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SUMMARY

Dimethyl di-, tri-, tetra- and pentasulphides were determined quantitatively on
a cross-linked methylsilicone fused-silica capillary column with cool on-column in-
jection. Disproportionation and decomposition of dimethyl pentasulphide occurred
during chromatography whenever the column temperature exceeded 115°C. Ana-
lytical conditions were determined under which decomposition of dimethyl penta-
sulphide was minimal, sensitivity was high, and analysis time was short. Similar re-
sults were obtained with inert vapourizing injectors, but decomposition and dispro-
portionation reactions were observed with active injectors.

INTRODUCTION

In recent years, dimethyl polysulphides (CH3S,CHj, x = 2-4) have been re-
ported in such diverse media as food™, beverages®-®, air’~*3 and water!4-2°. Often
their presence has been associated with an objectionable odour as these compounds
have distinctive odours even at high dilution. Almost invariably, determination of
these compounds has been carried out using gas chromatography (GC). Analysis of
trace amounts of sulphur compounds by GC has often been difficult because many
are thermally labile?1-22, light sensitive?? or reactive towards metal, glass, the column
phase or the support®24-22, Current techniques of capillary GC with fused-silica col-
umns avoid many of these problems because the analyte does not contact metal
surfaces and because the capillary columns are extremely inert.

Concern has been expressed about the stability of dimethyl polysulphides dur-
ing analysis using GC because of the high temperatures usually employed to va-
pourize the sample3%:31, The dimethyl polysulphides containing three or more sul-
phur atoms are unstable at relatively low temperatures, the characteristic reaction
being disproportionation to yield mixtures of polysulphides of varying sulphur chain
length1.21.30.32-35 The ease with which this occurs increases with increasing sulphur
chain length?!-33, For example, dimethyl pentasulphide is so unstable that all re-
ported attempts to purify it by distillation have resulted in the formation of dimethyl
trisulphide?!. Dimethyl tetrasulphide thermally disproportionates into dimethyl di-,
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tri-, penta- and hexasulphides with a half-life of 0.5 sec at 170°C and 5 h at
80°C39.33.34, Dimethyl trisulphide also disproportionates into dimethyl di-, tetra-,
penta- and hexasulphides, though more slowly, with a half-life of more than 8 weeks
at 80°C33. Dimethyl polysulphides undergo similar disproportionation reactions at
room temperature under the influence of UV light or sunlight?3:3%, They are also
unstable in the presence of bases and nucleophiles?3-3%.31  suggpesting that exposure
to active sites with such properties in GC injectors or columns may promote decom-
position.

Reports of analyses of dimethyl polysulphides by GC in which dimethyl penta-,
tetra- or trisulphide have been measured?!-2.4.8-12,15.16,18-20,36-38 jp(jcate that the
lower homologues (i.e. dimethyl tri- and/or disulphide) are often also
present!»2:#4.9712,15,16,18,19.36,37 [p view of the reported thermal and chemical insta-
bility of the dimethyl polysulphides, it is conceivable that one or more of these com-
pounds may be artefacts produced by disproportionation during analysis. Bartl et
al® and Hagenguth et al.'! have reported that neither dimethyl trisulphide nor di-
methyl tetrasulphide is formed in a hot injector by disproportionation of the lower
dimethy! polysulphides, but they did not report whether the higher homologues could
decompose or disproportionate into the lower homologues.

The decomposition of thermally labile compounds during injection can be
avoided by the use of cool on-column injection3®. In this paper, we report on the
analysis of dimethyl polysulphides using capillary GC and on-column injection tech-
niques. Analytical conditions have been established which result in no or minimal
decomposition and which enable reliable analysis of dimethyl di-, tri-, tetra- and
pentasulphides. The results obtained using this procedure were compared with those
obtained using vapourizing injection techniques.

EXPERIMENTAL

Reagents

Dimethyl disulphide (more than 99%) was obtained from Merck (Darmstadt,
F.R.G.) and used without further purification. Mixtures of dimethyl disulphide
(DMDS), dimethyl trisulphide (DMTS) and dimethyl tetrasulphide (DMTeS) were
obtained by adding sodium polysulphide to a solution of methyl iodide and sodium
thiosulphate at pH 8 in the presence of formaldehyde33. A typical mixture contained
5% dimethyl disulphide, 52% dimethyl trisulphide and 43% dimethyl tetrasulphide
by weight, based on GC analysis (see below). After extraction into pentane, pure
(more than 99.9%) dimethyl disulphide and dimethyl trisulphide were successfully
obtained from these mixtures by fractional distillation at 0.5 mm pressure at tem-
peratures below 100°C. It was not possible to obtain pure dimethyl tetrasulphide; pot
temperatures in excess of 130°C were required, and the distillate contained 0.1% di-
methyl disulphide, 4% dimethyl trisuiphide and 29% dimethyl pentasulphide as well
as 67% dimethyl tetrasulphide. The identities of these components were confirmed
by GC-MS (see below).

Standard solutions containing 1-2500 ng/ul of the individual dimethyl poly-
sulphides, or mixtures of them, were prepared in dichloromethane (Nanograde; Mal-
linckrodt, KY, U.S.A.). It should be noted that when these solutions were exposed
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to light, the relative proportions of dimethyl penta- and tetrasulphides decreased,
whereas that of dimethyl tri- and disulphides increased.

Gas chromatography

A Hewlett-Packard 5880 A gas chromatograph with a flame ionization detec-
tor and a Hewlett-Packard 5895 B gas chromatograph-mass spectrometer were used.
GC was carried out on a 50 m X 0.22 mm [.LD. WCOT BP-1 (cross-linked methyl-
silicone; SGE, Ringwood, Australia) fused-silica capillary column, and the gas
chromatograph-mass spectrometer was fitted with a 50 m x 0.20 mm I.D. WCOT
cross-linked methylsilicone (Hewlett-Packard) fused-silica capillary column. Hydro-
gen was used as the carrier gas at a flow-rate of 40 cm/sec. Nitrogen at 20 ml/min
was used as a make-up gas for flame ionization detection (FID). Various temperature
programmes were used, and are described in the text. On-column sample introduction
(0.2 to 1.0 ul) was carried out at 30°C using an OCI-3 on-column injector (SGE) and
samples (1 ul) were also introduced splitless using the standard HP vapourizing in-
jector at temperatures between 140°C and 280°C. The silica liner in the vapourizing
injector was deactivated by treatment with BSTFA (Supelco, Bellefonte, PA, U.S.A.)
for 1 h at 120°C.

Column and overall system activity were evaluated with a seven-component
mixture (Activity Mix A; SGE) containing octanone, octanol, 2,6-dimethyl phenol,
2,4-dimethyl aniline, naphthalene, n-C;, and n-C, 3. Indications of activity were tail-
ing peaks and/or unequal response from phenol and aniline.
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Fig. 1. Gas chromatogram of 1 ul of a mixture of dimethyl polysulphides in dichloromethane solution
obtained using on-column injection. Initial temperature 30°C (1 min) followed by temperature program-
ming at 0.5°C/min. Peaks: 1 = dimethyl disulphide; 2 = dimethyl trisulphide; 3 = dimethyl tetrasul-
phide; 4 = dimethyl pentasulphide.
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RESULTS AND DISCUSSION

Chromatography of dimethyl polysulphides with on-column injection

The chromatogram shown in Fig. 1 was obtained from a solution containing
dimethyl di-, tri-, tetra- and pentasulphides using a uniform temperature programme
rate of 0.5°C/min from an initial value of 30°C. The smooth baseline and symmetrical
peaks suggest that no significant disproportionation or decomposition has occurred
during the chromatographic process, and that the column is inactive towards these
compounds. The assignment of peaks 1-3 in Fig. 1 to dimethyl di-, tri- and tetra-
sulphide, respectively, was verified by GC-MS analysis. The mass spectra of these
compounds have been reported previously'® and are consistent with those obtained
from the compounds represented by peaks 1-3. The mass spectrum shown in Fig. 2
was obtained from the compound represented by peak 4, which eluted after 150 min
at a column temperature of 105°C. It is consistent with that expected from dimethyl
pentasulphide in that it contains a molecular ion at m/e 190 and ions corresponding
to loss of S, and CH;S, (x = 1-4) from the molecular ion.

Quantitative analysis of dimethyl polysulphides without decomposition was
carried out using the chromatographic conditions just described. However, the time
required for analysis of all the dimethyl polysulphides up to dimethyl pentasulphide
was extremely long (150 min) and the peaks obtained were so broad that the detection
limits for dimethy! tetra- and pentasulphides were high. More rapid analysis obtained
with faster temperature programming rates resulted in sharper peaks, but also in
decomposition of dimethyl pentasulphide. An extreme example is presented in Fig.
3a which shows a chromatogram obtained from a solution containing dimethyl di-,
tri-, tetra- and pentasulphides using a uniform program rate of 4°C/min. Dimethyl
tetrasulphide eluted after 26 min at a temperature of 130°C, but a long sloping hump
topped by a small peak at 34 min (column temperature 162°C) appeared near where
dimethyl pentasulphide was expected to elute. Analysis of the sample by GC-MS
showed that the peak at 34 min corresponded to dimethyl pentasulphide, and that
the hump was due to varying proportions of dimethyl di-, tri- and tetrasulphide. A
discrete peak corresponding to sulphur was also found by GC-MS.

The chromatogram shown in Figure 3b was obtained from a solution contain-
ing dimethyl polysulphides using a temperature programme in which a temperature
of 90°C reached at 4°C/min was followed by a 1°C/min rise to 130°C. Dimethyl
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Fig. 2. Mass spectrum (70 eV clectron impact) of dimethyl pentasulphide.
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Fig. 3. Gas chromatogram of 1 ul of a mixture of dimethyl polysulphides in dichloromethane solution
obtained using on-column injection. (a) Initial temperature 30°C (1 min) followed by temperature pro-
gramming at 4°C/min. Peaks as in Fig. 1. (b) Initial temperature 30°C (1 min) followed by temperature
programming to 90°C at 4°C/min, then to 130°C at 1°C/min and then to 280°C at 10°C/min. Peaks as in
Fig. 1.

pentasulphide eluted after 53 min at a column temperature of 127°C, and by com-
parison with a chromatogram obtained using a uniform temperature programme rate
of 0.5°C/min, it appeared that ca. 15% dimethyl pentasulphide had decomposed.

The detection limits for dimethyl di-, tri-, tetra- and pentasulphide under these
conditions were 0.05, 0.15, 0.4 and 1.4 ng, respectively. These were the lowest detec-
tion limits obtained with any temperature programme, and were the result of a
compromise between peak broadness and loss of dimethyl pentasulphide by decom-
position at column temperatures above 115°C. Without pure standards of dimethyl
tetra- and pentasulphide, quantitation of these compounds was based on the pro-
portionality between FID response and carbon content. This relationship was shown
to be valid for dimethyl di- and trisulphide.
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Stability of dimethyl polysulphides in vapourizing injectors

It was found that, provided the injector was inactive (as indicated by equal
response from 2,6-dimethylphenol and 2,4-dimethylaniline), dimethyl disulphide was
not formed when solutions containing dimethyl tri-, tetra- or pentasulphide were
introduced into the capillary column using a vapourizing injector at temperatures as
high as 280°C. Similarly, dimethyl trisulphide was not formed when solutions con-
taining dimethyl tetra- or pentasulphide were introduced into the column using an
inactive injector. These observations complement the work of Bartl et al.° and Ha-
genguth er al.'* who showed that neither dimethy! trisulphide nor dimethyl tetra-
sulphide were formed in the injector from dimethyl disulphide or dimethyl trisul-
phide, respectively, at temperatures as high as 280°C.

The sitvation was considerably different, however, when the vapourizing in-
jector was active (as indicated by non-equal response from 2,6-dimethylphenol and
2,4-dimethylaniline). The results presented in Table I were obtained from analysis of
solutions containing dimethyl polysulphides by GC using a vapourizing injector with
various degrees of activity at a range of temperatures. A dilute solution of dimethyl
trisulphide, shown by analysis with on-column injection to contain 1% dimethyl
disulphide, apparently contained 2-11% dimethy] disulphide when analysed using
an active vapourizing injector. The total mass of dimethyl polysulphides determined
when using a vapourizing injector was only 50-80% that of the amount determined
when using on-column injection.

The extent of disproportionation of dimethyl trisulphide to dimethyl disul-
phide and the extent of decomposition of dimethyl polysulphides increased with in-

TABLE I

EFFECTS OF INJECTOR ACTIVITY AND INJECTOR TEMPERATURE UPON ANALYSIS OF
DIMETHYL POLYSULPHIDE SOLUTIONS

Injector Activity Relative percent dimethyl polysulphide** Total mass of
temperature index* dimethyl
(°C) DMDS DMTS DMTeS DMPeS polysulphides*™*
(a)}
30% 1.00 1 99 ~ ~ 1.00
140 1.60 3 97 - - 0.80
180 1.60 5 95 — - 0.57
220 1.60 8 92 — — 0.68
260 1.12 2 98 — — 0.72
280 2.15 i1 89 — - 0.50
(b)%
30 1.06 6 23 55 16 1.00
140 1.60 7 26 52 15 0.69
220 1.60 8 26 56 10 0.58

* Ratio of 2,6-dimethylphenol to 2,4-dimethylaniline in standard activity mix.
** DMDS = dimethyl disulphide; DMTS = dimethyl trisulphide; DMTeS = dimethyl tetrasul-
phide; DMPeS = dimethyl pentasulphide.
*** Relative to that obtained with on-column injection.
$ Chromatographic conditions as in Fig. 3a.
% On-column injection.
% Chromatographic conditions as in Fig. 1.
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creasing temperature and activity of the injector. With a slightly active injector (ac-
tivity index 1.5-2) at 280°C, up to 10% of any dimethyl trisulphide present can dis-
proportionate into dimethyl disulphide. Disproportionation and decomposition of
more complex mixtures of dimethyl polysulphides in active vapourizing injectors
tended to increase the proportion of dimethy! di- and trisulphide at the expense of
dimethyl tetra- and pentasulphide. The extent of disproportionation and decompo-
sition also increased as the temperature of the injector increased.

Disproportionation of dimethyl polysulphides

The rapid disproportionation of dimethyl pentasulphide to mixtures of dime-
thyl di-, tri-, and tetrasulphide and sulphur during GC analysis at temperatures
greater than 127°C, and the formation of mixtures during attempts to distill dimethyl
tetrasulphide, illustrate the relative instability of the dimethyl polysulphides. These
processes result from a relatively weak sulphur-sulphur bond whose strength de-
creases as the sulphur chain length increases3?, so that homolysis of S-S bonds in
CH;S,CH; (x = 2-5) through the action of heat or UV radiation occurs readily.
The resulting CH;S, -, (n = 1-x) radicals3:33:3% can recombine to form the complete
array of dimethyl polysulphides, and can also eliminate sulphur, resulting in the
formation of elemental sulphur. Apparently, however, the rate of disproportiona-
tion/decomposition of dimethyl polysulphides is sufficiently low in an inactive va-
pourizing injector at 280°C that no disproportionation occurs. Measurable dispro-
portionation/decomposition only occurs when dimethyl polysulphides are exposed
to high temperature for a longer time, such as in a distillation column??, sealed
vialg30.33.34 or a capillary column, or are exposed to a hot active surface, such as an
active vapourizing injector.

CONCLUSIONS

Dimethyl di-, tri-, and tetrasulphide may be determined quantitatively by GC
using cool on-column injection, or vapourizing injection with an inactive injector.
Decomposition and disproportionation may occur in active vapourizing injectors.
Quantitative determination of dimethyl pentasulphide on a cross-linked methyl sili-
cone column additionally requires that the column temperature not exceed 115°C
before dimethyl pentasulphide elutes.
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