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VISCOSITY COEFFICIENTS AND ACTIVATION PARAMETERS OF LANTHANUM

CHLORIDE IN PU~E AND MIXED SOLVENTS AT DIFFERENT TEMPERATURES
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Department of Chemistry, University of Karachi, Karachi -75270, Pakistan
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The measurement of viscosities of various solutions of' Lanthanum chloride in pure water, pure methanol and different
percentages of water-methanol i.e. mixed solvents has been made at different temperatures 298, 303, 308 and 313°K. The
viscosity coefficients have been determined by using the Jone-Dole equation and found to vary with temperature and
solvent compositions. The activation parameters have been determined in pure water, pure methanol and in 54% aqueous
methanol at 298, 303 and 313°K. The .salt has been found to be a structure breaker.
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Introduction

..,

The work on viscosity coefficients and activation parameters
of electrolytic solution has been carried out by many workers
(Nightingale and Bcnck 1959; Ganapathy and Ramanu ]980;
Varma and Jain 1981; Fahirnuddin and Farooqi 1984;
Fahimuddin et al1989; Afzal and Ahmed 1991).

The present work involves the viscosity measurements of
lanthanum chloride in pure and mixed solvents at
298,303,308 and 313°K. The viscosity data have been uti-
lized to calculate viscosity coefficients of Jone-Dole equa-
tion (Jones and Dole 1929) and activation parameters.

The activation parameters such as energy of activation (E*)
change offree energy of activation ( G*) and entropy of ac-
tivation (65*) have been determined in pure solvents and in
54% w/w aqueous methanol at 298,303 and 3 13OK.

nergy of activation has been determined by the Andrade
equation (Levitt 1972), gi ven as:

n = AcxpCEn*/RT. (1)

where E* is the energy of activation, A is pre-exponential
factor and R is the gas constant.

These measurement and calculations have been made to study
the ion-solvent interaction and structure breaking or promot-
ing effect of the solute.

Experimental

Lanthanum chloride of Analar grade was used in the work.
------- -- --

*Author for correspondence

Double distilled water and distilled methanol (E.Merk) was
used for the preparation of solvents.

Density measuements were carried out by using the specific
gravity bottle of 10 ml capacity. The Ostwald Viscometer
was used for viscosity measurements and the data were
calculated by taking the density and time of fl w for differ-
ent solution which was noted between two marked posi-
tions on the capillary fitted in the Viscometer by using a stop-
watch.

To maintain the con tant temperature throughout the work, a
sensitive therrnostate "HAAKE" (Model RT-33) with an ac-
curacy of ± 0.01 °C was used.

Each tabulated visco ity value is a mean of three readings.
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Table 1
Viscosities of lanthanum chloride in cliff rent solutions at 298°K

10J x C/ 3.5 2.7 2.2 1.8 1.5 1.2 lvcnt composition
mol drn? %

---- --- ---- ---
10J x III D.9753 0.9675 0.9478 0.9365 0.9259 0.9161 00.00
Kg rrrs ±0.004 ±O.OOI ±O.OOO ±O.OOI ±0.003 ±0.O05

1.1894 1.1765 1.1628 1.1489 1.1406 1.1326 08.02
±0.OO2 ±O.OOI ±0.003 ±O.OOI ±O.O02 ±0.OO4

1.2368 1.230 I 1.2265 '1.2195 1.2112 1.2035 16.41
±O.OOI ±O.002 ±0.003 ±0.005 ±0.003 ±O.002

1.2849 1.2764 1.2634 1.2446 1.2389 1.2264 25.17
±0.004 ±O.OOI ±0.003 ±0.005 ±0.OO2 ±0.004

1.2868 1.2709 1.2679 1.2564 1.2413 1.2398 34.36
±O.OOI ±O.003 ±0.OO5 ±0.002 ±0.004 ±O.O02

1.2265 1.2114 1.1982 1.1905 1.1855 I. 1763 54.08
±0.OO5 ±0.003 ±0.001 ±0.002 ±0.OO4 ±0.OO3

1.1364 1.1294 1.1185 1.1099 r.ios: 1.1068 75.85
±0.002 ±O.OOI ±0.005 ±0.003 ±0.OO2 ±O.OOI

0.6439 0.6305 0.6217 0.6027 0.5869 0.5698 100.0
±0.003 ±0.005 ±0.001 ±O.003 ±0.OO4 ±O.OOI 0

Table 2
Viscosities of lanthanum chloride in different solutions at 303°K

103 xCI 3.5 2.7 2.2 1.8 1.5 1.2 Sol vent composition
mol drrr? %_.__ . --- -
103 x nl 0.8856 0.8721 0.8604 0.8521 0.8465 0.8299 00.00
Kg rn: S·I ±O.002 ±0.004 ±O.OOI ±0.OO5 ±0.OO3 ±O.004

0.9264 0.9202 0.9169 0.9017 0.8987 0.8921 08.02
±0.001 ±0.002 ±0.003 ±0.004 ±0.005 ±0.003

1.0767 1.0643 1.0521 1.0436 1.0317 1.0128 16.41
±0.002 ±0.004 ±O.OOI ±0.OO3 ±0.004 ±O.OO5
1.1862 1.1479 1.1368 1.1226 1.1 171 1.0988 25.17
±0.004 ±O.OOI ±0.OO3 ±0.O02 ±0.OO5 ±0.OO4
1.2087 1.1962 1.8153 1.1768 1.1621 1.1569 34.36
±0.001 ±0.003 ±O.005 ±0.002 ±0.004 ±0.002

1.0886 1.0834 1.1769 1.0712 1.0645 1.0581 54.08
±0.002 ±0.004 ±0.003 ±O.OO5 ±O.OOI ±O.OO2

0.9646 0.9539 0.9471 0.9321 0.9276 0.9116 75.85
±0.OO5 ±0.003 ±O.OOI ±0.OO2 ±0.OO4 ±O.OOI

0.6646 0.6312 0.6122 0.5907 0.5721 0.55 8 100.0
±0.002 ±0.004 ±0.003 ±0.001 ±0.002 ±0.005 0
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Table 3
Viscosities of lanthanum chloride in different solutions at 308°K

10) x C/ 3.5 2.7 2.2 1.8 1.5 1.2 Solvent composition
III()I dm" %

10.1x n/ 0.8231 0.7992 0.7864 0.7726 0.7631 0.7562 00.00
Kg m·1 S·I ±O.OOO ±O.OOI ±0.002 ±O.OOO ±0.003 ±0.005

0.8521 0.8466 0.8321 0.8261 0.8206 0.8176 08.02
±O.OOO ±O.OOO ±0.005 ±0.001 ±0.002 ±0.003

0.9551 0.9469 0.9303 0.9261 0.9112 0.8991 16.41
±0.004 ±O.OOI ±0.005 ±O.OOI ±0.005 ±O.OOO

0.9984 0.9826 0.9734 0.9582 0.9463 0.9383 25.17
±0.005 ±0.001 ±O.OOO ±0.001 ±O.OOO ±O.004

1.1367 1.1287 1.1092 1.0986 1.0903 1.0813 34.36
±0.001 ±0.005 ±0.001 ±0.004 ±O.OOO ±0.003

1.0431 1.0281 1.0103 1.0089 1.0076 1.0058 54.08
±0.005 ±0.001 ±0.003 ±O.OOI ±0.002 ±O.OOO

O. 8936 0.8773 0.8621 0.8567 0.8402 0.8284 75.85
±0.OO5 ±O.OOI ±0.OO4 ±O.OOO ±O.002 ±0.003

0.5762 0.5598 0.5431 0.5362 0.5202 0.5192 100.0
±O.OOJ ±0.OO5 ±O.OOO ±O.OOO ±0.O03 ±O.OOI 0

The viscosity data have been fitted in Jone-Dole equation
(.Toneand Dole J 929).

n/n
"

1 + A ~C + BC.. (2)=
where C i the molar concentration, A and B are the coeffi-
cients representing ion-ion and ion-solvent interaction
respectively.
The values of A and B were obtained [rom the intercept and
slope of the linear plots of 1\, / -ic vs «:
Least square method was used to obtain these coefficients
and are tabulated in Table 5.

An irregular variation in the values of "A" coefficient has
been ob .crved which can be explained a :

a) Negative and positive values of "A" show an incomplete
dissociation and ion association of electrolyte in aqueous
methanol solvent. The oxygen of methanol has a tendency to
hold water molecules as it happens in higher alcohols. Thi
may be due to different degrees of hydration of ion instead C
formation of three dimentional clusters (Fahimuddin and
Farooqi 1984).

b) Variation of "A" values is due to the size of the ions which
di Ifers in their degree of hydration.

In the present wok a few values of "A" have been found ncga-

live which arc meaningless (Seal and Chatterjee 1979; Blokhra
and Kumar 1983).

With the rise of temperature, the values of "A" have been
found to be decreasing with a few exceptions. This is due to
greater thermal agitation and reduction of attractive forces
between ions (Das and Das 1983). The increa c in "A" val-
ues is due to t.he inter-penetration effect which brings the ions
closer (Gopal and Singh 1970; Das et al 1976).

The B-coefficient can be discussed with the help of stokes
equation (Stoke and Mills 1965) given as:

nE t nA + nD = nOB (3)

where nE and nA are the viscosity increments due to size
and shape of the ions and orientation of the solvent molecules
around the ions re pectively, n" is the decrement due to
distortion of solvent structure by the ions. The tabulated
results show a decrease in the B coefticients wi th the increase
of temperature wit.h the exception of orne cases, this indi-
cates that the solvent distortion is large and solvents are be-
having as structure breakers (Misra and Das J 978).

In mixed solvents the n? is of considerable magnitude due to
the significant distortion in the solvent molecules present in
the vicinity or ionic field (Iqbal et al1976).
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Table 4
Viscosities of lanthanum chi ride in different solutions at 313°K

103 x C/ 3.5 2.7 2.2 1.8 1.5 1.2 Solvent compo ition
mol dm' %
._------------ - ___ •_________ .• ____________________________ .. _0-

103 x nl 0.7436 0.7245 0.7103 0.6987 0.6845 0.6784 00.00
Kg m:' S·I ±0.002 ±0.005 ±O.OOI ±0.003 ±O.OOO ±O.OOO

0.7684 0.7599 0.7506 0.7434 0.7367 0.7462 08.02
±0.003 ±0.004 ±O.OOI ±0.002 ±0.005 ±O.OOO

0.8697 0.8648 0.8558 0.8498 0.8406 0.8319 16.41
±0.005 ±O,OOI ±0,003 ±O.OOO ±O.OOI ±O.OOO

0.8995 0.8831 0,8767 0.8666 0,8602 0.8575 25,17
±O.OOI ±O,OOO ±O.OO5 ±O.OOI ±0.003 ±O.OOO

0,9989 0.9912 0.9837 0.9773 0,9703 0.9608 34.36
±0.003 ±O.OOI ±O.005 ±O.OOI ±O.OOO ±O.002

0.9347 0.9208 0.9039 0.8998 0.8903 0.8897 54.08
±O.002 ±O.OOI ±0.005 ±O,OOI ±0.003 ±O.OOO

O. 7992 0.7864 0.7704 0.7665 0.7601 0,7586 75.85
±0.002 ±0.003 ±O.OOO ±0,005 ±0.001 ±O.OOO

0.5561 0.5282 0.5189 0.5076 0.4937 0.4851 100.0
±O.OOO ±0.002 ±O.OOI ±0.005 ±0.003 ±0.001 0

3·3
103fT (K·1)

Fig 1. Plots of 11111vsllT (LaCI])C = 3.5 x 10.3 mol. drn'.
A; in pure water, B; in 54.08% methanol, C; in pure methanol.

-&.1

-6.•

-s.s

-7 .e

-7.l

s:
.s -1.2

-7.J

-,.,If

....7o!j

-7.~

A solute with a positive B coefficient possesses structure
making effect and a less positive or negative value indicates
structure breaking effect (Mandai and Sanyal 1982).
As the molecular mass of the salt is very large, it may
show an obstructive effect which causes bending of the
streamlines around a large solute particle. In such a case B
coefficients will be always positive irrespective of how it
interacts with the solvent (Mandai and anyal 1982).

As the methanol is generally considered les structured than
water (Cri sand Mastoianni 1971), the B coefficients have
been found higher in pure methanol at each temperature
indicating a much structure promoting effect on methanol.
Activation parameters such as E*Il' ilG* and ilS* have been
determined at 298, 303 and 313°K

The concentration of the solution was 3.5 x 10.3 mol dm? in
pure water, pure methanol and 54.08% methanol. The values
of energy of activation have been obtained from the slope of
the plots of 1 n 'Tl VS 1IT given in Table 6. Plots are shown in
Fig 1.

The values of change of free energy of acti vation (.1G*) have
been calculated by the following equation (Nightinagle and
Benck 1959).

~G*= RT (In ~ v) (4)

h.N

:..c.

3·43,1
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Table 5
'A' & 'B' coefficients of Jone-Dole equation for chloride at different temperature

298°K 303°K 308°K 313°K---
Solvent AI BI AI BI AI BI AI B/
Cornposi tion (dm31110I")'11 (d11131110I")'I' (drri'mol')" (drn'rnol')" (drn-rnol')" (drn'rnol')" (dm'mol')" (dm'mol')"

00,00 -0.3125 32.8598 0.3518 26.2822 -0.1353 42.1122 -0.8577 54.1678
OR.02 -0.1696 25.4541 1.4635 3.4002 1.9584 0.3455 2.9431 -14.5186
16.41 0.4835 7.5198 1.4973 8.9854 0.9716 19.2273 2.6111 -5.5536
25.17 -0.0425 23.3381 1.2719 9.3569 -0.5549 35.6323 2.0837 2.0762
34.36 0.2568 15.1344 2.1914 -1.4828 1.0945 13.4691 2.9485 -12.7472
54.08 -0.0169 19.0161 3.0122 -18.2815 3.2842 -18.1531 2.4028 -0.8979
75.85 -0.6196 19.3474 3.6847 -11.3264 3.7801 -15.0372 2.1578 2.7833

100.00 -0.9002 71.6012 -0.9970 106.0772 -0.0216 54.4135 -0.6772 73.7174

Table 6
Vi cosites of lanthanum chlorides in different

solvents at different temperatures
C ;;;;3.5 X 10,3. mol.dm?

Tempe-
rature(KO)

Solvent Lanthanum Chloride
(In pure water)

t::.G*1 t::.S*1 t::.G*1 t::.S*1
KJ.mol·' J .K'l.mol K.J.mol'l J.K.mol,1
9.1662 25.0000 9.3856 19.6560
9.0467 25.0000 9.3035 19.6026
8.8355 24.0000 8.9232 20.19 I3--- ---

E\~.J.mol'l 16.628_8 1_5._2431
[In 54.06% methanol]--- - -- -- -----

298 10.9135 26.1000 11.0721 7.4862
303 10.7139 26.4000 10.9875 7.6419
313 10.6266 25.8000 10.9757 7.4354

E* I K.J.moJ'1 J R.7074 13.3030
n

[In pure methanol]-- ---
9.9654 0.400
9.9757 0.0053
10.0395 -0.1987

E* n I K.J.mol" 9,9773

298
303
313

298
303
313

10.3706
1O.64l7
10.5556

-4.1107
-4.9369
-4.5041
9.l458

where 'h' is the Plank constant, 'V' is molar volume
(Nightinagle and Benck 1959) and 'N' is the Avogadro
number.
The change of entropy of activation (t::.S*)is given:

t::.S* = MI* -t::.G* IT (5)

The E"'u does not differ appreciably from activation enthalpy

change (t::.H*) (Varma and Jain 1981). Thus

t::.S* = t::.E\ - t::.G* IT (6)

From Table 6, it is apparent that the values of E* nand t::.S*
are lesser than that of the pure solvent indicating that the sol-
vent structure is broken by th presence of the solute (Jabeen
1998).
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