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ABSTRACT. A small reduction in the gas-éhrdnatographit retention times
_bf a number of tritiated compounds compared to their unlabeled analogues
- has been observed. The shift appears to be proportional to the number of

tritium atoms in a molecule.
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Gas liquid radiochromatography (GLRC) has been in continuous use in

this laboratory for some years in connection with carbon-14 jon beam

“impact studies (1,2) and tritium excitation labeling research (3,4). The

equipment consists of a heated proportional flow counter (PFC) connected
to the effluent of a conventional gas chramatograph. Radioactivity and
mass are monitored with a tﬁo pen recorder. This system has been
described in detail (5).

Because the PFC is downstream from the thermal conductivity bridge of

. the gas chrunatograph a rad1oact1v1ty peak is d1sp1aced from the mass
-peak of the same compound by a distance proportional to the transit time -

between the two detectors. This displacement is the same for all radio-

active cunpounds providing the carrier gasvf10w rate is constant.v Thus,

if the two pens of the str1p chart recorder are adJusted ‘with one 1abe1ed

compound so that the rad1oact1ve and mass peaks co1nc1de, they will do so

for any labeled campound emerg1ng~from the-chranatograph. For this

purpose a toluene -146 standard is used and the upper pen (Hewlett Packard

model 7100B recorder) is used as the radioactivity output while the lower
pen provides the mass trace. The upper pen is at the end of a short

length of 1/16 inch stiff stainless steel tubing and is bent slightly so

-that mass and radioactivity peaks from the standard coincide. With this

slight modification the identification offemerging-radioactiVe peaks is
greatly facilitated through the use of unlabeled standards as markers..

There is, however, a counting statistics limitation on the determination

- of the exact retention time of an emerging labeled compound. If the ‘count

rate is too low (ife., <2000-3000 dpm) the peak is not sharply defined,

leading to a problem when matching mass and radioactive peaks. °



In mostfbf our work, in particular in the excitation labeling studfes,
(3,4) sémples have ample activity (>1.04 dpm),

The earlier work involving carbon -14 ion beam studies invariably
showed excellent agreement between mass and radioactive peaks of var1ous
labelled campounds. When the tritium excitation labeling studies began,

a persistent upscale shift in the radioactive traces of various tritiated
campounds appeared. Reexaminatidn‘of two labeled toluene standards (14

~ and 3H) also showed a very sma]l shift fbr the latter. Fig. 1 shows the
radiochranatogram of these two standards and the very slight shift of the
radloact1ve peakfor to]uene-3H compared to its mass peak is evident.
Replicate runs with the tq!uene«14c standard showed a standard deviation
(10) of the zero shift to be 1'2.5 seconds (0.5 mm). The shift noted in
Fig. 1 is real but close to the limit of detection. |

Our excitafion labeling studies involve the exposure of model
canpounds to a stream of carrier free exc1ted tritium atoms and/or ions
generated in a microwave d1scharge ce]l. A variety of reactions ensues
among which may be exchange with hydrogens and addition to the parent
compound. A cursory radiochromatographic examination of some of the
labeled products also showed the tritium shift vis-a-vis the mass peak.

On making this observation it became of interest to determine whether
thére was a correlation between the number of tritium atoms believed to be
inserted into a molecule and the magnitude of the shift of the radioactive
peak from the mass peak. An examination of the radiochromatograms of, the
labeled. cyclohexyl analogs of benzoic acid and phenylalanine {Fig. 2a and
b) showed this indeed to be the case, assuming 6 tritium atoms per
md1é¢u1e. The shifts were always toward earlier retention times. These

preliminary findings prampted;a:meaekamimatibn:bf*a:anbervoftgas 1iquid

-
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radiochfanatograms froﬁ earlier work. These also showed the Same upscale
shift bht to varying degrees. The data alsb suggested that the magnitude
of the shift depended upon the number of assumed tritium atoms per mole-
cule This is also evident in Fig. 3 where the reaction of benzene with

the tritium plasma produced cyclohexene (4,tritium atoms) and cyclohexane

- (6 tritium atoms). The‘difference in the shift between the two éanpounds

is small but significant. Therefofé, all of the available chromatograms
were carefully measured for the displacement between the radioactive and
mass péaks to determine whefher a corre]afion emerged between the magni-
tude of the shift and the putative tritium content of the labeled
molecules. It should be mentioned that not all of the radiochromatograms
were usable because sometimes éither the mass or radioactivity peaks had.

been allowed to go dffscaie since, in the early phéses of the work, there

'was no interest in the shift.

' Table 1 documents the shift for those compounds for which such |
measurements could be made. The assumed tritium atoms/molecule is based
on thé use.of pure T, to form the plasma and the assumption that during
the 1abéling process, hydrogen atoms from the substrate are not involved
in the reaction. Table 1 not only documehts the shift, but suggests a
proportionality between the number of tritium atoms/molecule and the
deéree of displacemént. ‘The'neaf 1inearify of the shift (3
sec/T/molecule) is probably fortuitous and considerably more work needs to
pe done to determine its’quanfitative nature. The reason why this shift
is not usually observed in radiochromatograms of tritiated molecules is

that, normally, carrier free labeling reagent is not used. Thus, tritium

- gas of one curie/mM has a ratio of T/H of about 0.02. This virtually

ensures ‘the entry of only one tritium -per molecule -for “those ‘that are



labeled, thus result1ng in a-shift very close to the noise level. TabIe 1 |
shows this minimum dxsplacement for benzene, made from 1odobenzene v1a a
substitution reaction involving one tritium. This, incidentally, supports
the'suggestion of C.T. Peng (3) of the possibility of enhancing the
- substitution reaction via the use of iodinaéed analogues. - - $
The displacements reported in Table 1 were observed with 1/4“_packed
columns having only modest reso1dtion.. There is the distinct possibility
of markedly increasing the magnitude of the shifts by modest changes in
the glc system such as using high resolution quartz cépi11ary columns. It
should be of great advantage in many Iabgling studies to be able to
determine the number of triton atoms/molecule. Such infofmation combined
with tritium mmr to locate the labeled positions, would make this and
other labeling methods much more useful. Furthermore, susstantial
improvement in column reso]dtion offers the possibility for increasing the
.specific activity of labeled campounds by separa;ing, partially or
canp]etely, the earlier emerging trif%ated peaks from the unlabeled
molecules via trapping.
Th1s effect of hydrogen isotopes on the retention times of compounds
analyzed by gas chramatography has been reported in the literature. Thus,
* Wilzbach (6) noted an almost clean separation between cyc]ohexane and
perdeuterocyc]ohexahe, the 1a£ter'émerging first. He found the same
- effect with tritiated cyclohexane and tritiated methylcyclohexane when h
compared with their unlabeled ana]ogues. He even suggested that the : | (
magnitude of the shift could be used to determine the tritium
atams/molecule. Van Hook {7) reported shifts with deuterated.cnmpared to
unlabeled ethanes and Gant (4) reported similar shifts for all the

‘hydrogenated;, deuterated and tritiated methanes. Those-data were



| expressed as a ratio of retention times and were all greater than one.

For example, CH;/CT, was 1.068. While this effect can be rationalized for |
hydrocarbons, where intermolecular interactions are weak and where isotope ‘

effects on volatility can be reasonably modeled, (9) it is somewhat

- surprising to observe it also for oxygenated compounds such as the f

s1lyﬂated der1vat1ves of carboxy11c ac1ds and even g1ucose which was '

si]y1ated.by.-S1(CD3)3 in all five hydroxyl positions (10). Ev1dent1y,

hydrogen bonding effects are not overiding. Equa11y~surprising, although
. not firnﬂy established, is the apparent proportionality of the shift with

‘the number of tritiums per molecule, independent of the molecular

structure of the_conpounds analyzed. -
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Parent Compound

o Table 1

Retention Time Shift of Tritiated Molecules

. Benzene
'Cyclohexehe

'f:Iodqbenzene

Benzoic Acidl)

Phenyl Alanine
3)

| Benzene?)

5)

. Heptene-2

6)

9

Product.

Cyclohexane

Shift,.Seconds

T'(Putative)/Molecu]e

Carboxylic Acid.

Cyclohexyl Alanine

Cyclohexahe
Cyclohexene
Cyclohexane

Heptanev

" Benzene_

1) Ovid-17, 178C isothermal

2)  Ovid-17, 208C isothermal

3-6) Carbowax 20M programmed temp (50-250C)

17.1°

17.5, 20.8, 21.7
18.5, 18.5, 18.9
12.9
6.5
10.6
3.2
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Fig. 2. GLRC"s ‘of cyclohexane carboxyhc acid- H6 (a) and cyc]ohexyla]-
mine— »H 4{b).
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