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In the determination of toluenesulphonic acids, the acid must usually be con-
verted into a more volatile form before it can be investigated by a technigue such as
gas chromatography (GC). In the past, this has been achieved by preparation of the
acid chlorides, which were then investigated directly by GC!'—3, or the suiphonyl
chlorides could be treated with an alcohol to form the volatile esters, which are suit-
able for GC examination. These methods suffer from the disadvantages that trace
amounts of water disturb the course of the sulphonyl chloride formation, and water
in the alcohol can lead tc decomposition of the esters formed. Similarly, it is difficult
to prepare anhydrous aromatic sulphonic acids for the preparation of the sulphonyl
chioride and consequently inorganic salts are often used as precursoss.

We report here a rapid single-step method for the quantitative preparation of
aromatic sulphonic actd ethyl esters and the direct use of the reaction product in
determining the isomeric composition and disulphonic acid content of sulphonic
acid mixtures. The structures of the products were confirmed by mass spectrometry

(MS).

EXPERIMENTAL

(Gas chromatography was carried out on 2 Hewlett-Packard Model 5830A gas
chromatograph equipped with fiame ionization detector (FID). Columns were made
of glass or stainless stcel, of dimensions I m X 1/8 in. L.D., containing 3%, OV-101
on Chromosorb W HP {(Johns-Manville, Manville, N.J., U.S.A)).

Mass spectra were determined on an AEF MS12 mass spectrometer equipped
with an AET DS30 data system. This was conpected to a Varian 2100 gas chromato-
graph via a Biemann separator. Operating conditions for the mass speciromeier
were: accelerating voltage, 8 kV; ionizing voltage, 70 €V; trap current, 60 zA. Ethyl
p-toluenesulphonate was obtained from Aldrich (Beerse, Belgium) and p-toluene-
sulphonic acid from BDH (Poole, Great Britain).

Samples were prepared for analysis as follows. A weighed amount of the
sulphonic acid (ca. 0.1 g) was added to a known volume of toluene (12 ml) and the
excess of water removed azeotropically by distillation of approximately 5 mil of the
toluene. The internal standard (o-terphenyl, as z solution of 0.05g in 2.0 ml of
toluene) was added, followed by 20-fold excess of triethyi orthoformate, and the
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mixture was heated under reffux for 15 min. Reaction was complete after this time
and a sample of the reaction mixture could be injecied directly into the gas chromato-
graph. The ratics of the ester peaks to the eo-terphenyl peak were determined and
compared with a calibraticn graph. The graph had previously been prepared by plot-
ting the ratios of the peak areas of difierent weights of ethyl p-toluenesuiphonate
versus the same amount of internal standard. The various esters showed the following
mass specira. Ethyl o-toluenesuiphonate, mfe (94): 91 (109), 65 (38), 172 (26}, 137
(18), 200 (16). Ethyl p-toluenesulphonate, m/e (94): 81 {100), 52 (41), 65 (36), 155 (19),
200 (7). Diethyl 2. 4-toluencdisulphonate, m/e {9): 64 {109), 91 (20). 22 {12).

RESULTS AND DISCUSSION

The ethyl esters of the sulphonic acids were formed directly by reaction of the
acid with triethyl orthoformate in toluene, the side-products being ethanol and ethyl
formate. The method has the unusual advantage that the whole of the reaction mixture
can be injected on to the gas chromatograph without interference from solvents or
reactants. Toluene is used as a solvent and also as the agent to remove azeotropicaily
excess of water that the acids may have picked up due to their hygroscopicity.

The formation of the ester was shown to be guantitative by comparison of the
GC response obtained from a sample of tolugnesuiphonic acid treated with the tri-
ethyl orthoformate-toluene mixture with the response from a commercially obtained
sample of ethyl toluenesulphonate. The sulphonic acid had previously been shown to
be essentially isomerically pure and to contain no disulphoric acid and, by titration,
o contain 909 (w/w) of p-toluenesulphonic acid.

Fig. 1 shows the separation of the ethyl esters of 0-, m- and p-toluenesulphonic
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Fig. 1. Gas chromatographic trace of ethyl toluenesulphonates, obtained using a 2-m giass column
with 3 3£ OV-101 oa Chromosorb W HP, programmed from 110 to 230° at 10°/mis, with 2n FID.
A = ethyl o-toluenesulphonate; B = ethyl s-tolusmesulphonate; € = ethyl p-toluenesulphonate;
D = o-terphenyl (internal standard); E = diethyi 2,4-toluenedisulphonate,



NOTES £73

acids, the internal standard o-terphenyl, and the diethyl ester of 2,4-toluenedisuiphonic
acid. This mixture was obtained by the esterification of a2 crude laboratory-synthesized
sulphonation product of toluene. All of the structures were verified by using GC-MS
and the mass spectra showed fragmentation patterns consistent with the assigned
structures.

The method described is useful because it provides a rapid single-step method
of concurrently identifying and quantifying all of the acids present in 2 toluenesul-
phonic acid mixture. Although it has not been attempted, the method could probably
be applied to any mixture of aromatic sulphonic acids either to determine isomeric
purity or for guantification purposes. -

REFERENCES

I J. B. Hines and I. J. Dowhak, J. Gas Chromatagr., 3 {1965) 194.

2 A. A.Spryskovand V. A. Kozlov, fzv. Vyssh. Uckeb. Zaved., Kkim. Khim. Tekhrol., 11 {1968) 785.

3 V. A. Kozlov and A. A. Spryskov, Fzv. Vyssh. Hcheb. Zaved., Khim. Kkin:. Teknnol,, 13 (1970)
1752,



