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Deuterium exchange of acidic hydrogen atoms in organic molecules has been effected by Hunt et
al, 1 in gelected single compounds by means of chemical ionization (CI), using D20 ag a reagent
gas. Excellent exchange efficiency was obtained by direct sample insertion even when as many
as five acidic protons were present in the molecules. Since the determination of the number of
exchangsnble hydrogen atoms yields s characteristic, siructurally informative parameter, ex-
tension of this work towards the anslysis of constituents of mixtures by GC-MS techniques with-
out previous igolation, appeared highly desirable. The following diagram shows the dual-gas
2lass capillary GO-CIMS system which we adopted for exploring this possibility. It proved

capable of performing, with the same high quality, on—line/H/D exchange on complex mixtures.
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With this system, independent optimal carrier and reagent gases (entering at the injection
port (1) of the gas chromatograph and a heated reservoir for liquids 2 (1) to be used as €I
reactants, respectively) can be chosen freely as the latter is admixed behind the glass
capillary column (g), i.e. after separation is effected. Thus, the retention charascteristics
of the components of the mixture remain unchanged when switching from one reagent gas to
another, Direct coupling of the thin-film capillary (g) is afforded via a Polyimide ferrule 3
(1) and a platinum capillary 4 (i), which is part of a coaxial interface E (5) that serves
the common admission of both gases, without prior mizing, to the CI source of a FINNIGAN 3300
quadrupole mass spectrometer (g). Polar reagent gases such as water or methanol and, for H/Dﬁ
exchange, their deuterated analogs, can thus be admitted without interacting unfavorably with
the inside wall coating ¢f the interface capillary (i). These coatings are built up, during
initial use, by stationary phase bleeding from the column, and are essential for proper

operation of the system.

In order to assess the performance of this system with respect to GC resolution and quality of
exchangs, s mizture of o-, m- and p-phenylenediamine was subjected, in two separate experiments,
to non—exhaustive N-methylation and ethylation with excess methyl or ethyl iodide in presence

of KOH, respectively. The reactions were quenched after short times by addition of acid.
Combining the reaction products was expected to furnish a suitable multi-component system of
igomers and homologs containing no less than 33 constituents assuming that, in addition to
unreacted starting materisls, all possible methyl and ethyl derivatives were present. The
objective was, to generate a multitude of closely related compounds which would lend themselves
to convenient classification as to degree and kind of alkylstion, simply by determining their

number of exchangeable hydrogen atoms and molecular weights.

The following figure shows a computer-reconstructed total-ion—current gas chromatogram (TIC-GG)
obtained from this model mixture in a typical CI(CH3OD) experiment. Comparison of this trace
with an FID gas chromatogram recorded in a parallel GC run, i.e. without MS coupling, revealed
that practically no loss of the high separation efficiency of the glass capillary column had
occurred. For determining the number of exchangeable hydrogen atoms, spectra were continuously
recorded and processed by a FINNIGAN 6000 data system during two successive analogous
experiments, one employing CH3OH, and one CHBOD as reactant. Direct comparison of the CI(CH3OH)
spectra with the ones obtained by CI(CH30D) for the same GC fraction furnished, immediately,
the nominal mass differences Am between MH' and MD™ quasimolecular ions, since they represented
almost solitary signals, i.e. the only ions due to sample, formed under these conditioms. In
the present case of phenylenediamines, the number of exchangeable hydrogen atoms

ng(acidic) =Am - 1 yields the mumber of introduced alkyl substituents promptly as

nalkyl =4 - ?g(acidic)' Since total ion current is heavily concentrated in these quasimolecular
ions, isomers such as monoethyl and dimethyl compounds can be reliably distinguished by these
numbers, even when they are incompletely separated, or present in low abundances. Although

these numbers allowed a straightforward classification of all components into methylated or

ethylated isomers or homologs, an identification of the substitution type (gr, m-, and E?)
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ueceasitated, however, supplementary alkylation experiments on the pure phenylenediamine'iso—
mers. N,N- and N,N'-~disubstitution was distinguished through suitable reference compounds.
The detailed analysis of the CI spectra disclosed that all 33 possible constituents were pre-

sent in this mixture, although not all of them were completely resolved.
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Total ion current gas chromgtogram (TIC-GC) of methylated and ethylated phemylenediamines.
Glass capillary column, 50 mw x 0.36 mm, coated with Ucon HB 5100 and especially modified
for separation of amines {H. & G. Jaeggi, Labor f. Gaschromatographie, CH-3043 Trogen,
Switzerland). Linear temperature program 50 to 20000, 2.4°C/min. Components: Q-CGHA,(NMEZ)Q
(1); o-C B, (e, )NEMe (2); o-C(H, (NEMe), (3); o-CyH, (VB )NEEt (4)5 o-CyH, (NEt)), (5);
Q-CGH4(N§Et)2 (6); p-cgH, (WMo ), ()5 o-CE, (NEt)NE, (8); o-CgH, (WMo, )NE, (9)5 m~C.H,
(WMe), (10); o-CH, (NEMe)NE, (11); o-C H, (NEEt)NE, (12)5 o-CqH, (WE,), (13); p-CH, (NEMe),
(14); 2-0634(%2)1@{«3 (15); p-C.H, (NES,), (16); 2—06H4(N§Et)2 (17); p-c,H,(NE,), (18);
6H4(NE1:2)2 (19); B-c634(NEt2)N§Et (20); 3—0634(@&)1@2 (21); 2—06H4(NMe2)N§Me (22)3
n-C.H, (NEMe), (23); p-CgH, (WMe,)NH, (24); p-C,R,(NERt)NE, (25); p-C/H, (NEt )N, (26);
5-0634(1@2)2 (27); ;n_—c634(NEt2)N;:_Et (28); g—CGHAf(NEEt)Z (29); m-06H4(N_H_Me)N§2 (30); m-c H

= 64
(WMo 3NE, (31); m-C,H, (NEEt)NE, (32); m-CgH, (NE,)NE, (33).

o=-C

The quality of exchange attained, can be judged from the following figure which shows the QI
(CH30D) spectra of two p-isomers, N,N-dimethyl-p-phenylenediamine and N-ethyl-p-phenylene-
diamine (components 24 and 25). The compounds are classified as isomers of molecular weight
136 by exhibiting m/e 137 gquasimolecular ions MH+, in the CI(CH_D,OH) experiment. Corresponding

MD+ ions at m/e 140 and 141, respectively, characterize them as d_ - and d3—compounds, and

hence as dimethyl and monoethyl derivatives. Caleulation reveals ihat total B/D exchange is
better than 95%. As opposed to the use of less mildly protonating reagent gases such as CH4
etc., molecular ions M+', as possible products of charge exchange (cB), are largely absent

when CHEOH(D) is used as reactant. Concomitant CE, to which donor-substituted aromatic systems

like the ones studied are rather susceptible,6 would be lisble to interfere with evaluating
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CI(GH3OD) spectra of N,N-dimethyl-p-phenylenediamine and N-ethyl-p-phenylenediamine
(GC fractions 24 and 25, respectively). Source temperature 120°C; reagent gas: CHBOD
(600 micron).

the results when low-concentration and/or overlapping components are analysed. Advantages

of use of CHBOH/CH30D instead of H20/D20‘in CI refer to lifetime expectancy of hot filaments
in CI ion sources, and possibly to the prevention of H/D exchange of aromatic protons

in the 2-, 4- =nd 6-positions of the meta-compounds. This additional exchange can range from
negligible to essentially complete, depending on experimental conditions to be further

investigated.
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