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Non-exchange of Sulfur Atoms between Sulfate and Sulfonate Ions
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Many works have been undertaken to
determine whether the sulfur atoms in an
organic molecule can exchange themselves
with those in a molecule of another com-
pound?. According to the reports pub-
lished up to the present, a measurable
rate was observed in the exchange reac-
tions between alkyl disulfides and trisul-
fides”, elementary sulfur and organic
substances containing S-S or C=S bond?®,
sulfite and alkylthiosulfates”, and alkyl-
polysulfides and alkylmercaptides®™. These
facts may be explained by the easiness of
opening and subsequent closing of sulfur
bond in organic compounds. However, no
exchange seemed to be reported between
other sulfur-containing compounds?.

In order to obtain further information
regarding the lability of sulfur bond and
to study the possibility of introducing
radioactive sulfur atoms into the molec-
ules of organic compounds, the present
author has attempted to study the ex-
changeability of sulfur atom in sulfate
with that in sulfanilate, naphthionate, $-
naphthalenesulfonate, o-nitrophenolsulfo-
nate, o-carboxybenzenesulfonate, m-nitro-
benzenesulfonate and taurine.

Experimental

Sodium salts of taurine, sulfanilic acid and
naphthionic acid were of reagent grade. Am-
monium o¢-carboxybenzenesulfonate, sodium m-
nitrobenzenesulfonate, o-nitrophenolsulfonate and
f-naphthalenesulfonate were synthesized. All
these sulfonates were recrystallized repeatedly
and were dissolved to make a stock solution of
0.25 M. The solution of radioactive sulfate having
specific activity of 10 mC/mol. was prepared by
dissolving purified sodium sulfate into a solution
of carrier-free #80,2~, to make a solution of
0.25 M.

Four cc. portions of sulfonate and sulfate solu-
tions were transferred into a measuring flask
and made up exactly to 10cc. and to a desired
acidity with distilled water and dilute hydro-
chloric acid or agueous ammonia. The reaction
mixture was then transferred into a reaction
flask to which a reflux condenser was attached
and was kept at desired temperature.

After the supposed exchange reaction, inorganic
sulfate was separated as barium salt and the
specific activity of the precipitate and the re-
maining sulfonate in the filtrate was determined
separately after purification. In the case of
naphthionate, another method of separation was
also adopted; hydrochloric acid was added to the
reaction mixture and the specific activity of
naphthionic acid formed was determined.

TABLE I
FRACTION EXCHANGE, F, IN THE REACTION OF SODIUM SULFATE AND SODIUM
NAPHTHIONATE: CONCENTRATION OF SODIUM SULFATE AND NAPHTHIONATE ARE
BOTH 1/10 mol./1. pH=7

Room temperature 91+2°C
Time Jp— —— e — —
F, 2% Method of separation F, % Method of separation

1 hr. 0.1+0.1 BaSO,

2 # 3.8:+£0-8 BaSO,

4 # 0.24+0.1 BaSO,

9 7 —2.9+2.0 BaSO,

12 # 0.5+1.1 BaSO,

21 # 0.0+£0.1 naphthionic acid

28 7 0.040.1 naphthionic acid 0.1+0.2 naphthionic acid
22 days 0.04-0.2 BaS0O,
150 # 0.1+0.8 naphthionic acid
161 » 0.6+0.6 BaSO,
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Radioactivity of each sample was measured by
means of an end-window type GM counter. The
quantity of the sample to be counted was little
enough to ignore the self absorption of soft g-ray
of sulfur-35.

Results and Discussion

It was observed that no measurable ex-
change of sulfur took place between sul-
fate and any organic sulfonates during a
few decades of hours at temperature up
to 91+2°C or during six months at room
temperature. This was indeed the case
at any pH from 2 to 10. Separation-in-
duced exchange did not take place for
any compounds studied, irrespective of the
method of separation. Typical examples
are shown in Table I.

Such a difficulty of exchange may be as-
cribed to the firm C-S bond in the sul-
fonate ion, rather than the S=O bond in
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the sulfate. Actually, a slow rate of ex-
change of the oxygen atom in the reaction
of sulfate ion with H;'*O® is not sufficient
to explain the present results. Such a
conclusion is in accord with what is
familiar in organic chemistry.
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