
a composition of about 40 mlo Gd203• The cell
parameters of U02-Gd203 fluorite type cubic solid
solutions vary linearly with composition. Gd203 is
known to exist in two forms>".

Many investigators! have studied the high tem-
perature physical properties of U02. The high
temperature thermal expansion properties of pure
U02 are also well known+", However, limited
data2,7 exist in the literature on the thermal ex-
pansion properties of pure Gd203 and U02-Gd203

solid solutions.
The present investigation deals with the thermal

expansion measurements of pure U02, Gd20a (C-type)
and U02-1·5 wlo Gd203 solid solution, employing
high temperature X-ray diffractometry in the range
298-1700K in pure helium atmosphere, and reports
the cell parameters in the range up to 1700K in the
case of U02 and U02-1·5 w]» Gd203 solid solution
and 1575K in case of pure Gd20a (C-type).

Natural U02 and natural U02-1'5 w!o Gd203 of
nuclear purity were obtained from the Atomic Fuels
Division (BARC). Pure Gd20a (C-type) was obtained
from the Pure Materials Section of this Division.

MRC model X-86-N3 high temperature X-ray
diffractometer attachment mounted on a Philips
wide angle goniometer was used. The details of this
have been described elsewhere'',

The cell parameters of all the three substances
under study vary linearly with temperature (Fig. 1).

The per cent linear thermal expansion was
evaluated from cell parameter measurements. The
linear variation of cell parameters and of per cent
linear thermal expansion could be expressed by the
following least square fitted equations.

U02 (temperature range 298-1700K):

ar = 0·5452± 0·00015+5·5402 xlO-6T ... (1)
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Fig. 1- Variation of cell parameters with temperature for
(I) UO., (II) U02-1'5 wlo ca.o, and (III) ca,o, (C-type)

in pure helium atmosphere

NOTES

% exp = -0·310±0·028+10·128 x10-4T ... (2)
Gd203 (C-type) (temperature range 298-1575K):

ar = 0·5393 ±0·00028+4·1570 x 10-6T (3)
% exp = -0·218±0·027+7·433 XlO-4T (4)

U02-1·5 wlo Gd203 solid solution (temperature
range 298-1700K):
ar = 0·5452 ±0·00009+5·1849 xlO-6T (5)
% exp = -0·296±0·016+9·476xlO-4T (6)
where aT is the cell parameter in (nm) at T K.

The values of the coefficients of average linear
thermal expansion (a:1Xl06 K-l), of U02, Gd203 and
U02-1'5 wlo Gd203 in the temperature range des-
cribed above are 10·07, 7·43 and 9·38.
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Viscosities of aqueous solutions of sodium chloro-
acetate and sodium a-chloropropionate have been
measured at 25° in the concentration range 0·02-0·4
mol dm'<. Using Jones-Dole equation, A and B
coefficients have been determined. The results are
discussed in terms of ion-solvent interactions.

STUDIES on concentration and temperature depen-
dence of viscosity of aqueous electrolyte solu-

tions- have provided many useful insights into the
extent of ionic hydration--" and into structural
interactions--! within the ionic hydration cospheres''-".
The viscosity B coefficient of the Jones-Dole7 equa-
tion and its variation with temperature has also
provided information on the structure-making or
structure-breaking property of an ion in solution.
However, similar studies on large sized anions are
lacking. This prompted us to study the anion-water
interaction by carrying out viscosity measurements
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of sodium chloroacctate" and sodium «-chloropro-
pionatc" in water at 25°.

All solutions were prepared Oil molar basis in
doublv distilled water and were deaeratcd. The
time of flow mcasurerneuts on solutions were made
using Tuan an d Fuoss" type viscometer having a
flow time of 717·6 see for water at 25° in a
thermostat with temperature fluctuations less than
± 0·005°. Prior to the measurements, the viscometer
was cali bratcd using 20% sucrose solution at 25 0.

The density measurements were carried out using
25 ml calibrated pyknometer. The accuracy in den-
sity measurement was of the order of 5 X 10-5 g/cc.

The data were analyscd in terms of Jones-Dole
equation". The values of A and B coefficients were
0·00+ and 0·208 dm" mol ? for sodium chloroacetatc
and 0·004 and 0·508 dm" mol! for sodium «-chl oro-
acetate respectively at 25°. It is observed that
values of A -coefficient in the present case are
positive and equal which is in accordance with the
behaviour of 1: 1 electrolytes and in confirmation
with the Debye-Hiickel theory. The B-coefhcients
are found to be positive for both the salts and
it is larger for sodium «-chloropropionatc as com-
pared to sodium chloroacetate. Since B-coefficient
is an additive property, one can calculate the ionic
B-coefficient. Subtracting the value for sodium ion
as (0·086 dm" moP)1°, the individual ionic B-
coefficient for chloroacetate (CH2ClCOO-) and the
a - chloropropionate (CH3CHClCOO-) obtained are
0·1220 and 0·4220 dm" mol-l respectively.

The value of B-coefflcient for acetate ion (0·25)
reported by Laurence and Wolfcndcn-t has been
interpreted by Gurney" as not due to partial
localization of negative charge over the entire acetate
ion, thereby rendering it a structure-forming ion.
In the presently studied chloroacetate ion, the heavy
and large size of chlorine atom makes the ion
more polarizable as also the negative charge may
spread all over the ion. Hence one expects a
smaller B-coefficient value for the chloroacetate ion
and it is indeed the case. Further, it has been
established that introduction of an hydrophobic
group (-CH2-) in an ionl2 or in a molecule-"
results in a more positive B-coefficient. This fact
corroborates with the large B-coefficient (0·42) ob-
tained for «-chloropropionate ion. It appears that
a large increase in hydrophobic surface of the ion
results in a feeble ionic charge and enforcement of
water structure around the large size anions.

We are thankful to Dr A. Gopalkrishna, Director,
Institute of Science, Nagpur, for the facilities and
his encouragement in the course of this study.
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The viscosity and density data of seventeen electro-
lytes in 10, 20 and 30% (by wt) in dioxane-water
mixtures have been analysed. The values of the
B coefficient and Ve, the effective ri~id molar volume
have been found to increase with the increase in
dioxane content in the medium. This increase occurs
due to the formation of more and more bydrogen
bonded dioxane-water molecules, with the increase
in dioxane content.

THE viscosity data of electrolyte solution in
aqueous and non-aqueous media can be analysed

ill terms of modified Jones-Dole equation-,
"1)r = l+AC1/2+BCx ... (1)
where x is an empirical constant and is i.carabout
unity, and by Eq. (2) proposed by Das-.
1)r = 1+A(aC)1/2+B;aC+Bip(1-aC) ... (2)
For an electrolyte,

MA2 ~ MA++A-
MA+ ~ M2++A2-

If 0( is the degree of dissociation of MA+, then,
Eq. (2) can be written as
1), = 1+A(aC)1/2+BA- (1+aC)+BM2+aC

+B:'!A- (l-aC) ... (3)
or 1),-1 ~A(aCh!2fC = (BMA+ +BA-)

+a(BM2+ +BA- -BMA+) ... (4)
The plot of LHS vs a shoulc1 have a slope of

(EM2+ +BA- -BMA+) and an intercept at a = 0,
of (BMA+ +BA-) and at a = 1, the intercept is
(BM2+ +2BA-), si..ce there is ).0 ion pair formation.
Hence B could be computed at a = 1.

Fuoss ar.d coworkers'"! have confirmed Einstein's
equation":
B = 2·5V ... (5)
where V is the molal volume of the solute particles.
Kuruscev et al» reported that Eq. (5) is valid for
ions of radii >5 A. Breslau and Miller? designate
V as the effective rigid molar volume, Ve and




