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NEW METHODS IN MASS SPECTROSCOPY*
ARTHUR JEFFREY DEMPSTER
(Read in part dpril 20, 1035)

The recent study of nuclear transformations and the
evaluation of the energy changes in terms of mass changes
has subjected our atomic weight determinations to an un-
expected criticism. If we are to keep agreement with these
nuclear observations it seems necessary to assume masses
for several of the lighter elements larger by a factor of 1 in
3000 than those hitherto accepted. Although this discrep-
ancy is probably due to a slight error in the comparison of
the masses of oxygen and helium only, still it is desirable to
increase the accuracy of atomic mass determinations, as they
serve as a test of the nuclear changes deduced from atomic
transformation experiments.

These landmark papers represent significant
developments 1n mass spectrometry ionization.
They are not the only important publications of
their respective eras — no research occurs 1n a
vacuum (pun intended), and a methodology 1s
rarely so perfect as first disclosed that it goes
long unmodified — but they are foundational.

ResoLving Power 1N Mass SPECTROSCOPY

The main limitation to increased accuracy in mass deter-
minations is in the comparatively small resolving power of
the mass spectrographs hitherto used. On page 78 of ““Mass
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New England States, If all the water power sence of emsium). But the tendency of the
of the United States were to he similarly de- ecmsinm to be held by such a surface has there-
veloped, it would probably be necessary to in- by been increased, with the result that the
stall plants having three or four times the easium film remaing on the surface at an even
capacity of the estimated minimum potential Thigher filament temperature. The flm then

T is known that the cathode material of a canal-ray tube
sputters during the discharge. In this case neutral molecules

AND d_‘[_e" p E”wcl"l “1"' gl.-“ﬁ” i T";‘f ml{:h_:. This con- ;’;’ usfl;ﬂi (l’[."“‘m li.a'v f“' cach "’r.a"“";i" “m'k“l" - or negative ions only can leave the cathode because positive ions

ition should be fully considered in estimating the first being of electro-negative, the second o . .
- 4 Ty the amount of potential water power that may electro-positive atoms (ions). are St:;ngl{ llnlked t(l) thehc.a;lhode _by_thfi ?)le‘:tnc_:lidd' Th(;]se fe‘_v
JOUl{h AI‘ ()F b(/:[ Eh (.J E, still be available in any State at the present In this way the emsium film remains intact neutr: 1’.1'1() ecules only, wi IC. are lonized by accident on the axis
time. up to temperatures of about 900° K., and at of the discharge tube, especially near the anode, may leave the
E— —_— this temperature (below a visible red heat) tube in form of canal-rays, if they are not scattered by gas

emits saturation currents of about 0.3 amperes
per square cm, of fillament surface. i higher
THERMIONIC EFFECTS CAUSED BY ALKALI temperatures the emsium film evaporates off in
VAPORS IN VACUUM TUBES part and the electron emission falls rapidly.

A roncstew filament was mounied in &  Qn lowering the temperature the cesium film
vaeuum tube in the axis of & eylindrieal anode jeforms and the electron emission returns
consisting of three parts insnlated from one (¢ its former value. Al temperalures be-
another. TIn this way, on the guard ring prin-  low those at which evaporalion is ap-
eip[e., lllef h;l;]:chg]ln cmis.-jion] 11‘:;0111 the cex]ltral preciable, the saturation enrrent from a emsinm-
. 203 MF "] portion of the filament cowld be measured, so  govered surface is expressed within the prob-

XL, Cathode ‘Rﬂ‘ys' B.y J. J THOMMH‘! M. A'l F 'R'S‘D that effects dne to the cooling by the leads \;'cm :i:b‘[u Tl,_‘,,ﬂl:. r:fo 11“1:;‘5,;;“‘.] ““,‘.1__:11[.9;1“[1, by

Cavendish P‘i'qﬂ'&ﬁr}i‘ Of Exﬁi-‘lwnt“! })}!y‘gi‘”! Cumﬁr’idge *, eliminated. With metallie emsium in the tube

molecules. Though the number of these particles may be very
small and therefore the intensity low, this process has been
successfully tried in many investigations in mass spectrography.

We have improved this method very materially:

(1) There are two electric fields: First the electric field in the
canal-ray tube (4), (see Fig. 1) which is completely separated
from the electric field immediately in front of the trial-substance
(C). The first one produces the beam (B) of canal-rays, which
causes the sputtering. The second one has the right direction to
remove and accelerate the positive ions of the trial-substance

SPECIAL ARTICLES

[FIFTH SERIES.]

OCTOBER 1891.

Dushman's equation,

r I \HE i iscussed in this " W at 25° C. the casium vapor forms an adsorbed i — 602 Tee-W/T amps. per om.2 for analysis in a mass spectrograph. It is produced by the
H‘F“ expernnentsT_dlsc‘._u:‘ﬁcd ' this paper were undertaken film consisting of a single layer of atoms com-  where b, = 16000 degrees. This corresponds to cylinders (D) and (E), which are at different voltages.
mn thle h?p? {:If ﬂln]llgTT]nu mf{:i).rmatlon .as_ to thB pletely eovering the filament even at filament g \nlfw n' 1.38 volts for the hardson work 7Y The enntterine takee nlace in a hich vacttim hecanee the
mitur{- of the Cathode Rays. 1e most diverse opinions are femperatn T . : 5

held as to these rays; according to the almost unanimous
opinion of German physicists they are due to some process

LASER-INDUCED EMISSION OF ELECTRONS AND POSITIVE 10NS FROM
METALS AND SEMICONDUCTORS!
Richard E. Honig
RCA Laboratories

Princeton, New Jersey
(Received 5 June 1963)

A recent mass spectrographic study of the laser-
induced emission of charged particles from solids
u‘pot(ed:1 that themal pesitive ions were observed
for metals, but not for semiconductors. The present
Lerter presents new work which gives a more com-
plete picrre of the emission mechanism and explains
the earlier results in terms of surface t!mperamr:
The following were il ig : (1) the
time l:orlelnnm of individual laser, electron, and
ien pulses; (2) a comparison of electron and ion
coerents and total oumbers emitted by metals and

d ;and (3) esti s of surface tempera-
tres and energy losses for different materials.

To permit the simultaneocus oscillographic detection
of electrons and ions, the simple diode structure
with 'associated circuitry shown in Fig. 1 was used.
The laser beam emitted by a 1/4 x 3-in. cooled
ruby crystal, silvered at one end, is focused by
extemal lens L through window W onto one of two

CONTENT ANALYSIS

A, metal, Ta dependence
icondactot, Ge C 1

targets (Ta or Ge) that are mounted side by side in
holder H. Electrodes €, and C, collect electrons
ad positive ions respectively, the pulses being

ded on a fast oscill I To avoid clipping
of the large current pulses, the adjustable volmge
supplies V, and V, are stiffened by 200 pF capac-
itors. A small fraction of the incident laser beam is
deflected by a glass plateler P onto a photodiode
D (Philco Type L4501).

At moderate laser output (about 0.3 J), individual
spikes of electrons and positive ions are observed
that are between 0.1 and 1 psec wide and are
coincident with the laser spikes as well as with
each other. Thus it is clear that a fast thermal,
rather than a phowelecwic, process must be re-
sponsible for the emission of both charged particles.
This agrees with the results obeained for electrons
by Verber and Adelman.® Lichtman and Ready !
made similar observations for electrons, but mis-
interpreted positive ion pulses as a “'reverse photo-
electric effect.’” When the laser power is increased
w abour 2 J, the charged paricle spikes form a
continuous pulse that is several hundred micro-
seconds wide and is always extinguished before
the laser pulse, probably due to energy absorption

LASER IONIZATION
Honig, RE. (1963)

“Laser-induced emission of electrons and
positive ions from metals and
semiconductors.” App Phys Lett, 3(1), p8.
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Reactions of Gaseous Ions. XII. High Pressure
Mass Spectrometric Study of Methane'

By F. H. Figrp, J. L. Franguis, anp M. 8. B, Munsox
Rrecerven Juse 7, 1083
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Introduction

Since the reactions of hydrocarbon ions in low pres-
sure gases have heen studied in this Laboratory for
some time, ™ it was thought worthwhile to undertake a
study of the ionic reactions in gaseous hydrocarbons
over the wide pressure range now accessible with the
mass spectrometer at Humble with which the previous
study on ethylene was made.®™ A study of reactions

pported in part by Projece Squid under Comtract No. Nenr

of ions in methane at pressures as high as 300 x is
reported in this paper.
For methane the reactions
CH* + CH: = CH,* + CH: (1)
and
CH,* + CH; =
have been well established,

“+ H
Other secondary

CHEMICAL IONIZATION
Field, FH; Franklin; JL; Munson,

Field desorption mass spectrometry: A technique for the study of thermally unstable
sabstances of low volatility

Field ionizaticn mass spectrometry (Fims) has been established for a number
of years as a technique for the study of molecules which exhibit only extre-
mely weak or no parent ion peaks in the electron impact mass spectra. F1 is
generally regarded as a ““soft” methed of ionization. This characteristic feature of
1 is, however, only of limited — or no — value if the molecules are so unstable
that the major part is decomposed thermally during the sample evaporation prior
to the ionization precess.

Normally a small quantity of the solid organic sample is placed in a micro
oven which is put in a position near the ionization zone. The micro ovenisintroduc-
ed through a vacuum lock by means of a sliding rod.

The sample is then evaporated by heat transfer. The energy required for rup-
ture of the bonds between different molecules is, in many cases, of the same order
of magnitude as the enerzy for thermal splitting of smaller molecules from larger
ones. The thermal elimination of water from carbohydrate molecules during evapo-
ration, for example, is a well-known phenomenon.

Fig. 1 shows that although the parent ion intensities are negligibly small
in the electron impact (E1) mass spectrum of D-glucose, but very intense in the Fi
mass spectrum, elimination of water is still an intense process in the case of field
ionization. That this is a thermal process will be shown later. Methods of sample
mtroduct;on which reduce the degree of thermal decomposition of the samples

are thue of interect

FIELD DESORPTION
Beckey, HD. (1969)

“Field desorption mass spectrometry: A
technique for the study of thermally
unstable substances of low volatility.” Int J
Mass Spectrom lon Phys, 2(6), p500.

Organic Mass Spectrometry, 1972, Vol. 6, pp. 1171 to 1181, Heyden & Son Limited, Printed in Northern Ircland

NEGATIVE CHEMICAL IONIZATION MASS SPECTRA
OF POLYCYCLIC CHLORINATED INSECTICIDES

RaLPH C. DOUGHERTY and JOHN DALTON
Department of Chemistry, Florida State University,
Tallahassee, Florida 32306, USA

Francis J. BIros
Perrine Primate Laboratory, Environmental Protection Agency,
Perrine, Florida 33157, USA

(Received 19 November 1971; accepred (revised) 29 March 1971)

Abstract—Negative ion mass spectra obtained under chemical ionization conditions (NCI) employing
methane, isobutane or methylene chloride as the enhancement gas are presenied for a series of chlor-
inated polycyclic insecticides. All of the compounds examined except 1-hydroxychlordene yielded
molecular anions of substantial relative abundance (6 to 39%.). The most significant features of the
spectra are the prominent peaks at masses greater than that of the molecule ion formed via ion-

molecule association reactions. Peaks representing association of the parent molecule with ionic
s uchas H O-. OH-. ClI-. H.OK( H( ClO- and Cl,~ were abserved in some case: The

NEGATIVE CI
Dougherty, RC; Dalton, J; Biros,

Puised Positive Negative lon Chemical lonization Mass

Spectrometry

Donald F. Hunt,* George C. Stafford, Jr., Frank W. Crow, and John W. Russell

Department of Chemistry, University of Virginia, Charlottesville, Va. 22901

Simultaneous recording of positive and negative chemical
ionization (Cl) mass spectra Is described. The capability of this
technique, and negative ion Cl mass spectrometry In general,
to provide a hundred- to a thousand-fold increase In sample
lon current, unique structural Information, and confirmation of
sample molecular weight is lllustrated.

In this paper we describe initial results of our efforts to
develop the analytical potential of negative ion CI mass
spectrometry, We also introduce methodology which facili-
tates simultaneous recording of positive and negative ion
chemical ionization (CI) mass spectra on a quadrupole mass
spectrometer.

As indicated in several recent reviews (I—4), formation of
negative ions by interaction of electrons and sample molecules
can oceur by three different mechanisma:

AB+e— AB~ resonance capture (1)
AB+e — A+ B~ dissociative resonance @
capture

AB+e—>At+B +e ion-pair production  (3)

pounds often exhibit both molecular anions and structurally
significant fragment ions. Interaction of sample malecules
with asmall population of low energy electrons produced from
electrode surfaces is assumed to be responsible for the gen-
eration of molecular anions under the above conditions.

In an effort to extend the utility of the EI negative ion
technique, Bowie has explored the possibility of tagging
complex organics with efficient electron capture groups (1).
Derivatization of sample molecules in this manner increases
the cross section for capture of the small number of thermal
electrons in the fon source and also widens slightly the energy
range of electrons that can be captured by the sample without
inducing fragmentation. Accordingly, the method does en-
hance the yield of structurally informative anions produced
from organic samples. Research in this area has also afforded
a wealth of information on the unimolecular fragmentation
mechanisms of negative ions. Widespread use of the EI
technique in analytical applications is unlikely, however, since
much of the ionization still involves interaction of sample with
high energy electrons and occurs by the undesirable ion-pair
formation mechanism, The above technique is also several
orders of magnitude less sensitive than the methodology de-
scribed in this paper.

Until recently the most useful method of producing negative

ELECTRON CAPTURE NICI
Hunt, DF; Stafford, GC; Crow,
FW; Russell, JW. (1976)

“Pulsed positive negative ion chemical
ionization mass spectrometry.” Anal
Chem, 48(14), p2098.

Californium-252 Plasma Desorption
Mass Spectroscopy

Nuclear particles are used to probe biomolecules.

R. D. Macfarlane and D. F. Torgerson

An impressive array of modern analyti-  tions and in the solid state. Solid samples  lower temperatures.
chniques is being  of these compounds generally have low va- Heats of wvaporization of biological
y and detail, por pressures, which means that too few  molecules deposited on a solid surface are
rize complex bio-  ions can be formed to obtain a mass spec-  also reduced in the presence of a strong

cal instruments and
used with increasing effi
to identify and chara

Anaother approach is to enhance the rate
of volatilization of the molecule while min-
imizing the rate of decomposition. Polar
groups on the molecule, which produce the
strong intermolecular interactions in the
solid state that reduce volatili
modified chemically to nonp
stituents, and the derivative will
higher vapor pressure than the
molecule. This technique is widely used in
mass spectroscopy and has the added at-
traction that the vaporized derivative can
be analyzed by both gas chromatography
and mass spectroscopy in a coupled mode
(2). Beuhler et al. (3) showed that if a solid
film of a peptide is deposited on a nan-
reacting surface such as Teflon, the vapor
pressure of the peptide is effectively en-
hanced and vaporization can be effected at

molecules. Among these is the mass spec-  trum. The simplest method for increasing  electric field gradient. This results in a
trometer, which can serve for analytical the vapor pressure is to heat the sample.  “field desorption” of molecules and was
measurements and can give structural in-  Thermally labile molecules, however, de-  first used by Beckey et al. (4) in mass spec-
formation us well from fragmentation pat-  compose when subjected to clevated tem-  troscopic studies of involatile biomole-
terns. Mass spectroscopy has had limited  peratures, so that this method is not appli- ~ cules. A variation of this method was re-
application, however, because it requires cable to these compounds. One approach  cently reported by Simons er al. (5), who
volatilization and ionization of the sample.  to the solution of the problem is to increase  were able to field-desorb molecular ions of

Molecules, such as hormones, e

ymes, the sensitivity of the mass spectrometer so  sucrose and proline from liquid surfaces.

peptides, and nucleic acids, that play a role  that measurable ion currents can be deteet- Volatilization with minimal dcm;|\po\3—
in biochemical pathways or regulation are  ed even at extremely low vapor pressures.  tion is the objective in mass spectroscopic
generally complex and exhibit strong inter- - Mclver et al. (1) have developed a trapped  studies of biomolecules. The first step in
molecular interactions in aqueous solu-  ion cyclotron resonance mass spectrometer  the thermal Llccnmpumncm of a molecule

———that can detect vapor pressures down to adsorbed on a surface is unimolecular

R. DD, Macfarlane is professor of chemistry at Texas 10 ”‘hnr..llm.
A& ML sity. College Station 77843, and D F lectron imp

(;I LU (IUU better than an  fragmentation, which takes place when ex-

r with di sita able vibrational state

Fast Atom Bombardment Quadrupole Mass Spectrometry

By Davip J. SURMAN and Joun C. VICKERMAN*
(Department of Chemistry, U.M.I.S.T., P.O. Box 88, Sackville Street, Manchester M60 1QD)

Summary Fast atom bombardment quadrupole mass
spectrometry (F.A.B.Q.M.S.) is shown to have consider-
able benefit for the production of structural mass spectral x0-3
data from non-volatile organic compounds.

Tue development of F.A.B.Q.M.S. has enabled structural 1! 1 1o

Fast Atom Bombardment of Solids (F.A.B.): A New Ion Source for
Mass Spectrometry

By MicHAEL BARBER, ROBERT S. BorpoLi, R. DoNALD SEDGWICK,* and ANDREW N. TYLER
(Chemistry Dep . The University of M Institute of Science and Technology, Manchester M60 1QD)

Summary A new method for obtaining high-quality mass ~with varying degrees of both success and experimental
spectra of molecules which previously were difficult or difficulty. In these laboratories we have developed an ion
impossible to study by ionisation methods is described source which accommodates solid materials and uses the

FAST ATOM BOMBARDMENT

Surman, DJ; Vickerman, JC.
“Fast atom bombardment quadrupole
mass spectrometry.”

Barber, M; Bordoli, R; Sedgwick,
D; Tyler, A. (1981)

“Fast atom bombardment of solids (FAB):
A new ion source for mass spectrometry.”

J Chem Soc, Chem Commun, 7, p324.
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DETECTION OF HIGH WASS MOLECULES BY LASER DESORPTION
TIKE-OF-FLIGHT MASS SPECTROKETRY

Kojchi Tanaka, Yutaka Ido, Satoshi Akita,
Yoshikazu Yoshida and Tamio Yoshida

Central Research Laboratory, Shimadzu Corporation,
! Nisinokyo-Kuwabaracho, Nakagyo-ku, Kyote 604, Japan

[ Introduction ]

The laser desorption time-of-flight mass spectrometer
has been developed in order to analyze non-velatile, thermally
labile and high mass organic molecules. In this spectrometer we
have made improvements on all stages of mass spectrometer { ion
sourcte, mass separation. detector, electronics J.

{ Equipment ]

The construction of the laser desorption time-of-flight
mass analyzer is shown in Fig.l1. Figure 2 shows the blcck di-
agram of TOF spectrum measurement system.

-- lon source --

N: laser ( Wavelength:337nm, Pulse

MALDI
Tanaka, K; ldo, Y; Akita, S;
Yoshida, Y; Yoshida, T. (1987)

“Detection of High Mass Molecules by

Laser Desorption time-of-Flight Mass

Spectrometry.” 2nd Japan-China Joint
Symposium on MS, Takarazuka, Japan.

CORRESPONDENCE

Laser Desorption lonization of Proteins with Molecular Masses
Exceeding 10 000 Daltons

Sir: Until recently the desorption of ions of bicorganic energy of 3 keV and the postacceleration potential was limited
compounds in the mass range above 10000 daltons seemed to & maximum of @ kV. The ion velocity of lysozyme (malecular
to be exclusively the domain of plasma desorption mass weight 14306), e.g. at the conversion electrode, amounts to s value
spectrometry (PDMS) (I~4). In 1987 Tanaka et. al. (5) re- of only 1.1 % 10* m/e and is even lower for the higher mass

. " - compounds. Nota that a minimum velocity of ca. 1.7 % 104 m /s
ported laser desorption of protein molecularions up toa mass 'y ioviiied for insulin jon detection in PDMS (2). Signals

of 34000 daltons. Oligomers of lysozyme containing up to - 3 ; g .
. . vere registered by a Biomation transient recorder with an
seven monomeric units have also bleen observed by this group, aquisition memory of only 2048 channels resulting in a very low
using a pulsed Ny laser and a matrix of a metal powder, finely  (ime resolution in the high mass range (for details see results).
dispersed in glycerol. Fast atom bombardment or liquid Currently this also limits the accuracy of mass calibration, which

secondary ion mass spectrometry (SIMS) data on compounds is done with the sodium and matrix signals in the low mass range.
above 10000 molecular weight show weak signal intensities Thus all results have to be understood as a documentation of the
and poor signal-to-noise (S/N) ratios. The only exception is general ibility of the technique for the ion of high
the results reported on the analysis of small proteins in the molecular mass ions.

range of 10-24000 daltons obtained with a 30-keV cesium ion
source in a conventional double-focusing mass spectrometer RESULT'S AND DISCUSSION
(6), but sample amounts in the 10-xg range were necessary Spectra of four proteins are reported here: lysozyme (from
in that case. chicken egg white, molecular weight 14 306), 3-lactoglobulin
In the following, the first results on ultraviolet laser de- A (from bovin§ milk, molecular we.ighT._ ]'.82]"1'_), porcine trypsin
sorption (UVLD) of bioorganic compounds in the mass range (molecular weight 23463}, and albumin (bovine, approximate
abave 10000 daltons will be reported. Strong malecular ion molecular weight 67 000) (all molecular weights are averages).
signals were registered by use of an organic matrix with strong Comparable results have been obtained for a variety of other
absorption at the wavelength used for controlled energy de- PN‘.ET‘HS-
position and soft desorption (7). Figure 1 shows the laser desorption (LD) spectrum of ly-
sozyme. Without time delay the mass range at an analog to
EXPERIMENTAL SECTION digital time resolution of 200 ns/channel extends from 0 to
A reflector-type time-of-flight (TOF) mass spectrometer ~16000 daltons, For higher masses a time delay or decreased
Eqmpped with a Q-switched qu-dJUPled Nd-Yag-Laser (pulse time resolution had to be used. In the low mass range up to
length 10 1, wavelength 266 nm) was used for fon generation and 1000 daltons, strong signals of nicotinic acid matrix ions and

w sed eer . P
analysis. The laser was focused to a spot between 10 possibly also analyte fragment jon signals are observed. Be-
in diameter. Samples were used as supplied commerci A : : :

(1984)
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PHYSICS: F. L. MOHLER CH:0* ions can be formed only on the surface,
since broadening corresponds to jon formation

farther from the tip.

yoLVIIL. | THE PROPERTIES OF SLOW CANAL RAVS. 651 494 Proc. N. A. S. Electrospray Ion Source. Another Varialion on the Free-Jet Theme Atmospheric Sampling Glow Discharge lonization Source for
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New Picogram Detection System Based on a Mass
Mass-Spectrometric Studies of Corona Discharges in Air at Atmospheric Pressures

Methods of the 20t Century
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THE PROPERTIES OF SLOW CANAL RAYS.
By A. J. DEMPSTER.

HE following paper contains an account of experiments with posi-
tive rays under more varied pr ¢ conditions and of slower
speed than those generally used. In the usual canal ray tubes the
potential is limited wvery largely by the vacuum: for instance, il the
pressure is about 0.005 mm. of mercury, the potential with ordinary
tubes is of the order of 20,000 volts. In this investigation the subject
was first approached from the side of the light emission and later the
analysis by clectric and magnetic deflection was made.

LicaT [EMISSION.

The first to examine the light excited by slow poqltlvr' rays was Stark.!

He arranged a sccondary

SLOW CANAL RAYS
Dempster, AJ. (1916)

“The properties of slow canal rays.” Phys
Rev, 8, p651.

A NEW METHOD OF POSITIVE RAY ANALYSIS.
By A. J. DEMPSTER.

THE analysis of positive rays is based on the determination of the

ratio of the charge to the mass of various constituents, The corre-
sponding measurement for the negative corpuscle has however been
carried to a much greater degree of accuracy by means of methods in-
volving the magnetic deflection of the rays through large angles, and
the refocusing of rays which make slightly varying angles with each
other, Apart from the accuracy of the measurement, there is also in
these methods a great resolution between slightly different speeds;
thus Rutherford and Robinson' have separated distinct groups of 3
rays from RaC which differ by 2 per cent. in energy; also the photo-
graphs given by Classen? for electrons show such sharpness that if elec-
trons had masses differing by as little as 1 in 100, the various groups
would be separated. With positive rays the slit method used by Richard-
son® is suitable for weak sources and allows a fairly exact measurement
of a mean molecular weight, but the curves given in the above paper
show that the power of separating different elements is very small.
The method used by J. J. Thomson is capable of comparatively great
resolving power, elements being sharply separated which differ in molec-

A PHOTO-IONIZATION EXPERIMENT WITH HYDROGEN
By F. L. MOHLER*
BUREAU OF STANDARDS, DEPARTMENT OF COMMERCE

Communicated June 28, 1926

A sensitive method of detecting photo-electric ionization of a gas has
been described by Dr. Foote and the author.! The gas is contained in a
two-electrode, thermionic tube with conditions so adjusted that the electron
current is limited by space charge. Production of positive ions by incident
radiation will neutralize the space charge and produce a very much magni-
fied change in the thermionic current. A paper now in-press? describes
measurements of the photo-ionization of some monatomic gases by a
discharge in the same gas. A double thermionic tube was used in which
one unit produced a discharge at controlled current and voltage while the
other unit detected photo-ionization excited by the radiation from the
discharge. Electrical shielding prevented diffusion of ions and electrons
from one thermionic unit to the other. The experiments showed that little
if any photo-ionization is produced with discharge voltages equal to or
less than the first ionization potential but that there was a large effect
at potentials sufficient to give double ionization or soft X-ray excitation.
Thus the effect furnishes a sensitive method of detecting any critical
potentials which give rise to radiation of higher frequency than the

PHOTOIONIZATION
Mohler, FL. (1926)

“Photo-ionization experiment with
hydrogen.” Proc Natl Acad Sci, 12, 494.

A NEW METHOD OF POSITIVE RAY ANALYSIS AND ITS
APPLICATION TO THE MEASUREMENT OF 10NI-
ZATION POTENTIALS IN MERCURY VAPOR
By WaLker BLEARNEY

I'uvsics LanoratorY, UNIVERSITY OF MINNESOTA,

(Received June 8, 1929),

ABSTRACT

A new method of positive ray analysis is described which lends itsell particularly
well to the study of the nature of the ions formed by single electron impact in gases,
the efficiency of their production, and the measurement of their ionization potentials.
The novel feature of the method is the use of the uniform magnetie field of a large
solenoid so to concentrate a beam of electrons as to provide a linear source of positive
ions, The ions are then pulled across the magnetic field and subjected to an e/m
analysis by a suitably designed analyser,

Some preliminary results are given for mercury vapor in which the ionization
potentials of Hg**, Hg*t, and Hg*" are found at 30, 71, and 143 volts respectively.

T HE object of this paper is to describe a new method of positive ray

analysis' which may be quite generally applied to the study of (1) the
nature of the ions formed by single electron impact in gases, (2) the ef-

ficiencies of the production of these ions, and (3) the accurate measurement of
their ionization potentials, Some preliminary results are given on the values
of the first, second, third, and fourth ionization potentials in mercury vapor.

APPLICATIONS OF FIELD IONIZATION TO MASS
SPECTROMETRY
Sir:

The desorption of positive ions from surfaces by
high electrostatic fields was first noted by E. W.
Miiller, who utilized the phenomenon in the field
ion microscope.' In a recent publication from this
Iaboratory preliminary mass spectrometric analyses
of field produced ions from a few gases were re-
ported,’ and the mechanism of their formation
discussed.” This work has now been extended, and,
as a consideration of Table I will indicate, promises
to have interesting applications:

(1) Analysis of gas mixtures. Table T shows
that parent peaks predominate in almost all cases
investizated. For example, no peaks over 0.1%
except the parent ion, were observed with acetone.
By contrast electron impact ionization of this gas
produces 19 peaks of comparable intensity. The
extreme simplicity of the spectra often permits
the use of isotopic peaks for the direct determina-
tion of chemical formulas.

(2) Determination of transient intermediates in
photochemical, thermal or radiation processes.
For example, we are currently looking for the

(1} E. W. Mdller, Peldemission, Ergeb. d. Exaht. Naturwirs., 17, 200
{1953)

' D!‘S M, G Inghram and R. Gomer, J. Chem, Phys,, 32, 1279 (2054).

£3) Tt has recently come to our notice that similar conclusions re-
garding mechanism were reached by: F. Kirchner, Nofwrwiss. 8, 130
(1654), an the basis of Muller's results' and field induced changes in
field emission patterns.

While substrate induced fragmentation interferes
with the analytical applications indicated under
(1) and (2), it s possible to suppress this phenom-
enon by suitable poisoning of the tip.

The use of pulsed fields should permit identifica-
tion of ions produced in the chemisorbed laver,
since the diffusion of gas to the vicinity of the tip
can be made negligible in the time of a pulse.
Variation of pulse repetition rates should permit
the determination of sticking coefficients on
individual erystal faces of the tip.

Our present experimental arrangement consists
of a 12 radius of curvature direction focussing
mass spectrometer equipped with an electron
multiplier tvpe of ion detector, eapable of measuring
currents of 107'* ampere. A 30-mil hole in the
screen of a field emussion microscope permits a
portion of the ion beam to pass into this instru-
ment, so that the detector “sees” an area of about
900 A.? of the tip surface. A focussing field ioniza-
tion source for this mass spectrometer has been
designed which should greatly increase the sensi-
tivity of the method for analytical applications.

This work was supported in part by a grant from
the National Science Foundation and in part by
contract with the U.S. Air Force.
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FIELD IONIZATION
Gomer, R; Inghram, MG. (1955)

“Applications of field ionization to mass
spectrometry.” J Am Chem Soc, 77(2),
p500.

Determination of Unsaturated Hydrocarbons
by Low Voltage Mass Spectrometry

F. H. FIELD and 5. H. HASTINGS

Technical and Researeh Divisicns, Humble Oil and Refining Co., Baytown, Tex.

A method of determining unsaturates in petroleum
naphthas gives quantitative information concerning
the compound types present and the compounds be-
Junging to these types. Interference from paraffins
and naphthenes is negligible. The analysis is per-
formed with a mass spectrometer operated with the
jonizing voltage adjusted to form only the molecule
ione of the unsaturates in the sample analyzed. The
method Is applicable to the analysis of catalytic eracked
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M. M. SEaEIN
Xerox Corporation, Rochester, New York
(Received 17 December 1965)

Mass-spectrometric studies of the ionic species formed in corona discharges in nitrogen, oxygen, and air
have been carried out at water concentrations from 1.7X10~2 to 0.65 raole %, and total pressures up to one
atmosphere. The importance of water in this system has been demonstrated by the dominant presence of
(H;0).H* ion clusters at water concentrations as low as 4.1X1072 mole %. Evidence is presented for the
formation (HO:)* and (N;H)* ions as possible intermediates in the formation of these clusters. It is argued
that hydride formation by the primary ions and possibly charge-exchange reaction with water molecules
followed by proton-transfer reactions are the mechanisms by which these clusters are produced. Simple
hydration of other ionic species of the discharge, e.g., Ozt (H;0),, NO*(H;0),, and (NOst) (Hy0),, at
water concentrations below 5.5X 1072 mole %, have also been observed.

INTRODUCTION

ASS-spectrometric studies of the ionic species
formed in corona discharges in air at pressures up

to one atmosphere have been of interest not only as an
aid to the understanding of the mechanism of formation
of various products of the discharge but also in relating
the data to ion-molecule reactions which may be
occurring in both upper and lower regions of the
atmosphere. The recent report? on some of the ions of
low mass number at various altitudes in the upper
atmosphere and the suggestion of the possibility of the
formation of ion clusters such as (H:0).H+ further
demonstrate the need for laboratory simulation of the
prevailing conditions in order to examine the detailed
mechanism of the formation of these ions. The possi~
bility that charge-exchange processes and/or direct
ionization of water molecules followed by ion-molecule

region of the system. Thus the mass spectrometer would
detect species which are not representative of the
system under study. To avoid these possible compli-
cations, sampling is made either through many small
orifices where only molecular flow conditions prevail?® or
as adopted here, the partial pressure of the particular
component suspected of being responsible for cluster
formation is lowered to the extent where the mean free
path between two of its molecules is greater than the
diameter of the exit nozzle. Furthermore, a fast pump-
ing system is utilized just beyond the exit aperture to
sufficiently reduce the pressure and avoid secondary
collisions. In this paper the results of experiments in
which various compositions of atmospheric gases are
subjected to corona discharge and studied by means of
a quadrupole mass spectrometer are presented.

EXPERIMENTAL

CORONA DISCHARGE
Shahin, MM. (1966)

“Mass-spectrometric studies of corona
discharges in air at atmospheric
pressures.” J Chem Phys, 45, p2600.
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Molecular Beams of Macroions

Marcorx Doig, L. L. Mack, axp R. L. Hmwes*
Materials Research Center and Department of Chemistry, North n University, Evansion, Illineis

AND
R. C. Mosrxy,t L. D. Fercusox, awp M. B. Anice
Bendiz Research Laboralories, Seuthfield, Michigan
{Received 19 April 1968)

By means of electrospraying a dilute polymer sclution into an evaporation chamber, negative macroions
can be produced and 2 molecular beam formed by sampling the gaseous mixture of macroions, solvent, and
nitrogen molecules with a nozzle-skimmer system of the Kantrowita-Gray type. The macroion current can
be detected by a Faraday cage after the light ons have been repelled from the beam by negative voltages
on & repeller grid. Theoretical repeller voltages which best agree with the observed are those calculated
by assuming a macroion velocity within 2% of the estimated supersonic heam velocity of 743 m sec .
Polystyrene macreions of 51 000 weight-average amu tend to form dimers and trimers in the beam while
Targer polystyrene macroions of 411000 weight-average amu appear mostly to be multiply charged single
species. The results demonstrate that definite mass/charge states can be formed by the electrospray techni-
que, that a considerable monochromatization of macroion velocities in the beam takes place, and that the
macroions become highly concentrated relative to low-molecular-weight solvent and nitrogen fons during

the transit time in the supersonic beam.

INTRODUCTION

It has never been possible to obtain intact gas-phase
macromolecules by evaporation inasmuch as the vapor
pressure of a high polymer such as polyethylene of
14 000 amu can be calculated to have a room tempera-
ture value of only 10~ atm. On heating a macromole-

the gas phase in a mixture of solvent and nitrogen
molecules,

Richardson? produced intact individual macromole-
cules on a mica-backed film of evaporated carbon by
spraying a dilute solution of a high polymer onto the
carhon and by m'lowmu th( Rn]vcnt to evapnr'u!: The

Jlvent wetted b 1 by

ELECTROSPRAY

Spectrometer with an External lonization Source at
Atmospheric Pressure

E. C. Horning, M. G. Horning, D. I. Carroll, |. Dzidic, and R. N. Stillwell
Inslitute for Lioid Research, Baylor Colloge of Medicine, Heuston, Texas 77025

A novel mass spectrometer with an external ionization

source can be used lo delect picogram gquantities of Table |. Instrument Parameters

compounds of biologic interest. The source contains a Sample inlet temparature 180-200°C

EINi foil, and is at ic pressure. § are Source lemperature 200°C

introduced in a flawing gas stream in selected common Gas flow 1.7 mi/sec
solvents. Positive ions are formed by a complex series of Source pressure 760 Torr

ion molecule reactions. The ionization reaction for the Mass spectrometer pressure 4% 1075 Torr
sample may involve either proton iransfer or charge Electric field in source None

transfer. Negative lons are formed by either resonance or T

dissociative caplure of thermal electrons, or by ion-mole- reaction chamber with a "z.mmg gas stream at qtmmpber

ATMOSPHERIC PRESSURE
IONIZATION (63Ni FOIL)
Horning, EC; Horning, MG;

Carroll, DI; Dzidic, |; Stillwell, RN.
(1973)

“New picogram detection system based on

a mass spectrometer with an external
ionization source at atmospheric
pressure.” Anal Chem, 45(6), p936.

Atmospheric Pressure lonization Mass Spectrometry: Corona
Discharge lon Source for Use in Liquid Chromatograph—Mass
Spectrometer—Computer Analytical System

D. I. Carroll, I. Dzidic, R. N. Stillwell, K. D. Haegels, and E, C. Horning

Institute for Lipid Research, Baylor College of Medicine, Houston, Texas 77025

A corona source for a liquid chromatograph-mass spac-

sysiom ie d Ibed. The per- The technique of atmospheric pressure ionization {API)

s ' usl BINj § i has b
ps . mass spectrometry, using a “Ni ionization source, has been
formance was :ompnrad with that of the *Ni source pre. deseribed (1, 2). A second ionization method, using a coro

viously employed with direct injection of samples. Both lon . jic oo was later employed in a liquid chromato-
sources gave the same posilive lons with salvents and test graph-mass spectrometer-computer (LC-MS-COM) ana-
compounds. The corona source had a larger dynamic re-  |yyical system (3, 4). The primary purpose of the work de-
sponse range. A separation of several polynuclear "'l'ﬂmv scribed here was to compare the properties of the *Ni and
carbons was AP| detection was P corona fonization sources, and to define the circumstances
with UV detection. With iscoctane as the sclvent, the hydro- governing limiting sensitivity of detection. In the poanwe
carbons formed MH* jons through solvent-mediated ion ion mode, both %Ni and coron

. Selective lon detection was used io rlent cal reactant ion spectra and low

APCI-LCMS
Carroll, DI; Dzidic, [; Stillwell, RN;
Haegele, KD; Horning, EC.

Spectrometric Determination of Trace Elements

Robert S. Houk, Velmer A. Fassel,* Gerald D. Flesch, and Harry J. Svec
Ames Laboratory— USDOE and Department of Chemistry, lowa State University, Ames, lowa 50011

Alan L. Gray

Department of Chemistry, University of Surrey, Guildford, Surrey, England GU2 5XH

Charles E. Taylor

Southeast Environmental Ressarch Laboratory—USEPA, Athens, Georgia 30601

Solution aerosols are injected into an inductively coupled argon
plasma (ICP) 1o generate a relatively high number density of
positive lons derlved from elemental constituents, A small

fraction of these ions is extracted lhrough a samullnq orifice

Into a differentially ystem

of plasma gas along with its ions was extracted from the CAP
through a pinhole-like sampling orifice into a differentially
pumped vacuum system containing an electrostatic ion lens,
dm\l\.zer and electron multiplier. Back-
tained from the CAP had few peaks

INDUCTIVELY-COUPLED
PLASMA
Houk, RS; Fassel, VA; Flesch,
GC; Svec, HJ; Gray, AL; Taylor,
CE. (1980)

“Inductively coupled Argon plasma as an
ion source for mass spectrometric
determination of trace elements.” Anal
Chem, 52, p2283.

(acetone, 25 °C, 0,25 h), gave the free enone 5¢™ as a colorless
oil (88%).%*

Finally, the introduction of a trans-propenyl group at C-2 in
2-methyleyclohexanone is readily achieved by using the electrophile

(11) Giering, W. P.; Rosentlum, M,; Tancrede, J. J. Am. Chem. Soc.
1972, 94, 7170,

(12) Cutler, A; Ehnthalt, D.; Lennon, P.; Nicholas, K.: Marten. D. F.;
Madhavarao, M.; Raghu, S.; Rosan, A.; Rosenblum, M. J. Am, Chem, Soe.

1975, 97, 3149

(13} Borawitz, 1. J.; Caspar, E. W.; Crouch, R. K.; Yee, K. C. J. Org.
Chem. 1973, 37,

(14) Rubotto : Mott, R. C.; Krueger, D. 8. Spnth. Commun. 1977,

(15) Kuwajima, L; Nakamura, E. J, Am. Chem. Soc. 1975, 97, 3257,

(16) NMR (CDCIy) & 6.3-5.8 and 5,248 (ABX multiplets, CH=CH,),
1.02 (d, J = 6 Hz, CHy).

(17) NMR (CDC],!M 15([ 1,J =9 Hz, CH=).#

(18) Methyl doublet; G 1.07, 81y 0.97. Comy he C-2 methyl-doublet
resonances in 2,3-dimethylcyclohexanane; g, 0.93, Syue 0.97: Pleffer, P. E;
Qsman, §. F. J. Org. Chem. 1972, 37, 2425.

(19} Cutler, A.; Ehntholt, D.; Gicring, W. P.; Lennon, P.; Raghu, S
Igigsan.a A.: Rosenblum, M ; Tancrede, 1; Wells, . J. Am. Chem. Soc. 196,

3495,

{20) Raghu, S.; Rosenblum, M. J. Am. Chem. Soc. 1973, 95, 3060.
Klemarezyk, F.; Rosenblum, M. J. Org. Chem. 1978, 43, 3488,

(21) Rubottom, G. M.; Mott, R. C.; Krueger, D. S. Synih. Commun. 1877,

") Thei e fomers were spsrated by TLC: NMR (major somer, COCL)
375 (m,

548015, 5 (. 4 CH,0, CHO), 240 (m, 2, CH,CO), 23-1 3 (m.
8, CH;) i Hz CH,), 1.06 (5, 3, CHy); (miner isomer, CDCI,I
54.87°(s, 0 (m OCH; OCH), 2.45 (m, 2, CH,CO), 1.70 (i

8, CHy. 1 = Hy). 115 (s, 3, CHy).

23) ‘\MR(CDCI ) 560 W+ Ju = 28 Hz, CH=), 5.1 (1, 2,
Vsl = 1 Hz, CHy=), 2.4 m, 2 EH.CS), 12 5. CH. 118 (3 5. CHy)

0002-7863/80,1502-5931501.00/0
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FLAME 1ons
A TOMS (<1077 TORRY
I

A New Soft Ionization Technique for Mass
Spectrometry of Complex Molecules
Sir:

In a number of areas of organic and biochemical research, there
is a growing need for high mass, high sensitivity mass spectrometry
applicable to thermally labile molecules of low volatility.! In
particular, it is often very important to obtain easily identifiable
ions characteristic of the intact molecule so that the molecular
weight can be determined. In response to this need, several new
techniques have been developed. These include field desorption,?
chemical ionization,” plasma desorption,? laser desorption,® and
organic SIMS.® Al of these technigues show some promise for
at least partially fulfilling the above-stated need, but only the first
twe have as yet been widely applied. We have recently been
engaged in developing a new combined liquid chromatograph-mass
spectrometer {LC-MS) system suitable for application to involatile
molecules. In the course of this work, we have discovered a new
ionization technique which appeass widely applicable to mass

()AL Bur]ingame.c‘ H.L.Smxck’lclun 1. Howe, and O, S,
Anal_ Chem., 50, 346R (19

0 R Sihten. e, Mass Spectromn., Ta. 53 (1978).

(3) M. 8. B, Munson, Anal. Chem., 49, 7724 (1977).

(4) R. D, Macarlanc and D, F Tur,gcnon Science (Washington, D.C.),
191,920 (1976)

(5) M. A. Posthumus, P. G. Kistemake#, H. L. C. Meuzelaar, and M. C.
Ten Noever de Brauw, nal. Chem, 0, 985 (1978
af) A Bermingkote erd W. X Scbicenenn. Ana. Chern., S0. 1130
(
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Solutions passed through a small capillary at 2-10 kV relative to ground arc electrosprayed into  bath gas to form a gascous
dispersion of ions that is expanded into vacuum in a small supersamr, free jet. A portion of the jet is passed through a skimmer
to form a molecular beam that contains a variety of ionic species. Mass spectrometric analysis reveals that these species

include solute cations in ion with solvent

and/or solute species. The nature of the product

ions depends upon the composition and feed rate of the original solution, the temperature and composition of the bath gas,
and the voltage applied to the capillary. The exploratory experiments reported here suggest that this novel ion source may
be useful for producing in vacuo a wide variety of cluster ions for examination by various spectroscopic techniques. Also
inviting is the prospect of extending the applicability of mass spectrometric analysis to large organic molecules that are too
complex, too fragile, or too nonvolatile for ionization by more conventional methods. Another intriguing possibility is to
use the technique on probing the microscopic structure and properties of solutions.

Introduction

Beginning about 15 years ago Malcolm Dole and his colleagues
carried out a provocative series of ingenious experiments in which
they attempted to generate in vacuo beams of macromolecules,
more properly macroions.' Their approach was to electrospray
a dilute solution of polystyrene molecules into a bath gas of
nitrogen at atmospheric pressure. The idea was that as the solvent.
(3:2 benzene:acetone) evaporated from the charged droplets the
charge density on the surface would increase until the Rayleigh
limit was reached at which the Coulomb repulsion forces begin
1o exceed the surface tension and the droplet would subdivide.
If this division process continued far enough and if the original
solution were dilute enough a state would be reached in which
an average each droplet would contain only one macromolecule.
After the remaining solvent evaporated at least some of the charge
should remain on the macromolecule. The net result would be

through a small supersonic jet into a vacuum chamber m what
has become the place method for producing
beams having high intensities and narrow velocity distributions,
The effectiveness of this very clever idea was demonstrated by
Dole and his colleagues in two sets of experiments carried out in
two separate laboratories using two somewhat different apparatus
designs. With polystyrene molecules ranging in mass from 200
t0 860000 daltons they obtained ion currents from 10 to nearly
6 X 1077A. By assuming that the macroions reached the terminal
gas velocity in the free jet they obtained some values for
mass/charge ratios that correspond to what would be expected

(1) M. Dole, L. L. Mack, R. L. Hines, R. C. Mobley, L. D. Ferguson, and
M. B Alice, . Chen. Phys. 49, 2240 (1968),
Mack, P. Kralik, A. Rheude, and M. Dole, J. Chem. Phys., 52,
4977 11970]

(3) G. A. Clegg and M. Dole, Biopolymers, 10, 821 (1971).

(4) D. Teer and M. Dols, J. Polym. Sei., 13, 985 (1975).

(5} M. Dole, H. L. Cox, Jr., and J, Gieniec, Adv. Chern, Ser,, No. 125,73
(1973)

a dispersion of macroions in the bath gas which could be expanded

TOn leave from the Institute of Space and Astronautical Science, Tokya.

ELECTROSPRAY
Yamashita, M; Fenn, JB. (1984)

“Electrospray ion source. Another variation

on the free-jet theme.” J Phys Chem,
88(20), p4451.
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Pegeaveruii . ., Zwun 10, C., Bosnuecencruii B. H.,
Eypourun B. K., Koemanoecxuii P. I,

MACC-CIHIEKTPOMETPIA C ®OTOMOHUBALINEN
1P ATMOC®EPHOM JIABJIEHWN H.ATKAHOB, CUUPTOB,
KETOHOB, CJIOJKHBIX 3ONPOB I AMIHOB

IIpn xpomaTo-MacC-CHERTPOMETPHYECKOM AHAIM3E CIQKHBIX CMeceil opra-
HIIECKNIX COBJIMHEHMI IMNPOKO IPHMEHSOTCH WOHUBATIUA DJICKTPOHHBIM YIa-
pou (3Y) m xmumueckas moHmsaums (XI).

B 1973 r. npennosken cuocol Mace- CHOI(TpoMeTpH‘IBCKOI‘O anmaxmsza ¢ XU
mpn amocdepronm masmenun (MAJT) [1, 2]. Ilepsuansie mombi-peareBTH TeHe-
PUPYITCH U3 Tasa-HOCHTeJsi B KODOHHOM pa3psfe W Tof HeiicTBueM
p-usnysennsa. CocraB moHOB-pearenTor B yeaosuax VAJL sasucutT or mpune-
ceit H,0, 0,, NOg, NO, NH,, o6byno mMeomuxcs B raze-nocutexe. OcHOBHEE
nomsl — H¥(H,0),, a ramme O,7(H,0)y, NO*(H,0),,, NH, m np., monyqarmoT-
¢ B Pe3YNBTATe PeaRIMi KIacTepoo0pasoBaHUA, KOTOPAs ABIHETCH OCHOB=

woit ipur AT

AP PHOTOIONIZATION
Revel’skii, |A; Yashin, YS;

the Determination of Trace Organic Compounds in Ambient Air

Secott A. McLuckey,* Gary L. Glish, Keiji G. Asano, and Barry C. Grant
Analytical Chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831

A new atmospheric sampling lon source, based on the es- quiring both high specificity and low detection limits. For
ablishment of a glow discharge in amblent alr drawn Into a example, the detection of organic explosives in ambient air
reglon of reduced pressure, Is described. The source Is sim- requires delec?iun Ilimils ir! tl\le parts per ltrillion range (or
iple, rugged, and relalively mainienance-free, exhibils a very lower) along with high sqeclfimly to minimize false positives
short memory, and is axtremely sensitive for compounds with (J'_J. The methodluf cho&ce l‘o! many trace \fmal_yma of con-
high proton affinities, high electron atiinities, high gas-phase stituents present in lm'biun_( air is the combination of a sen-

acidiies, and/or low lonization potentials. The effects of sitive ionization method with mass spectrometry.
discharge voltage and lon source pressurs on the nature of Several approaches have been taken in ionizing compounds
the mass spectra observed are described. These cperaling present in ambient air. One approach is to leak air into the
arameters affect the absolute number of fons observed and, mass spectrometer and fonize by electron bombardment (2,
L4 " sitive lons, the distribution of m" d). Air may be leaked into the system directly or through a
particularly t lons ::d’l:- o c;l I ation. rF st athv selective membrane that passes certain organic compounds

’ degree of fragment or M more readily than the normal constituents of air.
purposes, the imh of detection and dynamic range of the lon A widely used approach is to ionize at atmospheric pressure
source coupled with & mass spectrometer are discussed for uing either & @ emitter such as ®Ni (4, 5) or a corona
2,4,6-trinitrotoluene. For Ihe present system, a detection imit discharge (6-9) as a source of ionizing electrons, Both methods
of 1-2 parts per irillion and a linear dynamic range of at least are commonly referred to as atmospherie pressure ionization
§ orders of magnluce are obeerved. (APT). A number of reviews are available that describe API
as a sensitive means for detecting trace quantities of certain

organics in air (8, 10, 11).

Several characteristics are usually desirable for an ion source
The detection of trace quantities of organic compounds in intended for monitoring trace organics in ambient air. These
amk 1 nclude the following: low detection li

air is a commonly encountered problem often re for the compounds
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Atmospheric pressure photoionization (APPI) has been thereby generated are detected as current flowing through a
successfully demonstrated to provide high sensitivity to suitable collection electrode. A chromatogram can be obtained
LC—MS analysis. A vacuum-ultraviolet lamp designed for by plotting the current detected during a chromatographic run

b ion detection in gas c} hy is used versus time. For PID-GC, the discharge lamp is normally selected
as a source of 10-eV photons. The mixture of samples and such that the energy of the photons is greater than the IP of the
solvent eluting from an HPLC is fully evaporated prior to analyte but below that of the carrier gas. Most organic molecules
introduction into the photoionization region. In the new have IPs in the range of 7—10 eV, while the common GC carrier
method, large quantities of an ionizable dopant are added gases have higher values. Selactive ionization of the analyte can
to the vapor generated from the LC eluant, allowing for a then occur, and low background currents may be achieved. The
great abundance of dopant photoions to be produced. few early investigations of PI coupled with LC also relied upon
Because the ion source is at atmospheric pressure, and direct detection of the photoion current without mass analysis! ™
the collision rate is high, the dopant photoions react to Selective ionization was possible in these experiments, too
completion with solvent and analyte molecules present in because the commeon LC solvents alse have relatively high IPs
the ion source. Using APPI, at an LC flow rate of 200 gL Th @ early PI-LC methods, particularly those that incorporated

APPI-LCMS
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