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The conductances of Et,NBr and Et,NCIO, have been
measured at 25°C in dimethyl sulphoxide (DMSO)-water mix-
tures containing 5.5, 13.3, 25.7, 35.0, 48.0, 67.5, 81.4 and
100 mol% DMSO. The data have been analysed by Fuoss-
Hsia equation as expanded by Fernandez-Prini equations, to
calculate limiting equivalent conductance (A,) and association
constant (K, ). The limiting ionic conductances ()A,) and rela-
tive ionic Walden products (R) of the ions in different
DMSO-water mixtures have also been calculated.

In continuation of our earlier studies on the con-
ductances and transport numbers of silver perch-
lorate! and viscosities of a few electrolytes? in
dimethyl sulphoxide(DMSO)-water mixtures in
the entire composition range, conductances of te-
tracthylammonium perchlorate and bromide have
now been measured in DMSO-water mixtures and
the results are interpreted in terms of changes in
the structure of the solvent system.

The DMSO-water mixtures have been suggest-
ed to be highly structured though there is no gen-
eral agreement on the structural characteristics of
these mixtures. Some workers3~> have concluded
that DMSO behaves as a strong structure maker,
while others®~® have suggested that DMSO
breaks down the water structure.

DMSO (Riedel) was purified as reported! (b.p.
68-68.5/7 mm Hg; sp. conductance 2-5x10°%
ohm~! cm™!; density, 1.0956 g ml~'; viscosity,
0.0196 p, all at 25°C). Conductivity water (sp.
conductance 4-6X10~7 ohm~! cm™!; density,
0.9970 g ml~!; viscosity, 0.008937 p at 25°C)
was obtained as described earlier!.

Tetraethylammonium perchlorate was prepared
in the laboratory, recrystallised from water, dried
by heating at about 100°C in a water bath in vac-
uo and cooled in a vacuum desiccator before use.
Tetraethylammonium bromide (Fluka AG) was
used after drying in vacuo.

The preparation of solutions and conductance
measurements were carried out by the methods
reported before!. Conductances were accurate
within +0.02 ohm~! cm? mol -1,

Conductances of tetraethylammonium bromide
and perchlorate were measured at 25°C in differ-
ent DMSO-water mixtures containing 5.5, 13.3,
25.7, 350, 48.0, 675, 814 and 100 mol%
DMSO. The conductance data were analysed by
the general expressions (Eqs. 1-3) for conduct-
ance of symmetrical electrolytes in dilute solu-
tions!?,

A=Y[{A;—S(Cy)! + ECylogCy +JCy +1J;,,(Cy)*"’]

1-y
Ka==5-3
Cf
YAy

* 1+BR(Cy)

Equations (1-3) were obtained by expand-
ing!'~13 the Fuoss-Hsia expressions!*; in these
equations the symbols have their usual signific-
ance. The distance parameters in Eq. (1), ie. J
and J;,, have been taken to be equal to Bjerrum
critical distance, q=Z2?/2DKT. The expressions
for J and J*? used here are those given by Fernan-
dez-Prini!!. The parameters, A, and K, were ad-
justed by least squares method to fit the experi-
mental data and the values, thus obtained are re-
ported in Table 1.

The results of analysis of conductance data by
Fuoss-Onsager-Skinner equations'® used by us in
our previous publications are also recorded in
Table 1 for comparison. It is clear from Table 1
that the values obtained by the two methods do
not differ significantly, though some differences
are noticed in K, values. The K, values obtained
by Fuoss-Hsia and Fernandez-Prini methods are
larger than those obtained by Fuoss-Onsager-
Skinner method of analysis. These differences
may be attributed to the influence of the term
(Cy)*?, the Bjerrum distance used in J and J;,, and
the use of complete Debye-Hiickel expression for
the activity coefficient in the former method. The
similar differences in K, values have also been
noticed in other solvents213-16,

Inspection of Table 1 shows that the limiting
equivalent conductances (A,) for both the electro-
lytes decrease sharply with the increase in DMSO
concentration upto 35.0-48.0 mol % and thereaf-
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Table 1 — Limiting Equivalent Conductances (A,) and Association Constants (K, ) of Et,NBr and Et,NCIO, in Dif-
ferent DMSO-Water Mixtures at 25°C

Mol % Fuoss-Hsia Fernandez-Prini Fuoss-Onsager-Skinner
DMSO
A, Ka oA Ay K. oA
Et,NBr

0.00 110.90*

550 77.711+0.01 22.29£0.03 001 77.7010.01 20481008 0.01
1330 44571002 331%0.16 002 44672008 740x444 0.02
2570 28.331+0.04 6284043 0.04 2835x%0.04 — 0.04
35.00 25.12+0.03 9.19%£0.48 (.02 25.02%0.02 — 0.02
48.00 27.901+0.02 4.09%£020 002 27.99+008 8.64+557 0.02
67.50 31.53x0.05 5.97+0.54 005 31861020 2523%+11.70 0.05
100.00 40.29+0.01 3.57+0.12 0.01 40.33%0.03 — 0.03

Et,NCIO,

0.00 100.06* -

5.50 62.20x0.02 — 0.02 62192001 0.02
13.30 37.06£0.01 - 001 37.07x0.01 0.01
25.70 23941001 - 0.01 23941001 0.01
35.00 22.14£0.01 — 0.01 22141001 0.01
48.00 24.03+0.01 - 0.02 24.06x0.02 0.03
67.50 30.05%0.02 — 0.03 30.11x0.03 0.04
81.40 34.8410.01 — 0.02  3491x002 0.04
100.00 40.74 £0.01 — 0.01  40.88+£0.03 0.04

*Data have been taken from literature (Harned H § & Owen B B, The physical chemistry of electrolytic solutions, Reinhold,

New York, 1950.

Table 2 — Limiting lonic Conductances (A ) and R-Va-
lues for Et,N*, Br~ and C1O; in DMSO-water Mix-
tures at 25°C.

Mol % )\0 R
DMSO
EtN* Br- ClO; E4N* Br-  ClO;
000 32,60 7830 68.00
550 21.24 56.46 40.95 101 1.1 0.93
13.30  13.28 3124 2378 1.02 1.00 0.87
25.70 959 18,61 1435 1.14 0.92 0.82
35.00 9.62 1540 1252 .24 0.83 0.78
48.00 1092 1694 1314 129 0.83 0.75
67.50 1331 18,55 16.79 1.23 0.72 0.75
81.40 15.29 — 19.61 1.21 - 0.74
100,00 17.50 23.60 24.15 1.18 0.66 0.78

ter it gradually increases. The A, of Et,N* ions in
different DMSO-water mixtures were calculated
from the corresponding A, values of Et,NCIO,
and limiting ionic conductances of ClO; ion re-
ported earlier!, using Kohlrusch law of independ-
ent migration of ions: The A, of Et,N* ions are
used to calculate A, of Br~ ion in different
DMSO-water mixtures. All the results are re-
corded in Table 2.

The ratio (R) of limiting ionic Walden product
of an electrolyte for a solvent mixturc and that in
pure water, R=[(7&3—”n0/()»5*’r|0)H ol may provide
better understanding!”'® of the’ nature of solu-
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tions. The R-values of ions in DMSO-water mix-
tures have been obtained from Af values of ions
calculated in the present study and 7, values tak-
en from literature!’®. These are recorded in
Table 2.

The relative ionic Walden product (R) for
Et,N* increases with increase in DMSO concen-
tration and is maximum at 50 mol % DMSO and
thereafter it decreases gradually. Et,N* possesses
low charge density and, therefore, cannot be con-
sidered to interact strongly with solvent mole-
cules. The increase in R for this ion may arise by
the hydrophobic dehydration of the ion. The hy-
drophobic interaction is a specific property of tet-
raalkyl or tetraaryl ammonium ions in water due
to its structure. With increase in concentration of
cosolvent, the magnitude of hydrophobic interac-
tion decreases and hence R increases in this re-
gion. Similar behaviour has also been shown by
this ion in other solvent systems*’. Beyond the
maximum value of R, the ion seems to interact
weakly with DMSO molecules and this may be
due to more basic nature of DMSO.

The behaviour of Et,N* may be compared
with the solvation effects of large Bu,N* inferred
from thermochemical data®'. The Bu,N* under-
goes desolvation in the entire solvent composition
range, with maximum desolvation occurring at



NOTES

about 20.2-27.6 mol % DMSO. This solvent com-
position is very close to DMSO.2H,0, at which
aqueous DMSO shows maximum structure. The
behaviour of Et,N* exactly goes parallel to this
solvation behaviour.

The R-value for Br~ is maximum at about 5.5
mol % DMSO, while for ClO; ion, the R-value
decreases with increase in DMSO concentration
over the entire range of composition (Table 2).
The behaviour of ClO; ion is in agreement with
the results of Petrella and coworkers?>?3 in water-
rich region of aqueous DMSO mixtures, though
no maximum was observed for Br~ ion. The
small maximum in case of Br~ ion has also been
observed in the cuse of ethanol-water and #butyl
alcohol-water systems?. The initial increase in R
cannot be attributed mainly to the preferential
solvation of ions because DMSO being dipolar
aprotic solvent cannot preferentially solvate the
anion.

Perchlorate ion, on the other hand, shows fairly
good solvation. There is a gradual decrease in R
with increase in concentration of DMSO, indicat-
ing increasing solvation of anion with increase in
DMSO concentration. This is expected since ox-
ianions generally show specific interaction in
aqueous mixtures?-25,
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