Another requirement is, of course, ease of operation., The numerous
control knobs of larger rass spectrometers are orovided with multi-
purpose applicability in mrind and can therefore be omitted on a special

GC/MS instrument.

Following up thesc considerations, we have built a special GC/MS system
which is shown in fip, 1 and 2. In the following at first some inferma-
tion on the design and function of the three main elements - the gas
chromatograph, the mass spectroreter and the separator - will be given

and then some results obtained with the entire system will be reported.
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2. Gas_chromatograph

A few words only on the gas chromatograph: Type Aerograph 1440 with
linear temperature programmer for packed columns (metal or glass)
and capillary columns. Two injection blocks can be mounted simul-

taneously.

3. Mass spectrogpeters

In respect to the mass spectrometer, we have been guided by the motto
"what matters is the molecular peak" and have therefore given pre-
ference to the conventional sector field principle over the mass
filter principle, in order to avoid the cdecrease in sensitivity

and resolution in the upper mass range always observed with mass
filters. The radius of the 90° sector field - 12 cm - is relatively
larre, for the following reason: the reguired specifications with
respect to sensitivity and resolving power are to ke obtained routine-
wise. The limit of resolution is at 3500, as can he seen in fig., 3
‘from the triplet at mass number 28. lience, it is by a factor of 6
higher than the operating value of 600 to which the instrument is

set normally, with accordingly larrer slit wicdths., The stardard
resolution is shown in fig. 4, taking as an example the peeks 61u

and €15 of perfluorotributylamine., At this resolution, the sensitivity
is chéracterizcd as follows: for introduction of chclesterol via the
direct inlet system at an evaporation rate of 1 np/s, a rolecular peak
is ottained that is well above the noise, fig. 5. The spectrum in

fig. 5 refers to an evaporation rate of 20 ng/s. The molecular peak

is accordingly higher. The sensitivity data of the entire CC/MS

system including column ancd separator will be given in section 5.

The sample flow from the column is let into a cdouble ion source with
two separate ionization charbers, fig. 1. The electron energy in the
second chamber is 20 eV. As a result, the carrier ras, helium, is not
ionized and the ion current produced from this part of the source
gives the pas chromatogram. This part is called LI - electron impact
ionization detector. In the first chamber we have the usual electron
energy of 80 eV. This part, called [!3D - mass spectrometer detector -
procduces the ions for the mass spectrormeter. Loth ion source parts,
LID and MSD, are independent of each other, i.e. the gaschromatograr
is recorded continuously without interruptions, no matter whe ther a
mass spectrum is being recorded or not. The rising and falling of the
peak heights of the mass spectrum can be observed on the oscilloscope
using the cyclic mass scanning mode. In this mode the height of the
largest peak is stored during each cycle and useé¢ to preselect auto-
matically the apropriate secnsitivity range for the subsequent rccording
of the next mass spectrur on the galvanometer recorder., The mass range
is up to 1000; the mass scale is linear. By measuring the magnetic

field the mass numbers can be marked on the strip chart with an
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accuracy of 0.4 mass units and also displayed dipitally.

4. Sepmarator

For enrichment of the sample we use a separator of the variable slit
type about which has been reported already on last year'smeeting.
The separator is operating on the effusion principle. liowever, in
place of a frit we use a fine slit of about 10/um width. In this
slit the gas flow is molecular so that the carrier gas is pumped

off preferentially, fig. 6. As in the case of the Diemann-VWatson

separator with frit the yield v of such a separator is given by

0

=)
Yoz S
“GC
Y = yield
N = enrichment

Qg = carrier gas flow into the M§

0 = carrier gas flow into the column

This means that the yield with separator is by a factor of N "better"
than without separator, i.e. when using a simple split for which Il = 1,
the yield then only being given by the ratio of the gas flows. All
separators with invariable effusion area, i.e. with invariable frit

or slit area and working according to the effusion principle, give an
optimum yield for only one value of the carrier gas flow. If the carrier
gas flow is recduced helow these optimum operating conditions, the yield
decreases, because the separator purps off more than required, anc

the sample amount entering the mess spectrometer is becoming smaller.

If the carrier gas flow rate is increased heyond the optimum, i.e.
maximum value, the mass spectrormeter can tcleratc the yield also
decreases, becausc the ion source and the vacuum syster cannot cope

with such an arount of gas. This behavior very often requires the use

of several serarators, which have to be changec with cifferent ras

flow. This difficulty can be avoided by making the effusion area
variable. In this way, one can obtain maximum results with every

column and with every carrier gas flow rate from 1 to 100 mi/min., The
variable effusion area used hy us is desirred as a circular slit formed
by two knife edges and a glass plate lying above ther. The distance can
te varied between C and 100 ur. by mecans of a drive.

I'ig. 7 shows the cdependence of the separator vield on the carrier gas
flow, mecasured with xeron and n—C15.
the yield does not decrease with decreasind gas flow, but even rises,

In cortrast to the frit scrparator,

nrovided the slit width is reduced accordingly in order to keep the
gas flow into the mass spectroreter constant. The vield is, ¢f course,
highest when capillary colunns are uscd; then it arournts to more than

50 percent.
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Besides the yield, the effect to the separator on the separation of
the column is of particular interest when using capillary columns.
te have not found any difference in the number of theoretical nlates
between the direct vacuum-tight connection of the capillary column
“to the ion source which is known to give optimal results and the

connection via the separator.

For packed columns we use a throttle to maintain atmospheric pressure
at the column end so that the columns can te chanpged without the mass
spectrometer, For changing columns, it is merely necessary to oper the
separator slit which is then acting as a bypass. Thus the arount of
air still entering the mass spectrometer while the entrance of the
separator is exposed to atmospheric pressure does not interrupt the

operation of the instrument.

0f decisive influence on the efficiency of the coupling are the
material and the surface treatment of the connecting lirnes. This
influence is onrly noticed, however, when analizing very sensitive
substances and, what is more important, when injecting only minute
amounts of these. There are cuite a number of papers published during
the last few years reporting, for exarple, results obtained with
cholesterol, where the ratio M/M-18 is taken as a stancard for the
efficiency of the coupling. These results do not mean much, unless

the amounts injected arec stated. Larger amounts can always be hrought
into the ion source because of the "deactivation" of the surface by
the sample itself, provided there is enough of it. The results of some
measurements made in this direction are shown in fig. 8. Very small
arounts of cholesterol were intfoduced into the ion source via lines
of cdifferent material and different surface treatment. The sample flow
rate was of the order of 10 ng/s. As can be seen, when using steel,
the sample reaches the ion source with acceptable decomposition only
after some time, i.e. when the surface is sufficiently saturated. The
behavior of glass or gold is much more favorakle in this respect. As

a consequence we vuse a gold line in order to make the systemr as rugpec

as possible mechanically.

5. Data of the entire system

The sensitivity of the entire system can be evaluated from the
spectrun shown in fipg. ©. Injected into the colurmn was 1,ug of

me'thyl stearate. The molecular peak is above the noise by a fac{or
of about 100. 0.1,ug still yield an evaluvable spectrum. Figf. 9a gives
as example a gas chromatogram of a mixture of methyl ester recorcded
with the EID. In Fip. %b the mass spectrum of one fraction, n—ClG

Me-ester, is shown.
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fig. 1 Block diamram of the GC/!'S-system

fig. 2 GC/MS-systerm with electronic control and recorders

fig. 3 Haximum resolution

fig. 4 Standard resolution

fig. 5 Sensitivity of the S, Sample: chnlesterol (direct prohe)
fip., 6 Variable slit separatnr (P - to rotary pump)

fFig, 7 Yield of the separator

fig. 8 Influence of raterial and surface treatrent of the

connecting lines on the spectrum of cholesterol
ig. 9 Sensitivity of the entire system
fip., 10 a) Cas chromatorram recorded with the electron ionisation

detector EID. b) mass spectrum of n-Me-ester.
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ELECTRON MULTIFLIERS AND STATISTICS Of SECONDARY ELECTRON EMISSION M1

L. A. Dietz
General Electric Company, Knolls Atomic Fower Laboratory,*
Schenectady, New York 12301

ABSTRACT

Electron multipliers are extremely sensitive ion detectors which posses very high
speeds of response, high detection efficiency and low noise. I will discuss the electron
multiplier detector mainly as it is used in the pulse-counting mode and will point out
some of its advantages and limitations. The secondary electron multiplication process
will be described in terms of a Polya statistical model and its generality will ve dem-
onstrated by fitting it to a wide range of shapes of observed pulse-heizht distriobutions.
Tre tolya model gives one considerable insight into the secondary electron multiplication
processes in electron multipliers and in relateu pulse-counting detectors. Ffor example,
it shows how the target or conversion dynode dominates the statistical benhavior of an
entire detector. Using an A1203 target surface, we have made preliminary measurements
of secondary electron yield as a function of ion mass, impact velocity and angle of
entry. These results will be described. Also, practical considerations in using elec-
tron multipliers in either the dec or pulse-counting modes will be mentioned.

INTRODUCTION

Fulse-counting detectors offer the ultimate sensitivity and accuracy that is at-
tainable for recording single atomic events such as the collision of an energetic ion,
atom, electron or photon with a target surface. Detectors with this capability are
gaining wide acceptance in mass spectrometry and in many physical measurements. This
growing acceptance is fostered, on the one hand, by advances in theoretical under-
standing. For example, [arilis and Kishenevskii's theory~ describes the kinetic ejection
of secondary electrons f{rom a metallic surface, whereas the low energy stopping power
theory of Lindhard? and his co-workers describes the slowing-down process for atomic pro-
Jectiles with keV energy. On the other hand, renewed interest in the detection process
is being senerated oy the advent of the ion microprove for surface studies and by the
extension of spark source mass spectrometry to the accurate assay of elemental concen-
trations below the ppm level.

Tnroughout our investigations of ion detection we have found that the ion-converter
dynode nas by far the greatest effect on the pulse-counting response of a detector.
Secondary electron response of the t'irst stage shapes the output pulse-height distri-
bution and fixes detection efficiency. Electron multiplying stages following the con-
version dynode act merely as charge amplifiers and have little effect on the relative
variance of a pulse-neignht distribution or on intrinsic detection efficiency. An espe-
cially valuable feature of the electron multiplier, when it is used in the pulse-counting
mode, is that particle detection can be made virtually noiseless. for example, a mon-
atomic ion with 20 keV impact enerzy releases about 15 secondary electrons from the ion-
converter dynode in the KAFL electron multiplier. This allows the electronic discrim-
ination threshold to be set high enough to bias out practically all pulses caused by
thermionic electron emission -- even those from the first stage. Under these favorable
conditions background counting rates can de reduced to less than ) count/min. and de-
tection efficiency is very close to 100%.

It is not my purpose this morning to recommend a particular type of electron multi-
plier to you, but rather to explore characteristic features which are common to differ-
ent kinds of pulse-counting detectors. To do this we will describe a computational
model f'or the secondary electron multiplication process in multistage detectors. The
model applies to a wide variety of pulse-counting detectors. OSecondly, we will apply
the model to several detectors of interest: the electron multiplier, the scintillation
detector, and the combination of a target dynode with a silicon semiconductor detector.
Thirdly, we will review some of the macroscopic features of secondary electron emission
irom a thin film of aluminum oxide. Ffinally, we will mention some practical consider-
ations and limitations of electron multipliers used for pulse counting. This approacn
is intended to help a potential user to decide for himself which detector arrangement is
ovest suited to his needs. Areas which need further investigation will be pointed out as
we proceed through this review paper and by other speaxers this morning.

*Operated by the General Electric Company for the U. S. Atomic Energy Commission
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COMFUTATIONAL MODEL fOR SECONDARY ELECTRON STATISTICS

Tne general method for computing the statistics of multistage pulse-counting detec-
tors, presented at the ASMS meeting, has been submitted for publication in The Inter-
national Journal of Mass Spectrometry and Ion Physics. A description of the computer
progran is included in the paper.

GECONDARY ELECTRON EMISSION FROM A THIN FILM OfF A1203

Kaminsky3, in his book Atomic and Ionic Impact Fhenomena on Metal Surfaces cites
the lack ot systematic studies of the kinetic emission of secondary electrons for such
practical applications as the secondary electron wmultiplier. We also note the scarcity
of experimental measurements on secondary electron emission from thin oxide films used
in ion-converter dynodes. Rarely are important factors such as chemical composition,
surtace cleanliness, crystal structure, surface roughness and film thickness carefully
defined for published measurements.

Ve nave constructed a nigh vacuum test apparatus to obtain preliminary measurements
of ion-induced secondary electron emission from thin films of amorphous aluminum oxide.
The apparatus is housed in a bell ,jar high vacuum system and is shown in Figure 1. The
main purpose of these measurements is to gain sufficient experience to design and con-
struct a more complex apparatus which will include mass analysis of the primary ion beam
and energy analysis of the secondary electrons.

Jons are emitted from a surface ionization filament and are accelerated to energies
up to 20 keV before they impinge on a flat target which is positioned several centi-
meters from the filament. The target can be rotated about an axis at right aniles to
the path of the ion beam. Tnis arrangement allows one to measure secondary electron
yield as a function of ion mass, iupact energy and angle of entry into the target sur-
face. Because there is no mass analysis in this device, we are limited to elements such
as Li, Ca, K, Ba and Cs which emit pure ion beams.

An ion-converter dynode is prepared by evaporating about 3000 A of' pure aluminum
ontc a section of glass microscope slide to which a thin-film electrical conductor has
been attached. The glass surface is smooth to perhaps 10 or 20 A. FIressure during
evaporation of aluminum is less than 10°% Torr and during secondary electron measurement
it is in the low 1077 Torr range. Aluminum surfaces are oxidized in two ways: (1) vy
exposing the {reshly deposited aluminum to pure oxygen and {2) by chemically ancdizing
the surface to an accurately known thickness ol AlzO4. Oxide [ilms formed by exposing
the aluninum surface to oxyzen are of the order of 10 A or less in thickness.

Typical results for Li are shown in figure 2 and indicate that the secondary elec-
tron yleld from a pure, freshly Cdeposited aluminum surface or from an AlpO; surface is
approximately a linear function of ion velocity and has a definite threshoid velocity
below which no secondary electrons are released bX kinetic_ejection. We observe a
velocity thresnold of (5%2) « 109 cm/sec for *0ca™, 37k*, 135pa* ans 133¢s*. The ve-
locity tnreshold for Li is about twice as hign. Our results for the heavy ions are in
agreement with those of Schram* and nis co-workers. for a BeCu dynode they observed a
linear dependence ol secondary electxon yield with ion velocity for all the noble gases
and a velocity threshold of 5.5 x 106 cm/sec I should also mention that for 20 keV
ions we observe little dilference in secondary electron yield of monatomic ions over the
mnass range $-233. Relative secondary electron yield of a monatomic ion correlates well
with the electronic stopping power of that ion in an AlgO3 target surface. Stopping
povers are computed with the aid of Lindhard's theoryZ.

from simple consicerations one would expect secondary electron yield at a given ion
energy to be proportional to sec @, where © is the angle between the ion beam and the
surface normal at the point of impact. Tnis is shown in figure 3. We observe that this
relation generally holds to about £00, but between £0 - 80° may be somewhat lower than
that predicted by the secant relationsnip.

finother important parameter is the escape depth of internal secondary electrons
tformed below the target surface. To estimate this depth we successively anodized an
aluminum thin {'ilm to 10, 20, and 30 A of Al20z in an electrochemical cell. Secondary
electron yield at norimal incidence was measured after each anodization. Because the
yield of the metallic substrate is 5 - 10 times lower than that of Alp03, internal
secondary electrons formed in tne substrate, near the Al1-A150; interface, cannot con-
trivute significantly to ohserved secondary electron yield. Bav1es5 and his co-workers
at Chalk River have measured the ranges of heavy ions in amorphous A1203 from their
results vwe infer that the range oi 20 neV Li ions is much greater than 30 A, therefore
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any increase in secondary electron yield with oxide thickness would indicate a mean es-
cape depth greater than 10 A. No such effect was observed and in fact the yield re-
mailned constant with increasing oxide thickness. rrom this we conclude that the atten-
uation length, or mean free path for escape from an amorphous Alp0, film is less than
10 A. Tunis is somewhat surprising and disappointing I might add. “Nevertheless, the
observed secondary electron yleld is consistent with estimates made using Linhard's
theory to compute the total electronic stopplng power of the first 10 A of Alp0O5. It
also is consistent with a mean free path of 5 A in A1203 reported oy Collins an Davies®
for hot electron transport in Al-Alp03-Al tunnel cathodeés. More research needs to be
done on ion-induced secondary electron yield.

FRACTICAL CONSIDERATIONS FOR ELECTRON MULTIFLIER DETECTION

In 1954 Wnite and Collins7 introduced pulse counting with electron multipliers to
surface ionization mass spectrometry. Since then pulse counting has become a highly de-
veloped art for isotopic ratio measurements in the huclear energy industry. It is
apparent that no single electron multiplier design will serve all pulse-counting needs
equally well. Yrhysical size, gain, detection efficiency, speed of response and vacuun
enviornment are important factors which must be considered when selecting an electron
multiplier for a particular kind of measurement. For details of electron multiplier
structures one is referred to a monograph by Sharpe“ and to recent manufacturers liter-
ature. Our own electron multiplier detector is completely described in a KAFL report9,
which also includes details of fabrication and high temperature activation of the BeCu
dynodes.

The importance of the ion-converter dynode must not be underestimated. It should
be positioned close to the focal plane of a mass spectrometer, within 3 or 4 cm if
possible. The entire multiplier should be shielded from stray magnetic fields. The
z-aperture of the multiplier should be large enough and the dynodes long enough so that
the entire height of the resolved ion beam strikes the ion-converter dynode. The oxide
surface of the ion-converter should be at least 20 A thick but need not be more than
several hundred A thick. Ideally it should be flat and smooth so that a constant angle
of entry of the ion beam is maintained. A flat surface in the ion-converter is impor-
tant for both the dc and pulse-counting modes. By Inclining the target surface to the
ion beam axis, secondary electron yield 1s increased according to the sec© relationship.
This enhances detection efficiency and lowers background counting rate. It is very de-
sirable that the ion converter be removable without disassembly of the electron multi-
plier, since occasionally one must detect radioactive atoms. They become imbedded in
the target surface and can increase the background counting rate to unacceptable levels.
The entire electron multiplier structure should be designed for use in ultra-high
vacuum. It should be bakeable to at least several hundred degrees C and should be de-
mountable for cleaning and reactivation. In linear focused structures, some form of
beam alignment must be used to obtain maximum detection efficiency. This can be accom-
plished either by an electric deflecting field between the defining slit and multipler
aperture or by lateral displacement of the first dynode by pivoting the multiplier about
its base. We use both methods in our laboratory. Froper focusing of the secondary
electrons in the first few stages is all-important, since the pulse-height distribution
generated there will be passed on through succeeding stages. This is accomplished by
focus rods located near the entrance aperture and between dynodes.

The operating characteristics of a particular electron multiplier depend on its
total enviornment. <for example, high vacuum is necessary to maintain a gain of 10©,
low noise and long life. We find that 10°° Torr is sufficient for routine operation.
Also, lor fast electronic response it is desirable to connect the multiplier anode to a
50 ohm transmission line and thence into a 100 MHz solid state discriminatorlO which
has a threshold of 5 mV or less. Jor continuous operation the anode current should not
exceed a few uA, otherwise multiplier life will be reduced. At our operating gain of
1 x 10° this corresponds to a counting rate of approximately 2 x 10% ecps. dor short
periods of time counting rates of several MHz can be used. I might add that one should
not try to make the electron multiplier compete with dc detection for counting rates in
excess of 1 MHz or 1.6 x 10-13 A. Precisions better than 0.1} can be attained at
counting rates well below 102 cps, so there is no pressing need to pulse count in the
MHz range, except in special circumstances., Some might regard this as a limitation of
the electron multiplier.

I would like to conclude with a remark concerning the use of electron multipliers
for pulse counting in spark source mass spectrometers. In surface ionization and ion-
sputtering sources, the random rate of ion generation follows Foisson statistics and
this allows one to make an accurate correction for coincidence losses in pulse counting.
This is not the case at all with a spark source. Evans and Morrisonll have studied
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ion yield vs time in an rf spark discharge. Within a pulse of 100 psec duration they
Tind large variations in the rate of ion production over a time scale of a few usec.

In this case one should estimate tnhe instantaneous ion current or counting rate,
averaged over the duration of a pulse, not including the quiescent periods of milli-
seconds between pulses when no ions are formed. Also, one must always keep in mind that
the tnin oxide film of the ion converter is an electrical insulator and is limited in
the number of secondary electrons/cm?/sec it can deliver. It also is subject to a slow,
steady erosion by ion sputtering. We have not measured the saturation yield current,
but for an A1203 target in the KAIL multiplier, no detectable saturation is observed for
a first stage zain of 15 secondary electrons/ion and a steady counting rate of 1MHz.
Temporary loss of gain in the dynode chain is a more serious problem at very high count-
ing rates. Jfor example, if too intense an ion current even momentarily strlkes the ion
converter, both its secondary electron yield and the overall multiplier gain may be
lowered during detection of a pulse. At high zain this will produce a non-linear multi-
plier response in either the pulse-counting or dc modes of detection - an effect anal-
ogrous to reciprocity failure in ion-sensitive emulsions. Take a simple example. rfor a
1 ppm impurity a 30 sec exposure, approximately, &s required to produce detectable
vlackening of an ion-sensitive plate, or about 10" ions. If, for this measurement, we
use a pulse duration of 100 usec and a repetition rate of 100 pulses/sec, then about 3
detectable ions are formed in each pulse. In this case, the instantaneous counting
rate, averaged over a pulse, is 3/100 usec or 0.3 MHz. ~rfor this rate, the expected
coincidence loss correction in a 100 MHz pulse-counting system is 0.3%. But this is not
the limiting consideration. The instantaneous pulse-counting rate really should be
averaged over the time of actual spark breadkown. Suppose a spark breakdown occurs in
0.1 usec and two detectable ions are formed in this interval. Then the instantaneous
rate is 20 MHz anu the counting loss correction is 20% if the counting system responds
linearly. The point I wish to make is that even when only a few detectable ions are
Formed during each spark breakdown, coincidence losses will be high and the recorded
number of pulses will require care in interpretation. The dynamic response of electron
multipliers and other kinds of pulse-counting detectors need more investigation before
many of the basic questions about their application to spark source mass spectrometry
can be answered. Nevertheless, for the measurement of trace elements they offer
improvements in detection sensitivity and accuracy that cannot be equalied by any other
method .
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SCINTILLATOR DETECTORS AND TECHNIQUES . . M2

C.'R. Lagergren
Battelle Memorial institute
Pacific Northwest Laboratories

Richlend, Washington 99352

The type of ion aetector that I wish to discuss is one in which a scintillator
is used as a high gain element. More specifically, I refer to the type of detector that
converts ions to electrons, electrons to photons, and photons back to electrons. The use
of the intermediate step involving photons is the process that characterizes this device.
Neither of the names "Ion Converter Detector" or "Scintillation Type Ion Detector" seem
to adequately describe it. Perhaps the name "Ion-Conversion Scintillation Detector™”
would be a good compromise. Before discussing its characteristics and some of the
techniques involved in its operation, I would like to touch briefly on it$ origin and
on the variety of forms in which it has been used. ’

HISTORICAL DEVELOPMENT

The detector was first introduced by Schiltze and Bernhard! in 1956. They were
apparently interested in developing a detector which had both high sensitivity and fast
response for use on & sector mass spectrometer in which the mass spectra were to be
displayed on an oscilloscope screen. Their main objection to the Allen detector?, the
"open" electron multiplier, which in principle satisfied their requirements, was that
reactivation of the dynodes was necessary following each venting of the vacuum system in
ordef to restore satisfactory gain. The other alternative open to them at that time was
to use the "true" scintillation detector described by Richards and Haye53 in 1950. 1In
their detector ions were post-accelerated by a -30 kev field directly into a scintillator
which was viewed by a photomultiplier tube. The great advantage of this system is that
the high gain element, the photomultiplier, is situated external to the mass spectrometer
vacuum system and no dynode activation process is necessary. However, the effect of
fatigue and permanent damage many scintillators suffer under ion bombardment presents a
serious disadvantage. Bringing together the best features of the two previous detector
concepts, namely the high sensitivity possible in an "open" electron multiplier and the
freedom from bothersome activation procedures afforded by an external photomultiplier,
Schittze and Bernhard produced a detector satisfying their needs.

A further development of this detector for the purpose of detecting individual
ions appeared in 1961 by Bernhard, Krebs, and Rotter®.

The principal changes lie in the ion and secondary-electron focusing system.
Post acceleration of the ions occurs between curved electrodes in such a way as to focus
the ions on a Ni target with an angle of incidence centered at 60°. The secondary
electrons are foc;sed onto the scintillator by the field penetrating the vertical
cylindrical cavity of the target holder. This design operated excellently for voltages
up to -24 kev.

In 1960 Da.lyS introduced another form of the detector. The basic difference of
Daly's configuration is that the ions are deflected sideways into the target. This im-
poses & restriction on the relationship of target potentials and entrance ion energies
that can be used for the particuler geometry selected. For his flat target surface and
a 1.2 cm. effective scintillator dismeter, and for a target potential of -LO kev, ion

entrance energies in the range 5 to 7 kev are required. This restriction is not
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paerticularly dissdvantegeous unless one wishes to use electrostatic scanning over a wide
mass range. A definite advantage is realized in that stray ions or ilons which have lost
more than 20% of their energy are sutomstically rejected. For the scintillator Daly used
a 3 mm. thick plastic phosphor NE 102. The electron entrance side of the phosphor was
coated with an aluminum film to maintain a ground potential at its surface and provide
optical reflection of light toward the photomultiplier. The coating was thin enough so
that the electrons in passing through it lost only about 1 kev of energy.

This form of the ion conversion scintillation detector has been the most widely
used.

In 1963 Daly® modified his detector for the simultaneous measurement of two ion
beams.

In this arrangement a thin metallic partition separates two independent de-
tectors. The two ion beams are deflected in opposite directions to two targets each
facing opposite sides of the partition. A magnetic field directed toward the axis of the
incoming ion beams deflects the secondary electrons from the two targets into their cor-
responding scintillators. An obvious requirement for the success of any dual detector
system 1s that the two detectors must have equal efficiencies or high stability so that
adequate calibration cen be made. The characteristically high efficiencies obtainable
with this type of ion detector make them well suited for a dual system.

The description of an ion conversion scintillation detector having a large
entrance aperature was given by Ridley’ in 1961. This detector was developed for the
detection of low energy recoil ions in beta-decay of gases and required a uniform
sensitivity over an aperture of 4 cm. in diemeter. The sensitivity of the detector
proved to be uniform over the L cm. entrence aperture but displayed a few percent varia-
tion with ion energy due to a transmission effect of the screening grids.

Ion conversion scintillation detectors are not exclusively found in the domain
of mass spectrometry. It should be mentioned that Stein and Leachman® in 1956 made use
of the principle for the detection of fission fragments in the fission of U235, In their
arrangement, the secondary electrons, produced during the passage of the fission fragments
through a thin Ni foil, were detected by a scintillation detector.

In 1960 Everhart and Thornley? applied the high gain and fast response possible
in scintillation detectors to a scannihg electron microscope. The secondary electrons
released from the sample were accelerated into a plastic scintillator which,in turn, was
optically coupled to a photomultiplier. This system proved superior to the "open"
electron multiplier in mechanicel flexibility.

BASIC PROCESSES

Let us now examine in some detail the basic steps in the operation of the ion-
conversion scintillation detector.

The gain of the detector is the product of the three essential conversion
factors and the multiplier gain.

1. The number of secondary electrons emitted from the target per positive ion,

2. the number of photons produced per secondary electron in the scintillator,

3. the number of photo-electrons released per photon, at the photocathode, and

L. the multiplier gain.

Three observations should be made at the outset.

1. Only the first factor is variable during operation (assuming saturation
effects and non-linearities of the photomultiplier are avoided). The
number of secondary electrons produced is, of course, dependent on the
nature of the incident ion, its velocity and angle of incidence, and the
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particular target used. The other three factors are "built in", so to
speak, by design features and choice of operating parameters. This means
that as & current gain device the response characteristics would be
expected to be the same as those of the "open" multiplier but easier to
maintein in a practical sense over a wide variety of environmental circum-
stances.

2. If the product of factors 2 and 3 is equal to the average gain per stage of
the electron multiplier, the detector is essentially equivalent to the
"open" multiplier except that a greater value for the first factor can be
obtained due to the higher practical limit on the potentisl at which the
conversion electrode can be operated.

3. If the product of factors 2 and 3 is large, the pulse height distribution
of the detector output is determined primarily by the initial conversion
process.

Factors 2 and 3 may be represented in greater detail as:

- a Cp X Tp Qm
Ep 2 3
vhere Ee = energy of electrons striking the scintillator
Ea = electron energy lost entering scintillator
Ep = aversge photon energy
Cp = conversion efficiency of energy into photons of energy Ep.
Tp = efficiency of the optical system
Qm = quantum efficiency of the photocathode

(Ee - Ea) represents the total electron energy transferred to the scintillator.
Ea is the energy lost in penetrating any surface coating or inactive layers of scintil-
lator surface material. It is a common practice when plastic scintillators are used, to
evaporate a thin layer of aluminum onto the front surface in order to reflect light to-
wvard the photocathode. The optimum thickness for good reflectivity before noticeable
energy is lost was found by Youngl® to be about SOOX. It should be noted also that any
machining or polishing of the plastic front surface inevitably results in the deteriora-
tion of the scintillator efficiency. A new technique for forming scintillators so as to
avoid machining and polishing was recently reported by Hatzakis!l. His technique is to
dissolve Pilot scintillator B material in scintilletion and fluorometric grade toluene.
The scintilletor is then formed by applying the 5-10% solution & drop at a time on the end
of a light pipe. After drying in a dry atmosphere free from air currents, the 10-20
micron thick scintillator thus formed is coated with aluminum in the usual way.

Ep is the average energy of the photons produced which for most scintillators
is about 3 ev. Cp is the fraction of the net electron energy that is converted to
photons. Values of CP in the renge .0l to .05 seem to be typicel. It is apparent that
for 30 kev electrons hundreds of photons are produced.

The second bracketed expression is factor 3 end is the product of T_, the
efficiency of the optical system and Qm’ the quentum efficiency of the photocathode of
the photomultiplier. Quantum efficiencies are of course spectrally dependent and vary
among commercial tube types. Values from around 7 to 30% are quoted for some of the

commonly used photomultipliers. If one assumes a value of 0.5 for Tp and quantum
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efficiency of 20%, one-tenth of the photons should result in the release of photoelectrons.
Further, for a scintillator efficiency of 2%, 30 kev electrons incident on the scintil-
lator would produce 20 photoelectrons.

In a study of the response of an anthracene scintillation counter to electrons
in the 10-120 kev energy range, Johnstonl!2 found that for a bare cerystel 0.060 in. thick,
centered on the photocathode of an RCA 6199 photomultiplier, the release of one photo-
electron required on the average 1.47 kev of incident electron energy. For 30 kev
electrons this amounts to the generation of about 20 photoelectrons, which seems to give
creditebility to the approximations we assumed above.

PERFORMANCE

The overall performance of this type of this type of detector can be illustrated
by an example of the output pulseheight distributions that can be obtained.

We have been using ion converter scintillation detectors in our laboratory at
Battelle-Northwest since 1963. All of our detectors utilize the configuration introduced
by Daly except for one minor difference. Instead of a flat target surface a spherical
concave one is used, the center of curvature being located near the center of the secintil-
lator. The focusing action that the conceve surface exerts on the secondary electrons
has the effect of increasing the entrance aperature of the detector without having to
increase the size of the scintillator. Our targets are machined from a solid block of
aluminum alloy and meticulously cleaned and polished so thet they may be operated at
potentials as high as 60 kev without high field emission or breakdown occurring. We use
NE 102 scintillators made from 0.010 in. sheet material and cement them to 1/2 in. long
lucite light pipes with Eastman 910 cement.

The pulse-height distribution we obtained for U238 jons of 12 kev energy

entering one of our detectors is shown in the figure.

Linear Scale

Log Scale

Pulse-Height Distribution for U238 jons

The target potential was -50 kev and an EMI 6097S photomultiplier, operated at
1600 V, was used. The ion conversion events leading to the release of one, two and
perhaps three secondary electrons can be seen. Using these bumps to calibrate the pulse
height scale, we estimate that the peak of the distribution lies at about seven electrons.
With the discriminaetor set so as to accept most of the single electron peak, the de-
tector background average count rate was about 1/2 count per second. Operated under
these conditions and if one assumes that the secondary emission process can be described
by a Poisson distribution, the detector is 99.9% efficient. Even if the single electron
peak is excluded, about 99.5% of the distribution would be accepted. It is a little
dangerous to claim such high detection efficiencies without taking into account the

possibility that some other zero yield process, such as ion reflection, may be taking
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place with substantial probability. With this provision these efficiencies are mentioned.

The need for a lower background and a higher ion count rate capability than we
were able to achieve with the EMI 60975 led us to search for a more suitable photo-
multiplier. We have had our best and sustained success with the Amperex S56AVP. Back-
ground rates less tHan one count per minute, or less than 3x10°21 amp, can be maintained.
The output pulses of the photomultiplier are ebout 10 nsec wide with an average amplitude
of 1.5 v on 2 50Q load. Further amplification of the pulses is unnecessary so the
multiplier output is cabled directly to a discriminator. With our discriminator deadtime
adjusted to asbout U5 nsec, the response of our detector is linear, with deadtime
corrections, to at least 2x10% ion counts per second or 3x10"13 amp.

The performance characteristics of the ion conversion scintillation detector

can be summarized as follows:

Dectection Efficiency---——--- Virtually 100%

Mass Discrimination----——e-—- Mone
Sensitivity-----—=—-—mmom—ooo Limited only by background noise
Nois Less than 1 count per minute
Maximum Input Rate—-—-——e—-- 2x10® ions per second

Entrance Aperature--——————--- Several centimeters

Although there are undoubtedly some particular ion measurement situations where
this detector wouldbte usefully applied as e current gain device, its main value, T would
say, lied with its use as an ion counting detector. The characteristics listed here refer
to ion counting applications only.

With an average secondary electron yield in the 1on conversion step equal to or
greater than 5, the detector is virtually 100% efficient. For this reason there would be
no mass discrimination.

The sensitivity is limited only by the level of background noise. This noise
can be held to levels below one count per minute.

The maximum ion input rate that can be used depends on the photomultiplier out-
put pulse characteristics and the precision with which the deadtime of the electronic
circuitry cen be determined For uncertainties in deadtime-corrected count rates no
greater than 0.1%, input rates as high as 2x10% ions per second can be measured. If
greater uncertainties can be tolerated, the figure may be extended to 107 ions per second.
Finally, entrance aperatures as large as 4 cm have been successfully obtained through

special design efforts; however, aperatures of 0.5 ecm. can be realized without any

difficulty.
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Extended Abstract

The ion-sensitive plate, as used in a contemporary mass
spectrometer or mass spectrograph, becomes a graphic record summarizing
events in the instrument over a series of exposure intervals. It must
contend with ions with mass-to-charge ratios ranging in magnitude from
1 to over 1000, and with ion energies from about 5 to over 75 kev. The
data recorded on a plate are available for subseguent recall, inter-
pretation, and analysis in auxiliary equipment at the will of the
investigator.

As this status review notes, mass spectrography with ion-sensitive
plates and optical spectrography show many similarities in materials,
associated techniques, and data handling. Despite formal similarities
the processes of photographic exposure and ion interaction with the
plates are different. The silver bromide grains of most photographic
emulsions are seated deeply and display little sensitivity to 20 kev
particles penetrating to depths of 0.2 microns or less. Emulsions
designed for the 0.004 to 0.006 kev quanta of the strongly absorbed
vacuum ultraviolet differ and have grain layers at or near the surface.
Such emulsions are also rapidly exposed by ions. They include low-~
gelatin emulsions, emulsions with the gelatin surface removed, and high-
gelatin centrifuged emulsions. A new detector with a vapor-deposited
film of silver bromide has recently been developed with applications
to ion detection more directly in mind.

In addition to detection based on the direct interaction of
ions and silver bromide, ‘conversion techniques with layers of ion
sensitive materials have also been used. Fluorescent screens make
a mass spectrum visible and subject to photography with any fast film.
Conversion of ion energy to electrons has been applied to ion microscopes,
and has received a preliminary investigation in mass spectrometry as an
alternative to a fluorescent screen.

Instruments of the Mattauch-Herzog geometry dominate the use of
ion-sensitive plates, and this use is very largely confined to the
Type of Q-2 low-gelatin plate. The two widespread applications of this
instrument-detector pair are organic structure studies by the electron-
bombardment, high resolution method and elemental analysis of metals,
inorganics, and surfaces by the spark-source method. It is in studies
oriented towards these applications that a reviewer finds much of the
data related to ion-sensitive plates, and it is largely against the
Q-2 plate and these applications that new developments in the field
stand for evaluation.
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M4

PHOTOGRAPHIC VS. ELECTRICAL DETECTION FOR SPARK SOURCE INSTRUMENTS
F. D. Leipziger

Ledgemont Laboratory, Kennecott Copper Corp.
Lexington, Massachusetts

I. Introduction

As one reads the literature of spark source mass spectrography over the past
ten years, it readily becomes apparent that workers in the field acknowledge analytical
accuracy as the foremost problem of the method. As one reads further, it becomes
clear that a major portion of the blame for problems in accuracy is placed on the ion
sensitive photoplate which is the commonly used detector for these instruments.

The spark source instrument has been available commercially for about ten
years and its raison d'etre is the analysis of traces in solids. The magnitude of the
failure of this tool can be measured in the lack of quantitative data, the disagreements
between laboratories running the same samples, and the number of papers in the
literature attempting to revise raw data by means of corrections related to the photo-
plate. Only in a few specialized cases can the spark source be considered a successful
analytical tool.

If we examine more carefully the causes for this failure, we find that present
day instruments are essentially the same as the first instrument designed in 1947. The
following is a description of a spectrograph:

'""A mass spectrograph for chemical analysis of solids has been
developed. The Mattauch arrangement of 31°950' electric deflec-
tion followed by a 90%deflection in a magnetic field is used in
order to obtain a large mass range in focus on one plate.

... During the introduction of the plate or insertion of new elec-
trodes a gate valve is closed to isolate the spectrograph from
the pumping system."

It applies to any of the modern day commercial instruments. Unfortunately,
that was the description of the first solids instrument developed by Shaw and Rall at
the Argonne National Laboratory in 1947(1_) These workers unhesitatingly chose the
photographic detector. The erratic nature of the ion beam produced by the vacuum
spark and electrical interference supposedly precluded the use of electron multiplier
or Faraday cup detectors. It is rather a sad commentary that todays instruments have
advanced so little in over 20 years.

The difficulties which are encountered in attempts to obtain quantitative
information using the photoplate as an ion detector indicate that an extremely complex
situation prevails. Experience with optical emission spectrographs and their excellent
accuracy compared to poor results with the mass spectrograph confirms the presence
of a problem. The need for standards for accurate chemical analysis was forseen by
Shaw and Rall in 1947 and this is still true today.

Since most of the spark source instruments in use today are primarily used

for chemical analysis, I will discuss the detector problem in this light.

II. Analysis using the Photoplate

Techniques for quantitative analysis using the photoplate have been described
by many authors. A characteristic of all these techniques is that they are slow.
Depending on the type of information the user requires, the lag between detection of the

ion beam and reduction of the data will vary from a few hours to a day or more.
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A typical procedure involves sparking samples to obtain a graded series of
exposures to insure that several of the exposures are in the correct range for densito-
metry. Next the plate is removed from the spectrogiaph, developed,/fixed and dried.
Only then is the spectrographer ready to consider an emulsion calibration., These cali-
brations require a series of spectral lines of known relative exposure values, and from
these.the number of ions required to cause a specific degree of darkening may be
calculated. The urgency and complexity of this problem may best be appreciated by
considering the well known mass spectrographers whose names are associated with
calibration techniques - Mattauch, Ewald, Hintenberger, and Dornenburg. The two
line method of Churchill although originally developed for optical emission was adapted
by Duke 2 and has found wide acceptance in mass spectrography.

The next step in this hypothetical procedure involves measurement of the
actual relation between the impurity and the matrix. All of the photographic data treat-
ment methods require careful densitometry and emulsion calibration. A common
approach involves conversion of the line densities of the impurity and the matrix to
relative beam intensities using the calibration curve. A number of corrections are
then applied to this ratio and they are summarized in the following relation:

Ci= Es. As. S_s Wi, Mi

Ei Ai Si Ws Ms
where the subscripts 8 and i refer to matrix -and impurity and E is exposure, A is
isotopic abundance, S is relative detector sensitivity, W is line width, and M is charge
ratio when singly charged ions are not used.

Corrections for line width, background, the effects of ion mass and ion
energy, and ion charge distribution are all on a sound theoretical basis and should be
applied wherever possible.

It is unfortunate that this tedious, painful, and time consuming procedure
does not work at all well. There is no guarantee that the final answer will bear any
recognizable relationship to the true amount of an impurity in a solid.

When it is possible to use standards the situation will improve--but not to
the point one might expect or hope. Several methods involving standards have been
described by Kai and Miki

If several standards for an element--are available, a curve is constructed
relating optical density, D, and concentration at a given exposure. A similar exposure
is made with the unknown material and the concentration of the impurity may be read
from the curve as shown in figure 1.

Alternatively, when only one standard is available, exposures are made
which cover a wide range. The optical density of the lines of the known impurity
are measured in all spectra. Then optical density is plotted against log X where
X = CIE, with C = concentration, I = isotope abundance, E = exposure. Concentrations
are then determined in the unknown by making use of the curve so constructed.

Experience in our laboratories with these methods has been disappointing.
We have had occasion to work with a series of emission spectrographic copper stan-
dards which should have provided excellent results with either of the methods described
above. The known impurities were all metallic in nature, at reasonable concentrations,
and well characterized. Our results ranged from barely acceptable to abominable.
This may be due, of course to technique problems, or to inhomogeneity or ion beam

monitor difficulties.
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(4)

Owens, in a detailed discussion of photoplate procedures warns us that
"the possibility of large errors must be considered in interpreting analytical results"
The many ill defined or unknown parameters which contribute to these errors cannot

be evaluated with any certainty using the photoplate because of its lack of speed and non-
linear response.

Despite these difficulties several workers have shown excellent accuracy and
precision in photoplate work.Franzen and Schuy(s) have obtained data which is at least
as good as electrical detection data, using a pulsed dc¢ source which apparently is
insensitive to electrode posi.tioning.

III. Electrical Detection

Electrical detection has been the normal mode of operation for mass spectro-
scopists in most fields, Gas analysis, high resolution organic analysis, Knudsen cell
studies and thermal instruments have all: made use of the electron multiplier with a
good deal of success. The exception which concerns us is in the field of solids analysis.

An early and strongly held view insisted that the erratic nature of the vacuum
spark and attendant problems of electrical interference would make electrical detection
for solids instruments impossible. However, as long ago as 1941, Strauss 6 success-
fully attempted the electrical detection of nickel ions from a spark source. Ten years

after that, Gorman Jones and Hipple ™

made another successful attempt and at the
same time introduced the ion beam monitor. These and other early attempts were of
an exploratory nature and the first valid demonstration of trace analysis is by

®)

Conzemius, Capellen, and Svec The efforts of these workers were shortly followed

by those of Bingham, Brown, and Powers, (9) and Socha, Baker, and Masumoto,
and Evans, Guidoboni, and Leipziger(ll).

The aspect which all workers in this field stress is the speed with which data
is available for inspection or manipulation. The reasons for this are twofold--first
there is no time lost in plate development, densitometry, etc. and second, sensitivity
is increased. A given exposure is obtained in less instrument time than with photographic
detection. For example, an impurity which requires a 0.1 nanocoulomb exposure is
detectable and analyzed electrically within seconds while at least an hour would be
needed with the photoplate.

Hull (12)

electrical detection. Obviously the level of the impurity and the number of impurities

has discussed the time advantage which may be gained by using

to be surveyed will enter into the time advantage. A large number of impurities at
high levels (1 ppm) is most advantageous to the photoplate and the time saving with
electrical detection is as small as a factor of two. The most favorable case for
electrical detection involves analysis of ten to twenty elements at the part per billion
level. The time factor here may be in excess of one hundred.

I would like to describe briefly the paths some of the early workers have
taken when assembling electrical detection systems.

The system developed by Conzemius, Capellen, and Svec contains three
essential features--facilities for evaluating' the ratio of the impurity and total ion
beams, automatic step scanning of the electrostatic or magnetic fields, and the avail-
ability of an internal standard. Components have been chosen to ensure ease of com-
puter interfacing.

An important aspect of the Iowa State set up is that the step scanning circuit
is activated only after a preset number of counts accumulate in the denominator (total
ion beam) of the ratio recorder. In this manner scanning is avoided when the spark
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is not operating. This is an elegant way around the problem of the erratic ion beam
produced by the vacuum spark.

The performance of this system has been excellent. Conzemius and Svec
have obtained results on a series of steels certified by the Bureau of Standards for
homogeneity. Using a large sample as recommended by the Bureau they obtained an
average precision of + 6% with over 60% of the total elements having precision appre-
ciably better than 6%.

Tﬁe second system [ would like to discuss is that of the AEI workers,
Bingham, Brown and Powers. This particular system is in most ways similar to the
one at our Laboratory.

The AEI approach is twofold. One mode of operation involves continuous
magnetic scanning and ratiometry to obtain rapid semiquantitative data. The second
mode uses electrostatic peak switching to obtain accurate and precise analytical data.

Magnetic scanning has proved to be an excellent rapid survey method where
semiquantitative results are acceptable. In this mode of operation the magnet is
scanned to sweep the peaks over the collector. Figure 2 shows the amplifier arrange-
ment used to correct for fluctuations in the ion current while the peak is on the col-
lector. The double logarthmic amplifier obtains a ratio of the impurity ion current
to the total ion beam. This ratio may then be displayed on a recorder--such a spec-
trum is shown in Figure 3. A dynamic range of 1000 to I can be displayed with this
arrangement. For example, if the line marked ""x1" can be set to a value of 2 ppm
then the values at the other lines are 20, 200, and 2000 ppm. The region over which
this range is used can be easily changed.

Table I shows the type of results which can be obtained with peak scanning.
The precision and accuracy are better than + 30% in most cases and the speed of the
scan (110 seconds per decade) is orders of magnitude faster than any photoplate proce-
dure.

Table I
Reproducibility of Nine Repeat Analysis on Copper
Standard CA2 with Ratio Scanning

Found True
Bi 44 +14 40
Pb 36 + 15 30
Sb 68 t 24 60
Sn 57 +21 65
Ga 79 30 75
Cr 83 + 31 70

The second mode of operation of this system, peak switching, is used where
the highest analytical precision is required. It is necessary to spend longer times on
the peaks of interest to obtain the required precision and this necessitates the use of
a device to insure beam stability.

This problem has been solved with the aid of an external vibrator. This
device is attached to oneof the manipulators and the resultant motion of that electrode
is sufficient to ensure continuity of the spark.

The peak switching mode of operation involves electrostatic voltage changes.
The peaks of interest are preset by ascertaining the voltages necessary to center them

on the multiplier slit. Quantitative analyses are then performed by integrating the
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collector current for the impurity of interest while a particular charge is collected by
the ion beam monitor. For results to be truly quantitative, standards are required.

The procedure when standards are available in quite straight forward--the
response of the multiplier to a known amount of the impurity element is determined.
Next the unknown is sparked and the concentrations are then in the ratio of the collec-
tor currents. The results which may be obtained with this type of systemn have been
published by several workers and Table II shows some work from our laboratory on
NBS steels. The excellent precision and accuracy are typical of electrical detection
when standards are available.

Table II

Analysis of NBS Steels for Molybdenum using
Electrical Detection

NBS 4 Mass Spec. w/o NBS Value
461 0.38 0.36
462 0.94 0.94
463 1.13 1,15
465 " 0.0024 0.002
466 0.0075 0.007
467 0.47 0.47

However, we have found it necessary to develop a rather meticulous
sample handling procedure to obtain these results routinely, and we feel that the speed
of the detector was of paramount importance in developing the required procedure,
Positioning of the sample was found to be a key aspect of the routine analysis of metals.
The next slide illustrates the changes which appear when the electrodes are

sparked at varying positions relative to the first plate.

Table IIL
Variations Caused by Electrode Placement
Increasing Distance from Accelerating Cu+1/Cu+2
Plate
i 12.30
' .98
49
97
.43

i
Y%

[ 2 N ) B N )

It immediately is apparent that a standardized mounting procedure must be
used to minimize these large variations in ion current. The procedure we have
adopted involves a mounting jig which reproducibly sets the distance of the sample from
the accelerating plate. A microscope is used to align the electrodes with the extrac-
tion orifice. These steps are apparently sufficient to reduce the error in mounting to
less than + 5%. The following data indicates the reproducibility obtained in the analysis
of silver in the Johnson-Matthey copper standards.
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Table IV
Repetitive Sample Loadings
(Integrated Multiplier Current)

Agin JM CAS6

Run 1 2 3 4 5 6 7
Counts 1172 1125 1166 1197 1156 1158 1180
% RSD 2.9 2.4 1.4 4.4 3.2 1.6 3.0
Avg. of

Avg's, 1165 +1.9%

These electrode pairs were remounted in the source for each run and the precision of
the entire procedure speaks for itself. Once the samples were mounted .the time for a

single set of data (ten determinations) was approximately ten minutes.

Summary

The contrast between electrical and photographic detection is most striking
in the areas of speed and accuracy. Whether one operates in the peak switching mode
with standards for highest accuracy or in a magnetic scanning mode for survey analysis
the electrical system is faster than the photoplate by factors of two to one hundred.

This speed of presentation allows the operator a much greater latitude for
ascertaining the effects of spark parameters and sample positioning. In these cases
the data is available within minutes as opposed to hours with the photoplate.

It should also be obvious that the output of an electron multiplier is easily
interfaced with a computer to obtain an automated system. The only automation
possible with the photoplate involves plate scanners which remove the tedium associ-
ated with manual densitometry. The time lag between sparking of the sample and
availability of the data is essentially unchanged.

When one considers other analytical tools of the same era such as atomic
absorption and flame emission spectroscopy, electron microanalysis, and scanning
electron microscopy, the lack of growth of spark source instruments is painfully
apparent. The acceptance of these other tools is universal. They have satisfied a
need--the need still exists for ultra trace analysis and it is still unsatisfied.

In conclusion, I feel strongly that if the spark source mass spectrograph is

ever to become a routine and accurate tool it must do so with electrical detection.
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SOLID STATE AND SPECIALIZED DETECTOR METHODS

F. A, VWhite

Department of Nuclear Science
Rensselaer 'Polytechnic Institute
Troy, N, Y,-12181

INTRODUCTION

I have been asked to comment on the possible use of solid state
and specialized detectors that might be utilized in monitoring ion beams
in mass spectrometry. The remarks which follow are presented in the spirit
of the conference; namely to discuss potential applications of new detec-
tors with the understanding that these detectors are not at the stage of
development that is comparable to ion detection methods which have been
presented in the previous papers. Nevertheless, one of the schemes which
I shall mention appears to have substantial merit, especially since it may
ultimately replace (for restricted applications) the photographic plate,
which possesses the advantage of monitoring ion beam currents simultaneous-
ly over an extended mass scale. :

THE P-N JUNCTION AS AN ION DETECTOR

The use of reversed bias p-n junctions for the detection of high
energy nuclear particles has been important for nearly a decade. These
junction counters are able to provide an energy resolution for alpha par-
ticles, beta particles, and even gamma rays. The first appligation of
solid state diodes to mass spectrometry was reported in 1961, 1) 1In this
early application the ion detection efficiency was exceedingly poor. How-
ever, the basic concept was to allow the ipcident ion to strike a ‘‘converter"
in order to produce secondary electrons. These secondary electrons
were then accelerated and focused into the ''depletion region' of the junc-
tion, and the kinetic energy of the electron was converted (in part) to
the generation of electron-hole pairs. Basically the reverse bias junction
acts as a solid state ionization chamber with approximately 1 electron-hole
pair being formed per 3.5 ev of energy expended in a silicon crystal.

A major difficulty in adapting a p~-n junction for direct ion de-
tection is the very restricted range of charged atoms in matter. Only
very light ions of high energy (»30 keV) have a sufficient range to pene-
trate the silicon junction ''dead layer', expend a large fraction of their
energy in the 'depletion region", and thereby generate a large amount of
ionization. Post-acceleration of mass-resolved ion beams is possible, but
very high voltages (>100 kv) would be required for the direct detection of
heavy ions. The alternative of letting the primary ions strike a'tonverter'
plate that will generate secondary electrons and accelerate these secon-
daries into the junct on, appears quite practical. As in the case of the
scintillation counter for ion detection, there is the further advantage of
charge amplification in the secondary electron process itself.

A silicon p-n junction, operating under conditions of reverse
bias, functions as an exceedingly shallow ionization chamber for the de-
tection of secondary electrons. The "depth'" of this silicon ionization
chamber, or ''depletion zone'', can be derived from Poisson's equation, the
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current continuity equation, and various para?egers of the material. The
results, however, can be expressed simply as: 3

3.2 X 107 (oW)%m  (p-type)

It

X

5.3 X 1072 (pV)%cm  (n-type)

®
[]

where x is the depletion depth, V is the reverse bias (in volts) applied
to the p-n junction, and p is the resistivity of the silicon expressed in
ohm-cm. For high resistivity silicon (3000 ohm-cm), and a reverse bias of
only 50 V, the effective depth of the depletion zone would be approximate-
ly 200 microns. This depth is greater than the range of a 100 kev elec-
tron. :

Figure 1 is a schematic of the apparatus for detecting ions,
using a secondary electron converter. Positive ions are focused onto a
high-voltage anodized aluminum electrode (30 kV, negative) and secondary
electrons are accelerated onto a surface-barrier junction. The interes-
ting results are shown in Figure 2. The graph clearly shows 18 quantized
peaks as displayed in a multichannel analyzer. The spectrum indicates E&e
relative number of secondary electrons released by primary ion impact.(
The first peak is caused by ions that generate only a single secondary
electron with the subsequent production of electron-hole pairs in the junc-
tion after this electron has acquired 30 kev). Successive peaks indicate
ionization energies in the junction region of 60, 90, ----, 540 kev, corre-
sponding to the '"ionization" in the junction due to two, three, -=---- ,
eighteen (30-keV) electrons that arrive simultaneously.,

I am extremely optimistic about the ultimate use of such junc-
tions in mass spectrometry. Because of their small physical size, a large
number of diodes can be adapted to read-out an entire mass spectrum simul-
taneously, If this is ultimately achieved, such a method would possess the
sensitivity of an electron multiplier; it would also have the integrating
capability of an extended photographic plate.

POTENTIAL USE OF BEAM FOIL SPECTROSCOPY

I should now like to comment on a possible detection scheme for
ions which, at present, is far from practical, I believe this mechanism
for ion detection merits mention simply because it is a unique means by
which ion beams, in principle, can be detected and monitored. I refer to
a recent development in the field of beam foil spectroscopy. Consider an
ion to be incident upon an exceedingly thin film (.200 angstroms). Assume
also that the kinetic energy of an incident ion is sufficiently high to
completely penetrate the thin foil. If the ions are positive ions, many
of these incident atoms will become neutralized during their penetration
through the foil and a large number will emerge in various excited states.
We can expect that such atoms would de-excite at times depending upon the
energy level of the emerging atom, and the atom will radiate photons which
correspond to differences between the energy level of the excited state and-
the ground state. B

Indeed, workers in Stockholm have recently reported(s)not only
the detection of the phgton spectrum of lithium atoms (56 kev) emerging
through a thin (10ug/cm®) foil but they have published results which indi-
cate the lifetimes of such excited levels, The beam of excited atoms was
analyzed slightly downstream from the thin foil with a low dispersion
Jarfg}l-Ash scanning monochromator equipped with a photo multiplier detec-
tor . Thus, it is appropriate to ask whether single atoms can be detec-
ted and whether this new technique could be utilized on mass spectrometry.
I cannot answer this question with any degree of confidence. However,
there are reasons for assuming that the fractional number of atoms emerging
from such a thin foil would be a constant, and it is simply a question of
advanced technology to pick up the optical spectra from ions which are
passing by a suitable photo tube sensor and have these signals amplified
and registered with output circuitry. Let me restate that I do not consi-
der this technique to be a practical one, but I was invited to suggest new
"solid state' devices that might be applicable in some specialized situa-
tions.
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CONCLUSION

There is little doubt that the photographic plate and a varilety
of electron multipliers will continue to be the basic detectors in mass
spectrometry for the next decade. However, there is substantial evidence
to indicate that reversed bias p-n junctions, with improved circuitry, may
offer significant advantages. When we realize that the communications in-
dustry has already adapted solig state devices in which hundreds of thous-
ands of diodes (wilthin a few cm®) comprise a photo-sensing element, it is
not unreasonable to assume that at least hundreds of p-n junctions can 'be’
built into a sophisticated mass analyzing system, The inherent advantages
of having a simultaneous readout of all the chemical elements, or being
able to monitor isotopic spectra on a time-dependent basis, suggests that
solid state devices must be regarded quite seriously for future use.
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Comparisons between Ionic Collision Processes in Casecus Water and
Casecus Ammenia %

K. R, Rvan, C.S.I.R.0., Carden, W,S,Y. 2570 Mastralia
(]
o

Rate coefficients for reactions resulting from collisions of P20+ and opt with H
+ and NI!2+ with 1\!143 have heen measured as a functior of mrimarv ion translatiornl

and of M’.3
energy over the energy range of 0 to 8.0 eV, The ewverirents were performe? using the
techniques of sinale-source high vressure mass soectrometry,

A great similarity exists betwaen the results of collisions of lT?ﬁ+ wvith .0 amd of

2
NH3+ with MEa. In woth cases the measired rate crefficinmt Aroms sharnly writh increasing
enerqv from thermal ereraies to ahout 1 eV, mxvmm translational enercrs (¥,7,). Ahove
3 eV, K.F. an essentially constant value for the rate coefficiert is ohtained, For the
vater svstem this constant value iz within 5% of that rredictad hv the treory of Giour_vous-

is and Stevenson (G. ard €,) while in the case nf amronia the value ohtained is about

60% of the value rradicted by the throrv of G, A S,

It is shown that both OH and bI.THZ'*' react w1t‘1 hich rate coefficients over the K.F.
rance examined. The fraction of reacting of* which proceeds v oroton transfer is shovm
to fall rapidlv from about unity at thermal ion eneraies to a negliaible value for ions
with erergy ahove 1 eV, K,F, TFlectron transfer or ion-atam interchan.rje continues t6
occur with high rate coefficient, The hehaviowr of NF’.7+ collisions with M3 is ~uite
similar to thr amaloqous process in water at ion erernies helos 3 oV, ¥R, Once Acain
ion-atam interchance or electren transfer nrocesses dorinate the collision reactions as
the ion erergrs is increasad from near therral values, However M 4+ rroduction anrears
te have a now onset between 2 and 3 @V, X,F, Tt is sumuested that this nesy nroduction of
NH4+ nroceeds via the endoergic reaction in whick the neutral nraducts are M + P and not

M as is supposed for the rroton transfer vrocess at lover ion ererains,

*
A complete description of this work is exmocted to appear in fortcomirg jssues of the

Journal of Chemical Phvsics,
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KINETIC ENERGY DEPENDENCE OF THE REACTIONS OF 0 WITH CO, N2
by

M. Mosesman and W. T. Huntress, Jr.

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California 91103

The previous work of Schildcrout and Franklin1 on the reaction of 0' with CO,
suggested that charge transfer from 0" to CO, competes with O atom abstraction when
the 0" ion has sufficient kinetic energy to overcome the 0.20 eV endothermicity of

the charge transfer reaction, viz,

. ky _ 0,5 +c0  -1.61ev
o+ coz<
ko~ co," + 0 0.20 ev

In this work, the existence of these two channels is proven using a triple resonance
experiment in an ion cyclotron mass spectrometer. This technique involves a unique
combination of pulsed ion ejection and cyclotron irradiation of o permitting obser-
vation of both reaction channels as a function of kinetic energy.2 The kinetic energy
scale in this experiment is undetermined.

In order to determine. the O’ kinetic energy scale, experiments similar to those
pioneered by L. R. Anders3 were performed. These experiments were conducted in the
following manner. The gas is first ilonized by a 150 usec pulse of 50 V electrons.
The 0' ion is irradiated at its cyclotron frequency for 150 usec shortly after
termination of the ion production pulse and before reaction can occur. This sequence
is repeated at a rate of 200 Hz. From the magnitude of the rf field and its pulse
duration, the kinetic energy of the 0" ion can be calculated. The dependence of the
relative rate for channel 1 on 0" kinetic energy was obtained by monitoring the 02+
ion intensity with a marginal oscillator whose output is amplified and measured with
a boxcar integrator. The large COz+ signal from primary ionization of CO, prevented
observation of channel 2 with this technique. However, by comparison of the kinetic
energy experiment with the triple resonance data, the charge transfer channel could
be simultaneously plotted. The results are given in Fig. 1. 1In order to increase
the signal/noise for channel 1, the primary ion current of 0" was increased by con-
tinuous cyclotron ejection of primary C02+ ion which permits the electron emission

current to be raised.

*
This paper presents the results of one phase of research carried out at the Jet
Propulsion Laboratory, California Imnstitute of Technology, under Contract No. NAS 7-100,
sponsored by the National Aeronautics and Space Administration.
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High Pressure Photoionization Mass Spectrometry. III. Reactions of,
NO* (X'Zt) with C3 through C, Hydrocarbons at Tnermal Kinetic Energies.

Stuart K. SearlesT and Wayne Sieck
National Bureau of Standards
Washington, D. C. 20234
Introduction
The reactions of NO+(X'2) with alkanes and cycloalkanes (RH2) has
been investigated using 10.0 eV (123.6 nm) photons supplied by a Kr
resonance lamp. The use of such a lamp as an ionizing source greatly
simplified the interpretation of these experimeéents since only the NO
component in NO-RH2 mixtures was ionized for most RH2 combinations. The
advantages of the photoionization technique over electron impact are dis-
cussed in some detail.
Experimental
A detailed description of the experimental apparatus has been pub-

lisned.l’2

In brief, it consists of a field free reaction chamber (pho-
toionization source) equipped with windows to admit ionizing radiation
from a rare gas line source or lamp monochromator combination. The
resulting primary and product ions at any given source pressure may pass
out of the reaction chamber through a pinhole leak coupled with a quadru-
pole mass analyzer. The fabrication and operational characteristics of
static Xe, Kr, Ar, Ne and He resonance lamps used as ionizing sources have
been described by Gorden, Rebbert and Ausloos.3 Power for these low pres-
sure lamps is provided by a microwave generator, and the useful output is
usually concentrated in the manifold of lowest excited states of the rare
gas atoms. The available wavelengths and corresponding energies are

listed in Table I.

*
This work was supported in part by the United States Atomic Energy

Commission.

+
NRC-NBS Research Associate.
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TABLE I
Low Pressure Rare Gas Lamp Emission

Gas Wavelength(x) Energy (e.V.) Window

He 584.3 21.22 Al

Ne 735.8 16.85 Al

Ar 1048.2 11.83 LiF
1066.7 11.62

Kr 1164.9 10.64 Lif
1235.8 10.03 Lif or CaF,

Xe 1295.6 9.57 Lif or CaF2
1469.6 8.44

The energy spread in each line is of the order of 0.01 eV, and tne output
of each lamp is ~1014 quanta/sec, corresponding to an electron beam current
of ~10pA. Perhaps the principal advantage of these lamps is the low
energy of the emitted pnotons (relative to > 70 eV electrons which are
more commonly used in mass spectrometry) which results in a simplified
primary mass spectrum. This feature of the photoionization technique has
great potential in the field of mass spectral identification of unknowns,
and is also helpful in the investigation of ion-molecule reaction kinetics.
For example, it is often possible to ionize just one component in a mix-
ture. Furthermore, this ionization may lead only to the parent molecular
ion if the ionization potential of the parent is close to the photon
energy. Information on fragment ions may be obtained by using a lamp
which emits nigner energy photons. There are also several instrumental
advantages associated with photoionization, including the fact that thne
lamp does not heat the reaction chamber (ion source)as is usually the case
with tne heated filament associated with electron impact ionization. In
addition, the use of windows on the reaction chamber rather than an open
slit reduces the rate of gas flow out of the chamber, and permits higner
total pressures in the ionization region.
Results

The vapor phase reaction of N0+(X'Z+) with C

through C,. normal,

3 6
branched, or cyclic alkanes was found to proceed exclusively via an H™
transfer mechanism:

NO* (X':) + RH, ~ RH' + HNO (1)
In addition to (I), C4H9+ was also formed by a second order process in the

reaction with 3-methylhexane. Absolute rate constants were determined

for all systems at thermal kinetic energies. Isomers containing tertiary
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H atoms were found to be the most reactive, exhibiting rate constants on

9

the order of 10~ cm3/mplecule—second. The rate constants found for

n-alkanes and non-substituted cycloalkanes fall in the range 10_12 to 10~

10
cm3/molecu1e—second. The results on reaction I suggest that NO may be a
good candidate for chemical ionization analysis. An article describing

these results will appear in the near future.4
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Molecular Beam Studies of
Short Lived Molecules and Ions
J. Gray and R. H. Tomlinson

McMaster University, Hamilton, Ontario.

Molecular beam techniques have been used to investigate the existence of short
lived molecules and ions, The apparatus used 1s essentially a tandem mass spectrometer
employing a charge transfer and reionization unit in the region between the mass
analysers. Ion beams are produced from a radio-frequency source, mass analysed and
passed through a charge-transfer canal containing lithium vapour. The resulting neutrals
are allowed to continue undefleéted while the remaining ions are removed in an electro-
static field, On emerging from this field, a fraction of the neutrals are reionized by
electron bombardment from a hot filament. The resulting lons are then mass analysed aéa
detected in a Faraday cup. The geometry of the apparatus is such that only molecules
which were neutral for the time of flight through the electrostatic field may become
available for reionization and subsequently be focused in the second mass analyser,

+
, H2+, and HD+ ions. The results

The apparatus was calibrated using beams of H+, D
obtained with these beams showed that it was feasible to neutralize and reionize a
fraction of the beam, and still detect the final products as relatively sharp and

identifiable peaks in the mass spectrum.

Fig. ia shows the spectrum obtained after final mass analysig of the mass 8 primary
beam obtained from a helium discharge. With charges up to 5000 ;alts on the deflector
plates and introduction of liéhium vapour into the neutralizer, thé spectrum shown in
;ig. 1b was obtained on mass analysis of the reionized fractio; ;f the neutrals. The
two peaks are identified as He2+ and He+ ions. The presence of the peak corresponding

to He + ions is consistent with the assumed existence of neutral He, and molecules

2 2

having lifetimes long in relation to the 10_8 seconds necessary for their detection in

this apparatus.

The He2+ jons in the primary beam would be largely in the 22u+ ground state on

entering the charge transfer cell since approximately 10_4 seconds elapse between pro-
duction of the ions and subsequent neutralization. The singlet states of the He2 molecule
are unstable with respect to the ground 1Ig+ state and would be expected to lead to the
production of two He atoms. Some of the triplet states however are bonding, and would
rapidly decay to the 3Eu+ state, which is metastable to the non-bonded singlet ground

3

state. There would be essentially no decay of the Eu+ state of the He2 molecule in the

time between formation of the molecule and subsequent reionization (10-7 seconds) .,
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Similar procedures'have been applied to the HeH+ and HeD+ systems. Fig. 2a’ shows
the spectrum obtained in the second mass analyser of the mass 5 primary beam correspond-
ing to 5000 ev. HeH+ ions obtained from a mixture of HZ and He in the rf source.

Fig. 2b shows the secondary spectrum obtained on neutralization. The peak positions
correspond to 5000 ev HeH molecules, 4000 ev He and 1000 ev H atoms. The appearance
of a mass 5 peak in the secondary spectrum indicates the existence of HeH molecules
with lifetimes of the order of 10_8 seconds. Similar results were obtained with HeD+

beams.

+ +
H and D, 1ions, it was necessary to

To preclude possible interference from D2 3

investigate these systems separately. Fig. 2c shows the secondary spectrum obtained
from a beam of D2H+ ions. The position of the primary beam is showm. Similar.spectra

were obtained with D3+ ions and in neither case was it possible to detect a signal

2H or D3 neutral molecules, Spectra obtained on H3 itself are com-

plicated by the presence of HD in natural abundance which yields a peak at mass 3.

corresponding to D

Investigation of the HD system has shown that the natural abundance of D2 in H2 could

account for the signal intensity observed in the H3 experiment.

The results of these experiments are interpreted as follows:

1l HeH and HeD systems

Hen” (12) + e(Li) ~+ HeH (excited doublet states)

HeH+ (12) + e(L1) -+ HeH (dissociative recombination)

The states in which the HeH molecules are formed depend upon the energy defect of t

(1)

Lithium (I.P. 5.36 ev) was chosen ‘to increase the

@

the charge transfer process.
probability of populating the excited states of the HeH molecule The results are
consistent with the assumed existence of neutral HeH molecules in excited bound doublet
states having lifetimes as long as 10-8 seconds or approximately 105 vibrations. Since
the mean lifetime of a molecule in an excited state, having an allowed transition to the

ground state, is often of this order of magnitude, the existence of HeH and HeD in this

apparatus seems reasonable.

2 H,, D,H and D, systems

No evidence was found for the existence of these molecules with lifetimes as long
as 10_8 seconds, however, the existence of bound excited states of H3 remains a possi-
bility.

The existence of the Hea+ molecular ion in a low temperature helium discharge was

investigated using a similar procedure to that described. Collisional dissociation in

+ +
the charge transfer cell was used to distinguish between He3 and C ions present in the
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beam. He3+ ions, on dissoclating would be expected to produce peaks in the spectrum
corresponding to masses 4(He+) and 12(He3+) in contrast to mass 12 only, in the Cf
system. The spectra obtained demonstrated that at liquid nitrogen temperatures a
fraction of the mass 12 beam did consist of He3+ ions. Low intensities of the beam,

however, precluded investigation of the neutral He, molecule.

3
REFERENCES:

1. H. S. W. Massey, Rept. Progr. Phys., 12 (1949), 248,

2. H. H. Michels and F. E. Harris, J, Chem. Phys., 39 (1963), 6.

This paper is to be published in J. Chem. Phys.
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Ton-Molecule Reactions of H3+ and D3+ with N5
Ethylene Oxide and Acetaldehyde*
by
Michael T. Bowers and Paul A. Kemper

Department of Chemistry, University of California,
Santa Barbara, California 93106

+
The ion-chemistry generated by the reaction of Hz with ethylene oxide and acetalde-

hyde is quite rich. The principle reactions are

.
CaHaO' + 2Ho A
Heot + H + CHg B

.

Ha + CoHe0

CoHa' + Hp + HoO c
+

Ha0  + Hp + CaHp D

with approximate product distributions given in Table I. These product distributions are

Table I. Product Distributions for Reactions A-D

Product Ton /A CH4CHO
CaHa0" 0.27 0.17
Heot 0.30 0.4k
CoHst 0.33 0.17
Hy0" 0.10 0.22

averages over the Hp-pressure range of 1 x 102 to 1 x 1073 torr.

CoH4O pressures were

typically 5 x 1077 torr. The pressure dependence is due to the variation in internal
energy of the'Hs+ ion with pressure, as previously suggested by Leventhal and Friedmanl
and Bowers and Elleman,2 and to collisional stabilization of the internal energy in the
C2H50+ intermediate. In addition to reactions A-D, charge exchange is observed at lowest
pressures and complete stabilization of the CZHSO+ complex at higher pressures. Reactions

+
of D with ethylene oxide and acetaldehyde give the results in Table II. It is clear

+
Table II. Product Distributions for Dy Reactions

Product Ions 495 CHzCHO Random
CoHz0D" 7.0 ~1.3
CoHaOH' 1.0 1.0
pco” 0.05 0.16 0.25
Heo™ 1.0 1.0 1.0
+
CoHaD ~0.25 ~0.3 1.5
CeHa' 1 1 1
+
HpDO 1.0 1.0 1.0
Ha0" 0.1 ~0 0.66

* Supported by a grant from the National Science Foundation.
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that most of the eliminations are quite specific and that there is no particular relation-
ship to the random distributions. The results for the elimination of'HEO (reaction C)

and the formation of (H,D)30+ (reaction D) indicate that the proton (or deuteron) from
H3+ (or D3+) is initially transfered to the oxygen and remains on the oxygen until de-
composition occurs. This result is consistent with the earlier work'oﬁ the mass 45 ion

5 The large discrepancy in iéotope effect between

in a medium pressure mass spectrometer.
ethylene oxide and acetaldehyde for reaction A indicates a distinctly different mechanism
is operating for this reaction in the two systems. 1In particular, Hz is apﬁarently lost
from the oxirene ring before it has a chance to open up to the protonated aldehyde
structure. In reaction B, a CH3-' moiety may be selectively abstracted from acetaldehyde.
This methide ion abstraction reaction has been observed for reactions of H3+ with eth-

anol.h The prefered loss of CHgD in reaction B in ethylene oxide is attributed to an

elimination of the type
D

D \\g
Z
R = CH3-C< — 1co" + CHsD

H
rather than a CHs abstraction reaction. Further studies with selectively deuterated

acetaldehyde and ethylene oxide are proceeding in our leboratories.

References

1. J. J. Leventhal and L. Friedman, J. Chem. Phys., 49, 1974 (1968); ibid., 50, 2928
(1969).

2. M. T. Bowers and D. D. Elleman, J. Amer. Chem. Soc. (in Press)-

3. D. Van Realte and A. G. Harrison, Can. J. Chem., 41, 3118 (1963).
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The Reaction H+ + H2 —r H2 + H+
M. G. Holliday, J. T. Muckerman and L. Friedman

Chemistry Department, Brookhaven National Laboratory, Upton, N. Y. 11973

The atomic-ion-molecule systems of protons or deuterons and isotopic hydrogen

molecules have been the subject of an experimental study designed to provide data to

be compared with recently reported classical trajectory calculations on an ab initio

potential energy surface.1 Absolute cross sections (accurate to within an estimated

error of +20% for the following atomic-ion exchange reactions

+
D++H2—’HD+H 150
H 4D, — HD + DY )
o' +w — b, +H (3)

2

N7

have been investigated in a tandem mass spectrometer system, with carefully calibrated

geometry, as a function of collision energy. Endothermic charge-transfer processes

D' +H, — W' +H %)

+ +

D" +D, — D, +D )

p"+m — wt +0D (6)
—r D; + H 7)

+ +

H + HZ — HZ + H (8)

H++D2 — wt+D 9)
—rn’;+ﬂ (10)

have been observed and their cross sections were determined as a function of
collision energy. Energy distributions of the ionic species participating in
these reactions were measured by application of appropriate retarding fields.

The experimental results for atomic-ion exchange reactions [(1), (2), (3)] are
not easily compared with theoretical cross sections because the latter were
calculated above energy thresholds for endothermic charge-transfer reactions
[reactions (4) to (10)]. These processes were not considered in the theoretical
treatment, though our results show that, where energetically possible, they indeed
dominate the reactive collisions. Relatively good agreement between experimental
atomic-ion exchange cross sections and theoretical values are obtained if the
latter are extrapolated to energies below the charge transfer threshold. The
extent of the observed endothermic charge transfer was unexpected, but can be
rationalized by nofing that very efficient translational to internal energy
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conversion occurs, followed by radiationless transition to a weakly bound or

repulsive excited electronic state of H+ This state has been identified and

3
its energy characterized by a simple Hiickel calculation. Comparison of energy
distributions of product and reactant ions superficilally indicate "complex

formation" at relatively low collision energles and "spectator stripping' at

higher energles for atomic-ion exchange reactions [(1), (2), (3)]. The efficient
transfer of kinetic to internal energy in the endothermic charge-transfer processes
suggests complex formation mechanisms. This idea is further supported by observed
energy distributions of molecular-ion products and isotopic abundance data. Although
the energy distributions of atomic-ion exchange products above the endothermic

charge transfer threshold are consistent with a direct, or stripping, mechanism,

it should be noted that the relative yield of atomic-ion products compared to
molecular-ion products is small in this energy range. This is in no way

inconsistent with trajectory studies and may indeed be present at lower energies
where it would be effectively concealed. The absolute characterization of

mechanism as '"stripping" or "complex formation" does not appear in the trajectory

calculations nor is it suggested in our experiments.

The work described above has been submitted for publication in the Journal of
Chemical Physics. Research was performed under the auspices of the U.S. Atomic
Energy Commission.

1I. G. Csizmadia, J. C, Polyani, A. C. Roach, and W. H. Wong, Can. J, Chem. 47,

4097 (1969). .
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Product Ion Deflection Measurements as an Indication

of the Mechanisms of Low-Energy Ion-Molecule Reactions
Thomas 0., Tiernan and B. Mason Hughes

Aerospace Research Laboratories
Chemistry Research Laboratory
Wright-Patterson Air Force Base

Ohio 45433, U.S.A.

For some time our laboratory has been engaged in the study of ion-
neutral collisions at low ion energies using a double mass spectrometerl.
Recently, attempts have been made to measure rate constants with this
instrument for various ion-molecule reactions for which well-established
kinetic data is available from other sources. It was expected that
such comparison would provide insight into instrumental factors such as
discrimination or collection efficiency which might be inherent to our
techniques. In éeneral, it was found that for reactant ions of 0.3 eV
kinetic energy, the rate constants derived with our instrument by refer-
encing to a standard reaction agree quite well with the corresponding
wa lues reported from other laboratories in which a variety of techniques
were employed. Table I gives representative data for various reactions

from our laboratory and other sources.

A more detailed account of this work will be submitted for publi-

cation in the International Journal of Mass Spectrometry,
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Table I. Comparison of Rate Constants Measured in the ARL

Tandem Mass Spectrometer with Values from Other Sources

kilo_gcm3 molecule-lsec—l)

This Laboratory Other
+ + a
N2 + 02 d 02 + N2 0.043 0.047
N +0,»0," #N 0.32 _ 0.6%
+ 4 + a
07 (") + 0,0, +0 0.0057 0.02
+ + * *c
CH4 + CH4 - CH5 + CH3 1.2 1.2
Y+ >ut+H 2.2 1.9°
2 2 3 :
+ + C
H20 + H20 - H30 + OH 1.02 1.6

Reference Reaction
a, E. E. Ferguson, et. al., Planet. Space_Sci., 12, 1169
(1964); E. E. Ferguson, et. al., J. Chem. Phys. 44,
4095 (1966).
b. B. G. Reuben and L. friedman, J. Chem. Phys. 37, 1636 (1962).

c. S. K. Gupta, et. al., Can. J. Chen. 45 (1967).

The reactions studied encompass a variety of reaction types including
charge transfer, proton transfer, hydrogen atom transfer, and conden-
sation processes which presumably involve complex intermediates. Since
the good agreement obtained was somewhat unexpected for this broad
category of reactions using an instrument such as ours, which can’

only sample products scattered within a rather narrow angle about the
incident beam, the present experiments were undertaken in an effort to
rationalize our low-energy rate data. It was expected that this study
would also provide some general information regarding discrimination
factors in fixed-angle scattering instruments.

Consider a crossed beam experiment in which A% ions are reacted
with BH molecules, If a direct or spectator stripping mechanism is
operative, then a hydrogen atom abstraction product, AH+, would have
essentially the same momentum as the a* projectile while a charge trans-
fer product, BH+, would have approximately the initial BH momentum,

In a crossed beam experiment, such a mechanism can be readily verified

if the reactant beams are intersecting at an angle of 900. However,
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in the ARL tandem mass spectrometer, as in all instruments utilizing a
collision chamber, the collision region is not precisely defined. The
neutral target in such a case is diffuse and is characterized by a
velocity distribution. On the other hand, the ion beam in our case is
well defined and has an energy spread of only ¥ 0.3 ev. These factors
lead to considerable uncertainties in the angular dependences of the
various ion-neutral processes observed. This is further compounded by
the fixed collection angle in our instrument which is not precisely
known, since ions emerging from the collision chamber are refocused
prior to entering the analyzer. Also, since there is no extraction
field in the interaction region of our tandem instrument, only products
which diffuse out into the accelerating field of the analyzing spectro-
me ter are collected. Obviously, products having forward momentum will be
preferentially collected with our in-line geometry. Nevertheless, pri-
ma ry ions undergo only one collision at pressures and path lengths
typical of our experiments, and the angular dependence of product ions
is therefore dependent only on the kinematics of the ion-neutral colli-
sion.

Berxy and Durup and Durup2 have employed a deflection technique to
study the momentum profile of ions emerging from an ion source. With
this technique, as adapted to our tandem mass spectrometer, the voltage
on one of the split focusing elements immediately following the source
is biased, permitting the ion beam to be progressively swept across the
comparatively narrow object slit of the analyzing mass spectrometer. A
plot of product ion intensity as a function of deflection voltage thus
gives a measure of the profile of the emerging beam.

Figure 1 shows typical ion profiles for the Ar+/H2 and Ar+/D2
reactions for 0.3 eV and 3.0 eV Ar+ ion energies. The ArH+ and ArD+
products formed from 3.0 ev ar* ions exhibit a profile identical to that
of the projectile ion. However, for the low energy reaction, the
axH" and arp” products show a considerably broader profile than the 3 eV
results. These effects can be interpreted as being consistent with a
modified stripping mechanism as has been suggested by Herman and
lefganga. Such a model predicts that the low energy ion-neutral

interaction is perturbed by the induced dipole of the neutral species.

B361



1.0 4

0.5

RELATIVE INTENSITY

+ +
Ny (3.36V) +Hp0 —+ NoH +OH
—>Hy0" + N

'\”“’L\‘\

he
i NZ x\ \
- 1 1 1 11\? 1 1 1 1 L
25 50

N 75

RELATIVE DEFLECTION VOLTAGE (Volts)

+ + . + .
Figu;e33:.3 N +, N2H and H20 ion profiles for N2 energies
o «d €V,

30ev C H: Primary lon

o
+
O CHLD
+ +
V CO4H CHy(30eV) + CD
+
> o cDg )
E + +
é’ O CHg ==—CHq (30eV)4CH,
=
[
2
<
.
s
«
e '] A A A ']
80 7
RELATIVE DEFLECTION VOLTAGE (voite)

. + + + . .
Figure 4, CH, ', CD CH D n ion profiles for 3.0

+
4 » CHD , CDH
ev CH4 collisions w1%h CD4.

B362




. +
Ion profiles were also measured for products from the N, /H20

reaction., This interaction involves both hydrogen atom abstraction

and charge transfer as reaction paths. Figure 2 shows the profiles for

the 0.3 ev N2+ projectile ion and the N u" and H20+ products. As was

2
the case for the Ar+/H2 and Ar+/D2 reactions, the secondary products at
0.3 eV kinetic energy have broad profiles compared to the N2+ primary

ions. The profiles observed from 3.3 eV N * ions reacting with H20

2
are shown in Figure 3. Again, the hydrogen atom abstraction product
has a profile very nearly identical to that of the primary ion. The
charge transfer product, however, has a broader profile than either the
N2H+ or N2+ products. Profiles for the H20+ charge transfer product
were determined at reactant energies from 0.3 to 38.7 eV. At energies
of 3.3 ev and above, the profiles are all superposable, while the 0.3 eV
profile is again much broader. This suggests that there is essentially
no momentum transfer to the H20+ product over the energy range, 3.3 to
38.7 eV. The broadening of the H20+ produced by 0.3 ev N2+ ions on the
other hand presumably indicates that momentum transfer occuxs in charge
transfer reactions of these very low energy ions.

As a third study, product profiles for the reaction of CH4+ with
CD4 were measured. Herman and WOlfgan93 demonstrated that the angular
dependence of the CH5+ product formed in the CH4+/§H4 reaction could be
explained by a modified stripping mechanism. The profile of the products

formed from reacting 0.3 ev CH4+ ions with CD H+ and an

+
40 (CH D ,CD ]

additional product, CD4+) were found to be identical to those shown in

Figure 2 for the N2+/H20 reaction. Profiles of the products from the
3.0 ev CH4+ reaction axe shown in Figure 4. In this case, the CH4D+

product has nearly the momentum of the primary CH * ion, while the

4

CD4H+ and CD4+ products have profiles corresponding to that of the

neutrxal species (as deduced fox H,0 from the N2+/H20 reaction shown above).

2
A third profile 1s shown for the 3,0 eV CH4+/CH4 reaction. In this case,
it is evident that one might misinterpret the latter ;eaction on the
basis of this evidence alone since the proton transfer and hyg;ogen atom
transfer products cannot be separately distinguished.

Conclusions: Some positive conclusions regarding collection effi-

ciencies can be drawn from a comparison of the ion profiles for the

products of various reactions involving different mechanisms. For 0.3 eV

B363



ion-neutral collisions, there seems to be essentially uniform collec-
tion efficiency for all reactions observed in our instrument. For
energies of 3,0 eV and larger, our in-line geometry favors detection of
forward scattered products and the observed intensities must be corrected
W give a reliable basis for comparing competing reaction channels.
Discrimination effects for charge transfer products are apparently
essentially constant over the energy range from 0.3 to ~40 eV, while
hydrogen atom abstraction préducts are subject to larger discrimination

at higher energies.
References
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Negative-Ion Electron-Transfer Reactions™
. . * .
C. Lifshitz and T. O, Tiernan

Aerospace Research Laboratories
Chemistry Research Laboratory
Wright-Patterson Air Foxce Base
Ohio 45433, U.S.A.

INTRODUCTION

Our interest in electron transfer reactions of negative ions

. . : .1
was prompted by observations in low pressure mass spectrometric studies”,

of reactions of molecular metastable ions such as SF6— with small
molecules, (e.g. NOZ)’ which do not yield parent negative ions by
electron capture. During the course of this work it was realized that

most molecular electron affinities are not accurately known. In the

following report, we describe work in which the ARL tandem mass spectro-

meter2 was employed to determine the energy dependences of exothermic

and endothermic negative-ion charge-transfer reactions. Energy thresholds

. . . 2 .
for endothermic charge transfer from halide ions” were measured in an
effort to determine molecular electron affinities.

Results and Discussion

The following rate constants were obtained for reactions with NO,

of 0.3 eV ions (laboratory energy) relative to k(0O + NO, = O + NO

T, 0.02; c17; <2 x 107%; sF.7; <2 x 107, The

5 )
=1: SH , 0.65; SF

first two reactions have energy dependences characteristic of exo-
thermic reactionsz. Since the electron affinity of the SH radical is
2.32 eva, this indicates that the electron affinity of NO, is higher
than 2.3 eV. The slow rate of the SF6_ reaction, despite its exo-

thermicity, is apparently related to the complexity of the donor

negative ion. The reactions of Cl1~, (Fig 1), and SFS_ both show

* . . . . . . . >
Ohio State University Research Foundation Visiting Research Associate

under Contract F336l567C1758; from The Hebrew University of Jerusalem,
Israel.
* A more detailed account of this work will be submitted for publi-

cation in the Journal of Chemical Physics.
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Figure 1. Cross sections for the electron transfer reactions of Cl~ and
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characteristic endothermic dependence, A linear dependence of the
reaction cross section upon energy in the region above threshold, as
expected from theory, was observed for most endothermic electron
transfer reactions over a limited energy range. For the cases in which
the halide ions were employed as reactant ions, the measured threshold
energies (C.M.) were subtracted from the well known electron affinities
of the halogen atoms4 to estimate lower limits of molecular electron
affinities. Some of the electron affinity values obtained in this
manner are C12, 2.6 ev; I,, 2.6 eV; NO,, 2.3 eV; O,, 1.0 ev; SF6,

0.4 ev; S0,, 0.5 ev.

The following rate constants for reactions with SF6 for 0.3 ev
ions, (Labordtory energy) relative to k(O  + No, > O + N02-) =1,
were obtainéd: No~, 0.126; 02—, 0.03; D, 0.13; 07, 2 x 10-4; SFG—’
not observed, (<1 x 10-3). These observations, @stablish that the
electron affinity of SF, is greater than 0.75 eV but lower than 1.47

6

eV4. Furthermore, since no electron transfer was observed from SFG—’
this establishes that energetic criteria are not the sole determining
factors for negative ion charge transfer reactions. Franck-Condon
factors must also be an impox tant consideration.

The tail observed in the threshold region for endothermic charge
transfer to polyatomic molecules is not yet understood. It may result
in part from '"hot bands", although poor transition probabilities to the
lowest vibrational levels of the molecular negative ions of these species
seem to be a more likely explanation.

The collision induced dissociation of SFG_ observed from impact
on rare gases, (Fig 2), indicates a large internal energy content of
the "metastable" ions., Finally, the enerxgy dependence for products

from the reaction of Cl~ with SF¢, (partly shown in Fig 3) indicates

that both SF6- and SFS_ are formed at low energies while at higher

6

at high center of mass energies (>15 eV), was observed to exhibit a

energies, F~ and ClF are formed as well, The production of SF

second order pressure dependence. This can be ascribed to the follow-

ing consecutive reactions: Cl~ + SFg * Cl + e + SF¢; e” + SF¢ = SFG-'
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Causes of Inaccurate Line Position Measurements on Photoplates

J. Franzen and W. Riepe
Institut fiir Spektrochemie, Dortmund, Germany

High resolution mass spectra of organic compounds on photoplates, taken
with a Varian MAT SM1l, show small-range distortions of the mass scale.
The distortions are very reproducible from spectrum to spectrum, but
vary strongly over periods of weeks. These irregularities of the mass
scale prevent precise and accurate measurements of the ion masses and,
therefore, hinder current element mapping.

To investigate this effect, we measured the line positions on 250 per-
fluorokerosene spectra with an automatic line comparator+ (Leitz~Varian
MAT) in connection with a computer program which calculated the centers
of gravity. The reproducibility of the measuring system including the
computer calculations is below 0,1 um standard deviation and thus has
negligible effects on our results.

buring exposure and developing of the photoplates, we changed numerous
conditions. The following conditions showed no significant effect: ion
current density; resolution of the mass spectrograph; switching off and
resetting the magnet field to its initial value; gelatine shrinking
effects caused by washing in running or still water, by rapid (blower)
or slow drying, or by rapid fixing or stabilizing.

The only effect which could be changed reproducibly by varying experi-
mental conditions was induced by the position of our photoplate holder.
In extreme positions, i.e. if spectra were taken very near to the edges
of the photoplates, the spectra exhibited long-range distortions of the

mass scale.

The small~-range disteortions did not respond to variations of the experi-
mental conditions. Nevertheless, the reason for these irregqularities
could be elucidated. Charged dust particles between the pole pieces
deflect the lon beams passing nearby. The dust is introduced by the
photoplates and catapulted into the magnet gap. Cleaning of the pole
pleces eliminates the distortions of the mass scale.

Fig. 1 demonstrates the reproducibility of the distortions of the mass
scale. The mass scale is represented by the 'slope curves' which are
formed by the differential slopes between a pre-given set of PFK cali-
bration lines. Fig. 2 outlines schematically the effect of two dust
particles in different positions in the gap. Particle 'A' is lying near
the entrance slit of the magnetic region, and, therefore, deflects a lot

+Acknowledgement. The authors would like to thank Dr. W. Schdfer, Miinchen,
for his generous permission to use the comparator of the MPI fiir Bio-

chemie, and his helpful support.
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of ion beams in the vicinity, because the different ilon paths are still
very close. The mass scale, represented as a straight line in the graph
of position vs. the sgquare root of mass, is distorted into a step func-
tion, and a single peak appears in the slope curve. In contrast, particle
'B' lies close to the photoplate and deflects essentially only one of the
calibration lines. In this case, a zigzag deflection of the slope curve
results.

In £ig.3, the points are the measured, greatly enlarged deviations of the
positions from the theoretical mass scale. They form a smooth, parabola-
like curve. Only one point in the center of the parabola does not fit

the curve, it is shifted from its expected place by about 3 um. This
polnt corresponds to a strong zigzag deflection of the respective slope
curve. Fig. 4 shows a microphotograph of this special line and its vici-
nity.

Dauss 00 uare ComvE B3TATOE
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The Selective Response of Photographic Emulsions to Ion Structure

Paul Vouros, D. M. Desiderio, J. V. M. Leferink and James A. McCloskey
Institute for Lipid Research
Baylor College of Medicine

Houston, Texas 77025

Introduction and Experimental

The dependence of emulsion response to ion structure and size has been

investigated. The results of our experiments reported here provide the first direct

experimental evidence that for quantitative organic mass spectrography a new

parameter--i.e. ion structure--significantly influences the emulsion darkening, in

addition to ion mass$ and ion energy.

Special care was taken to control the experimental conditions both during

exposure and development. For example, to avoid effects due to mass discrimi-

nation or plate inhomogeneity (1) ions of similar nominal mass were compared,

ard therebytheir developed images were separated by not more than one or two

millimeters on the photoplate. The CEC-110B high resolution mass spectrometer

was connected to two independent inlet systems, one of which was equipped with

a fixed leak and the second with a variable leak, and the two compounds under

investigation were introduced into their respective reservoirs. The partial

pressures of the two compounds were adjusted until the relative intensities of

the two molecular ions were equalized as indicated by repeated oscillographic

recordings obtained using the peak matching circuit. It was thus possible to

make a number of simultaneous exposures of the two ions covering a wide

dynamic range (in some cases as many as three orders of magnitude). All

exposures were made under the normal operating conditions of high resolution

mass spectrometry (Accelerating voltage 8KV, Resolution in the range of 15, 000

to 27,000). Studies were conducted with three types of photoplates, Ilford-Q2,

Kodak-SWR and Tech/Ops evaporated AgBr. They were developed in undiluted

Microdol-X (200) for fifteen minutes, undiluted Kodak-HRP (20°) for three min.and
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same amount of darkening in the photographic emulsion. If, however, the higher
response of the electron multiplier to naphthalene over xenon ions--determined
with the Faraday cup--is taken into consideration, the actual emulsion discrimi-
nation in favor of xenon is still 2.50 fold and the naphthalene curve is shifted

0.325 log units to the position indicated by the dotted line (curve B). When the
total areas rather than the maximum densities were compared a 2.7-fold difference
between xenon and naphthalene was found. Hayes (2) has also recently reported

0.5 4hile for

that emulsion sensitivity toward Xe followed the relation (m/e)”
fluorocarbon ions the relation was (m/g)' 1.5 . This variation was attributed to

possible differences in emulsion response to polyatomic vs monoatomic species.
The following comparisons indicate that such emulsion response differences even

exist for polyatomic species of different structure.

Naphthalene - Quinoline. A comparison of emulsion response to these two

substantially similar in "'size' and "shape'' ions showed no apparent differences.

Naphthalene - Nonane. The molecular ions of these two compounds were

compared in order to ascertain the difference in emulsion response between an ion
of rigid structure (naphthalene) and one which is conformationally mobile (nonane).
As is shown in Figure 2 a maximum O.D. plot obtained from Kodak SWR exposures
shows that 1.1 more nonane than naphthalene ions are needed to produce the same
amount of emulsion darkening. An area plot of the same plate (Fig. 3) shows an
almost equal(l.2-fold difference in emulsion response between the two ions.

Naphthalene - C3 F5+. Comparison of these two ions using an Ilford-Q2

emulsion indicated that the C3F5+ ion gave a darker image than naphthalene. It

was found that for the gelatinous emulsion 1.7 - l._(J more naphthalene than C3F5+
ions were needed to produce an image of the same density, whereas with the
evaporated AgBr Tech/Ops photoplate the discrimination in favor of the smaller
C3F5+ ion was somewhat less (1.35X). It is significant to note the linear relation-
ship of area vs log E obtained for the Tech/Ops photoplate (Fig. 4) which is probably

due to the contiguous grains of AgBr in the film and the resulting latteral image

development.

B375



the Tech/Ops developer (18°) respectively. Optical density profiles were obtained
with a Gaertner (Model M-1205C)-Datex microdensitometer gystemn. The total ion
current for each exposure was recorded with an Infotronics integrator coupled to the
ion beam monitor.

The emulsion response to the following pairs of ions is reported here:

Naphthalene (C m/e 128.063) vs 129%e (m/e 128.905);

10t
Naphthalene (CIOHB'E/E 128.063) vs quinoline (C9H7N,£n_/g 129.058);
Naphthalene (CIOHB'E/E 128.063) Vs n-nonane (C9H18,m/_e_ 128.141);

Naphthalene (CIOHB,E/E 128.063) vs PFK (C m/e 130.990).

355
Characteristic response curves for each ion (shown in Figures 1-4) were obtained

by plotting the logarithm of relative exposure vs the maximum optical density
(expressed in photomultiplier output in volts) or the area under the densitometric
profile. It is interesting to note that the differences in emulsion response were
essentially constant ( (10%) as a function of either maximum optical density or

area in the four cases considered. On the other hand precision was increased

when areas above half height rather than total areas were plotted. This may be
attributed to errors introduced due to variations of the background level (particularly

on Q2 plates) or contribution of adjacent and not entirely resolved peaks when the

total areas are calculated.

Results and Discussion

Naphthalene - Xenon. This pair of compounds was selected in order to

determine the difference in photoplate response between a monoatomic and a
polyatomic ion of the same mass. The intensity of the molecular ion of naphthalene
(m/e 128) was equalized on the electron multiplier to that of 129Xe+, by proper
adjustment of the partial pressures of the gases, and several photoplate exposures
were made. A plot of the maximum optical density (photomultiplier output in volts)
vs log of relative exposure for the above pair of ions is shown in Figure 1. A
difference of 0.73 log units between the two curves at their linear portion (4.0V)

indicates that <~ 5.3 more naphthalene than xenon ions are needed to produce the
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The results obtained thus far suggest a definite dependence of photographic
emulsion response to ion structure. They may be summarized as follows:

(a) Monoatomic ions produce a stronger image than polyatomic ions of the
same mass.

(b) Where organic ions are involved, the more compact ion produces a
more intense image.

(c) lons of similar size, shape and mass produce very similar images.

[Submitted for publication to the Journal of Analytical Chemistry.]

References
1. A. J. Ahearn, Homogeneity of Ion Sensitive Emulsions and Precision of
Ion Beam Measurements in Spark Source Mass Spectrometry., 16th Annual

Conference on Mass Spectrometry and Allied Topics, Pittsburgh, May 1966.

2. J. M. Hayes, Anal. Chem., 41, 1966 (1969) and references therein.

B377



The Performance and Utllizatlon of Evaporated Silver Bromide

Plates for Recording High Resolution Mass Spectra

C. E. Hignite, N. R. Mancuso, and K. Biemann

Department of Chemistry
liassachusetts Instltute of Technology
Cambridge, Massachusetts 02139

Over the past year the performance of photographlic plates
produced on an experimental basis by Technlical Operations, Inc.
(Burlington, Mass.,) (1) has been tested and evaluated (for Jleading
references on previous evaluatlion of these plates see reference 2).
Inftlal difflicultles with the plates, which employ a thin layer of
pure silver bromide rather thamn a conventlonal erulsion, have Included
irreproducibility of sensitivity, I1lne broadening and concomitant loss
of resolution, and hackground smears. Changes 1In the developing
procedure and Improvements In the manufacturing process have minimized
these undesirable characteristics so that plates of high photographic
quality are now obtained. The most dramatic improvement in plate
quallty was obtalned by adding sufflcient sodlum hlcarbonate to the
developling chemicals to lower the pH from 11.0 to 10.5. The 1low fog
level, lack of background grain, and sensitivity to ions of high mass
are attractive features, and this photoplate is now in routine use in
our laboratory (3),

Two parameters In the developing procedure which were found to
have dramatic effects on the quality of the processed photoplates are
temperature and pH of the developlng chemicals. The temperatures of
the fixer and water wash were found to have 1ittle effect on plate
quality, but a temperature of 20°C + 2°C Is required for the developer
solution. The use of developer temperatures greater than 22 °C
resulted In Increased grain slze and subsequent loss of resolution on
the plates. The wuse of temperatures lower than 18 °C caused a
noticable decrease In sensitivity., The pH of the developlng chemicals
was adjusted with sodium blicarbonate and optimlized at 10.5, a value
0.5 pH units lower than the Initial value of 11.0 for the original
developling chemicals provided by Tech/Ops. Increasing the pH to
values greater than 10.5 caused a corresponding Increase In grain size
and background smears, and the use of lower pH values resulted in a
substantlal decrease In sensitivity.

The Tech/Ops photoplates are 10 Inches In length and most plate
holders used In mass spectrometers employing photoplate detection are

12 Inches In length or longer. There are therefore many
possiblilitles for positioning the plate In the plate holders. The
two extreme positlons would involve placlng the plate to record efther
as low a mass as possible or as hlgh a mass as possible. A graph

which allows one to predict the mass range which will be recorded on
the Tech/Ops plates using a CEC-21-110B Instrument at various magnetic
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field and accelerating voltage values is shown In Flgure 1, The area
between the two dotted lines (==~-- )} represents the mass range covered
at. various magnetlc fleld settings by the Tech/Ops plate when It Is
placed as far as possible to the high mass end of the plate holder.
For example the mass range covered at 10 kllogauss magnetic field and
7 kilovolt accelerating potentlal Is shown by the solid horizontal
1ine. Reading down to the 7 kilovolt axlis It can he seen that the
first line recorded on the plate would be at approximately mass 100
and the last line at mass 625, |{f a spectrum were recorded at 3.5
kilovolts the range covered at the same magnetic field setting would
he from mass 200 to mass 1250. The lower lines (—-—-) indicate the
range covered when the plate ls placed as far as possible to the low
mass end of the plate holder. The area where the hash marks overlap
in the center of the graph represents the mass range covered
regardless of the position of the plate in the holder,

MASS RANGE RECORDED BY TECH/OPS PLATES
ON A CEC-2I-110B MASS SPECTROMETER
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Several characterlistics of the plates obtalried using the improved
developing procedure have been.evaluated. An indlication of the high
sensitivity of the plates was. obtalned by recording the spectrum of
methyl myristate, the Cl4 stralght 'chaln fatty acld having molecular
welght 242, at various exposure levels. ~An  exposure level
corresponding to less than 0.5 ug'sample was sufficliently Intense to
record all lons down to 0.5% of the base peak at mass 74 (CEC-21-110B
mass spectrometer, 200 microamperes anode current, 8 kilovolt
accelerating potentltal, 1:15,000 resolution). It should be noted that
the apparent sensitivity of the plates Is increased by their low fog
level. This, combined with an automatlc mlcrodensitometer-comparator
operated on-1lne with a computer (4), allows the threshhold for ton
detection by the computer to be set very close to the background level
of the plate so that very weak lines may be detected.

An indicatlon of the dynamlc range of ion detection, the ratio of
weakest to strongest llnes for which accurate mass measurements can be
made, was obtained by recording the spectrum of perfluorocyclohexane
at Increasing exposure levels untll the accuracy of mass measurements
was decreased for the more abundant 1lines. Exposure levels
sufficlently high to Include lons at m/e 230.9 and m/e 301.9, the
former l1ine being 8100 times more abundant than the latter, were
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recorded with no apparent decrease In the accuracy of mass
measurements {(Table |[), With respect to mass measurements, the
dynamic range is therefore at least 8100 and probably exceeds 10,000,

Table 1,
DYNAMIC RANGE OF ION DETECTION USING

TECH/OPS EVAPORATED AgBr PLATES

(SAMPFF = C6F12)

10N MASS - ERROR{(MMU.) REL. ABUND.,
CyF, 230.98564 0.42 8095

13
c e, 231.98899 0.00 450
c.BeF 232,99235 1.30

RN . . 10
CeFy, 299,98098 -1.32 538
c.b3er 300.98433 68

ser, . -1. 36
¢, . F 301.98769

G, . -1.52 1

The resolving power of the plates was examined by recording
1:20,000 and 1:30,000 doublets. A photograph and optical denslity
plots of the commonly used 30,000 doublet In the spectra of
methylnaphthalene and dimethylnaphthalene at mass 142 are shown In
Flgure 2. The computer plot of thé doublet represents optical density
along the y-axis and distance along the x-axis. The x's along the
curve denote positions along the plate or doublet 0.5 micron apart
where distance and optical density values were recorded. The curve
obtained represents a 3-5% valley In actual intensities, and therefore
attributes to the plate a resolving power greater than 30,000,

T
-

|

Figure 2.
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The accuracy of mass measurements obtalned using the Tech/Ops
plates was evaluated by surveylng data procured in a variety of
research problems encountered 1tn this lahoratory. The errors
resulting were less than 5 ppm, and examples of mass measurement
values In the spectra of two compounds are provided. The first, shown
in Flgure 3, is a metabolite of monensin (5). The compound was
thought to he the sodium salt of the carboxyl group and was also
thought to contaln a six-carbon sugar moiety attached to one of the
hydroxyls. These predictions were confirmed by recording lons
corresponding to the molecular ion M and the loss of water 18 mass
units lower with errors less than 2 millimass units or 2.5 ppm.

HO CHs CH3 CH3

MONENS T DENIVATIVE

lon Clemental Calculated Found Error
Composition Pass Hass mmas s
[ Cy2H71016Ma 254 . LEWD 854 .4623 -1.7
=120 CyoHeoNista 236.453Y 836.4523 -1.1
Figure 3.

A second compound investigated was nygromycin, a trisaccharlide
antibiotic having the structure shown In Figure &, Molecular weight
confirmation was necessary for the identificatlon of this compound,
and agaln detection of the high mass lons was possible with good
accuracy. lons corresponding to the molecular Ton M and M minus the
elements of one and two molecules of acetic acld, respectively, were
detected with errors less than 4 ppm,

CH,;0Ac
2 CH3
OAc |
0 N—Ac
o)
OAc
OAc
NH
Ac
HYAROLIYC I
lon Elemental Calculated Found Error
Composition Itass Mass mmass
t Cy2llsgt3s09y 989.3488 980.3520 3.19
1t=110pe CyolissMzNgg 0290.3277 929.329% 1.81
1-2HMPAC  C3gHgM302g 269.3006 269.3099 3.34

Figure &4,
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A few observations should be made concerning physical propertlies
of the Tech/Ops plates before and after developement. The evaporated
sllver bromide layer Is hard and therefore hefore developement the
plates are more difflcult to scratch or damage by handling than plates
employing emulsions. After developement, however, the 1lines on the
plates are qulte fragile and can he damaged or erased 1f acclidentally
touched or scraped. Developed plates should therefore be handled with
care and stored In an approprlate manner.

The plates, as previously stated, are very sensitive to lons, hut
are also characterized hy low senslitivity to photons, this property
belng at least partially responsible for thelr 1low background fog
level, The plates have heen briefly exposed to weak 1light sources
with only a slight Increase 1In background. Finally the Tech/Ops
plates require a shorter time to pump down to operating pressures than
plates employing emulsions. A pumping time of 30 minutes or less has
been sufficlent to lower the pressure [nto the operating reglon.

Briefly summarizing we can say that the evaporated silver bromide
photoplates produced on an experlmental basis .by Tech/Ops and
developed according to the revised procedure are of good photographlc
quality, The plates possess the deslirable characteristics of hligh
sensitlvity, especlally at high mass, large dynamic range, good
resolution, low fog level, and line quallty conduclve to accurate mass
measurement.
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Discrimination at an Electron Multiplier for 24 mass-analyzed atomilc

Ions. ROBERT C. LAO, Environmental Health Center, Department of National

Health and Welfare,

Ottawa 3,

Canada, and R.F. POTTIE, Division of

Chemistry, National Research Councll of Canada, Ottawa 2, Canada.

Desplte the widespread use of electron multipliers as 1on
detectors in mass spectrometry, very few systematic studles have been
made of multiplier discrimination as a functlion of the nature of the
impinging ion. In many cases,
knowledge of multlplier ylelds 1s required to obtain vapor pressure
calibration. Thls work was undertaken to provide a set of multiplier
gains for atomic ions, referred to an internal standard, for comparison
with results of previous workers and to test some of the assumptions
usually made regarding multipllier discrimination for atomic and

polyatomic ions.

such as high temperature chemlstry,

Measurements were made with an ATLAS CHY4 mass spectrometer,
that was equipped with an electron multipller and a movable Faraday cup
collector. The multiplier was a 17 stage Cu-Be type, and was magnetically
shielded. To obtain the atomic ion of interest, appropriate compounds
were admitted to the mass spectrometer via the gas inlet, and complete
mass spectra were taken to ensure non-interference at the atomic ion

mass from higher fragments.

The multiplier yield was obtalned from the

ratio of the lon slgnals at the multiplier vs Faraday cup, referred
to that for argon, which was admltted before and after the sample. The
total lon energy was 5.1 KeV, and the ilonlzing voltage was 70 eV. The
results, arranged accordlng to groups as in the Periodic table, are

shown in Table I.
series B!! » Ne2?,

Within each group, maximum yilelds are found for the
with decreasing values at higher atomlc ion masses.

There 1s no apparent overall correlation with the 1/ Jﬁ-dependence
of atomic ylelds that has been widely accepted, except within groups for
M>40. Presumably the electronlc structure is of comparable importance to
the mass effect as a source of variation 1n ilon ylelds. Results have
also been obtalned for .many.diatomic ilons.
ylelds reported here with previous experimental values, reveals surpris-
ingly good agreement desplte the use of various types of multipliers and
a wide range of 1lon energles.
in "The International Journal of Mass Spectrometry and Ion Physics".

Comparison of the atomlc ion

These and other detalls willl be published

We conclude that multipller yields for atomic ions can be obtain-
ed with good reproducibility by a relatively uncomplicated technique,
and that the results are 1n’'good agreement with those of other workers.
Thus, relative multlplier yields can be transferred from one experimental
system.to another, since they are not particularly sensitive to the type
of multiplier nor to the ion energy in the normal mass spectrometric
range of values (U4-7 KeV),

TABLE I. Relatlve multipller yields for atomic ions at ion energles of
5.1 KeV. Yields are for positive lons at the indicated isotoplc mass,
referred to that for argon.

IVA VA VIA VIIA RARE GASES
H! He*
cl2 Ni® ols 0'2?2 O'gSZo
1.036 1.164 1.224 1,083 1.226
giee pit 532 c135 AptO
0.8222 0.2295 0.22§5 0.%3}9 1.}230h
0.590 0.578 0.675 0.626 +0.733
splte Spl2? 1127 xal2e
0.52“°s 0.494 0.567 0.650
Pb?
0.400

Others: B!' = 0.779, Hg?®? = 0.429
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AN IMPROVED TECHNIQUE FOR MULTIPLIER CALIBRATION & NOISE REDUCTION

BY

Bert E. Evans and William Kneen
ELECTRONIC ASSOCIATES, INC.
Palo Alto, California 94303

ABSTRACT

A metallic electrode asymmetrically located on the axis of a quadrupole mass filter
such that it blocks any optical path between the ionizer and first dynode, but never-the-
less permits optimal asymmetric first dynode field penetration to the exit aperture has
been tested. It is found to give a factor of 25 increase in useful gain of venetian blind
multipliers with no consequent deterioration in high mass sensitivity, and to act as an
efficient Faraday collector.

INTRODUCTION

Noise of various kinds has been observed on the output signal when a quadrupole
mass filter is used with an electron multiplier detector. There is first of all dark noise
which is that caused by the multiplier alone. This can be due to high voltage vacuum
breakdown phenomena in the high field regions around the multiplier or to surface break-
down along insulators. These effects can be minimized by multiplier modification incor-
porating asperity-free electrodes, and high quality ceramic insulators.

Another source of noise, the subject of this paper, occurs when the electron
multiplier is operated on a direct optical path with the ionizer. The basic causes of this
noise are uncertain, but the noilse is dependent on both pressure and emission current.

It appears to be due to either photons or excited neutrals passing directly from the ionizer
to the first dynode without being influenced by the quadrupole field. Since both the
photons and excited neutrals have no charge, they follow straight line paths, -and an off
axis technique would suffice to lower the noise to signal ratio.

It is also known that multiplier gain gradually decays with exposure to gases. A
simple means for calibrating the multiplier is therefore essential. These problems can
be simultaneously solved by the use of an intermediate asymmetric optical baffle, which
also functions as a Faraday collector,

APPARATUS

The apparatus used as a standard EAI QUAD® 250B mass filter with two filament

ionizer, a 5 inch rod structure, a 1 inch drift tube, and a venetian blind multiplier. The
venetian blind multiplier was chosen over the box and grid because the necessary struc-
tural modifications were simplier and the dynodes can be independently changed. It also
permits an axial mounting because of the larger dynode surface area. The apparatus is
schematically illustrated in Figure 1.

Noise was measured with a Tektronix 556 oscilloscope and a high bandpass type
1A7 plugin amplifier. The multiplier anode was connected to the amplifier input through
5 feet of RG 62 cable. The noise was measured by photographing a single scan of long
enough duration that it contained a large number of pulses and counting the pulses.

EXPERIMENT

The first attempt at an optical block was a 7/16 inch diameter disk on the axis
1 inch from the filter exit aperture and 1/8 inch from the first dynode. The disk electrode
was provided with a separately shielded lead to the outside of the vacuum system. It
could thus be used as a Faraday collector when the multiplier was off and grounded when
the multiplier was in use. The measurements obtained in this way were compared with
those obtained when the optical baffle was removed. This first disk shaped device
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reduced the noise from 900 counts/second to less than 50 counts/second, but gave rise
to mass discrimination against the high masses.

Since a static field cannot discriminate between masses, this means that there is
not a proper penetration by the first dynode field into the region of the exit aperture and
a mass dependent fraction of the ions are lost in the exit fringe field. The discrimination
encountered when a symmetric disk is used can be understood when one considers that
the electric field component along the axis and normal to the axis is zero. Hence, the
transverse forces due to the first dynode field are weakest near the axis where most of
the ions are emerging. In order to get an idea of the fields necessary to draw the ions
off from their filter determined trajectories, and through the fringe field, some knowledge
of the energy distribution of ions emerging from the filter is needed.

Idealized theory based on maximum transverse momentum an ion can have in the
filter suggests that an emerging ion can have an energy Ve=0.7V RFE electron volts where
e is the electron charge and VRF is the peak RF voltage. Preliminary observations in-
dicated that most of the ions come out at much lower energies. In order to find the actual
energy distribution of emerging ions, a Faraday collector was installed at the filter exit
as illustrated in Figure 2. Using perflourotributylamine as the test gas, spectra were
taken as the retarding collector potential was increased in steps. The normalized peak
helights of four principal peaks are shown in Figure 2 as a function of collector voltage.
The peaks are normalized to their value at zero collector voltage. From differentiation
of this plot an energy distribution curve was made as shown in Figure 3. The significant
aspect of this curve is that there is a narrow energy spread around the 6 volt ionizer '
energy. Secondly, mass discrimination effects are observable. As the mass increases
the energy spread is broader and the peak in the distribution is shifted to slightly higher
energies. The conclusion that can be drawn is that it should be very easy. to get suffi-
cient field penetration to extract the ions if an asymmetric extraction field is used. An
optical baffle was then constructed from a flat plate cut for optimal asymmetric first
dynode field penetration and such that the first dynode could only see about an inch of
the exit end of the rod structure.

RESULTS

The multiplier was calibrated at 5 x 109 gain throughout the experiment in order to
maintain constant average noise pulse amplitude. The pulse amplitudes varied from
0.2 to 2 millivolts asross 106 ohm. The noise with the ionizer off was less than a
pulse/second at 10~/ Torr. Increasing the pressure to 5 x 10-€ Torr increased the dark
noise to about 2 counts/second.

With the ionizer on and no optical block the noise was approximately 900 pulses/
second. Introduction of the asymmetrical optical block reduced the noise to less than
30 pulses/second. Thus, the optical block reduces the ionizer noise by about a factor
of 30 and gives a corresponding increase in useful multiplier gain,

In the test for mass discrimination, perflourotributylamine was introduced and the
spectrometer set for baseline resolution from mass 69 through 503 with no optical baffle.
The spectra were chart recorded. Without further adjustment, the optical baffle was
introduced and a second spectra taken. There were no observable changes in the spectral
distribution. '

The method thus provides an effective optical block to ionizer noise with no con-
sequent mass discrimination. From the standpoint of head and vacuum system simplicity

the asymmetric optical block provides a desirable alternative to right angle mounting of
the detector.

Registered Trademark of Electronic Associates, Inc.
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A Stable, High S/N Ratio Ion Counting Detector For Ultra-High

Detector For Ultra-High Vacuum RGA's.
F. L. TORNEY, Norton Research Corp., Cambridge, Mass. 02142.

The electron multiplier ion detector used in quadrupole

residual gas analyzers 1s not characterized by a high degree

of stabllity. 1In ultra-high vacuum applications the detec-~
tor's sensitivity 1s difficult to measure because of the

small ion currents involved. Ion counting techniques suggest

a solution to these problems. The present work, shows that a
more stable lon counting detector can be devised if a high

gain, low noise multipller 1s utilized with appropriate counting
circuitry. For example, a gain loss of 70 1n the multiplier re-
sults 1n an average reduction of countlng senslitivity of only
11.4% for ions in a 1-50 amu range. Moreover, the detector
design has 1lmproved the S/N ratio of the instrument at very

low partial pressures. The lmproved detector i1s used in con-
Junctlon with a cold-cathode ion source/quadrupole analyzer
described previously.l

1F. L. Torney & P. Bilum, 1l4th Annual Conference, Dallas,
Texas, 1966.

This work was sponsored by NASA-Langley Research Center under
Contract NAS1-5347, Task 16.
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ICR Mass Spectrometry of Some Simple Unsaturated Systems. GILLIAN C. GOODE,
REBECCA M. O'MALLEY, A.J. FERRER-CORREIA, R.1. MASSEY and K.R. JENNINGS, Dept. of

Chemistry, The University, Sheffield, England.

The purpose of this paper is to establish conditions under which quantitative data on
relative rate constants can be derived from measurements made using an lfon cyclotron
resonance mass spectrometer. Observations were made using a Varian V-5900 instrument
fitted with a '"flat" three-section cell, with a drift plate separation of 1.1 cm.

Total jon currents were measured using a Keithley 602 electrometer and were typically

3 - 6 x 10-12A so that space-charge effects would be small: under these conditions, the
total ion current was constant during a scan of the magnetic field. In all cases,
conversions were kept low so that a simplified form of the integrated rate equation
could be used.

Three different types of spectra were obtained: (a) ICR spectra in which the power
absorption A of different ions is measured by scanning the magnetic field. For such
spectra, the amplitude of the r.f. oscillator was kept as low as possible so that
relatively few ions were lost by ‘'sweep-out' effects and the total ion current remained
approximately constant; (b) TIC spectra obtained at r.f. levels sufficiently high to
sweep-out completely ions which absorb energy during a scan of the magnetic field,
causing a reduction R in the total ion current; {c) T!C spectra obtained in a similar
manner but at a fixed magnetic field strength by sweeping the frequency of the r.f.
oscillator, leading to a reduction R' in the total ion current. If allowance is made
for the mass dependence of power absorption and for the variation of drift velocity in
magnetic field scans, the relative rate constants for the two reactions

PY e ;" + N, )

+
+5, +N, (2)

can be derived from the following three expressions, assuming that the secondary ions

undergo no further reaction:

2 [}
k Almz R.,m R

LA St i S I
1)
kp  AmT Rm Ry
The three expressions have been tested using the reactions
+. S
CoHy  + CoHy > C3H5 + CHB- (3)
+
+ G+ He ()

and have led to values of k /k“ of 9.5, 10.3 ‘and 9.3 respectively, giving an average

value of 9.7. The good in%ernal agreement between the three values together with

good agreement with literature values confirms the validity of the expressions. In

the propylene system, the relative rate constants for the formation of the four products

arising from the reaction +
o+

C3H6 C3H6 =+ Products
are given in the table and are compared with the zero-field results obtained by
Harrison and Herod!:

c3n7+ cku7+ CQHB+' CSH9+
Zero Field 0.21  0.11 0.4 0.26
ICR B scan 0.22  0.12 0.4 0.26
TIC B scan 0.18  0.12  0.43 0.27

Again, good agreement is found between the results obtained by different methods. A
more complete account of this work will be submitted to the International Journal of
Mass Spectrometry and lon Physics.

1 A.A. Herod, A.G. Harrison, R.M. 0'Malley, A.J. Ferrer-Correia and K.R. Jennings,
J. Phys. Chem., in Press.
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Information Concerning Reactive and Nonreactive Collision P2

Processes from an Analysis of Jon Cyclotron Resonance Lineshapes*

D. P. Ridge, T. B. McMahon, | and J. L. Beauchamp?

Arthur Amos Noyes Laboratory of Chemical Physics,
California Institute of Technology,
Pasadena, California 91109

A study of the collision broadening of ion cyclotron resonance absorption
spectra has been initiated in order to better understand factors that influence ion-
neutral collision phenomena. Under the conditions of a typical ion cyclotron resonance
experiment, only unreactive ions are observed above a pressure of about 10-4 torr
in most systems. At higher pressures the widths of the resonances of the remaining
ions increase as a result of collision broadening. Since the broadening is induced by
collisions, information about the nature of ion neutral interactions is available from
linewidth measurements.

An appropriate velocity damping term can be added to the équation of motion
for an average ion in the ion cyclotron resonance apparatus to account for the effect
of collisions. When the equation is solved and an expression for the power absorption
obtained, the linewidth (half-width at half-height) is found to be equal to a collision
frequency, £, given by the expression

E=n _M-mN-If- (od )w 1)

Here n is the neutral number density, M the mass of the neutral, m the mass of the
ion, og(v) the velocity dependent diffusion cross section, and v the relative ion

neutral velocity. The brackets indicate an average over the ion and neutral velocity
distributions. The nature of the ion neutral interaction determines the diffusion cross
section and therefore the linewidth,

If only the polarization interaction is considered, the ion molecule interaction
is represented by

Vi) = - 2¢ @
2r4

where « is the angle-average polarizability of the neutral, e the electronic charge,
and r the distance between the ion and the neutral. The diffusion cross section can be
calculated for this potential2 and the result gives for the collision frequency

1

£/n=2.2101e EZ o} @)

where . is the reduced mass of the ion-neutral pair. The reduced collision frequency,
£/n, is proportional to the ratio of the linewidth to the pressure and according to Eq. 3
is independent of temperature and ion energy. For a series of ions An the same gas
Eq. 3 predicts that the reduced collision frequencies will vary as pz/m. '

For the ions CH5+, CZH5+, C.H,*, and CH," in methane the measured reduced
collision frequencies increase with 1z/m but are 15 to 20% larger than the polarization
limit. The collision frequencies were measured by determining the slopes of plots of
linewidth versus pressure which were all found to be linear within about 1%. The
collision frequencies were found to be independent of ion energy up to an energy of
approximately 0.2 eV (lab.). Similar measurements were made on a series of ions in
hydrogen. The results for the ions C,H,*, N,H*, C,H,*, H,0%, and CH,* agree within
a few percent with the simple theory ?Eq. 3). Disagreement is obtaineé only in the case
of Hy* which a_g'_ain is approximately 20% larger than predicted by Eq. 3. Although
C,H,* and N,H™* have the same mass, they have measureably different collision
frequencies, that of C,H,* beihg larger by 5%.-

The simple theory can be crudely extended to treat polar molecules by including
an ion-dipole interaction in the potential so that
bpe

2r r2

cos @
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where pp is the dipole moment of the neutral and 6 the angle between the intermolec-
ular vect%r and the dipole. Using the locked dipole approximation (cos 6 = 1) and using
the capture cross section of the resulting potential3 to estimate the diffusion cross
section yields a collision frequency

1 i1
&/n =2ne [a? + uD(”—%{T-) u3/m 4)
which should represent an upper limit to the actual collision frequency.

Measured collision frequencies for the two ipns CH,‘E)H+ and (CHzO)zH"‘ in
formaldehyde exhibit the predicted variation with uz/m with absolute magnitude midway
between the locked dipole limit and the polarization limit.

Information derived from an analysis of collision broadened ion cyclotron
resonance lineshapes has numerous applications, First, and most important, it
provides a fairly sensitive means of probing the nature of the ion neutral interaction
potential. Terms which may be important in the interaction potential in addition to the
ion induced dipole attraction include attractive ion-induced quadrupole and dispersion
interactions as well as short range interactions. The balance of these attractive and
repulsive interactions at thermal ion energies is fairly critical in determining whether
the collision frequencies are greater or less than the values predicted by Eq. 3. At
thermal ion energies the increased importance of attractive interactions has the
general effect of increasing the collision frequencies. The general effect of increasing
the ionic "radius' (which is determined by the repulsive interaction) is to cause a
decrease in the collision frequencies with increasing ion energy up to approximately
0.5eV, 4beyond which the collision frequency generallx increases with increasing ion
energy.? Thus the results for ions in methane and Hy* in hydrogen indicate that
attractive forces in addition to the polarization interaction are important in determining
momentum transfer collision frequencies at thermal ion energies. The above factors
may nearly balance in the case of the heavier ions in hydrogen to give fortuitous
agreement with the predictions of Eq. 3 at thermal ion energies. The results for ions
in formaldehyde indicate the usefulness of linewidth data in determining quantitative
effects of permanent dipole moments on ion neutral interactions.

A second application of the data is in the determination of ion mobilities and
diffusion cross sections. Ion mobilities are inversely proportional to collision
frequencies for momentum transfer.9 The results of the experiments described above
can be directly employed to give a more complete description of the motion of ions in
chemical ionization experiments involving methane or hydrogen as chemical ionization
reagents.

A third application of linewidth data is in the determination of the lifetimes of
intermediate species in ion molecule reactions. If an ion-molecule reaction proceeds
via an intermediate that can either fall apart or be collisionally stabilized, an analysis
of the variation of relative ion abundances with pressure yields the ratio of the rate of
stabilization to the rate of decomposition. The collision frequency determined from
linewidth measurements sets an upper limit on the rate of stabilization and therefore
a lower limit on the lifetime of the intermediate.

A more complete account of this work has been submitted for publication to the
Journal of Chemical Physics.

*Research supported in part by the Atomic Energy Commision Grant No.
AT(04-3)767-8.

TNRC Predoctoral Fellow.
$Altred P. Sloan Fellow, 1968-1970.
13. L. Beauchamp, J. Chem. Phys., 46, 1231 (1967).

ZA. Dalgarno, M. R. C. McDowell, and A. Williams, Phil. Trans. Roy.
Soc. (London), A-250, 411 (1958).
3John V. Dugan, Jr., and John L. Magee, J. Chem. Phys., 47, 3103 (1967).

4Eqward A. Mason and Homer W. Schamp, Jr., Ann. Phys. (New York), 4,
233 (1958). -

5Darol Wobschall, John R, Graham, Jr., and Dennis P. Malone.
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P3
Nucleomilic Displacement Reactions in the Gas Phase Studied by Ion Cyclotron

Resonance Spectroscopy*{

David Holtz and J. L. Beauchamp

Arthur Amos Noyes Laboratory of Chemical Physics

California Institute of Technology,
Pasadena, California 91109

Nucleophilic displacement reactions of the type illustrated in reaction 1 have

been found to be a general gas phase reaction. For example,

Y+RX" — > RY' +X (1)
at 10™ torr in a 2.4:1 mixture of HCI and CH,F subjected to electron impact, CH‘,,FH+
forms and is observed to react with HCI yielding CH_.,ClI-I+ with HF being displaced
(reaction 2).

HCl + CH,FH* —— CH,CIH" + HF (2)

Nucleophilic displacements have been found to occur whenever the reaction pro-
cess is exothermic, provided that proton transfer from the substrate undergoing sub-
stitution to the entering nucleophile is not exothermic. With the above criteria a
relative ordering of nucleophilicity toward CH3+ may be calculated to be NHg > CO >
H,S > CH,O > HI > H,O0 > HBr > HCl > N, > HF.

The nucleophilic displacement process generalized in reaction 1 may be conven-
iently_ used for the gas phase synthesis of organic ions, Two of the most interesting
results obtained in the experimental verification of the nucleophilic ordering given
above are the use of N, and CO as nucleophilés in conjunction with CHyF as substrate
to generate the species methyl diazonium ion, CH3N2+, and acyl cation, CH,CO+
(reactions 3 and 4).

N, + CHyFH' — = CHN," + HF (3)

CO+ CH,FH" —> CH,CO" + HF (4
Reaction 3 18 a novel means of nitrogen fixation in which N, reacts with an organic ion
in the gas phase forming a new stable organic ion that has incorporated molecular
nitrogen.

Rare gas atoms may also be used as nucleophiles in reaction 1. Thus, xenon

has been found to undergo reaction 5 generating the methyl xenonium ion, CH,Xe+.

* Research supported by the U.S. Atomic Energy Commission under Grant
AT(04-3)767-8.
T Submitted for publication, J. Amer. Chem. Soc.
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Xe + CHFH' — > CHgXe' + HF (5)
The occurrence of reaction 5 allows the estimation o_f a lower limit of 32 kcal/mole
for the C— Xe bond energy in CH,Xe"'.

The present findings have important implications for many other studies dealing
with ionization phenomena. For example, species such as NH;, H,S, H,O and CH, are
frequently utilized as ionic scavengers or ionization agents in photolysis, radiolysis
or chemical ionization experiments. Clearly, in understanding the chemical activity
of these additives, it is necessary to recognize the possible occurrence of processes

such as generalized in reaction 1.
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P5
ION=-CYCLOTRON RESONANCE STUDY OF ION~-MOLECULE REACTION RATES*

Stephen Wisniewski, Roger Clow, David Smith and Jean H. Futrell
Department of Chemistry, University of Utah, Salt Lake City, Utah 84112 -

The ion cyclofron resonance (ICR) mass spectrometer is ideally suited to the determination of
ion-molecule reaction mechanisms at thermal and higher energies. Quantitative rate constants can,
however, be obtained only if the reaction time is known accurately. The reaction time or ion
residence time can be calculated for the ICR mass spectrometer assuming the drift plates to have
infinite area.” Using a modified Varian Associates Syrofron2 ICR mass spectrometer, we have
developed a method to measure directly the ion residence time. A short pulse of electrons (100 us)
produces a packet of ions which drift down the cell. In normal operation, these ions are detected on
the total ion current collector at some time, T, later. If a short negative pulse (10 us) is applied to
one trapping plate at some time 7' where 7> 7', the packet of ions will be attracted to a trapping
plate and will never reach the total ion current collector. A plot of total ion current versus 7' gives
the ion residence time directly. With drift voltages and magnetic field set such that an ion residence
time of 1.83 ms is calculated, the actual residence time was measured to be 1.18 ms, 1.65 ms and
2.45 ms corresponding to trapping voltages of 1.30 V;, 0.80 V and 0.40 V. This strong dependence of
jon residence time on trapping voltage is striking since the theoretical ealculation assumes that ion
residence time is independent of trapping voltage.

The effect of electron current on ion residence time was determined in another experiment.
Using a 10% pulse duty cycle on the electron beam modulation unit, the ion residence time was found
to increase by about 10% as the electron current is decreased from 0.10 ua to 0.02 pa. A study of ion
residence time as a function of magnetic field indicates that it does not increase as rapidly as would be
predicted from theory. At 4 KG, the measured value is about 90% of the calculated while at 14 KG
it is only 67%. From this work it is clear that a quantitative rate constant can be measured only if the
jon residence time is measured directly.

Thermal energy rate constants have been measured for the reactions given in Table |. The
method of determination consists of monitoring the reactant ion intensity while increasing the
concentration of neutral. Since the reaction time is known accurately, the greatest uncertainty in the
rate constant determination lies in the pressure measurement. In this work, an ionization gauge is
used to measure the pressure which is corrected for the ionization cross section.

The O reactant ions in reactions 1-3 are obtained from electron impact of CO,. Little work
has been done previously on the reactions of H,t with CO, and CO,* with H, because both reactions
lead to large amounts of COzH+, and it is impossible to determine the relative importance of the two
reaction channels in the conventional mass spectrometer. One of the unique features of the ICR mass
spectrometer lies in the ability to selectively eliminate reactant jons from the cell by applying an
oscillating electric field of the proper frequency to the trapping plate. Table | shows that the rates for
reactions 8 and 9 are considerably lower than those predicted on the basis of the ion-induced dipole
model. Using the heats of formation given in a recent compilczrion,3 these reactions are about 0.8 eV
endothermic for ground state C02+ ions. From this it is clear that after 10 seconds, many CO,* ions
formed by impacting 50 eV electrons on CO, still have at least 0.8 eV excitation energy.

It is also surprising to observe charge-transfer (reactions 6 and 8) actively competing with
proton transfer (reactions 7 and 9+) at thermal energies. This result indicates that the recombination
energy of at least some of the H," ions is very near the ionization energy of CO,.

In the future we plan to look further into the question of isotope effects as well as the
competition between charge-transfer and ion-molecule reactions at thermal energies. Preliminary
results indicate that COt, COH* and H20+ are minor products in the H,/CO, system. Efforts are
being directed at quantitatively substantiating these observations.

References.
1. J.L. Beauchamp, L.R. Anders and J.D. Baldeschwieler, J. Am. Chem. Soc., 89, 4569 (1967).
2. Varian Associates, Palo Alto, California.

3. J.L. Franklin, J.G. Dillard, H.M. Rosenstock, J.T. Herron and K. Draxl, "lonization
Potentials, Appearance Potentials and Heats of Formation of Gaseous Positive lons," NSRDS~-NBS
26 (1969).

*Research sponsored by the Aerospace Research Laboratories, Office of Aerospace Research, Contract
F33615-68-C-1022.
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TIME HISTORY PLOTS AND COMPUTER-MADE MOVIES OF ION-POLAR MOLECULE
COLLISIONS OF INTEREST IN MASS SPECTROMETRY *

by John V. Dugan, Jr., NASA-Lewis Research Center, Cleveland, Ohio
and John L. Magee, University of Notre Dame, Notre Dame, Indiana

INTRODUCTION

Capture cross sections have been calculated for ion-polar molecule collisions; the
interaction potential consists of classical ion-dipole plus ion-induced dipole (polar-
izabllity) terms. These capture cross sections set a rough upper limit to the reaction
cross section. The ion-dipole energy transfer and formation of ion-molecule collision
complexes have been studied using computer-plotter techniques. Mutual orbiting of the
ion-molecule pair and hindered rotation of the dipole have also been studied via
computer-made motion pictures. The latter is of interest for ion-molecule reactions since
preferred dipole orientation favors certain reactions. This paper reports on results ob-
tained for ion-molecule systems of particular interest in mass spectrometry.

COLLISION TARGETS

The polar targets studied were chosen mainly because they have been studied in the
mass spectrometer. Ion-molecule reactions involving CH3CN have been studied by Moran and
Hamill. The good agreement between theory and mass spectrometer eXperimental values have
been reported. Large cross sections for CH30H targets were reported in refs. 3 and 4 for
low ion energies. .Negative lon-molécule cross sections reported for Hy0 targets are
roughly 10-13 ¢m2.

ION MOLECULE INTERACTION

The ion-molecule intéraction consists of the ion-permanent dipole and ion-induced

dipole (polarizability) terms. The first term = -/ue cos ¥/ r2 where M 1s the
permanent dipole moment; e is the electronic chargé, & 1is the ilon-dipole orientation
angle and r 1is the ifoni-molecule separation. The Langevin term is - ofe /2r%  where

is the spherically symmétric molecular polarizability. The separate cross section
contributions are the Langevin cross section
[)

0: s 7fb:'—' P’(Z"‘ e'2/€) ,(1) and the ion-dipole cross section g’g'lrb:: 'ﬂ’f(e/e- ,(2)
Agsuming favorable orientation of the dipole, f.e., ¥ - 0, the cross section

<
= - 3
U= wh, = 00 + 0 (3
is somewhat of a maximum.® In equations (1) thru (3), € is the relative translational
energy. The ion and molecule are reflected off a hard-core potential at r = r. for
lifetime studies.

COMPUTER APPROACH

Collision quantities such as ion velocity and dipole rotational energy are plotted
using values obtained by numerical integration. The time history plote are done in the
coordinate system where the polar molecule is fixed.’ The differential equations of
motion are Iintegrated using the varlable step<length Runge-Kutta scheme of Ref. 6. Solu-
tions of the equations include the coordinates for movie models of the colliding partners.
The initial conditions and successful steps (for variables and time derivatives) are
stored in a plotting array for both computer-made time history plots and movies.

MOVIE MODEL

The coordinate solutions are used to draw projections of the ion and polar molecule
models in the center-of-mass system. A sample movie frame consists of simple ion and
dipole models with a clock. Each frame is traced on a cathode-ray-tube and photographed
uesing the IBM 360-67 computer with the CDC DD280 plotter. The clock measures real time
and moves at different rates during a collision since a variable step-size Integration
routine 1is used.

INITIAL CONDITIONS

The initial conditions on the dependent variables and their first time derivatives
are obtained using a random number generator. Trajectories were studied for ion veloc-
ities of 5x10%, 10%, and 2x103 cm sec™l. Target rotators were chosen from a heat bath at
rotational temperature TR = 500 K. e assigned reflection distances for the collision
complex studies were 2, 2.5, and 3.0 for CO, HC1l, and CH3CN, respectively, whereas 28
was used as a capture distance in all cross section calculations.

DISCUSSION AND RESULTS

In all numerical calculations the energy equation and behavior of trajectories with
time reversal were used as checks on the accuracy of the integration routine.

Capture cross sections. - For each impact parameter 36 to 50 trajectories were cal-
culated for the capture cross section; these trajectories were truncated once r £ 2 A.

B395




Unlike Langevin collisions there is no all-or-nothing answer to the question of capture
in ion~permanent dipole collisions for fixed initial impact parameter. For fixed values
of energy and impact parameter there is a probability that the system will arrive at an
ion-molecule separation corresponding to capture. The fraction of collisions resulting
in such a prescribed "minimum'" separation we call the capture ratio Cp. Such a fraction
can be correlated with the reaction probability.

The capture cross section is

o= T/C&CB) 4(56*) )

Numerical capture cross sections 72 have been calculated for four ion-molecule pairs.
The O values for CH3CNT + CH3CN and C6D12+ + CH4CN are considerably larger than 07
but yary from two-thirds to one-half 0& values. Both ©% values have approximately
€1' dependence on ion energy 61' The integrated Q. (over 61 values) is within
20% of the reaction cross section Qp for all 6“‘ values ( em = experimental ion exit
energy) for CH3CN+ + CHqCN. The Q. values are within 20% to 50% of Qg for CgDyg

+ CH3CN over the range of €, from 0.2 to 2.0 eV.

The HC1* + HCL capture cross section has very nearﬁ;’a Langevin dependence
although the 0: values are uniformly 15% larger than V¥;. There is no satisfactory mass
spectrometric data available for this reaction c;oss section.

The CH30H' + CHy0H OF values have an €]°' dependence on ion energy. The Qc
values are within factors of 2 to 3 of the observed reaction cross section from 0.1 to
1.0 eV.

x'Ehe 0:' for H™ + Hp0 was calculated only_for €1 = 0.2 eV; this O value is
130 .

-1/2
‘1

C
The maximum cross section 7& is 250 whereas the measured reaction cross

section is 5x10-13 ¢n2 (5000 22).

The agreement between theory and experiment appears satisfactory except for the large
discrepancy in the case of the H™ + H0 reaction.

Collision Lifetime and Hindered Rotation. - Trajectories have been investigated by
computer-plotter techniques. Collision orbits and ion-molecule interaction behavior are
studied for a range of collision parameters. The interaction potential consists of a
hard-sphere term plus the attractive polarization and ion-dipole terms. Multiple reflec-
tions off the hard-core barrier at small ion-molecule separations occur only in collisions
with permanent dipoles. Multiple reflection times & are 10 to 500 times longer than
the corresponding values for single reflections. The average number of reflections is 2
to 5 for CO whereas it is nearly 20 to 30 for CH3CN targets. The fraction of these colli-
sions varies from about 0.1 for CO to roughly 0.5 for CH3CN. There are few multiple re-
flection collisions for HCl but the average number of reflections is large.

Plots are made of relative velocity, rotational energy, projections of the ion and
dipole angle coordinates and the ion-dipole orientation angle & . The plot of & de-
creasing with decreasing r suggests that the dipole is hindered by the incident ion.

Motion pictures of the ion-dipole collisions have also been made with the computer-
plotter system. Computer-made movies furnish a convenient visual means for observing the
relative motion of the ion-molecule pair, as well as hindering of the dipole by the in-
cident ion. The degree of hindering is best described by a parameter which depends on the
dipole moment, rotational energy and impact parameter. Leger and Meiselsl0 and Leger
et al. have investigated the relative reaction probabilities in CH30H* + CH30H and
CH30H+ + CH3CHO collisions. They point out that their results are consistent with the
hypothesis that hydrogen abstraction from electromegative sites in the polar molecule is
formed for colligions in which the ion is able to orient the dipole attractively. The
numerical results indicate that this is very probable.

The extension of computer-made plots and movies to a description of vibrating targets
is already in progress. Studies of chemical reactions will be more difficult since the
construction of accurate potentials is not straightforward.
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* The unpublished results of this paper will be submitted to The Journal of Chemical
Physics.
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- P7
COLLISION-INDUCED DECOMPOSITION OF H¥(H,0), AND NO,; (H,0),*

Rudolf R. Burke

AeroChem Research Laboratories, Inc.
Sybron Corporation
Princeton, New Jersey

A technique was developed for the measurement of the kinetics of cluster
decomposition. In the present application a room-temperature Ar stream at 5 Torr con-
taining small smounts of H3O+ and NO;~ produced in an atomic O/atomic N/C,H, reaction
is expanded through a2 Mach 3 nozzle. This reduces the pressure to 0.2 Torr, cools the
gas mixture to 85 K, and causes extensive hydration of the ions in the free jet to form
H3O+(H20)n and NO3; (H;0), {n = 0 to = 15}, The supersonic jet impinges upon a blunt-
faced sampling system, thus forming a detached shock wave. In the shock layer the pres-
sure recovers to 1.5 Torr and the temperature to 270 K inducing decomposition of the
cluster ions. Mass spectrometric profiles of the ion composition are taken through the
subsonic region behind the shock by adjusting the shock front-to-sampling orifice distance.

+ . . .
The H (H,0), concentration profiles are analyzed in terms of a series of reactions
which successively strip H,O molecules from the ions; .

HY(H,0), + Ar — HY(H,0),, + H,0 + Ar
The rate constants (k) obtained are (molecule™ ml sec™): kyy = ko = 1.3 X 10715 kg =
1.2X 1071 kg =7.8X 10712, &y = 6.6 X 107'2; kg = 5.4 X 10712, ks = 4.4 X 10712, The
values obtained can be correlated with the k, to ks values obtained by Good, Durden and
Kebarle,!:? using their pulsed electron beam mass spectrometer. The influence of

H+(H20)n vibrational relaxation on the rate constants ks and kg is discussed.

The NO3_(HZO)n concentration profiles are also interpreted interms of consecutive
ion decomposition reactions;

NO; (H;0)p, + Ar — NO; (H;O),., + H,O + Ar

The rate constants (k,) obtained are (molecule-l ml sec'l): kK = kg = 1.5 X 10-1, ky =
1.2X 10715 kg =1,0X 107" k; = 8.7 X 1072 ko = 6.3 X 107'2, The first hydration reac-
tion of NO3~ is discussed.

This paper will be submitted for publication to the Journal of Chemical Physics.

1. Good, A., Durden, D.A. and Kebarle, P., ''Ion-Molecule Reactions in Pure
Nitrogen and Nitrogen Containing Traces of Water at Total Pressures 0.5-4 Torr.
Kinetics of Clustering Reactions Forming H*(H,O0)p, " J.Chem. Phys. 52, 212(1970).

2. Good, A., Durden, D.A. and Kebarle, P., '"Mechanism and Rate Constants of
Ion-Molecule Reactions Leading to Formation of H' (H,0),, in Moist Oxygen and
Air," J. Chem. Phys. 52, 222 (1970). .

This researchwas sponsored by the Air Force Cambridge Research Laboratories under
Contract No. F19628-67-C-0325. Funding for this research was supplied by DASA
under Subtask No. 11BHAX504(07.504).
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Abstract

Photoelectron spectroscopy of small molecules.

Jacques E,.COLLIN,Jacques DELWICHE and Paul NATALIS

Laboratoire des Etats JTonisés,Université de Liége

Sact=Tilman,%000 Lisge Belgigua’®)

Photoelectron spectra of some diatomic and triatomic
molecules have been obtained, using various types of
energy analyzers. The energy resolution was of the

order of 30 mV in the best cases. Various light

sources and pressure ctonditions were used as to study

the influence of the ﬁhoton energy on the relative
transition probabilitiés and the possible occurrence

of collision~induced photoelectron emission.Vibronic
sequences are identified. In cases like 02, N2,CO and NO,
the influence of autoionization of the relative transition
probabilities is considerable. The complex photoelectron
spectrum of NO is considered. In some casesnotably N20,
pressure-sensitive photoelectron bands are observed at
high pressures. Their possible origin, notably from

indicéed preionization, will be discussed.

(*) Full papers published or due to appear in
Journal of Mass Spectrometry and Ion Physics,
and in Chemical Physics Letters.
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Abstract

Electron impact excitation of Nz.gg, Ezﬂk and CSEG

by the SF5 method.
Marie-Jeanne HUBIN-FRANSKIN and Jacques E,.COLLIN

Laboratoire des Etats Jonisés, Université de Liége
L

Sart-Tilman, 4000 Liége, Belgique

The SF6 scavenger technique has been applied to a
study of the electron impact excitation at threshold
energy of some molecules. Improvement of resolution
has §§en obtained by the use of a deconvolution method.
Below the ionization limit,many transitions have been
observed in N2, co, Csz and C6H6. A number of those
transitions are optically-forbidden and important
differences in transition probabilities are found,

as compared to other published data, and will be
discussed., In this respect, the so-called"mystery band"
of ethylene has been observed. In the four molecules
studied, the technique allows the observation of
compuund~state molecular negative ions.Some evidence
for preionization above the first ionization limit

has also been obtained.

(*) The full papers will appear in one 1970 issue

of the Journal of Mass Spectrometry & Ion Physics.
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A Coincidence Time-of-Flight Mass-Spectrometer

by
A, Harvey, (Mrs) M-de-L.F. Monteiro, and R,I, Reed
The Chemistry Department,

The University of Glasgow, Glasgow W,2,

A coincidence time-of-flight mass-spectrometer has been
developed in which idnizatioﬁ is effected by.the 584 A helium
line; considered to give a beam of monoenergetic-photons. The
ionization process yields a positive ion and an electron, The
latter is accelerated to a box-and-grid electron multiplier fol-
lowed by a cathode follower, a high gain amplifier, thence
through a time ‘delay line to a "coincidence™ unit followed by a
scaler, In a comparable way the ion first traverses a known
potential gradient, strikes the first dynode of a "venetian-
blind"™ multiplier and continues as the electronjthere is no
delay line,

When impulses from the electron and ion multipliers arrive
at the coincidence unit simultaneously (or substantially so) a
signal is counted upon the scaler, Thus by plotting the count-
ing rate xé the electr;n delay time one may plot out ihe mass—
spectrum of the material under examination,

In our prototype instrument the resolution is rather low,
but it may readily be improved by:-
lengthening the flight-tube to increase the ion transit time,
modifying the potential gradient through which the ion falls, and
increasing the "sharpness" of response of the coincidence unit,
The second of these is valid for only rather small alterations
in the potential for such adjustments have a deleterious effect
upon the focusing of the ion beam,

In spite of these obvious improvements some Aajor problems
connected with the resolving power remain, In general ions are
formed with kinetic-energy so that two ions may be formed
successively at the same point one moving directly towards the
ion-accelerator, the other directly away from it. The transit
times of these two particles will differ by the turn round time

of the latter. Moreover, the photon beam is of a finite width
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and thus ions may be formed in a finite volume within' the ion
source,. A combination of these two effects may speed the overall
transit times significantly. Nevertheless serviceable spectra
have been obtained and this instrument has the further advantage

of being an "absolute" mass—spectrometer,

To be published in the Journal of Mass Specfrometry and Ion Physics
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Photoelectron Spectra and Ionization Potentials Q4

of Hz, HD, D, and the Halogens

2

A.B. Cornford, D.C. Frost, C.A. McDowell, J.L. Ragle‘ & 1.A. Stenhouse

Department of Chemistry, University of British Columbia

Vancouver 8, B.C. Canada

Abstract:

The photoelectron spectra of H2, HD, D, and the halogens have been obtained using

2
a high resolution spectrometer with the 584 X helium resonance line as the
radiation source. The spectrometer is a 180 degree electrostatic spherical

analyzer. The spectra of HZ’ HD, and D, allow w e and 4 X, for their ground

2
state molecular ions to be calculated. The ionization bands obtained for the

halogens (FZ' C12, Brz, and 12) are correlated with molecular orbital theories.
A discussion of vibrational frequencies, hot bands, bond lengths and spin-orbit

couplings is included for these latter compounds.
Introduction

The photoelectron spectra were obtained using a double focusing hemispherical
electrostatic analyzer operating at a nominal resolution of .03 eV. The
instrument is essentially the same as previously describedl', The entrance lens

to the analyzer and electrostatic deflectors leading to the multiplier have been
removed giving a subsequent rise in intensity without sacrificing resolution. The
entrance and exit slits to the analyzer are maintained at ground potential and

the electrostatic monachrometer adjusted to focus ~ 2er electrons with the aid of
Helmholtz coils.

The derogen Molecule Ion § Deuterium Derivatives.

The 584 A photoelectron spectrum of H ¥, Hp" and 02+ allow the vibrational intervals
in the 22g+ states of the ions to be measured. The vibrational constants We andwexe
are calculated and compared with previous theoretical energy values of Hunter and
Pritchardz. In addition the Morse function is shown to be a satisfactory description

of the potential curvess.

The Halogen Positive Ions (F2+, C12+, Br2+, § 12+).

Previous electron impact and low resolution photoelectron spectroscopic work has been
summarized by Frost et 314. We report here a summary of recent photoelectron

dataS yielding more complete and detailed information on the nature and properties

of the lowest lying few states of the halogen positive ions. A summary of photo-
electron spectroscopic data for the halogens appears in Table 1. The results of
calculations of spin-orbit couplings, vibration intervals and changes in bond

lengths derived from observation of hot bands appear in Table 2, and are briefly

described below.

Hot bands were resolved on the low energy edge of the first I.P.'s of C12+ and Br2+
(occurring in transitions from the 1Zq; state of the neutral to the an state of the
ion). The distribution of the intensities was used to calculate the values for

Are (see table 2).

* "0On leave from the Department of Chemistry, University of Massachusetts, Amherst,
Massachusetts 1969-1970.
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TABLE I SUMMARY OF PHOTOELECTRON DATA
Compound| State of Ion Ionization Potential 4 (cm_l) me(cm'l)a
Fluorine erg 15.70° - 337240 1050240
eru 18.4° (18.9879 - -
(?)zig,u ? 21)d - _
Chlorine z'ng 11.49° - 64540 645£40
o 14.0° (14.43)¢ - .
Zz; 15.8° (16.10)% - -
Bromine zng 10.51° 2820240 36040
zrru 12.5° (13.08y%7¢ 42000 - 2200 -
2+ 14.3° (14.60)° . .
g
Todine an . (9.34, 9.979 | s125%40 ~ 220
n, 10.87 (11.03, 11.82)4 400 -
11.6
22; 12.7° (12.95)¢ - -

a  apparent u,, any anharmonicity being smaller than precision of measurement.

b  resolved 0-0 band.

c onset value.

d band maximum.

e see Figure 1.
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The P.E. spectra yield the spin-orbit splittings between the 2 states of all
the halogens studied, these transitions being unavailable from u-v spectra.
Sample calculations employing single "hole" occupancy of the four available
spin orbitals, neglecting differential overlap and other two-centre integrals,
produces a multiplet splitting

- 2882 < Z;ff/rFS

as the fourth power of the effective nuclear charge. The small upward

>, the expectation value varying approximately

shifts of t observed for the positive ions (as compared to the atomic values

tabulated) may be best accommodated by a small increase in this charge.

A more complete analysis of this work will appear in articles to be published

in the Journal of Chemical Physics.
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(ABSTRACT ) Q5

PHOTOIONIZATION MASS SPECTROSCOPY USING SYNCHROTRON RADIATION

James W. Taylor, Jemes A. Kinsinger, and William L. Stebbings
Department of Chemistry, University of Wisconsin

Madison, Wisconsin 53706

The high intensity light which is radiated from electrons accelerated to relativistic
velocities in a synchrotron is continuous from the soft x-ray region to the infrared and
is devoid of fine structure. This light source is, therefore, ideal for use in photoion-
ization mass spectrometry and for photoelectron spectroscopy. This paper describes some
of the preliminary results and progress made in the determination of the ionization poten-
tials, appearance potentials and in observing vibrational fine structure in ions produced
by photon impact using this 1light source.

The experimental arrangement at the Wisconsin Physical Sciences Laboratory consists
of a 50 MeV injector machine followed by a storage ring. In the holding ring the elec-
tron energy is raised to the operating value of 2L0-250 MeV. Moving on an average radius
of 1.5 meters at approximately 32 M hz, the speed of the electrons circulating is 99.999%
the speed of light. At a beam pulse intensity of 10 ma and at 10-9 torr, the half-life
is about 20 minutes.

There are presently three ports on the holding ring. Two are identical,and the light
originates from a section of the tangent after focusing by the quadrupole magnets and has
a peak intensity at 200 3. One port which is used for photoionization measurements ob-
serves the light originating near injection end after a straight section. Its peak maxi-
mum occurs at 600 A,but in the region from 500 A - 1400 A (24.8 - 8.9 ev) the intensity
is fairly constant. The intensity can be decreased by 2 factor of about 2.5 by changing
the beam energy. This feature is useful in order sorting when the mass spectrometer is
operated windowless below the lithium fluoride cut off at 1050 Z. Using a McPherson one-
meter vacuum ultraviolet monochromator with MgFp overcoated grating, the available photon

°
7 photons/sec A ma of beam current. Because operating cur-

flux is approximately 5 x 10
rents are in the 5 - 10 ma range, a flux of approximately 108 photons/sec A is available.

A combinstion mass spectrometer and photoelectron spectrometer has been constructed
to permit mass spectral measurement and also kinetic energy analysis of the ejected elec-
trons, but initial experiments use only the mass spectrometer portion, which is a modi-
fied Finnigan 1015 quadrupole unit. The first compound described was benzene which was
used for calibration. The IP obtaiﬁed was 9.2% eV. Other literature values are:

9.2kt ! (spectroscopic); 9.2Ls 2 (photoionization); 9.25g K (photoelectron spectroscopy).

All the observed fine structure from PES measurements was observed by photoionization in
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the regfon 1350 - 1290 A.

Other compounds studied were methanol, 2-pentanone-dg, 3-hexanone, and 3-hexanone-dg.
Vibrational fine structure, ionizatioﬂ potential and appearance potential data were ob-
tained on the molecular and selected fragment ions. Some correlations with infrared and
Raman frequencies were presented for methanol m/e 32 and m/e 31 fons. For the ketones,
the M-28 ion from McLafferty rearrangement appeared at a higher energy (shorter wave-
length) than did the M-29 ion from simple cleavage of an ethyl group. Contributions from
vibrationally excited species (hot bands) were considered in making the vibrational
assignments and ionization onsets. The curves for the cleavage and rearrangement reac-
tions appear to show structure ascribed to autoionization about 0.5 eV above the onset

for {fonization.
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Effects of Vibrational Hot Bends on Threshold

Measurements of Halogen Molecules

Vernon H. Dibeler and James A. Walker

National Bureau of Standards
Washington, D. C. 2023k

Photoionization yield curves with energy resolution of about 0.0leV are obtained
for fluorine, chlorine, bromine and iodine from threshold to 600A by means of a combined
vacuum uv monochromator and mass spectrometer. In the threshold regions, the curves
show the anticipated effects of hot bands due to the jionization of molecules in the
first, or higher, vibrationally excited states. Although thresholds for the C,0
transition can be designated with some confidence for fluorine and chlorine, it is
apparent that cooled-gas measurements are necessary in order to reduce the ambiguity
due to hot-bands for the heavier halogens.

Accordingly, molecular ionization threshold measurements were made on fluorine,
chlorine, and bromine at room temperature and at temperatures sufficiently low to eliminate
or to significantly reduce hot band contributions. Experiments on iodine were limited
by the low vapor pressure of the molecule.

The table summarizes the present results and previously reported values obtained
by other authors and by other methods. It is apparent that the effects of hot band
on threshold measurements are difficult to predict in the case of electron impact
measurements. This is possibly the result of partial compensation for the unfavorsble
threshold law by the presence of hot-bands. On the other hand, both photoelectron
spectroscopy and photoionization techniques tend to give too low a value for the (0,0)
transition when the hot band is not resolved or correctly identified.

The recent high-resolution measurements of Rydberg series in the vacuum
ultraviolet spectrum of bromine observe five series converging to a limit approximately
0.05eV above the threshold identified in the present work as the 0,0 transition. From
cooled and heated gas measurements, it is apparent that the present photoionization
results correctly identify the ground-state transition whereas the spectroscopic limit
relates to the first vibrationally excited state of the ion.

Table I. Molecular Ionization Thresholds for the Homonuclear Halogens

Method Threshold (eV) Reference
F2
VUV Spectrum 15.7 1
Elect. Impact 15.83 + 0.05 2
Photoelect. Spectrosc. 15.63 + 0.01 3
Photoion. MS 15.69 + 0.01 L
C12:
VUV Spectrum 1147 5
Elect. Impact 11.64 + 0.05 2
11.63 + 0.0L 6
Photoelect. Spectrosc. 11.50 + 0.01 3
Photoion. 11.48 + 0.01 7
Photoion. MS 11.48 + 0.01 This Work
Br2:
VUV Spectrum 10.56 + 0.01 8
Elect. Impact 10.58 + 0.08 2
10.69 + 0.03 6
Photoelect. Spectrosc, 10.51 + 0.01 3
Photoion. 10.55 + 0.02 7
Photoion. MS 10.51 + 0.01 This Work
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Table I (continued)

Method Threshold (eV) Reference
VUV Spectrum 9.L400 + 0.001 9
Elect. Impact 9.35 + 0.03 6
Photoelect Spectrosc. 9.33 + 0.01 3
Photoion. ) 9.28 + 0.02 7
Photoion. MS 9.3 + 0.1 10
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. Iczkowski, J. L. Margrave, and J. W. Green, J. Chem. Phys. 33, 1261 (1960).
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. D.

Morrison, H. Hurzeler, M. G. Inghram, and H. E. Stanton, J. Chem. Phys. 33,
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Photoionization of Carbon Mconoxide QJ
Kenneth E. McCulloh

National Bureau of Standards
Washington, D. C. 20234

The photoionization of carbon monoxide has been studied with spectral resolution of
0.12 and 0.25 X, using e near-normal-incidence grating monochrometor combined with
a mass spectrometer. The molecular ion yield curve shows a wealth of autoionization
structure which is compared with published absorption spectra and discussed in terms
of Rydberg series and electronically excited states of the ion. A value of 14.00 eV

is proposed for the lowest ionization potential of this molecule.
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ELECTRON IMPACT EXCITATION EFFICIENCY CURVES .
FOR THE FORMATION OF NEUTRAL METASTABLE SPECIES

Amos S. Newton and G. E. Thomas

Lawrence Radiation Laboratory
University of California
Berkeley, California 9L4720

For some years now, a group at the Lawrence Radiation Laboratory at Berkeley

R1

has been engaged in making measurements of the excitation efficiency curves for the forma-

tion of neutral electronically metastable species.l’2

Basically, an electron beam from an

RPD gun has been crossed with an atomic or molecular beam. The metastable neutrals can be

detected via their ability to eject electrons from a metal surface. In this work, the

metal surface is the Cu-Be first dynode of an EMI type 9603 electron multiplier.

A difficulty encountered in making these measurements in this way is that U.V.

photons produced in the collision chamber are also detected by the multiplier.

However,

the photons can be separated from the metastables by taking advantage of their flight time

from the collision region to the detector. If excitation is effected by a short pulse of

electrons, photons are observed to arrive at the detector during the pulse. The meta-

stables arrive at later times.2

In attempting to extend the earlier work,l’2 we have developed a method of

making RPD measurements on the time-resolved species. The pulsing scheme used is shown

in Fig. 1. A master clock pulse triggers an 1 kHz pulse train from a time-based

CYCLE 2
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Fig. 1. Pulsing scheme for time-resolved RPD measurements.,

* B
This work was performed under the auspices of the U. S. Atomic Energy Commission.
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oscillator. These time-base oscillator pulses are used to trigger the channel advance of
a Hewlett-Packard 5400 A multichannel analyzer used in the multiscale mode. An V10 usec
pulse, triggered by the time-base oscillator is applied to the RPD grid of a 5-electrode
RPD gun. The voltage applied during the pulse is exactly that to allow a truncated elec-
tron distribution to pass through the collision chamber. The voltage of the collision
chamber is set to give the desired initial electron energy. A data count gate is opened
after a preset delay. The width and delay of the count gate is variable. This allows
counts to be registered in the multichannel analyzer only during a specified time slot
after the electron pulse. After "1 msec, a second time-base oscillator pulse advances the
chennel number and advances the electron energy (derived from the X-output of the multi
channel analyzer) by one step. After scanning 256 channels in this fashion, the multi-
channel analyzer produces an end-of-program pulse which stops the sequence. On receipt of
the second clock pulse, the entire sequence is repeated, except that the electron 'on'
voltage is lowered by 0.1l V, and the analyzer is automatically reset to operate in the
subtract mode. This produces an RPD scan of the time-resolved species. Multiple RPD
scans are alvways accumulated in the analyzer.

Figure 2 shows an example of the application of this scheme to N The upper

5

hy/Np

T T T T T

7 8 9 10 11

Electron Energy (eV)

XBL 706-1060

Fig. 2. Excitation efficiency curves for metastables and photons from NE'

This species has been examined

5

curve in Fig. 2 shows the formation of metastables in N2.
and discussed in detail by, e.g., Olmsted,3 Lichten,)4 and Freund.
32 +

8

In the present study,
the E state near 12 eV shows up clearly. The lower curve of Fig. 2 shows the photon

The appearance potential of the photons coupled with the knowledge
B412
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that they are sufficiently energetic to eject an electron from the multiplier strongly
suggests that the Birge-Hopfield System is the source of the light.

In the studies of the rare gases Ne, Ar, and Kr, the metastable excitation
efficiency curves agree very well with those of Olmsted, Newton,land Street.l In all
cases, the photon appearance potential was equal, within experimental error, to that of
the metastable. In Ar and Kr, a break in the photon curve was observed near the energy of
the npsnd configurations.

A time-of-flight survey of a variety of gases has revealed that there are
species with a flight time shorter than that expected for the molecular metastable (but
with a flight time longer than the fast photon signal) in O, and in CS,. No excitation

2 2

efficiency curves for the latter species are available.
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R2
SOME NEW WAYS OF STUDYING METASTABLE ION DECOMPOSITIONS: ION KINETIC ENERGY SPECTROSCOPY

by R. M. Caprioll, J. H. Beynon, W. E. Baitinger, and J. W. Amy
Department of Chemistry, Purdue University, Lafayette, Indiana

The new technique of ion kinetic energy (IKE) spectroscopy has been used to study
metastable ilons without interference from the stable ions which make up the normal
mass spectrum. By this method, the voltage applied to the electric sector of a double-
focusing mass spectrometer is varied at fixed accelerating voltege. A singly-charged
ion which undergoes a metastable decomposition in front of the electric sector with
ejectlon of a neutral fragment will share the kinetic .energy between the charged and
neutral fragments formed in proportion to their masses. If the electric sector voltage
1s reduced from the normal value at which the main beam of ions having normal acceler-
ating energy is transmitted, the main ion beam will strike the wall of the electric
sector, but the low energy ions may be transmitted. If a detector is placed behind the
energy resolving slit (the B-slit), a spectrum can be produced of ion abundance vs.
kinetic energy and is called an ion kinetic energy spectrum. Use of an electron
multiplier behind the B-slit achieves high sensitivity.

There are many advantages to being able to study the product ions of metastaeble
decompositions at high sensitivity. These trensitions represent a flltering out of
the fragmentation processes occurring with only a small amount of energy in excess of
the minimum required for a reaction. Thus, small differences in structure can be
studied with greater sensltivity than when only ions formed via fast high energy
reactions are studied. Also, because these decompositions represent single steps in
a complicated reactlon path, knowledge concerning the fragments involved is valuable
in determining the structures of unknown chemical species.

Just as the position of a "metastable peak” in a normal mass spectrum can be used
to determine the masses m) and my of the precursor and daughter ions of the transition,
so can the position of & peak In the ion kinetic energy spectrum since it occurs at a
fraction F of the sector voltage at which the main ion beam is transmitted. This
fraction is equal to the ratio ma/ml, usually permitting mp and m, to be determined
uniquely.

The high sensitivity of the IKES, technique can be used to make measurements which
have not previously been possible in mass spectrometry. For example, the percentage
deuteration of isotopically enriched chemical compounds has been determined by this
method. Suppose that a metastable decomposition occurs in which a hydrogen atom or a
deuterium atom is lost from the molecular ion. The abundance of the "metastable peaks"
due to these two transitlions is proportional to the amounts of deuterated and undeuter-
ated specles present. The proportionality factors can be determined by an isotopic
dilution experiment in which measurements are also made on a sample diluted with a
known amount of the unlebeled compound. The very high sensitivity of the IKES technique
makes such measurements possible in & large number of cases.

The energy spread of the ion beam issuing from the ionization chamber can be very
simply determined by scanning the voltage on the electric sector over a small range
around its normal value and observing the current on the detector behind the B-slit.

It has been found that in the Hitachi RMH-2 mass spectrometer that for a 5KV ion beam,
the main ion beam has a width of only 1.5 volts at half-height. The dispersion of the
beam at the B-slit is 5 mm for a 1% change in ion energy. As the B-slit is narrowed,
higher energy resolution can be obtained. In most metastable transitions involving
singly-charged lons there is a release of kinetic energy often of the order O.leV.

This can result in a spread of kinetic energies in the mp ions of around SeV. The
resultant spreading in the width of the peak due to the mp In the IKE spectrum often
limits the achievable resolution. The energy resolution 1s improved as the accelerating
voltage of the mass spectrometer 1s made as high as possible. Thus the spread in
energies of mp lons becomes a smaller fraction of the kinetic energy. This effect will
be illustrated in the lecture.

Occasionally very narrow peaks are observed in IKE spectra corresponding to
transitions in which very small amounts of kinetic energy are released. Compounds in
which very narrow IKE peaks have been seen include pyrazine, pyrimidine, pyridazine.

The voltage across the electric sector can be increased from its normal value and
an energy spectrum obtained of ions which have more energy than ions making up the main
beam. Peaks in this region can appear in several ways. For example, any doubly-
charged ions in the mass spectrum will acquire during acceleration twice the energy
acquired by singly-charged ions. However, they will be transmitted through the
electric sector at the normal voltage because the force on such ions is doubled by the
presence of the two charges. If a collision gas is introduced into the field-free
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region preceding the electric sector, the doubly-charged ions can undergo charge-
exchange reactions without losing any appreciable kinetic energy. They will then be
passed by the electric sector at double the normal voltage irrespective of their mass.
Introduction of a collision gas and examination of the ion beam transmitted through the
electric sector at double the normal voltage has enabled mass spectra of all doubly-
charged ions to be obtained on the final detector of the mass spectrometer without
interference from singly-charged ions. In order to do this, the detector located
behind the B-slit must be moved laterally so as to allow the ion beam to pass into the
magnetic sector. These spectra are important in structure elucidation.

When the collision gas is removed, doubly-charged ions can still undergo uni-
molecular decomposition in the field-free region preceding the electric sector. Such
decompositions are accompanied by the release of a large amount of kinetic energy due
to the separation of the charges. If this energy is measured, information can be
obtained about intercharge distance in the doubly-charged ion. One of the fragment ions
released will carry more than half the energy of the doubly-charged ion. The transition
can thus be observed by increasing the electric sector voltage to an eppropriate value.
The IKE peak can be observed at high sensitivity without interference from the normal
peaks in the mass spectrum. Many new transitions have been discovered with these
techniques. For example, measurements have been made of intercharge distances in
compounds containing 2 hetercatoms and has given information concerning localization of
charges on such atoms and also on rearrangements which take plece in such compounds
before the ions have separated.
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Detection of "Fast Metastable" Ions in a Double
Focusing Field Ionization Mass Spectrometer

A. L. Burlingame, A. M. Falick, G. W. Wood,
*
Peter Schultze and W. J. Richter+

Space Sciences Laboratory
University of California
Berkeley, Calif. 94720

There has recently been a considerable amount of interest in the study of "fast
metastables" in field ionization (FI) mass spectrometry. A fast metastable fragment
is an ion which results from a decomposition occurring within a field ionization source,
but sufficiently long after ionization that its kinetic energy is measurably less than
that of the molecular ion. Ton decomposition processes which occur 1in the range of
about 10713 to 1078 gec after fonization may produce fast metastable fragments.

In a single focusing instrument these ilons are detected as a shifting and/or tail-
ing of a fragment ion peak toward lower mass. In a double focusing instrument only a
portion of the fast metastable peak will be detectable, as is shown in Figure 1. Two
possible peak shapes which might be observed in a single focusing instrument are shown.
Curve A would result from a more rapid decomposition process than curve B. If we assume
that the electrostatic analyzer of a double-focusing spectrometer has an energy bandpass
of 2%, 1.e. allows only those ions to pass whose energy differs from the desired value
by il% or less, then the double focusing machine will detect only those ions between the
dashed lines. These ions will then be refocused to give a sharp peak at m, the true

fragment mass.

It is possible to observe the lower mass (l.e. lower energy) portions of these

2
peaks by means of either of two defocusing techniques,”’”’"°

The FI emitter voltage
(which also provides the acceleration) may be held constant and the electrostatic sector
voltage varied, or the emitter voltage can be varied while the electrostatic sector
voltage remains unchanged. The latter method was used to obtain most of the results
described below. The most obvious advantage of the method of changing the blade voltage
is that the mass scale calibration is unchanged because the kinetic energy of the ions
entering the magnetic analyzer is always the same. The method has a possible disadvan-
tage in that the field strength in the ionization region near the emitter does not re-
main constant, a condition which could conceivably cause changes inFFQe rates, of §h§ .
Pr°5?55?5h$?§ef obsgrvqg{onk..Eh;ﬁpeggegt geslpyo§§§;y not,significant in the experiments
reported. here.for the following reasons: 1) The blade voltage was changed over a range
of 10% at most of the total voltage, usually less. 2) Beckey and Metzinger5 found that
the effective field strength in the emitting reglon for conditioned emitters was nearly
independent of the applied voltage. This is explained by the fact that the total emit-

ting area of the less sharp protrusions on the emitter surface is much greater than that

*
Current address: Varian MAT, Bremen, Germany

+Current address: J, R. Gelgy A.G., Basel, Switzerland
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of the sharper ones. As the applied voltage 1s increased the bulk of the emission is
shifted from the sharper whiskers to the blunter ones, thus continuing to produce a majo-~
rity of ions under nearly the same field conditions. Of course, as the applied voltage
is increased the acceleration of the ions will still be increased proportionately because
the foregolng considerations apply only in the region very near the blade surface, and
the average field will increase as expected. 3) We have performed several experiments
using the method of changing the electrostatic sector voltage and have found essentially

the same results as with the complementary method.

Field ionization spectra of a number of compounds, mostly simple esters, have
been measured. The most striking feature of these spectra is a very intense peak,
often the base peak, which is due to an apparent rearrangement reaction. A typical
example is the spectrum of n-butyl acetate which is shown in Figure 2. The base peak
at 56 appears to indicate a hydrogen rearrangement in which a hydrogen migrates from
the alcohol side to the acid side of the molecule and cleavage occurs at the alcohol
0-C bond. Deuterium labelling experiments showed that the hydrogen which is shifted

comes from the B-position, to the extent of at least 90%.

Figure 3 shows the effect of changing the emitter voltage on the intensities of
several peaks in the n-butyl acetate spectrum. If an appropriate function for the poten~
tial distribution in front of the blade is assumed, it is possible to calculate the time
elapsed between fonization and fragmentationl as a function of the emitter voltage at
which a glven range of ions 1s detected. Since the elapsed time vs. voltage relation-
ship is a function of the fragment ion mass, each of the curves in Figure 3 will be based

on a somewhat different time scale. For curve D, for example, the peak occurs at 3 x lO~12

sec (7400V) and at 7500 V the delay time is about 1.5 x 1071 sec. The other curves will
have time scales which are not greatly different. The widths of curves G and H corres-

pond to the resolving power of the electric sector, about 1.6%.

The results for the mass 56 ion show that a sizeable fraction of these ions was
formed in 10-11 to 10_12 sec after ionization and at distances of several thousand ;
from the emitter surface. It has been suggested6 that this kind of result can be explained
as a rearrangement reaction occurring on the emitter surface, followed by desorptiom,
ionization and then cleavage in the gas phase. However, the results of the labeling ex-
periments show that the initial hydrogen abstraction is highly specific, an unexpected
event 1f the rearrangement were indeed occurring on the surface. There is no apparent
reason to expect that the B-hydrogens would be preferentially extracted in a surface

process.

In addition, the fact that the rate of formation of m/e=56 ions appears to be aig-
nificantly slower than the rates for the simple cleavage ilons of mass 29 and 43 suggests
that the rate~determining step in forming m/e 56 ions may be of a different character

than simple cleavage.

The technique described above permits studies of the kinetics of unimolecular decom-
position reactions over a wide range of times. The information thus obtained can be a
valuable aid in the understanding of the fragmentation mechanisms in FI and may provide

further understanding of electron impact fragmentation processes as well.
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ION KINETIC ENERGY SPECTROSCOPY

E. M. Chalt and W. B. Askew
Contribution No. 1722 Central Research Department,
E. I. du Pont de Nemours and Company, Wilmington, Delaware 19898

Preliminary results indicate the value of ion kinetic energy
(IKE) spectra in adding a new dimension to structural information
obtained by mass spectrometry. These spectra are especlally useful in
the distinction of some isomer pairs. Energy spectra provide a summary
of gaseous ion chemistry occuring as metastable transitions in the first-
field free-drift region of the double-focusing (Mattauch-Herzog geometry)
mass spectrometer and are produced by scanning the electrostatic sector
voltage while recording the ions transmitted by the sector with the beam
monitor electrometer.

The technique of defocusing the double-focusing mass spectro-
meter for the sensitive observation of metastable ions and assignment
of metastable transitions is well establishedls2 and has been discussed
specifically for mass spectrometers of the Mattauch-Herzog geometryB'“.
A varliation of this technique produces a unigue spectrum for the
metastable transitions observed for a particular compound. Productlon of
these lon kinetic energy (IKE) spectra was first demonstrated by
Beynon5- using double-focusing instruments of the Nier-Johnson geometry.
In this report, results obtained using an instrument of the Mattauch-
Herzog geometry are summarized.

In defocused metastable experiments described previously, the
daughter ions from the precursor decompositions are observed by variation
of the magnetic field to focus the mass m2 or m*¥ as allowed by the
appropriate accelerating or electrostatic sector voltage. If, however,
only kinetic energy of the daughter lons is considered, a spectrum may be
recorded of the metastable transitions of a particular sample without
consideration of the mass.

In many cases it 1s impossible to distinguish isomer palrs by
mass spectroscopy because of similarity of fragmentation patterns. The
use of metastable peaks to distingzuish hydrocarbon isomers has been
demonstrated.” Camphor and its isomer, trans-8;methylhydrindan-e—one,
glve almost ldentical fragmentation patterns®; however, their IKE spectra
are radically different (Figure 1) and are' unique fingerprints for the
respective isomers. For example the 289:?0 volt peak In the IKE spectrum
of camphor assigned to the loss of ketene from the molecular ion is not
present in the IKE spectrum of the isome};c ketone.

In this report IKE spectra have been obtained for the first
time using a double-focusing instrument of the Mattauch-Herzog geometry.
Previous workers have used Iinstruments of the Nier-Johnson geometry
having an intermediate point of B focus. The resolution of IKE spectrs
from our instrument could be improved by addition of an adjustable p
stop to the mass spectrometer., Sensitivity could be improved 1000-fold
by the use of an electron multiplier as a detector for the daughter
ion beams.

* In the Mattauch-Herzog spectrometer used (CEC 21-110B) the electro-
static sector voltage is 5% of the ion accelerating voltage.
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IKE spectra are useful from a fundamental standpoint in
summarizing zaseous ion chemistry of metastable decompositions which
can be applied to structural problems. To be used effectively computer
processing of the large amounts of data from IKE is necessary and
could be used to produce metastable maps.

A most fascinating aspect of IKE spectra is their use in
resolving mass spectra ambiguities of isomers and compounds with similar
fragmentation patterns. Beynon has applied this to quantitative analysis
of deuterated toluences.9 Since the IKE spectrum in most cases is a
unique fingerprint of a compound, it is a useful tool to determine if
two compounds with similar mass spectra are isomers. If the IKE spectra
are different, the two compounds must have different structures.

IKE spectroscopy is in an early stage of development and few
compounds have been investigated. Even so it is easy to envision an IKE
spectrometer consisting of an ion source, electrostatic sector, and
detector which would find use in organic structure determination and as
a potential method for gas chromatographic peak identification.
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GAS CHROMATOGRAPHY - CHEMICAL IOHIZAT!IOH MASS SPECTROMETRY
C. P. Arsenault and J. J. Dolhun

Department of Chemistry
Massachusetts Institute of Technology
Cambr idge, Massachusetts 02139

This paper describes a gas chromatograph-mass spectrometer
(GC-MS) combination in which the carrier gas from the gas
chromatographic (6C) column  is deliberately and completely passed
through the ion source of the mass spectrometer (}NS) where it is used
as the reactant gas for chemical ionization (C!).

Chemical ionization mass spectrometry (CIMS), first described by
Munson and Field (1) and since proved useful in organic structure
elucidation (2,3), requires the presence in the ion source of about 1
torr of a reactant gas which, by a combination of electron impact
ionization (CI) and ion-molecule reactions, gives rise to the reactant
ions used for Cl. GC effluents arc ideally suited as Iinput to C!
sources provided the carrier gas and the reactant gas are the same. In
that case there is no need for splitters or separators which are
customarily used for gas chromatography-electron impact ionization
mass spectrometry (GC=-EINMS).

The QUAD 300 quadrupole mass spectrometer was sclected as the MS
component of the gas chromatography-chemical ionization mass
spectrometry (GC-C!}S) system because the quadrupole mass filter has
two distinct advantages over a magnetic deflection analyzer for CIMS,
The first is that it requires much lower ion energy, in the
neighborhood of 10V. The second is that it can operate at much higher
pressure. These advantages are not absolute in the scnse that magnetic

deflection instruments can not be uscd for the same purpose. Indeed
the first (1) as well as most of the existing Cl sources (L) are being
used in magnetic deflection mass spectrometers. Hevertheless the

quadrupole mass filter has relative advantages for CIMS which weighed
heavily in its favor when the choice of instrument was made.

The trial carrier-reactant fas selected for GC-CIMS was methane
because it had already been used extensively for CIMS (1-4)., In
separate experiments with a GC equipped with a thermal conductivity
detector, mcthane was shown, with mixtures of hydrocarbons and of
methyl esters of fatty acids, to give separations and retention times
identical for practical purposes to those obtained when helium was
used as the carrier gas. This in effect means there is no need to use
methane while working out the detailed conditions of the gas
chromatographic separation of a mixture. The conditions may be worked
out using helium and a flame ionization detector. A shift to methane
is then made when the GC and the C!MS are used in combination.

The GC used is a Varian Acrograph Series 1200 equipped with a
flame ionization detector and a standard 1/8" injector as well as a
capillary injector. VWhen the GC is to be used in combination with the
1'S, the outlet of the GC column 1is disconnected from the flame
ifonization detector and corinected to a hollow tube which leads, via an
on/off valve, directly into the C! source. None of the conventional
detectors is used at the outlet of the colunn. Vlhen the GC-CIMS
combination is in use, the CIMS in effect becomes the CC detector.
This mode of detection was decided upon because there arc a number of
potential carrier-reactant gases which could be wused interchangeably
as the need arises. Independently of the carrier-reactant gas in use,
a high sensitivity of detection of the order of one picogram per
second was required.

Detection of the GC effluent by the quadrupole mass spectrometer
may be divided into three component steps which are the same whether
the instrument is used in the Lt mode or the Cl mode. First, the GC
effluent is ionized in the ion source of the mass spectrometer.
Second, the total jon beam thus produced is allowed to enter the
quacdrupole mass filter which is operated with the DC voltage off and
the RF voltage set at a pre-selected value. Ffinally, the partial,
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unresolved ion beam which emerges from the quadrupole mass filter is
detected by means of the electron multiplier. The electron multiplier
signal is conditioned and recorded with a pen and 1Iink recorder. The
equivalent of a gas chromatogram, with recorder response as the
ordinate and time as the abscissa is thus obtained from the GC-MS
combination. There are two advantages to this mode of detection. The
first is that It is highly sensitive because the DC voltage is off and
the electron rmultiplier 1is wused. The ion transmission by the
quadrupole mass filter operated in the DC off mode approaches 100%.
The second is that it is selective since the ions transmitted through
the quadrupole mass filter depend on the value at which the RF voltage
is set. This is particularly useful with the Cl source since the
unresolved ion beam which emerges from this source is made up mainly
of unreacted reactant ions which would interfere with the detection of
the compound ions should they still be present at the detector. Thus,
with methane as reactant gas and a source pressure, of 1 torr, the
principal reactant ions are CHS*, C,.H_;+ and Cqlg (5), and their
passage through the quadrupole mass filter may be prevented by sctting
the RF voltage such that the transmission for all ions below m/e 50 is
zero.

A scientific cormunication which includes data obtained with the
GC-CIMS system described above operated both as a gas chromatographic
detector and as a mass spectrometer has been accepted for publication
(6). GC-CI1MS shows promise as a useful variation of GC-MS which has so
far been confined to EIMS. Since Cl sources are de facto E! sources if
they are operated at low pressure, the possibility now exists for
doing GC-EIMS and GC-CIMS runs on successive injections using the same
GC~MS system. Since electron Iimpact and chemical ionization mass
spectral data are complementary, a combination of the data obtained
using the GC-MS system operated in the El and Cl! modes should prove
useful in examining complex mixtures such as those encountered in
nature.
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APPLICATION OF CHEMICAL IONIZATION MASS SPECTROSCOPY TO THE AMINO
TERMINAL SEQUENCE OF PROTEINS

William R. Gray .
Department of Biology, California Institute of Technology, Pasadena, California 91109
and
Leonard H. Wojcik and Jean H. Futrell
Department of Chemistry, University of Utah, Salt Lake City, Utah 84112

We wish to report the results of our efforts in the field of peptide sequencing by chemical
ionization. Wet chemical methods of peptide sequencing involve derivatization, cleavage and
chromatographic analysis of the fragments to determine the amino acids present. Such techniques —
dansylation (formation of phenylthiohydantoin derivatives), or the more sensitive fluorescent dye
technique — suffer from the fact that a rather large amount of sample is required for identification
(3 -5 micrograms/residue) . Peptide sequencing has met with some success' by high resolution
electron impact instruments, but again suffers from the low volatility of the sample, and rather
complicated spectra, requiring computer analysis. We wish to report here a combination of chemical
and mass spectral treatment that relieves some of these difficulties.

The peptides are n-terminal acetylated with an equimolar mixture of acetic anhydride and
perdeutireo acetic anhydride, then cleaved enzymatically and permethylated,2/3:4 which produces a
tagged n-terminal peptide derivative easily separable from the water soluble cofragments. Cleavage
before acetylation results in a mixture that can be separated by thin-layer chromatography and
analyzed. Peptides containing arginine or sulfur must be pretreated — arginine is hydrolized and
acetylated; sulfur-containing residues are treated with raney nickel. Peptides so treated have residues
of unique nominal mass with the exception of leucine and isoleucine.

e . . . . 5,6 .
The chemical ionization spectra were run in the instrument described previously ' with the
following source conditions: pressure 0.5 Torr, repeller voltage 1.25 volts, anode voltage O,
temperature 200°C.

A teflon probe tip was constructed so that sample temperature can be controlled independent of
source temperature. Chemical ionization of the derivatized peptides produces quite clean spectra with
about 90% of cleavage ot the peptide bonds. Cleavage apparently produces the acylium jons almost
exclusively, and thus the doublet showing presence of the n-terminal residue (deuterium label) oceurs
in nearly all peaks. Thus the integral mass difference between doublets represents the individua!
residue, and the sequence is defined by the presence of the teminal residue in each successive
fragment. The sensitivity of the chemical ionization’system allows us to work with considerably smaller
samples than other techniques. Usable spectra have been dbtained with 0.7 micrograms of the peptide
tetra=alanine. A number of peptides have been run, and theiresults appear promising at this point.
The advantages of the combined derivatization/chemical ionizatiomtreatment are increased volatility
of-sample, making it possible to run larger peptides, specific cleavage, sensitivity of the technique,
and; ability_for rapid sample throughout due to lack of residual contamination of the chemical
ionization source. A complete report of this work will appear in the Journal of the American Chemical
Society.
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S1
ISOTOPE EFFECTS IN THE DECOMPOSITION OF METHANOL BY ELECTRON IMPACT

3.M. Gordon and G.J. Krige

Chemistry Division, Atomic Energy Board, Pelindaba, South Africa
Introduction

We have recently obtained experimental results for the ionization and
dissociation of methanol by electron impact1. Ionization efficiency curves
for the parent ion and several fragments were measured over a wide energy
range using the retarding potential difference (RPD) technique. The data
were used to construct a breakdown curve for methanol which showed good
agreement with that obtained by charge exchange.

In the present investigation, a study of the deuterated molecule
CD3OH has been undertaken., This has enabled us to measure the appearance
potentials of those ions which could not be distinguished from one another
in CHBOH. In addition, an H-D isotope effect has been investigated in
terms of the quasi-equilibrium theory (QET) of mass spectraz. The results
suggest that the assumption of a large number of energy level crossings to
ensure energy randomization may not be satisfied in the case of methanol.
Experimental

A single-focussing Nuclide 12-inch 90-degree mass specirometer
equipped with a 5-electrode RPD gun, was employed3. TIonization efficiency
curves were obtained using a multichannel analyzer in the multiscaling
mode to accumulate RPD data automatica11y4.

The CDBOH was obtained from Merck, Sharp and Dohme Ltd. of Canada. It
had a stated isotopic purity of 99 atom # D, and was used without further
purification.

Results

A reasonable set of primary and secondary reactions for the dissocia-
tion of CD,0H" is given in Fig.1. This scheme is based on that proposed
by Friedman et al.5 and the experimental data of Beynon et al. . Approxi-

mate values for the activation energies E for the primary reactions P1

to P6 and the secondary reactions S1, S2,agz and S7 were obtained by taking
the difference between the measured appearance potentials of the product
ions and the ionization potential of CD3OH+(‘IO. 98 * 0.07 eV). Other values
for Eact were estimated from thermochemical considerations.

Typical ionization efficiency curves obtained in the present study are
shown in Fig.2. The electron energy scale was calibrated using krypton.
The slope of the parent ion curve for CD30H+, like that for CH30H+, de-
creases above about 14.5 eV1. This indicates some deviation from the ideal
threshold law. The curve for CDOH' has been corrected for the presence of
an isotopic impurity.

Lifshitz et al.7 have also used the RPD technique to measure the
appearance potentials of CD}OH+, CD2OH+ and cDOt from CD3OH+. Their
results are in good agreement with ours.

Second derivatives of all the ionization efficiency curves were used
to construct the histogram-like breakdown scheme shown in Fig. 3.

Discussion

According to Fig.3, the loss of a methyl-D from CD30H+ occurs far more

rapidly than the loss of the hydroxyl-H. This observation is supported

by theseeeersnroonns el /2
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ION CURRENT({ARB. UNITS)

REACTION Epce (V)

L CDyoH’ ———— D, 0°H + D 0.06
P2 ——e C0,0° . 1.52
P3 —— CDO'H D, 1.92
Pa — 0,07 . HD 1.32
P5 — 0" . OH 3.26
ps — o, Hoo 3.9
51 €0,0'H ——« c00' 4 KD 20
2 —_— c’H o, 1.4
53 —— 00" e 5.4
54 €0,0°  ——— C00° 4 D, 2.0
55 — 0" .2 5.4
56 €00’ ——— cDt’ H 3.4
st —~ 'k 4D 3.4
58 €p,0' ——e con' 4D 2.7

Fig.1 Reaction mechanism and activation
energies for the unimolecular
decomposition of CD30H+ ions,
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Fig.2 RPD ionization efficiency curves for rons from CD,0OH.
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by the 70 eV mass spectrum of‘CDBOHS, in which the 01)30*/0132011+ ratio is
about 0.03. Consequently, we may reasonably assume that mass 31 in
CH3OH consists of CH20H+ ions.

In terms of the QET, which assumes that fragment ions are formel oter
energy randomization by competitive unimolecular decompositions from the
ground electronic state of the parent ion, reactions in which H is lost
are faster than the corresponding reactions in which D is lost8. As a
result the relative amount of CH2OH+ from CH,OH' should be significantly
larger than that of CDQOH+ from the deuterated molecule, whereas the
amount of CD; from CD30H+ should correspondingly exceed that of CH; from
CH30H+.

Before we can test this prediction in practice, allowance must be
made for subsequent dissociations of the CD.OH' and CD,0" ions. This was

. 2
done as follows: (1) According to the reaction scheme (Fig.1), CD,OH*

yields cD0*, COH' and CD2O+ by reactions S1, S2 and S3, respectiveiy. On
the basis of the activation energies and the assumptions of the QET,

CD20H+ mainly forms CDO* and COH'. <Similarly, CD30+ mainly forms CDO* by
reaction S4. (2) Since reaction S6 yields very little COH' (Fig.3), it
follows in the same way that reaction S7 forms a negligible amount of CDOY.
(3) The shapes of the breakdown curves for masses 32 and 30 suggest that
reaction S8 forms very little CDO" in this region.

In view of the above considerations, we may assume that c¢po* and cod*
are formed exclusively by reactions S1, S2 and S4. Conseqguently, we have
added our breakdown curves in Fig.3 for CD30+ and CD20H+ (analogous to
mass 371 in CHBOH), and CDOY and coH' (analogous to mass 29 in CHBOH) to
give the composite curves for CD30H+ and CH3OH+ in Fig. 4.

Fig.4 shows that the total relative abundance of CH2OH+ from CH30H+ is
roughly the same as that of CD20H+ from CD30H+. Similarly, the abundances
of CH; and CD; are approximately equal. This result is at variance with
the prediction made earlier on the basis of the QET.

To place these results on a sounder footing we have used the QLT to
calculate a breakdown pattern for CD3OH+. The assumed reaction scheme
(Fig. 1) is more comprehensive than those previously employeds'9 becauce
consecutive competing reactions have been included. Rate constants for the
various decomposition processes in this scheme have been calculated from
the equations developed by Haarhoff1o for the accurate enumeration of the
density of states. Activated complex configurations for each primary
reaction were chosen by changing the frequencies of the parent molecule ion
(assumed identical to those of the neutral molecu1e11) so as to reflect the

loose, semi-rigid or rigid character of the complex12.

Schematic diagrams
of the configurations used for reactions P1 to F4, and the corresponding
rates as a function of internal energy are given in Fig.5. Thus, it may be
seen for example that although reactions P2 and P3 have higher activation
energies than reaction P4, their rates overtake that of reaction P4 since
they proceed via looser complexes, and they become dominant at higher
energies.

The relative intensities of all the ions given in Fig.1, 10—6 seconds
after ionization, are shown in Fig.6 as a function of the intermal energy

..... ceeeaed/3
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of the molecular ion.
9
for C
iy

reaction scheme originally proposed by Friedman et al.5

This result agrees essentially with that given by
OH', whose calculations were based on the simpler
On the whole,
qualitative features are reproduced guite accurately by the calculated

Davis and Long

curves but two striking differences between the theoretical and experimen-
tal intensities should be notedg.

In the first place, despite the choice of an extremely loose complex
for the formation of CD; by reaction P5, the theoretical curve is about
two orders of magnitude smaller than the experimental curve. This result
provides additional evidence that CD; is not formed by a competitive uni-
molecular process from the ground state of the CD3OH+ ion. In a molecule
of this size, it may well be that the number of energy level crossings is
insufficient to ensure complete energy randomization.

The second noteworthy point concerns the secondary decomposition of
CD,OH" to form CDO™. the

abundance of mass 30 rises very rapidly between 3 and 4 eV of intermal

According to the theoretical calculations,

energy and is one to two orders of magnitude larger than the observed

abundance. At higher values the discrepancy reduces to about a factor of
Since CD20H+
with no excess energy,

available to CD2OH+ for further decomposition.

two. is formed along with a neutral D atom from the parent
all of the excess internal energy in the system is
Thus,

of the QET the curve for mass 33 should rapidly decrease to zero at the

within the framework
onset for mass 30. The fact that our experimental curves do not exhibit
this behaviour again suggests that the randomization of energy in the
0020H+ ion is incomplete.

We wish to thank Dr. D.M. Kemp and Dr.
and Miss J.F,

P.C., Haarhoff for their
interest and advice, Brown for technical assistance.
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ON THE IMPROVEMENT OF APPEARANCE PQTENTIAL

MEASUREMENTS BY NUMERICAL ANALYSIS1

by

B. G. Giessner2 and G. G. Melsels
Chemical Physics Program
Department of Chemistry
University of Houston
Houston, Texas 77004

ABSTRACT

The deconvolution of hypothetical and experimental ionization efficiency curves by
the energy distribution difference (EDD) technique and by Fourler Transforms was exa-
wined. The EDD method was found to be capable of removing the contribution from the high
energy tail of the electron energy distribution, but did not lead to appreclable improve-
ment in the resolution of fine structure for conventional electron guns which also
suffer from energy broadening factors other than filament temperature.

The Fourler Transform approach was found to be relatively insensitive to the de-
tails of the electron energy distribution, but highly dependent on noise. A simple
smoothing procedure based on a three-point least squares polynomial was found to make
possible the recovery of fine structure. Deconvolution of the experimental Xenon ioniza-
tion efficiency curve could be achieved with a nominal width at half height of the quasi-
electron energy distribution of ca. 0.17 eV as judged from the width of the line corres-
ponding to the 6d autoionizing level.

INTRODUCTION

Ionization efficiency curves determined experimentally by the use of conventional
electron guns lend themselves to the extraction of ionlzation and appearance potentials
only with difficulty because of the super position of the broad electron energy distri-
bution, typically.with a width at half height of about 1 eV, on the ionization cross
section function “. Precise knowledge of ionizationAagd appearance potentials can b
achieved experimentally by employing photoionization ’~ or energy selected electrons
The adaptations of these methods to conventional mass spectrometers requires considerable
expertise and is sometimes forbidding when the instrument must serve a multiplicity of
purposes. It is therefore desirable to remove some of the electron energy spread by
electronic or numerical-mathematical analysis of ionization efficiency data when modified
commeré¢ial instruments are employed for appearance potential determinations.

We have recently described a method by which the first.,and second differential
ionization efficlencies of molecules can be measured easily. At the same time, electron
energy distrigutions were measured and shown to have a width at half height of approxi-
mately 0.6 eV . Both determinations were made without mechanical modifications or entry
into the ion source regions. While these techniques permitted the unique assessment of
appearance potentials, the broad energy distribution made onset and structure in the
ionization efficiency difficult to assess. We have therefore examined analytical methods
to effect better energy resolution.

Two methods have been proposed to achieve the removal of the electron energy dis-
tribution from the observed ionization efficiency curve. Historically, the first is that
of Morrison” who used a Fourier Transform method and estimatedlslectron energy distribu-
tions. The second, proposed by Winters, Collins and Courchene™ , is based on an analysis
of energy distribution of the iiTiZiﬂg electron beam, which is assumed to be of the sim-
ple quiﬁi—Maxwell-Boltzman type ~. This method is similar to an interpretision by
Marmet™ of the retarding potential difference (RPD) method of Fox ef. al.” .

The first method has been employed only sparingly in the past™ , even though it
achieved a considegable improvement in a nominal resolution, about comparable to velocity
selected electrons’. The second method has been used more frequently, byt has led to
discrepancies in the assignment of transition probabilities of acetylen and to ioniza-
tion efficiency curves not in agreement with known spectroscopic levels

It appears at this time that the Fourier Transform method, which is clearly
superior in principle, has not found wide acceptance while the simpler Energy Distribu-
tion Difference (EDD) method ~ is suspect because of possible oversimplication. We have
therefore compared these deconvolution techniques using two approaches. The first con-
sisted of the synthesis of simulated fonization efficiency curves from an assumed cross
section function and assumed electron energy distributions both of which were of the
types one might find experimentally. This was followed by deconvoluting the first deri-
vative of these curves by both techniques. At the same time, noise and the effects of
deconvolution by distribution functions of incorrect shape or width were assessed. The
second approach applied the two techniques to the experimental derivative ionization
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efficiency curve of Xenon. The first derivative was chosen because it displays structure
more clearly.

EXPERTMENTAL

The first differential ionization efficiency curve of Xenon was determined directly
using modulation of the electron energy at 20 Hz with an amplityde of 70 millivolts, and
synchronous detection of the ion current as described elsewhere . The electron energy
distribution was measured similarly by modulation of the electron energy and synchronous
detection of the tgap current, using a retarding potential between electron collector and
ionization chamber ™.

RESULTS

1. Hypothetical Case.

a. Idealized ionization efficiency curve. The assumed ionization efficiency
curve and its derivative are shown in Figure 1. The energy scale 1s expressed in units
of kT because this unit automatically allows an assessment of energy resolution as a
function of filament temperature. The 1ldealized curve has a linear threshold (represen-
tative of direct ionization) followed by a step (autoionization) at 1.5 kT abovey Sgkiond
linear portion begins 4.0 kT above thresheld, with a slope of 1.5 that of the preceding
linear section. The first derivative of this function was obtained by a numerical method
which calculates the derivative of x, of the Lagrangian interpolation polynomial of
degree 2 relative to the three succeSsive points i-1, i, and i+l. It shows two steps of
relative heights 1.0 and 0.5, and a delta function centered at 1.5 kT units above the
first step. At a typical filament temperature of 1730°K, one kT unit corresponds to ca.
0.15 eV, so that the spacing for such conditions would be 0,22 eV between onset and the
step function, and 0.60 eV between onset and the second linear portion. The differen-
tiation procedure introduces a slight amount of smoothing and therefore broadening in-
creasing width at half height from 0.1 kT to 0.2 kT units.

b. Electron energy distribution. The EDD approach is based on a mathematical
analysis of the quasi-Boltzman distribution of the form E exp(~E/kT) (Figure 2). However,
this function is a poor approximation of the experimentally measured distributi9n
(points of Figure 2),largely as a result of potential drop across the filament™ . Tt is
readily possible to improve the approximation by allowing for this effect. An acceptable
fit is obtailned when broadening is taken to be the result of a uniform 4 kT potential
drop (Figure 2, Curve b). Both distributions were used in the calculations.

The hypothetical ionization efficiency curve and the electron energy distribution
were folded into each other by a point-to-point numerical multiplication and summation
technique at 0.1 kT intervals. The first differential of this curve was again taken
numerically as above.

c. Deconvolution by the Energy Distribution Difference (EDD) method. The EDD
method employs a simple subtraction of a fraction b of the ion current observed at an
electron energy higher by a constant increment than that at which subtraction occurs.

For a synthetlec curve using the pure quasi-Boltzman distribution, 0.67 kT (ca. 0.1 eV at
1730°) was used as the constant increment while the factor b was varied until the optimum
fine structure was obtained. As predicted by the simple analysis of Winters, Collins,
and Courchene™ -, the value of b best suitable for this purpose was found to be 0.67 and
the resultant curve is shown in Figure 3, curve b. The existence of the delta function
in the first derivative at 1.5 kT above threshold is discernible, but it is not com-
pletely resolved from the first step function. The second step function 1s clearly vi-
sible. The.delta function can be resclved entirely when the energy spacings between the
processes are increased, and shows a width of kT at half height.

The capability of the method can be assessed more directly by using it to deconvo-
lute the electron energy distribution itiglf, that is, by calculating the quasi-distribu-
tion which is achieved by this technique™™. This approach alsc yields a pseudo~distribu-
tion of width kT at half height, and with essentially no high energy tail (Figure 4.).
However, when the EDD method is applied to a broadened electron energy distribution
(curve ¢, Figure 2) which represents our experimental distribution more realistically, a
pseudo-distribution results (Figure 4) which is improved only by ca. 10%, but has its
high energy tail removed. Application of the EDD method to an experimental ionization
efficiency curve will therefore usually reduce the tailing of the ionization efficiency
curve and make the initial break more easily visible, but will not permit an assessment
of fine structure in the curve. Since the EDD method appears incapable of producing a
major improvement in energy resolution under most circumstances, the effect of incorpora-
ting noise on the hypothetical function was not investigated.

d. Deconvolution by Fourier Transform (FT) methods. The,yse of Fourier Trans-
form for the removal of instrument functions was explored by Stokes™, andits applicability
to the deconvolution of ionizigion efficiency curves has been demonstrated by Morrison .
It was also employed by Moore™ '. It is based on the representation of the ionization
efficiency curve and the electron energy distribution by transforms whose meaningful
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numbers of real and imaginary terms are equal to those available in the original func-
tions. The descriptions are exact when the numerical methods are handled properly, ani9
the inverse transforms recover the original curves without error. 'When FT methodology

is employed for deconvolution, small numerical errors are introduced by the division of
two small numbers, as pointed out by Morrison”; this is a serious complication only for
the higher terms of the expansion, and following Morrison's suggestion we have compared
the normalized moduli and reduced the values for the first derivative ionization effi-
clency function to those of the instrument function where the former was greater. When
the inverse transform corresponding to the deconvoluted curve,is obtained, the result is
considered to be in error when the Imaginary part exceeds 10 ~ of the real one; this con-
dition was always fulfilled in our calculations. When the correct functions are employed
for deconvolution, the original hypothetical ionization efficlency curve 1s recovered
exactly and without artifacts, and is indistinguishable from Figure 1b. It is immaterial
whether the quasi-Boltzman distribution on the broadened quasi-experimental function is
employed.

The addition of rectangular, random noise of 0.5% peak to peak intensity to the
hypothetical first derivative ionization efficiency curve made the deconvoluted results
extremely nolsy (Filgure 5, open circles). However, integration produced an ionization
efficiency curve in which the structure was considerably sharpened over the original.

A vast lmprovement in the appearance of the deconvoluted derivative curve could be
obtained by the following technique. The nolse first derivative curve convoluted with
the instrument function is smoothed by evaluating y, at x, as the least squares poly~
nomial of degree one relevant to the three successive points, i-1, i, and i+1. The
smoothed curve is deconvoluted, the result is integrated and smoothed agaln by the same
method. The differential of this function is also shown in Figure 5 (filled circles) and
it is clear that the original structure is well recovered and the noise reduced to a
level no longer forbidding the use of the first derivative. This smoothing procedure in-
troduces some broadening and therefore loss of resolution as demonstrated by 1ts applica-
tion to a noiseless function (Figure 6, curve a), which increases the width at half
height of the delta function from 0.2 to somewhat more than 0.3 kT. This unremovable
broadening, which corresponds to ca. 0.05 eV under typical operating conditions, can be
reduced by a high point density but is only a small sacrifice for the improvement.

When deconvelution of curve a in Figure 3 is attempted by a quasi-Maxwellian dis-
tribution arbitrarily cut off by linear extrapolation of the steeply descending high
energy portion, only minor oscillation about the horizontal portions, not exceeding 10%
of their values, are observed. When noise 1s also added the truncation of the higher
energy terms becomes totally lost and the result is indistinguishable from curve b of
Figure 5. When a distribution of correct shape (i.e. quasi-Boltzman) but with excessive
width is employed, the location of the delta function is not affected (Figure 6, curve b)
but the steps of the first derivative ionization efficiency curve show appreciable nega-
tive curvature. When a quasi-Boltzman distribution of reduced width at half height (cor-
responding to a lower temperature) is employed, significant upward curvature of the sec-
tions which should be horizontal results. Howecver, even an underestimate of the width by
60% does not obscure structure and still permits the assessment of thresholds.

The combined effects of incorrect function shape and nolse were also investigated.
The scatter resulting from the noise substantially obscures the effect of using the in-
correct function even when the width of the latter is underestimated by as much as 25%.

2. Deconvolution of the Experimental Xenon Curve.

a. By the EDD method. The experimental first differential lonization effi-
clency curve of Xenon (Figure 8) shows sharpening of a step-function when the EDD tech-
nique is applied. In the integral form (ionization efficlency curve), this would corres-
pond to a "break' at ca. 0.6 eV above threshold. In view of the multiplicity of autoio-
nizing states between onsets of the 2P3 2 and“Py/, states of Xenon such a simplicity of
behavior is suspect of being an artifacé. Experimental evaluations using velocity selec-
ted electrons do not show such behavior, but indicate the presence of autolonization at
energies approximately corresponding to known states22, This observation confirms the
earlier comment that, for a real electron energy distribution, the EDD method serves pri-
marily to reduce the high energy taill of the quasi-distribution.

b. By the Fourier Transform method. One difficulty in the application of the
FT method 1s the choice of the instrument function. Whereas the method 1s not particu-
larly sensitive to the form of the electron energy distribution, the improvement in reso-
lution deterlorates substantially when incorrect instrument functions are employed. This
is a rather critical factor for Xenon since the energy separation of the onset of direct
ionization and the first autoionizing state is small, and_the higher autoicnizing states
become denser and eventually converge on the onset of the“Pj;; state. Previous investi-
gators have used either an assumed function9, or taken the axis-reversed second differen-
tial ignization efficiency of helium to be representative of the electron energy distri-
bution”’ Unfortunately, the electron energy distribution in most conventional instru-
ments 1is dependent on the nominal electron energy-. We have therefore made experimental
measurements of the distribution at several electron energies (typical examples are shown
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in Figure 8), and used those at nominal energies of 12,13, and 14 eV for deconvalution.

Considerable structure in the first derivative curve is apparent no matter which
distribution function is employed, and the delta functions at approximately 0.3V and 0.7V
above the steepest portion of the initial rise are easily recognizable. The result of a
deconvolution using the 13 eV distribution is shown in Figure 9. The positions of some
of the known states are drawn in for comparison. The first peak ascribable to the 6d
autoionizing state is resolved from the intital stepfunction increase only by a small and
almost indiscernible shoulder. It is not present when the deconvolution employs the
other electron energy distributions, which also do not lead to the essentially horizontal
portion at the highest energies. The effective width at half height of the quasi-distri-~
bution achievable by FT analysis can be assessed from the shape of the line coinciding
with the spacing of the 6d autoionizing level, and is approximately 0.17 eV. This reso-~
lution 1s about equivalent to that obtainable by the RPD method and that of the EDD
method when temperature is the only factor causing electron energy broadening. The
Fourier Transform deconvolution is considerably superior and less equivocal than the EDD
approach for conventional instruments where the simple quasi-Boltzman distribution does
not suffice to describe the instrument function.
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"Threshold Electron Impact Excitation of CO, Ar, Kr and Xe"
C.E. Brion and L.A.R, Olsen
Department of Chemistry,
University of British Columbia,

Vancouver 8, B.C., Canada.

The work described in this paper has now been published (1,2,3).
(1) C.E. Brion and L.A.R, Olsen, Phys. Rev. 187, 111 (1969).
(2) C.E. Brion and L.A,R. Olsen, J. Chem. Phys. 52, 2163 (1970).
(3) C.E. Brion and L,A.R. Olsen, in press, J. Physics (B), (Proc. Phys. Soc.)

(1970).
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§7
ELECTRON ATTACHMENT TO MOLECULES :
F. C. Fehsenfeld and D. B. Dunkin
Envirommental Science Services Administration
Aeronomy Laboratory
Boulder, Colorado 80302

The flowing afterglow technique is being used to study the attachment of low energy
electrons to a variety of molecules. The present research is concerned with effective
electron scavengers, molecules which rapidly attach.electrons in a quasi-binary fashion
to form negative ions which are stable against detachment. Apart from the practical
aspects, this research provides new information concerning low energy electron inter-
actions with various molecular structures. The experimental arrangement used to study
these processes will be described and several attachment rates including that of electrons
to SF6’ Cqu, CF31, CEFSCl’ NO2,and O3 will be reported. Also the temperature dependence
of these rates, the temperature dependence of the attachment channels and the pressure
dependence of the reactions will be discussed. For example it is found that electrons
attach to SFg with a rate constent of 2.2 x 1077 cm3/sec. This rate is independent of
pressure and temperature in the range studied. At 2730 the principal negative ion is SF6_
with the relative concentration of SFS- less than one part in 10 while at h73°K the SFS-

signal has increased to four parts in one hundred of the SF6_ signal.
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THERMODYNAMICS OF NEGATIVE IONS USING A FLAME ION SOURCE* S

Rudolf R. Burke, David E. Jensen and William J. Miller

AeroChem Research Laboratories, Inc.
Sybron Corporation
Princeton, New Jersey

This paper summarizes the results of a series of negative ion studies which have
led to the determination of the electron affinities of a number of metallic oxides and
hydroxides stable at high temperatures. Specifically, the negative ions formed upon the
addition to K-seeded H,/0,/N, flames, of boron,''? molybdenum,? tungsten,*% chromium
and vanadium compounds have been examined and equilibrium constants derived in those
cases for which the necessary supplementary thermodynamics of neutral species are
available. This information is not presently available for chromium and vanadium; there-
fore, the complete interpretation of the data obtained for these additives is impossible.

The flames employed in this study are fuel rich Hp/O,/N, flames having tempera-
tures between 1815 and 2475K. These flames have been extensively studied over aperiod
of years and are now very well characterized. The burner is shown in Fig. 1. It pro-
vides for an annular shield flame surrounding the inner test flame. Both parts of the
flame are fed the same fuel gas mixture, producing a well-defined, high temperature, iso-
thermal test stream with no cool boundaries. Ionization in these flames is provided by
the addition of alkali metal salts from an atomizer. This apparatus can also be used to
supply the metals being studied in the form of water soluble salts; more commonly, how-
ever, the metallic additives are introduced into the unburned gas stream as volatile fluo-
rides or carbonyls.

Electron concentrations are measured via a microwave resonant cavity technique;
the cavity surrounds the flame as indicated in Fig. 1. Details of this technique are given
in Ref. 6. Other experimental procedures include mass spectrometry for ion identifica-
tion and relative ion concentration determination, electrostatic probes for absolute ion
concentration determinations,! and optical spectroscopic methods (both absorption and
emission) for measurements of neutral metal atom concentrations.

The mass spectrometric apparatus is shown in Fig. 2. Ions are sampled through
a 0.05 mm diameter hole in the tip of a stainless steel cone mounted on a water-cooled
plate. When sampling metal-containing flames, it is necessary to allow the tip of the
sampling cone to become hot enough to preclude condensation of refractory oxides. The
cones were therefore made of stainless steel (a poor conductor) and angles chosen such
that a compromise was achieved between the smallest possible outside angle ( to mini-
mize flame disturbance) and the largest possible inside angle (to maximize pumping) con-
sistent with the heating requirements described above. Typical successfully employed
cones had internal and external cone half-angles of 42° and 47°, respectively.

In order to illustrate the experimental techniques and data interpretation, the
negative ion results obtained for molybdenum additives are here summarized; a full
account of this work is given in Ref. 3. Typical effects of addition of molybdenum to
flames containing potassium are illustrated in Fig. 3. Clearly both electron attachment
and potassium-molybdenum compound formation are occurring., Plots of[n.] vs. [Mo],
([n-] = total negative ion concentration, [Mo]¢ = total molybdenum in all forms in the
flame) are straight lines of gradient 1,0, as are similar plots of individual negative ions.
Two groups of negative ions were observed at masses 140-148 and 157-165 and were
identified as MoO;~ and HMoO, , respectively, The hydrogen content of the ions was fur-
ther confirmed by substituting D, for H, as fuel.

From available neutral species thermochemistry’ it was computed that the domi-
nant Mo-containing species is H,MoQO,. It is therefore reasonable to conclude that

*
Work sponsored by the Office of Naval Research under Contract Nonr 3809(00).
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attachment takes place via

e” + HyMoO, = HMoO,~ + H (1)
followed by

HMoO, + H = Mo0O;~ + H,0 (2)

Whether or not these are the dominant elementary reactions, there is sufficient data to
demonstrate thatthese reactions are equilibrated, From the measured ratios of ion con-
centrations and known flame gas compositions one may calculate equilibrium constants
(Kj) for reactions (1) and (2). These in turn, combined with thermochemical data for the
neutral molybdenum species permit calculation of the electron affinities for the ions
observed. These calculations are performed using both 2nd and 3rd Law assumptions;
one test of the postulated reaction mechanisms and the assumption of equilibrium is a
comparison of the 2nd and 3rd Law values obtained. An alternative procedure involves
adding chlorine to the flame simultaneously with molybdenum. Then, by comparing the
relative concentrations of Cl~ and Mo-containing ions, K; and K, may be derived by com-
parison with the known equilibrium constant for C1~ formation.

Analogous studies of the other metals cited above have produced thermochemical
data for the electron attachment and ion-molecule reactions listed in Table I, Derived
electron affinities are given in Table II. The values of the equilibrium constants govern-
ing formation of BO; , MoO;”, WO; , HMoO,; , and HWO,  illustrate the high stabilities
of these ions; boron, molybdenum and tungsten are all more electrophilic in these flames
than chlorine. Comparison of equilibrium constants for compound formation shows that
these additives also form compounds with potassium more stable than KCI under flame
conditions,

Further confirmation of the quantitative interpretation of these results and
improvement of the precision of the recommended enthalpy changes must await accurate
determination of the molecular parameters of the species involved. It should also be
noted that at this time the interpretation of the chromium and vanadium results is
extremely uncertain. The reactions for these two metals have therefore not beenincluded
in Table I. There is not yet sufficient thermochemical data available on the neutral
species involved even to identify with certainty the oxides and hydroxides present inthese
flames or the reactions responsible for negative ion formation. The ions observed
include CrO;”, CrO; ", and HCrO;~ in the case of chromium and HVO;3~ and H,VO; from
vanadium, The extent of electron attachment is much smaller for these two metals than
for chlorine or any of the metals cited in Table I.

TABLE I. EQUILIBRIUM CONSTANTS AND ENTHALPY CHANGES
FOR FORMATION OF NEGATIVE IONS AND COMPQUNDS

. AHY
Reaction Equilibrium Constant  (kJ mole™) Reference
HCl + e~ = Cl° + H 180 exp(-7600/T) +74 8
HBO,+ e~ = BO,"+ H 1500 exp(-10000/T) +94 +20 1
H,Mo00O; +e~ = HMoO,” +H 24 exp(500/T) +50 £40 3
H,WO, +e” = HWO,” +H 25 exp(1300/T) +40 £40 4
HMoO;~™ + H = MoO; + H,O 0.85 exp(10400/T) -60 £40 3
HWO,™ + H = WO,~ + H,O 0.87 exp(5700/T) -22 *£40 4
K + HCl = KClI + H 10.3exp(-2100/T) + 6 8
K + HBO, = KBO, + H 37 exp(-2500/T) + 8 %20 1
K + H;MoO; = KHMoOs+ H 3.6 exp(3500/T) -46 £40 3
K+ H,WO, = KHWO, +H 4.0 exp(2900/T) -40 +40 4

AHg is the standard enthalpy change at 0 K. Reactions of chlorine-containing
species are included for purposes of comparison.
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TABLE II. ELECTRON AFFINITIES

Electron Affinity

lon (kJ mole™) Reference
Cl1- 280 8
BO,” Y393 %20 1,2
BO~ > 240 2
HMoO, ™ 410%* 3
MOy~ 249 %50 3
HWO," 400% 4
WO, "~ 304 =50 4

Error limits not given due to uncertainties
in H—O bond dissociation values.
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Electron Attachment in Substituted Aromatic Hydrocarbonst # S10
W. T. Naff¥ and R. N. Compton
Oak Ridge National Leboratory, Oak Ridge, Tennessee 37830
and
C. D. Cooper
University of Georgia, Athens, Georgla 30601

Attachment of slow (0 - 5 ev) electrons to a number of aramatic species has been
studied in a TOF mass spectrometer using an automatic R.P.D. electron beam with reso-
lutions of ~ 0.1 eV. Autodetachment lifetimes were measured for parent ions formed by
two-body attachment of thermal (~ 0.03 eV) electrons to the following molecules (1ife-~
times in psec are given in parentheses): CGFSCl (17.6), C6F5]3r (21), C6F5CN an,
CgF<CHO (36), CGH5CN (~5), C6H5N02 (17.5), C6D5N02 (22), m-c6115cmo2 (47), end perflu-
oronapthalene (123). The highly fluorinated ions had lifetimes exhibiting a systematic
Increase wlth the number of vibrational degrees of freedom consistent with the trend
observed in our previous study of cyclic fluorocarbons. The value of 17.5 psec for the
nitrobenzene lifetime is a correction of a previously reported value of 40 psec. Sta-
balization effects are presumed responsible for the previous erroneous measurement. The
measured increase of lifetime with deuteration 1s in qualitative agreement with the
theory of long-lived negative ion lifetimes [1]. The vibrational density of states of
the ion 1s expected to be increased by deuteration since heavier vibrators have more
closely spaced vibrational levels.

Cl7, Br', and I~ were formed from c6F5x (X = c1, Br, I) along with c6F5' at inci-
-dent electron energles below 0.1 eV, Current ratios for X to C6F5 were found to be
approximately 100/1, 3/1, end 1/30 respectively. No nondissociative attachment vas ob-
served for 06F5I. Parent and fragment ion production in C6F5Cl and C6F5Br overlapped
in the energy region around 0.05 eV within the limits of our resolution with parent
currents having ., 1/20%h the intensity of fragment current. A thorough investigation
showed that measurable dissocilation occurred in < 1 psec. Parent lons living more than
one microsecond decayed only through autodetachment. These results indlcated that elther
dissoclation occurs from a resonant state different from the long-lived state, or that
autodetachment with a long lifetime occurs when the incident electron energy is below
the threshold for dissoclation. The former possibility requires that the long-lived
state does not have the correct assymptotic form for dissociation. The latter assump-
tion would indicate that dissoclatlion occurred with a dominating rate when energetically
allowed, with our apparatus unable to differentlate between energies for which dissocia-
tion was allowed and those for which autodetachment was the only open channel.

Mono-chlorination of nitrobenzene essentially doubled the autodetachment lifetime
end added a new mode of dissoclation. C1° and N02- ion currents from m-chloronitro-
benzene showed almost ildentlcal energy dependences with peaks at ~ 1 eV and ~ 3.5 eV
corresponding closely to the energy dependence of NOQ- dissoclation from nitrobenzene.
This was taken as evidence that the C1 and NO2 lon currents result from unimolecular
dissoclation of the same 1Intermediate negative lon state with the 1Incident electron in a
n-electronic orbital. Todine substitution in nitrobenzene had the effect of elimination
of long-lived parent ion formation with dissoclative attachment producing I” dominating

at thermal electron energy.
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#A manuscript on the sbove work is in preparation to be submitted to the Journal of
Chemical Physics. ) ’

*
Oak Rldge Graduate Fellow, University of Georgla, under appointment from the Oak Ridge
Associated Universities. .

B443



St

Mass Identification of Negative Ions Formed in Electron Swarm Experimentst#

R. N. Compton, D. R. Nelson and P. W. Reinhardt

Health Physics Division, Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

An apparatus has been constructed to mass-identify negative ions formed in high
pressure (~ 1 torr) electron swarm experiments. Electrons are produced at a plane
parallel cathode by photoemission from a palladium film. The photoelectrons make many
collisions with the gas as they drift toward a positively biased anode located a few
centimeters from the cathode. The negative ions formed from primary attachment or sec-
ondary collisions (stabilization of virtual ions, ion-molecule reactions, etc.) are mass
analyzed with a quadrupole mass spectrometer after they exit through a 5 mil hole bored
in the anode. A study of negative lons formed in pure SFg showed SF6‘ to be the dominate
ion at low values of the electric field to pressure ratio, E/P. The SF6_ ion signal
decreases with increasing E/? as expected for an attachment cross section which in-
creases with decreasing electron energy. The SF " ion is observed to have a peak coin-

5

cident with the SF6' ion at thermal energies and at room temperature SF

5

mately 4% as intense as the primary SFG- ion. This is in good agreement with the recent

is approxi-

temperature dependence studies of Chen and Chantry (1] where production of SF5- at
thermal energies is shown to be due to dissociative attachment to vibrationally excited

SFg. The current of SF5_ exhibits a second more intense peak at E/P . 100 v/cm/torr

where SF5- and SF6- are approximately equally abundant. F first appears at an E/P of

~ 40 v/em/torr and increases rapidly with increasing E/P and becomes the dominate ion
for E/? > 500 V/Em/%orr. Under pre-ionization and actual discharge conditions the SF7-

ion is observed to be of comparable intensity to that of SF6- and SF Part, or all,

- 5
of this current may result from the clustering of SF6 to F 1lons. Beginning at an E/T
of ~ 400 v/em/torr weak signals of F,

Studies of attachment of electrons to SF6 using CO,

" and SFM- are found to appear.
> 8s & carrier gas (CO2 plus 1
prm SF6) show that SF6- increases with decreasing E/P and is about 25 times more abundant
than SF5—. The SF6_ signal is approximately constant below E/P = 1 v/cm/torr and de-
creases rapidly to about one fifth this constant value at E/P = 3 v/em/torr. An analy-
sis of the dependence of the SF6_ current with E/E together with knowledge of the elec-
tron energy distributions in Cog,indicate that the energy half-width of the SF6 cross

section is less than 0.025 eV.

Reference

[1] C. L. Chen and P. J. Chantry, Temperature Dependence of s_F6', s_135' and F~ Produc-

tion from §§6, Book of Abstracts, 22“d Gaseous Electronics Conference, p. 39.

tResearch sponsored by the U.S. Atomic Energy Commission under contract with Union

Carbide Corporation.

#A manuscript on the above work is in preparation to be submitted to the Journal of

Chemical Physics.
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COMPUTERIZED PHOTOPLATE DATA REDUCTION

By

G. Lauer, R. A, Meyer and R. S. Carpenter

Science Center, North American Rockwell Corporation
Thousand Oaks, Californiea

We have designed a system to automatically locate and integrate the lines on a spark
source mass spectrometer photoplate.

The major criterion for this development was the reduction of operator time to a
minimum consistent with a fiscal limitation to equipment at hand. We selected the concept
of continuous incremental density recording on magnetic tape followed by subsequent
computer processing.

DATA ACQUISITION

We continuously translate the photoplate and take 150,000 incremental densities from
the 15 inch plate in 75 seconds. Our resolution is 2.5p which seems adequate for spark
source work.

The output from the photomultiplier of the microdensitometer is fed into an
operational amplifier for impedance matching and then over LD feet of coaxial cable to
the sample and hold amplifier of the PDP/8 computer system.

The PDP/8 has YK of core, a 32K disk, and a 12.5 ips magnetic tape. A Tektronix 611
storage display unit and normal input-output hardware complete the system.

During the continuous translation of the photoplate, a clock within the computer
generates an interrupt signal every 450usec. This causes the instantaneous analog
voltage, which is a measure of photoplate transmission, to be sampled, digitized, and
stored sequentially in one of two 512 word buffers in core memory. When one buffer is
full, its contents are written onto the tape. During the writing the other buffer is
being filled with incoming data. When the particular exposure or desired portion has
been completely scanned, the operator menually signals the computer. This function may
also be performed by a preset limit switch. An end of file mark is then written on the
tape and the typewriter outputs the amount of unused magnetic tape left. Thus, each
exposure becomes one of several files on the tape. A roll of tape holds 6 complete 15
inch scans and requires T} minutes of operator time. The software allows prior identif-
ication of each file through alphanumeric information input as a header. The typing of
an E in response to the question "OPTION” causes entry into the second phase of operation.

DATA REDUCTION

Without further attention, the tape rewinds and the 20 lightest and the 20 darkest
readings in each file are located, averaged, stored, and output as baseline and satur-
ation values. Again the tape rewinds and each file is searched for lines or peaks that
fit 2 set of previously input parameters. Output at this point may be directed to the
typewriter, scope, and/or paper tape punch. The date from the paper tape is re-entered
for mass identification, ion intensity determination, and analytical calculation. This
last phase will be the subject of another presentation,

Once the incremental densities are recorded on magnetic tape, the operator has two
progrems available. Normal usesge is to continue in the automatic mode; type "Y" when
asked "do you want to reduce this data?" and then leave the typewriter to do other work
for about 45 minutes. After this period of time, all lines have been located, their
positions have been determined with fespect to start of the scan, they have been inte-
grated above baseline, and their meximum density and line width have been determined and
recorded. Alternately, the operator may watch the scope and see each selected peak
displayed. He may interrupt the program at any point to make changes, mark anomalous
peaks, change parameters, etc. However, typical operation is in the latter unattended
mode.

An alternate program developed during the evolution of the automatic system allows
much greater operator control. With this progrem a 25,000 data point window is read from
the tape to the disk. Any 512 successive points mey be displayed on the scope, including
a pointer which provides a running reference within the entire file of a particular
exposure., The display may be expanded, integrated, or each transmission value may be
listed. Thus, one is given an opportunity to optimize parameters for automatic peak
location. The entire window may be displayed block by block and the window moved to any
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place on the tape. This mode is used mostly for demonstration purposes.

The automatic mode starts with location and storage of the lightest and darkest
portions of the file or scan. The tape is rewound and & 25,000 point window read onto the
disk. Header information is output and peak is searching initiated. The entire peak
location algorithm is based on the arithmatic difference between one incremental density
date point and its immediate successor. This difference we choose to call SLOPE. Thus,
if SLOPE is large and positive, we are on the upslope part of a peak; if small, we are in
an area of constant intensity; and if large and negative, the line is moving off the
densitometer slit. In the search mode, each successive SLOPE value is compared to a
parameter called forward slope. This is the minimum slope consistent with start of a
normal peak. If the SLOPE is greater than forward slope, an upslope counter is started.

A preset number of such successive SLOPE causes branching into the upslope mode. Any
single SLOPE not meeting the forward SLOPE test during the counting causes the counter to
reset the counter to zero. When the upslope test has been satisfied, the location of the
peak start is stored and the program branches to upslope. Here each successive slope is
now compared in two ways: 1is it zero or negative or is it positive and less than shoulder
slope. This allows the algorithm to differentiate between the top of a peak and a
shoulder or incompletely resolved line. Identification of n SLOPES meeting the shoulder
parameters causes a flag to be set and resumption of the repid upward path indicated by
slope greater than forward slope triggers peak end. The "peek" is intergrated above base-
line, its centroid determined, maximum density and width determined. Then the integral is
compared to the minimum peak integral parameter, its height is compared to minimum height
sbove running background and its width is compared to the maximum unsaturated width. If
the peak passes all these tests, its values are output and it is displayed on the oscillo-
scope. The integration limits are indicated Dy dotted lines and the centroid by a solid
line. Running background is displayed as a horizontal line. 100 points are displayed

on each side of the peak. The location of n SLOPES less than shoulder slope, trigger the
peek end routine and causes output subject to the same peek end tests. The upslope mode
mey also be terminated by n SLOPES having a greater negative value than the downslope
parameter. Analogous shoulder tests are applied in the downslope mode. Downslope is
terminated by location of n SLOPES having a less negative value than end slope and exits
to peak end mode. From peak end the program re-enters the search mode. During search
mode, the last 25 point window is continuously averaged and called running background.
This value is used in the peek end mode to define acceptable peaks.
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T2
Advantages and Disadvantages of High Resolution.Data Reduction with the Projectina.
PAT HAUG*, DAVID BONNELL, BILL PHILLIPS, JACK RUNYAN and CHUCK BECKER, Department of
Chemistry, Rice University, Houston, Texas 77001

With the acquisition of a Consolidated Electrodynamics Corporation 21-110B high
resolution mass spectrometer, the department has been faced with the problem of effi-
ciently reducing the high resolution data obtained. Without the financial capability of
acquiring an automated microdensitomer and hoping for the interim development of an
on~line, real-time computer system (capable of accurate intensity measurement as well as
mass measurement), we have devoted considerable effort to the development of a routine
system for obtaining complete high resolution mass spectra, The relative advantages
and advances in automated microdensitomer systems and suitable computer acquisition and
reduction systems have already been discussed at considerable length. Peak matching,
although accurate, appeared to be too time consuming and tedious; more significantly it
involved tying up the instrument for considerable periods of time, particularly if a
substantial number of fragments were of interest.

We, therefore, purchased a Bell and Howell projectina. Originally, W. Richter
conceived of the idea of modifying a microscope designed for quality control of yarns.
The instrument is basically a microscope (with x 10 or x 50 magnification) with a large
viewing screen which has a vertical hairline. A 14 inch stage has been attached which
can be moved by a lend screw accurate to 2 p. Unfortunately this only travels 30 mm
before it is necessary to reset it using a calibration line. This does introduce a
certain potential error into large distance measurements which 1s not present with a
longer lead screw., For high precision measurements it is necessary to measure all lines
by proceeding in the same direction, in other words one cannot go past a line and then
go back to it without recalibrating, as a consequence of screw slack. Another minor
disadvantage is that the viewing area is only half the width of the plate. Only half
of the lines may, therefore, be viewed at any one time. This also means that lines
1-15 will have distance increasing with increasing mass and lines 15-30 will have
distance decreasing with increasing mass.

Bell and Howell provide a mass table with the projectina listing masses, com-
positions and R.D. values for combinations of C, H, N, and O from mass 69-500.

Values are based on the fact that

Im_x_ﬁl =dx-dl
E;_'[m_l 4y 4y
d -
X 1

= R,D.
dy =4y

which reduces to one simple division if d1 is chosen as 0. Note that this assumes that
d2 is larger than d1 so that for half of the lines on the plate, an additional sub-
straction is required, We have found that this table was useful for only half of the
compounds we were interested in studying. In several cases (10%) we required data from
m/e 40 - 69; we had several compounds (20%) in excess of m/e 500 and several compounds

(20%) with elements other than C, H, N and O.
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Two programs have been written compatible with the Rice Burroughs 5500 for reducing
data from the projectina, which are modifications of the Baylor Medical High Resolution
system. These are available on request from the auchor* either in written form or on
IBM cards. The first of these RD/KOMP requires that the distance measurements be
punched out on IBM cards. There is a slot for intensity which, however, must be
estimated by the operator. This program generates a data deck and print out with all
the accurate masses. Sometimes the masses are so obviously off at this point that the
student can correct his choice of calibration lines. The accurate masses are then fed
to the second program ELCOMP/ELDRIV which computes the empirical compositions of the
measured masses, the calculated masses, and the error involved.

It is necessary for the calibration masses to be identified and inserted manually.
(The computer cannot do this since visual relative intensity measurements are not
really accurate enough so that the computer could select the calibration lines.)

About ten freshman were utilized in this study with a mortality rate of approxi=~
mately 50%. The first spectrum measured by a student usually required about 25 hours
for reading a plate from mass 40 to mass 600. One nmight assume that the reset procedure
required considerable time, but this averaged only one and one-half minutes/reset with
approximately ten required. The second plate usually required only about 10 hours,
since by then students could find their way around the spectrum. About three hours
were required to punch the 600 data cards and another six hours to get them run through
the two programs. Altogether twenty complete spectra were measured. The average
deviations of mass measurement varied from .0l mass units to .003 mass units depending
on the operator, Three of the same plates were run on the Baylor automated micro-
densitomer and gave an accuracy of .003 mass units. However, only about 50% of the
lines were detected by the thresholding device. Many of the remaining plates were
fogged and could not be run on the automated system. In summary, the advantages of the

projectina over peak matching are:

i
1) There is a permanent record retained which may be referred back to at any time.

We have found it instructive to allow freshman students to determine the
empirical composition of particular ions in some of the high resolution spectra
in an experimental chemistry experiment.

2) The instrument is only tied up during the running of the plate rather than

while the peaks are being matched.

However, it is not felt that the overall time involved in obtaining the measurements is
necessarily shorter.

Advantages of projectina over automated microdensitomer are:

1) Frequently one can work with plates which are cloudy due to poor developing.

2) It is possible to determine accurate masses for very weak (below threshold)

lines which automated systems frequently do not record.

It should be emphasized that one major conclusion, after all of the work of
modifying a program for data reduction, is that the projectina is not really desirable
for complete spectra reduction. Far greater accuracies are possible with far less
frustration if only the dozen or two dozen lines of interest are measured rather than
all lines. The time required for such determinations is not disproportionately less
and accuracy is usually satisfactory.

ACKNOWLEDGEMENT - The mass spectrometer was provided through grants from N.I.H.
and N.S.F. Research was supported by the Petroleum Research Corporation.
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T5

A Computerized Fully Automatic Analytical Mass Spectrometer*

R. W. Crawford, J. W, Frazer and R. K. Stump

Our gas analytical mass spectrometer at the Lawrence Radiation Laboratory is
used to quantitatively analyze a great number of gas samples. In order to save
manpower and increase accuracy, we decided to fully automate the mass spectrometer
by interfacing it to an 18-bit digital computer. I would like to emphasize that this is
not just another data logger, but is a system for taking gas samples, introducing them
at known pressure, analyzing them and putting out data for computation. This
sequence of operations is under computer control and functions completely unattended.

A completely new inlet system was designed and built to replace the original
inlet furnished with the spectrometer. Contained in the inlet are valves and
connectors for running automatically 8 samples and 18 attached standards. There are
2 complete vacuum systems, plus the necessary vacuum gauges and power supplies.

The entire inlet vacuum system is constructed of stainless steel tubing and
valves and is either welded together or connected with high vacuum flanges. All inlet
valves are pneumatically operated and can be used in two ways, manually controlled
by pushbutton or by relays driven by the computer.

An inexpensive pressure transducer is used to monitor the pressure of the
sample in the inlet and give the computer data so it can decide how to expand the gas
into the sample reservoir. An accurate capacitance type pressure transducer is
connected to the sample reservoir and its output read into the computer to give an
accurate measure of the final sample pressure.

Eighteen of the most commonly needed pure gas standards are permanently
attached to the inlet system, Each standard is contained in a stainless steel sphere
with a manual bellows valve. This standard bulb is attached to an air operated
bellows valve with a small variable leak in between the standard and the pneumatic
valve. All standard assemblies are connected to a common manifold.

The electronics of the original instrument have been replaced with the exception
of the ion source control, Some of the new electronics are commercial such as the
electrometer and the accelerating voltage power supply. Others were designed and
built at the laboratory. The magnet regulator presented the greatest design problem
because of the high impedance of the magnet coils. A regulator was built that would
select or scan fields by computer control. The accelerating voltage control was
built to select or sweep voltages on computer command.

During each run the computer reads several signals from the mass spectrometer.
The signals we provide are ion current, accelerating voltage, magnetic field, sample
line pressure and sample reservoir pressure.

The output of the ion current electrometer is transmitted to the computer's
analog bay. Here it is fed into a2 differential amplifier with high common mode
rejection and then through a low pass filter. To obtain the required dynamic range
the signal is conditioned by both a X and X8 amplifier.

As the spectrum is scanned, peak tops are located and measured, mass
calculated and the mass and peak height immediately typed out on a teletype next to
the mass spectrometer. This information is also written on magnetic tape, along
with the spectrum serial number and pressure. When the days run iz complete, the
magnetic tape is taken to the large computation center for off-line processing.
Quantitative results are calculated using a modification of the stepwise regression
program of Tunnicliff and Wadsworth.

To control the mass spectrometer we use a medium sized 18-bit digital data
processor in a time-shared mode. There are 7 instruments using the computer at

the same time. The control program is written in a form of assembly language.

This form of programming is necessary to conserve computer memory space, and time,
since all programs are memory contained and operate in real time.

It is planned to submit this work to Analytical Chemistry for publication.

* Work performed under the auspices of the U. S. Atomic Energy Commission.
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T6
ACQUISITION AND REDUCTION OF HIGH RESOLUTION
MASS SPECTRAL DATA WITH A MULTI-USER TIME~SHARING COMPUTER SYSTEM

William F. Haddon, D. R. Black, and R. H. Flsken

Western Regional Research Laboratory, Agricultural Research Service,
U.S. Department of Agriculture, Albany, California 94710

High resolution mass spectral data acquisition and processing is accomplished in
our laboratory by a direct, real-time interface between a 21-110 spectrometer and an
IEM 1800 process control computer with 32 K of core storage. The computer controls and
acquires data from an X-ray diffraction, an infrared, and two Raman spectrometers in
addition to the mass spectrometer. We have utilized the computer's interrupt and
priority structure to permit simultaneocus and asynchronous operation of the mass
spectrometer, the X-ray diffraction unit, and one of the IR or Raman spectrometers.
The laboratory automation system is also time-shared with off-line batch processing
operations and thus the 1800 serves as a general-purpose computer for our staff of
about 200 scientists. The maximum data acquisition rate for the mass spectrometer is
18.5 KHz and 1s limited by the IBM analog input system. All mass spectral data
processing 1s done on the 1800. Incremental magnetic tape 1s used to store raw and
processed data.

Our choice to digitize the electron multiplier output of the 21-110 was motivated
by the demonstrated superior mass-measuring accuracy for magnetic scans over
alternative photoplate procedures (1) (2) and by the exciting possibility for obtaining
high resolution mass spectral information before removing the sample from the
instrument. These advantages more than compensate for the possible loss in sensitivity
for electrically detected mass spectra compared to photoplate recording (3).

Figure 1 is a diagram of the computer-spectrometer interface. The control console
is of our own design and 1s similar to consoles in the X-ray, IR/Raman, NMR, and EPR
laboratories. Particular program options are initiated by number using a 16-bit
digital input group of toggle switches in conjunction with a 'control entry'" interrupt.
The same toggle switches are used to enter data using a separate 'data entry" interrupt.
General programming details published for the IR/Raman system (4) are similar to those
used for the mass spectrometer. The primary communication device is a Tektronix R564B
storage oscilloscope which can be used to write messages at up to 250 characters per
second or to plot spectra. The CRT driver subroutines are supplied by IBM. A
programmable audible alarm is used to alert the operator to problems detected by the
programs or to signal the end of a mass spectral scan. An intercom permits direct
voice communication with the computer operator. The data acquisition system can also be
operated at the computer, and mass spectrometer programs which require use of the line
printer are usually called from the computer room to avoid interleaving printed data
with that of off-line users. All the mass spectrometer programs are stored on disk.

One of the two tape units on the 1800 is available to the mass spectrometer greater
than 90% of the time for recording or processing data.

The only two changes required on the 21-110 were the addition of an electronic
computer~controlled scanner and a solid-state FET electrometer amplifier (Keithley
Instruments Co. Model 301). An exponential scan from mass 750 to 22 at 100 seconds per
decade has been used for most work at 10 -~ 20,000 resolution. An Anadex Model CF-611R
crystal clock drives the ADC and thus establishes the time base for the spectrum.

The data acquisition program operates as shown in Figure 2 using IBM cycle-stealing
subroutines for transferring the digitized data into core and for writing the
thresholded-data to magnetic tape. The time scale is assigned by the thresholding
program and is based on the position of the data in the input tables and the sequential
number of the input table being processed. All arithmetic is in integer mode and the
coding is IBM symbolic assembler language. Between 15 and 20 tape records are written
for a spectrum containing 250 peaks at 15,000 resolution. Data acquisition and control
functions for the other spectrometers operate from different areas of core so that
asynchronous operation is achieved without loss of mass spectrometer data. After
recording a mass spectrum the peak centers can be calculated by a separate program
which then feeds back information on the number of valid peaks recorded over different
mass ranges, and the number of peaks which exceeded the dynamic range of the ADC. For a
spectrum of 100 peaks this information is available less than 10 seconds after
termination of the magnet scan, thus allowing adjustment of the spectrometer gain in
real time. The internal mass standard (PFK) is usually admitted after obtaining a
satisfactory preliminary scan unless the sample size is limited.
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Figure 3 lists the disk-resident programs which can be initiated from the mass
spectrometer console. Any of these programs can be modified without disrupting on-line
operation of the computer. Option 6, which calculates m/e values, is based on PFK and
CHClj as internal mass standards. The standard masses are taken six at a time and
fitted using IBM polynomial regression routines. The algorithm which identifies the
first 6 peaks 1s based on the time differences between them (constant to about 1 part in
2500 over several months) and on their intensities (peak areas).

Programs requiring use of the line printer are initiated from the computer room.
The program for calculating elemental compositions is conversational and allows
heteroatom limits to be set and changed during execution. We use the line printer for
element mapping and an example of the output is shown in Figure 4 for the carbon-
hydrogen peaks of n-butyl hexamoate. Peak intensities, represented by asterisks, are
plotted against carbon number to produce a series of mass spectra for each rings-plus-
double bond value and elemental combination. Rearrangement peaks are thus clearly
separated from even electron lons and particular lon series are easily identified. The
sum of intensities for each ion series is also given to indicate the relative importance
of the series. The molecular weight of a particular peak can be calculated by adding
the numbers at the top and right-hand edge of the element map.

Operation of the NMR and EPR spectrometers will also require the analog input
system of the 1800 so that asynchronous operation of these instruments with the mass
spectrometer is not feasible with our current system. We plan to acquire a separate

ADC and mini-computer for the mass spectrometer to digitize and threshold the data
before transferring it to the 1800.

Reference to a company or product name does not imply approval or recommendation
of the product by the U.S. Department of Agriculture to the exclusion of others that
may be suitable.

References
1. A. L. Burlingame, D. H. Smith and R. W. Olsen, Anal. Chem. 40, 13 (1968).

2. A. L. Burlingame, D. H. Smith, T. O. Merron and R. W. Olsen, 16th Annual
Conference on Mass Spectrometry and Allied Topics, May 12-17, 1968, Pittsburgh, Pa.

3. K. E. Habfast and K. H. Maurer, l4th Annual Conference on Mass Spectrometry and
Allied Topics, May 22-27, 1966, Dallas, Texas.

4., J. R. Scherer and Saima Kint, Applied Optics, in press. N
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T
A COMPUTER PROGRAM FOR THE IDENTIFICATION OF

LOW RESOLUTION MASS SPECTRA

Stanley L. Grotch

Jet Propulsion Laboratory, California Institute of Technology
Pasadena, California 91103

A computer program aiding in the identification of low resolution mass spectrs has
been developed and successfully tested. The only spectral information required for each
unknown is the sbsence or presence of a peak above a specified threshold (typically, 1%
of the base peak) at each nominal mass over the a.m.u. range 12-200.

A one-bit encoding of pesk height (i.e., only pesk or no peak information) results
in two significant computational advantages: (1) essentially parallel computation be-
comes possible in the matching process, (2) binary packing permits highly efficient use
of core storage. These two factors result in extremely rapid library search rates
(several thousand comparisons/sec).

Each unknown binary spectrum, X, is compared against all individual members, Li’
of a similarly encoded library of approximately 7000 compounds. A criterion of mismatch,
C, is calculated for each comparison:

C = XOR(X, Li) - N*(AN’D(X,Li)-NPK) (1)
where:

XOR(X,Li) = logical "exclusive or" operation (the total number of channels which

dissgree in the comparison of X with Li)'

AND (X’Li) = logical "and" operation (the total number of channels in which

spectrum X and spectrum L, both have a "1" present).

N = a constant weighting factor (typically 2-5)

NPK = number of peaks ("1"s) in unknown spectrum, X.

As the library search proceeds, a record is maintained for each unknown of the ten
library members yielding the minimum values of C. 1In essence, the search locates the
ten compounds in the library which have binary spectra with the least number of weighted
disagreements minus agreements with the unknown.

The term, NPK, is not essential for the caleculation. It is an offset value which
assures that C=0 for a perfect match. The constant weighting factor, N, was found to
produce the "best" separations when equal to 2-5.

Extensive calculations (1) have shown that a binary mass spectrum is a unique

pattern for identification purposes. Tests have also been performed with the identi-
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fication program using mass spectral data from three texts (2-4) and data measured in
our laboratory (5) as "unknowns." Of a total of 168 compounds present in the library,
156 were correctly identified among the top ten. Even when the compound was not among
the top ten, valueble insights were provided by the program as to the unknown's identity.

Preliminary tests of the program with mixtures of two compounds have proven very
encourasging. In one test, 134 "unknown" spectra were synthesized by combining {two pure
compound spectra from the library such that each "unknown" had a pesk present at a given
mass if and only if at least one of the pure spectra had a peak (essentially a 50-50
mixture). In 2/3 of the cases, both compounds were correctly identified in the top ten,
and in only 3 cases was neither compound in the top ten.

It is planned to publish a more complete account of this work in Analytical

Chemistry.
REFERENCES
1. "The Matching of Mass Spectra When Peak Height is Encoded to One Bit,"

S. L. Grotch, submitted to Analytical Chemistry.

2. "Interpretation of Mass Spectra, an Introduction,” F. W. McLafferty,
W. A. Benjamin, New York, 1967.

3. "More Spectroscopic Problems in Orgenic Chemistry,” A. J. Baker, G. Eglinton,
F. J. Preston, T. Cairns, Heydon & Son Ltd., London, 1967.

4. "gpectrometric Identification of Organic Compounds,"

R. M. Silverstein,
G. C. Bassler, Wiley and Sons, New York, 1967.

5. H. G. Boettger, personal communication, May 1970.
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*
SMALL COMPUTER DATA SYSTEM FOR A PORTABLE QUADRUPOLE MASS FILTER /

N. A. Jones, R. D. Friesen, and J. W. Pyper

Lavwrence Radlation Laboratory, University of Californile
Livermore, California 94550

INTRODUCTION

A small, inexpensive computer data system has been constructed and eveluated for a
portable pulsed-beam quadrupole mass filter. This system is composed of a conventional
stereo audlo tape deck interfaced to the detector of the mass filter which records the
digitized mass spectra on audio tape. These tapes are processed on an identical tape
deck interfaced to a 4 X word memory-12 bit PDP-8 computer.

Saome practical constraints were placed on the development of this data system.
Because of Puture specialized uses, the entire mass filter system was built on a port-
able vacuum cart. Consequently, the data system hardware had to be easlly portable so
we couldn't connect it directly to the camputer. The second constraint was a very
tight budget. By using conventlonal stereo tape decks rather than computer-compatible
units, we greatly reduced the cost of the system.

INSTRUMENTATION

The pulsed-molecular-beam quadrupole mass filter is described in detail in refer=-
ence 1. The first component of the mass filter-to-tape-deck interface was a Vidar volt-
age-to-frequency converter which digitized the signal from the synchronous detector. A
12 bit binary counter collected that data for 24 milliseconds. Then the counter was
gated off, and the data word transferred to a shift reglster. Twelve shift pulses moved
the data word to a Viking 433 tape deck which recorded the word serlally on one track of
the tape. On the other track the 12 shift pulses were recorded to be used for synchro-
nization later. While data from one channel were being shifted out, the next channel's
data were belng collected. Channels were collected until a channel counter reached a
preset number. At that time, a sweep counter was incremented, a 1 second record gap
left on the tape, and the whole process repeated until a preset number of sweeps was
collected. A digital-to-analog converter connected in parallel with the channel counter
created a synchronous voltage ramp to sweep the mass fllter. The data, collected at a
rate of 42 Hz, were recorded at a tape speed of 3 3/& inches per second. The camputer's
tape deck played it back at twice that speed.

A tape deck identical to the one on the mass filter transferred the data from the
tape into the computer. It loaded the data serially into a shift reglster using the
sync track for shift pulses. After 12 pulses, the data were transferred in parallel
to a holding buffer and the computer interrupted. The computer had 12 milliseconds to
service the interrupt before the next channel of data was loaded. Half a second gap in
the data indicated the end of a scan. '

COMPUTER PROGRAM

The first part of the data reduction program read the data tape, rejected amy bad
records, added sweeps together into one spectrum, and dlsplayed the summed spectrum as
data were read ln. Since the tape's format was so simple, we used software flags and
counters combined with 2 timing loops to organize the data channels. The oscilloscope
display was done during these loops. The first timing loop, which was between 12 milli-
seconds and half a second, finished only when the end of a sweep had been found. The
program then checked the channel counter; i1f it,didn't agree with the preset number of
channels, the sweep Just collected was rejected. Ctherwise, 1t was added to the pre-
vious summed sweeps.

The second loop, longer than 1/2 a second, finished only when the last sweep had
been collected. Once this loop was done, the program went on the second part of the
reduction program. A complete summed spectrum was now stored in the camputer’'s memory
to be reduced in any convenient way. For our particular needs, we wrote a program to
strip a spectrum of up to seven masses and store and output the peak masses and net
Intensities. The coamputer found the top of each peak and subtracted fram it the average
of the lowest points on either side. The program printed out and stored this net peak
height along with the appropriate mass number and gross height. If the operator wished,
the program outputted the raw spectrium.
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DISCUSSION

The evaluation of the data system was carried out bg re-examining the extensively
studied hydrogen-deuterium self exchange in water vapor. +3 The equilibrium constant
for hydrogen-deuterium exchange in water determined from many spectra taken on our new
data system was compared with the constants calculated from spectra taken on a chart
recorder and reduced by hand. We averaged seven successlve chart recorded sweeps to-
gether, which 1s roughly equivalent in time to 119 summed tape sweeps. We also summed
tape sweeps of 10, 25, 50, 75, and 100 sweeps. Except for 10 sweeps, the summed tape
records agreed fairly well wlth the chart record. Averaging only 10 sweeps together
apparently wasn't suffliclent to overcaome the sources of error in this system, namely
peak pressure decay and nolse from the phase-sensitive detector. After about 20 to 25
sweeps were summed, these errors were smoothed out. For the chart record, peak pressure
decey was corrected for by hand, and the recorder's time constant and the slower scan
rate smoothes out the detector's nolse. By using several deuterlum concentrations, we
checked to see 1if there was any trend in equilibrium constants with deuterium concen-
tration, but we didn't find any.

We also compared the constants with previously published values. Table I shows
that comparison and the agreement is excellent. It's interesting that each constant
shown was measured on a different type of spectrometer with a different lom source;
Friedman and Shiner used a steady-molecular-beam ion source on a single-stage magnetic
spectraneter; Pyper, Newbury, and Barton used a pulsed-molecular-beam source on a double
focusing magnetic-electrostatic spectrameter; and the present work used a pulsed-beam
quadrupole mass filter.

TABLE I  COMPARISON COF RESULTS

No. of
Temp. % D Range Analyses K
Friedman and Shiner> 25% 25-75% 2500 3.76 + 0.02
Pyper, Ngvbury, and  2h.8 0.5 23-70% 38 of 30 3.74 + 0.07%
Barton sweeps each
Present work 22.7 + 0.5 23-65% 37 of 100 3.76 + 0.07 "

sweeps each

We conclude, then, that thls computer data system for the quadrupole mass filter
glves data of equivalent quality to previous data from the same instrument and to data
from our double focusing instrument.

This work was performed under the auspices of the United States Atamic Energy
Camisslion.

To be submltted to the Review of Sclentific Imstruments.

1 - J. V. Pyper and R. S. Newbury, J. Chem. Phys. 52, 1966 (1970).

2 - J. W. Pyper, R. S. Newbury, and G. W. Barton, Jr., J. Chem. Phys. 46, 2253 (1967).
3 - L. Friedman and V. J. Shiner, J. Chem. Phys. k4, 4639 (1966).

4 - The standard deviation listed is that' of a single measurement. The standard devie-
tlon of the mean in each case would be + 0.01.

Reference to a campany or product name does not imply approval or recamendation

of the product by the University of California or the United States Atamic
Commission to the exclusion of others that msy be sultable.
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An Automated Signal Averaging Data Acquisition
*
System for Ionization Studies t

C. Herndon Williams and Arthur W. Lynch
Sandia Laboratories
Albuquerque, N. M. 87115

An automated signal averaging data acquisition system was developed
for some electron impact ionization studies performed in the ion source of
a Bendix 3015 TOF mass spectrometer. The atoms and molecules studied
included both condensible (Ag(v) and Cn(v), where n = 1...5) and non-
condensible (Xe(g) and SF6(g)) species. It was desired to form the ion
yield, Ii/e-, i.e. the ion current per unit ionizing electron current,
from the measured analog signals in such a way that the ion yield is
proportional to the ionization cross section, and thereby exhibits its
energy dependence. Once formed the ion yileld was signal averaged to
achieve (1) higher S/N and better reproducibility on the low level Cni
signals, (2) subtraction of the residual gas background contributions to
condensible species ion yields (3) relative freedom from slow temperature
drift of the Knudsen furnace, and (4) less manual reduction and more con-
venience in treating the output ion yield curves.

The system was built around a Nuclear Data Model 800 '"Enhancetron'
signal averager, whose time base sweep drives the electron energy power
supply, and whose 1024 channels accumulate, digitize, and average the
quantity 1~ /e . The ion current Ii was the analog electrometer output of
the mass spectrometer; the electron current e  was collected on ion source
electrodes (trap anode and trap shield) and measured on another electrom-
eter, The ion yield was formed by dividing Ii by e~ in an Intronic M602
operational amplifier divider. The averaging process could be monitored
on an oscilloscope and the averaged ion yields vs. EE were plotted on an
X-Y recorder.

A manual molecular beam shutter was used to interrupt the condensible
species beam. With the condensible beam shuttered, the ND-800 could be
operated in a SUBTRACT mode to remove residual gas contributions. This
proved to be especially necessary in the case of the fragmentation con-
tribution of CO to C' and in all ion yields that were measured out to
100 eV. The ion yields for xe® and Ag+ were compared to total ionization
cross sections measured by others ’“ through 30 eV and were found to
accurately (* 5%) reproduce their energy dependence. The S/N was suffi-
ciently good to resolve several elements of fine structure (appearance

" potentials) in the ion yield curves of Xe+, Ag+ and Cn+' One concrete
result of this data acquisition system was the ability to measure the ion

yields of the very low level C * and ¢ T species,
4 5

*
This work was supported by the United States Atomic Energy Commission.

‘This material is being prepared for submission to the Review of
Scientific Instruments.

1. D. Rapp and P. Englander-Golden, J. Chem. Phys. 43, 1464 (1965).

2. S. I. Pavlov et.al,, Sov. Phys. JETP (Eng. Trams.) 25, 12 (1967).
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ON-LINE QUANTITATIVE ANALYSES T2

WITH MASS SPECTROMETER AND COMPUTER
H. E. Lumpkin and J. H. Harding

Analytical Research Laboratory
Esso Research and Engineering Company
Baytown, Texas 77520

The use of computers to handle mass spectral data was almost forced on spectrosco-
pists by the sheer volume of data available from high resolution instruments. As early
as 1964, Biemann and co-workers(1) used measurements from a photoplate as input to a
computer and calculated masses, assigned molecular formulas, and printed an element map
as an aid in pure compound structure determination. Automatic data acquisition systems
followed(2,3) with data being collected and sometimes partidlly processed in real time.
More recently a technique for quantitative high resolution-low voltage analyses of very
complex mixtures was described by our group(4). This method was developed in these
laboratories(5) but has been expanded and computerized.

The availability of a medium size computer (IBM 1802), acquired primarily to handle
high resolution data, has led to its use for on-line data acquisition and computations of
spectra from a Tow resolution mass spectrometer. Qur aims were to reduce the time and
cost of established procedures and to cut out human errors., These aims have been achieved
using the equipment and programs described in this paper.

An overall view of the data flow is shown in the figure below, A Consolidated Model
21-103C has been modified by replacing the entire ion current amplifier system with an
Analog Devices Model 301 solid state operational amplifier, It has a fast response time
and no drift. Communications between the instrument and the computer are provided by
interfacing equipment.

CEC 21-103

1BM Ei&iﬁ'
PROC. NO. 1802 SYNC.

CEC MS
PROGRAM

|

MSPRO INMAS  [—™ CECLV DATA
PROGRAM PROGRAM |e— PROGRAM FILE

o ([

FILES PRINTER

INTERFACE

The interface establishes a triangle of communications between the MS, the MS opera-
tor, and the computer. The interface performs control functions and signal conditioning.
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Control functions are passed to the computer by means of a single pushbutton and four
toggle switches. The pushbutton creates an interrupt for the computer which, upon suc-
cessive occurrences, is interpreted as a request for computer service, a command to start
a scan, and a command to stop a scan. Toggle switches are interrogated at the end of a
scan to determine which analysis is to be performed on the data. Control functions
generated by the computer activate status Tights on the MS operator’s console and provide
start-stop control for MS scans.

Signal conditioning is required for the three analog signals monitored by the com-
puter: Magnet current, accelerating voltage, and ion intensity. Redcor amplifiérs,
Model 391030, are used for this purpose.

Magnet current is sampled prior to and after a run, and the average value is used in
mass calculations., Accelerating voltage and ion intensity are each sampled 250 times per
second for a MS scan rate of 1 mass decade/minute. Analog to digital (A/D) conversion
rates are controlled by using the external synchronization feature of the IBM 1800.

LOGIC OF PROGRAMS
CECMS r

This is a mainline program. Its function is to control status lights on the MS,
start and stop MS scans, and branch to other programs which perform specific tasks.

If the MS operator does not start a scan within 18 seconds after the computer
activates a ready light on the MS console, this program branches to a mass number calibra-
tion routine named CECMI, CECMI is discussed later.

If the MS operator initiates a scan, this program causes the scan to start and
branches to the subroutine ONFLY for detecting peaks in real time. CECMS then calculates
mass and saves an array of peak heights and mass.

At the completion of a scan CECMS interrogates four toggle switches and either prints
the spectrum obtained and exits or chains to INMAS.

ONFLY

This subroutine receives ion current signals from the MS in real time. An average
baseline is determined at the start of a run and this is assumed to be constant throughout
the run. The program detects peaks and saves their maximum intensity and corresponding
accelerating voltage. Peak heights are used rather than peak areas in order to save
computer time., The routine has worked successfully at A/D conversion rates up to 1 KC.

CECMI

This subroutine is used for mass number calibration. A signal proportional to accel-
erating voltage, monitored by the computer, is adjusted while the MS is focused on a known
peak until the mass number calculated by the computer is correct. The current value of
mass number, ion intensity, magnet current, and accelerating voltage are printed on a
typewriter located at the MS.

INMAS

This mainline program gets the number of peaks in the spectrum and arrays of mass
number and peak height from CECMS. It compares mass spacing and peak height of four peaks
at a time and rejects noise spikes, metastable ions, and half masses. A running delta for
difference between calculated mass and integral mass compensates for drift in magnetic
field and nonrepeatability of the voltage decay scan. The peak height array is re-indexed
to correspond to integer mass. For example, the peak height for mass 69 is entered into a
PKHTA array as PKHTA(69). We refer to this peak height array indexed to integer mass as
the integral spectrum, The peak heights of missing masses are set to zero.

INMAS then prints an integral spectrum at a typewriter in the MS laboratory, turns to
the next page and chains to MSPRO or CECLV as determined by the setting on the toggle
switches.

MSPRO
This mainline program receives the integral spectrum from INMAS, reads fixed data

from a selected disk data file, sums the peak heights for specified masses, does_matrix
multiplication, and prints analyses at the typewriter. The contents of a data file and

the space requirements for a 12 component analysis are shown below:

B459



Item No. Words

Title of procedure 25
No. of rows, columns, components 3
Inverted matrix of calibration data 288
Names of components 96
No. of peaks in summation 12
Mass numbers used _80

504

On an IBM 1810 disk storage unit, one sector corresponds to 320 words; therefore, only 2
sectors are required for this data file,

MSPRO prints the sums of peak heights and both un-normalized and normalized analyses
in a fixed format for each procedure.

CECLYV

Peak heights of specified masses are divided by calibration coefficients to give an
aromatics low voltage analysis. A compound type and carbon number distribution analysis
from CpH2pn-6 through CphH2n-18 covering a range of n=6 to n=22 is printed in a rectangular
array. Appropriate mass series and carbon numbers are given as row and column headings.

APPLICATION
We have used the computer for data acquisition resulting in what we call a raw
spectrum for almost two years., The raw spectrum consists of peak height and approximate
mass and is used primarily for experimental scans. The programs yielding completed
analyses have been in use for over a year. The following procedures are currently on-line:

Procedure No. of Components

Raw spectrum only -
Integral spectrum only

Naphtha-Petroleum n
Gas 0il Saturates 7
Gas 0i1 Aromatics 12
Aromatic Low Voltage 89
Naphtha-Coal Liquefaction 16
Gas 22

Recently we replaced the four toggle switches, which allowed up to 16 procedures to
be selected, with two decade digital switches, providing 100 different selections. As the
requirements for established procedures change, we have the capability of developing new
methods and putting them on-line.

We plan to submit an expanded version of this paper to Analytical Chemistry.
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