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Physico-chemical Studies in Non-aqueous Solvents:
Part XIX -Viscosity Studies of Some 1:1 Electrolytes

in Tetramethylurea

Viscosities of some alkali metal salts and ammonium per
chlorate have been measuredin the concentration range 3.2-128.2
x 10-3 mol litre-1 at 25° in tetramethylurca. The data have been
analysed by the Jones-Dole equation. The viscosity B coefficients
for all the electrolytes are positive and found to decrease with
increasing size of the cation (except for NH+, Ion).

A B
Electrolyte (Expl)

(Theoret.)(Expl)

LiBr

0.02670.0203·1.83
LiClO,

0.0318-1.57

NaCIO.
0.05610.02021.48

NaSCN
-0.00650.01951.63

KCIO,
0.07270.02031.29

KSCN
0.01060.01851.35

RbClO,
-0.00510.02001.26

CsClO,
0.01890.01971.09

NH,ClO,
-0.0289 -1.36
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gel guard tubes in an electrically controlled water
thermostat (± 0.01°). Four to six measurements
were made for each concentration. The viscometer
was calibrated with carbon tetrachloride (BDH
AR, b.p. = 78.2°; 'I') = 9.019 X 10-3 P; d =
1.584 g cm-3) and freshly distilled benzene (BDH)
AR, m.p. = 5.51; 'Yl = 5.996 X 10-3 P; d =
0.8737 g cm-3).

Densities were determined using bicapillary py
conometer (capacity 9.5525 ml) which was calibrated
with doubly distilled mercury (reproducibility ±
0.0001 g cm-3).

The viscosities of various solutions were calcu
lated after applying kinetic energy correction8•

Densities and viscosities of alkali metal and am
monium percWorates, sodium and potassium thio
cyanates and lithium and tetrabutylammonium bro
mides have been measured in the concentration
range 3.2 - 128.9 x10-3 mole litre-1 at 25° in
tetramethylurea. The data have been analysed by
the Jones-Dole equation9 (Eq. 1),

'Yl/"fJo = 1 + AClt2 + BC ...• (1)
where 'l') and '1')0 are the viscosities of the solu
tion and of pure solvent respectively and A and B
are viscosity coefficients characteristic of the ions
and the solvent. The visocosity A and B coefficients
have been computed by least squares method from
the plots of ("fJ/YJo-1)/Cl/2 versus Of2. The results are
recorded in Table 1. The B value for tetrabuty
lammonium bromide obtained here agrees quite
satisfactorily with the value reported by Barker
and Carus04 (1.91 ± 0.05).

The viscosity A coefficients for NaSCN, RbCI04
and NH4CI04 have negative values. Although this
has no physical meaning, similar observations have
already been reported for tetraalkylammonium salts
in TMU4 and for some 1:1 electrolytes in other
non-aqueous solvents10-11• This coefficient can also
be calculated theoretically 2 from the limiting
equivalent conductances and physical properties
of the solvent. The values calculated for various
electrolytes in TMU are also recorded in Table 1.
However, theoretical A values for LiCI04 and NH4
CIO4 could not be calculated for the want of cor
responding conductance data. The agreement bet
ween theoretical and experimental A values is satis
factory only in a few cases.

Table 1 shows that all the B values are positive

TABLE 1 - VALUESOF A AND B-COEFFICIENTS FOR SOME1:1
ELECTROLYTESIN TMU AT 25°
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1090 and 985 J mo1-1 in the case 11-, iso-, sec- and
tert- butanols respectively. The above trend agrees
well with Brown's observations6 in case of binary
mixtures of isomeric butanols with benzene. It
is clear from above results that there is a pronoun
ced effect on GE due to branching to alkyl chain in
isomeric butanols. At present it is not possible to
interpret the data as we have yet to measure the
enthalpy and entropy of mixing for all systems.

The authors are grateful to Dr S.D. Pradhan for
his valuable suggestions and one of them (A .K.)
thanks the CSIR New Delhi for the award of a re
search fellowship.

VISCOSITY measurements have been foundto be useful in elucidatingl-3 the structures of
electrolyte solutions. Except for a few tetraalky
lammonium salts4, viscosity and density studies of
1:1 electrolytes in tetramethylurea (TMU) have
not been reported. In continuation of our earlier
studies in TMU5,6, we report here the results of
our studies on viscosities of some 1: I electrolytes
in TMU at 25°.

Tetramethylurea (Fluka AG) was purified as
reported5 (b.p. = 76 _5°/12 mm, density = 0.9616
g cm-3, viscosity 1.404 X 10-2 P and sp. condo =
2-5 X 10-8 ohm-1 cm-1). The electrolytes used were
prepared and/or purified by the methods already
reported?

Viscosities were measured with a modified Ub
belohde capillary type viscometer8 fitted with silica
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shpwing thereby structure making8 effect of the ions
in!TMU. With the exception of ammonium per
cHlorate, B values of the electrolytes, having a com
mpn anion, decrease with increase in size of the
cation. This may be attributed to the decreasing
solvation with decreasing surface charge density as
a result of which the size of primary solvation sheath
decreases and consequently B values decrease with
iIliCreasing size of the ion. This behaviour is in
alJreement with the results of conductance and
thermochemical studies 5,6,12. However, the ano
l-qalous behaviour of NHt ion has been explained
to be due to the ability of this tetrahedral ion to
fit into the structure of the solvent with minimum
st~ric disturbance. Consequently there is an in
crlease in B value.

'Thus, the present studies support the earlier stu
d,es5,6, regarding the solvation behaviour of I: I
e~ctrolytes in TMU.
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The interdiffusion coefficients as well as the first order rate

cpnstants for BiCI:-/CI- exchange on Wofatit SBW resin (8%
QVB) have been estimated statically. The observed values of

t)/2 have been evaluated under conditions favouring the particle
4iffusion mechanism. The energy of activation due to particle
4iffusion comes out to be 31.8 kJ mol-1 compared with 26.4 kJ
$01-1 due to first order chemical reaction mechanism. The ion
ClXchangeprocess under study is found to be first order, controlled

.y the slow particle diffusion mechanism.

NEGATIVELY charged chloride complexes of
, Bi(III) in hydrochloric acid solutions have been
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suggestedl to be BiCl~ and BiCl~-. A striking simi
larity of results of solvent extraction by ethers and
anion exchange adsorbability indicated 2 that solvent
extraction from chloride solutions might occur most
readily if the extracted species has the composition
MCr~. This conclusion supported the existence of
the complex BiCI~- in HCI solution since negligible
solvent e]ltraction was found for it1,3. A decrease in
adsorption of Bi(III) with increase in hydrochloric
acid concentration (0.25 to 12M HCI) has been re
ported 1,4 on a strongly basic quaternary amine anion
exchange resin.

In the literature there are some contributions5's
which envisage the exchange velocity to be controlled
by a chemical rate mechanism based on the law of
mass action. Although it is possible that chemically
controlled processes may occasionally govern ion
exchange rates, an increasing weight of evidence7,s
favours the view that diffusion is the most common
mechanism.

The purpose of the present investigation on the
kinetics of BiCl~-/Cl- exchange system is to test as
to which of the mechanisms is applicable.

Strong base anion exchanger Wofat it SBW (8 %
DVB), described previously9,10 was used in the
chloride form. The average diameter of the resin
beads was 0.5 mm. The capacity of the exchanger
was determined statically with the aid of the
batch-method and found to be equal to 4 meq/g dry
resin.

An appropriate quantity of BiCl3 (AR) was dis
solved in I 1'.1 HCl (AR) and the solution was made
up to 2 litres. The trivalent bismuth in the hydro
chloric acid solution was determined volumetrically
by titrating against EDTA in presence of xylenol
orange as an indicator. At the end point the colour
changed sharply from red to orange yellowll. The
concentration of the bismuth solution (refered to as
Bi3+-ions) was 400 mg/lOO mIl N HCI, i.e., 57.42
meq/litre.

In order to restrict the anions present in the set of
exchange experiments to BiCl~- and CI- only, bismuth
solution and the exchanger were taken in the chloride
forms. The limited-bath technique12,13was used to
follow the concentration difference of bismuth during
the ion exchange between BiCl~- in the solution and
Cl- on the SBW resin. The measurements were
carried out at various temperatures in the range 20°
to 35°C maintained with an accuracy of ±O.loC.
The amount of BiCl~- exchanged on the resin was
estimated from the concentration difference between
the bismuth solutions before and after the ion ex
change.

The rate-determining step in ion exchangeS is
interdiffusion of the exchanging counter ions either
within the ion exchanger itself (particle diffusion)
or in an adherent liquid film which is not affected by
agitating the solution (film diffusion).

The ion exchange system has been investigated
under conditions favouring particle diffusion mecha
nism. The amount of BiCl~- exchanged at different
time intervals and at different temperatures is shown
in Fig. 1. The fractional attainment of equilibrium,
U(t) is given by the ratio of the amount (QI), of

.'




