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Sulfur Isotope Effects

II. The Isotopic Exchange Coefficients for the Sulfur Isotopes
#5—32S in the System SO, ,-Aqueous Solutions of SO,

TRYGVE E. ERIKSEN

Department of Nuclear Chemistry, The Royal Institute of Technology,
S-100 44 Stockholm, Sweden

The isotopic exchange coefficient for the phase transfer reaction
B0, g 42280, 4q=280, ¢+ 80, oq

has been measured at 25, 35, and 45°C by means of Rayleigh distilla-
tion.
From the results obtained previously for the system SO, ; — HSO;™ 54
the exchange coefficient for the protolytic reaction
80, aq +H?80,73q=22280; oq + H*S0;375q

was calculated.

.q concentration <1 M
the concentration of S,0,2,, may be neglected ° and the isotope exchange
system may be described as follows:

In aqueous solutions of sulfur dioxide with HSO,

S0,,

SO.

207 -

== HS0; 4

Qs

As seen, the isotopic exchange coefficient for the protolytic step SO, ,,=
H*, +HSO0,,, is the ratio of the exchange coefficients for the systems SO, ,
—-H80,;7, and SO, ,—80,,, and the effective isotopic separation factor
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between sulfur dioxide and an aqueous solution of sulfur dioxide containing
the species SO, ,, and HSO;7,, can be written (see I in this series )

g = oty (1 — Zyg0,-) + % Trygoi-] (1)

where @ygo,- is the mol fraction HSO, ™,

In an aqueous solution of sulfur dioxide with a total sulfur concentration
<1 M and pH <0.3 more than 97 %, of the sulfur exists as unprotolyzed
species SO, ,, (K;=1.72x 1072 M), and the isotope exchange equilibrium
for the sulfur isotopes 3*S and 32S between gas and solution can be written

S0, ,+3250, 4, = 80, ,+¥50, ., 2)

Writing the isotopic ratio in gas and solution as”(3$S/328), and (*4S/%2S)
respectively, the isotopic exchange coefficient for the system is defined as

= CSPS
(848 /32S )g

The isotopic exchange coefficient o, includes the isotope effects caused by
physical isotope transport between the phases and hydration in the aqueous
phase.

The aim of the present work was to measure the isotope effect for the
phase transfer reaction!? and to calculate from these results and results
obtained previously for the system SO, ,—HSO the isotopic effect due
to the protolytic reaction SO, ,,=H*, +HSO0;7,,.

Principle. If sulfur dioxide is flushed out of an aqueous solution of sulfur
dioxide, containing only the species SO, ,,, sufficiently slowly to maintain
isotopic equilibrium in the system at all times, the process may be treated as
a modified molecular distillation.

Writing the total amount of sulfur and isotope fraction (3480,/*280,),, in
solution before and after distillation, respectively, as S,, #, and §,, ,, a mass
balance for the isotope 34S gives:?

= In[8,/8,] +In[(1 —,)/(1 —2,)]
¥ In[8,/8,] — In[y/z,]

(The concentrations of 338 and 3%S are neglected in this mass balance.)

aq’

(3)

3 aq?

EXPERIMENTAL

The solutions were prepared by bubbling sulfur dioxide through a 0.5 M aqueous
perchloric acid solution until the 8O, ,, concentration was ~1.2 M

The distillations were carried out by slowly flushing out sulfur dioxide by a stream
of small nitrogen gas bubbles through 100 ml solution. The distillations were stopped
when a few per cent of the initial SO, 5, concentration was left in solution. During the
experiments the solutions and gas were thermostated to T +0.1°C.
The concentration of 8O, ,q before and after distillation was determined by iodometry
and the isotope ratio (**S/%§),, determined mass-spectrometrically.®

RESULTS
The results obtained are tabulated in Table 1.
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Table 1. The isotope exchange coefficient for the sulfur isotopes **8 and %8 in the system
80, g —80; 4q-*

%g1 %g1 %1
25°C 35°C 45°C

0.9975 1.00153 1.00057

0.9980 1.00012 1.00194

1.0026 1.00220 1.00468

1.0019 1.00168 1.00447

0.9996 1.00174

0.9997
gy 0.9999 + 0.0008 1.0015 4 0.0004 1.0029 4 0.0010
® From Ref. 9.

The exchange coefficients for the protolytic step SO, ,,=HSO0;7,, were
calculated on the basis of the experimental results and data from part I in
this series.® They are tabulated in Table 2.

Table 2. The exchange coefficients for the sulfur isotopes *S and 8 in the system SO, ,
aqueous solutions of SO,.

T°C S0, ¢— HSOa"aq“ 80, ¢ —80; q4q 80, aq —HS0; g
ot %ol o
25 1.0109 + 0.0007 0.9999 + 0.0008 1.0110+0.0010
35 1.0110+ 0.0008 1.0015 + 0.0004 1.0095 4 0.0009
45 1.0113 + 0.0009 1.0029 + 0.0010 1.0084 + 0.0013
% From Ref. 9.
DISCUSSION

Spectroscopic studies (IR and Raman) show that sulfur dioxide in aqueous
solutions (SO, ,y) is only slightly hydrated,?”7 i.e. the vibration frequencies
found in aqueous solution only slightly deviate from the frequencies found in
gaseous and hqu1d sulfur dioxide.

Thus (x,—1)=¢, for the aqueous system might be expected to be small
and of the same order of magnitude as the ¢-value for the system SO, ,—SO
(cp relates to condensed phase).

Devyatykh et al.® have studied experimentally the isotope coefficient for
S ~35 in the system SO, ,—S0, ., and give o, =1.0018 at 263 K. Calcu-
lations based on statistical theory by Kuznetsova et al.® give a, =1.0012 for
the same system. However, as the isotope effect is due partly to the physical
transfer of isotopic species across the phase boundary and partly to hydration
in the liquid phase the two effects may oppose each other. (For the system

2 cp
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HCN,—-CN",, the phase transfer gives a very slight enrichment of the
heavy carbon isotope in the gaseous phase.®

The temperature effect has been tested with the F-test® which from a
measure of the ratio of two variances provides critical values which will
rarely be exceeded if the variances are both estimates of the same ¢2. The
data in Table 1 give a critical value I' =3.88 at a 5 9, level. The calculated
value is slightly higher than the critical value (F_.=3.94). Thus the tem-
perature effect is not within the experimental error at this level, and a slight
increase in x, with temperature is found within the temperature range
298 - 318 K.

It is to be emphasized that as the concentration of sulfur dioxide (or
hydrogen sulfite and chloride ions in Ref. 9) is not constant during the distilla-
tion, a continuous change of the intermolecular interactions may occur. The
results obtained should therefore be treated as average values for the con-
centration range =~0.1—1.2 M.

As seen, the isotope effect due to the protolytic reaction SO, ,,=HSO0,7,,
which may involve several steps, is several times greater than the effect due
to phase transfer and hydration. The results calculated for the protolytic
reaction (Table 2) are in fairly good agreement with the results obtained by
Forberg and Westermark 19,11 by anion exchange experiments where no gas
phase was involved. However, as the values of «, are throught to be slightly
too low, due to the vapour pressure of the solvent and some entrainment of
liquid by the gas stream,® so also are the calculated «, values. As a saturated
aqueous solution of sulfur dioxide is approximately 11 9, protolyzed 2 the
effective separation factor between sulfur dioxide gas and a saturated aqueous
solution at 25°C might be calculated from eqn. (1) to be «, ., =1.0011 + 0.0008.
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