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Viscosities and relative viscosities of CdX2 (X = Cl,
Br, I) in aq. acetone (80%, w/w) were measured as a
function of salt concentration at 30°. The data have
been analysed in terms of the Jones-Dole equation
(11/110 = l+AVC+BC) and the results discussed in
terms of the effects of salts on the structure of
the solvent. CdCl2 and CdBr2 are suggested to be
structure breakers while CdI. is structure promotor.

MI?CED binary aqueous solvent systems behave1•2In an unexpected manner as compared with
the behaviour of mixed non-aqueous systems. These
observations have given a new impetus to a detailed
study of the structure of aqueous solutions. While
ion-solvent interactions have been studied in detail
in aqueous solutions, such effects have received much
less attention in mixed binary aqueous solvent
systems. In the present note, results of our studies
on viscosities of cadmium halides in aq. acetone
(80% wjw) at 30° are being reported.

For preparing the aqueous solutions of acetone,
triply distilled water (specific conductance ,...,,10-6

ohm-I em-I) was used. Acetone (BDH) of AR grade
was purified further by refluxing successively with
small portions of potassium permanganate until
the violet colour persisted. It was then distilled,
dried over anhydrous calcium sulphate and distilled
again. Density and viscosity of the acetone used
for the present study were 0·78521 g mP and 0·0032
poise respectively at 25° and these values agree well
with the literature values3.

AR grade salts, after drying over P205, were used
for the present study and the solutions were made
by weight under dry conditions. Conversion be
tween molar concentration and molality was done
using th e relation 4 :

m = 1j(P(M-M2(1000)

where M represents the molarity, m the molality,
P the density of the salt solution and M2 the mole
cular weight of the salt used. The density of the
solution needed for viscosity was determined with
the help of a double capillary pycnometer5. For
absolute viscosities, the viscometer was calibrated
with water and pure toluene of known viscosity
using Eq. (1) (ref. 6):
V (kinematic viscosity) = "fJ(P= at-bIt ... (1)

where "fJis the dynamic viscosity, P is the density
of the liquid, t is the efflux time in seconds, and a
and b are the characteristic constants of tbe
viscometer. The viscosity was determined at 30°
± 0·01° with the help of a capillary type viscometer,
the details and working of which are reported else
where7• The error in the flow-time was ± 0·05 sec.
The viscosity data reported here have an accuracy
of ± 0·001 (cp).

TABLE 1 - VISCOSITY, DENSITY AND

RELATIVE VISCOSITY OF AQUEOUS ACETONE(80%, W/W) SOLUTIONS OF CADMIUM HALIDES AT 30°
Cone. x103

Density (P)Viscosity (1))1)/1)0
(g mole litre-I)

(g mP)(cp)

CADMIUM CHLORIDE37·49

0'97301-13621·2614
46,06

0'97361-14061·2663
55·57

0·97511·15041·2772
68,78

0'97691-15601·2834
91-14

0'98081·15651·2840
112·02

0·98301-16291·2911
142·74

0,98471·17811·3080

CADMIUM BROMIDE36·98

0·98521·07491·1934
46·63

0·98551·09031'2105
57·42

0·98591-11351·2363
70·72

0,98691-13541·2606
86,70

0·98791-16101·2890
101·27

0·99201-17161·3009

CADMIUM IODIDE31-41

0·99170·96611·0726
42·89

0·99400·99491-1049
59·16

0·99771·03121-1449
77'20

0,99861·06661-1842
99,90

1·00091-11701·2401
123'83

1·00471-16161·2000

Values of viscosity, density and relative viscosity
of the d.ifferent aq. acetone solutions of cadmium
halides at 30° are given in Table 1.

From Table 1 it is clear that the viscosity in
creaSes with the increase of concentration of the
salt. The variation of viscosity with concentration
can be represented by Jones-Dole equatioI"8 (Eq. 2)
"fJ("fJo= I+AO+BC ... (2)
where"fJand 'fJoare the viscosities of the salt solution
and solvent (aqueous acetone) respectively. Bis
an adjustable parameter, either positive or negative,
that accounts for ion-solvent interaction. Value
of B was determined from the slope of the linear
plot of (rd'fJo-1)(VC versus VC. The values of
B for CdCI2, CdBr2 and CdI2 are -3,13, -0,46 and
2·63 respectively and the values of the parameter
A for CdCI2, CdBr2 and CdI2 are 1,52, 1·04 and 0·27
respectively. Since coefficient B of the Jones-Dole
equation is a characteristic of ion-solvent inter
action, the negative values of B for CdCl2 and CdBr2
suggest that these salts behave as structure breakers,
while the positive valUESof B for CdI2 indicate that
it acts as structure promoter.

One of the authors (M.L.P.) is grateful to CSIR,
New Dellti, for the award of a post-dcctoral fellow
ship.
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TIME (minI

Fig. 2 - Polymerization of n-butyl vinyl ether in n-hexane
catalysed by stannous chloride at [monomer]=1'56M and
13° and various [catalyst] {Curve 1, [SnCI2] =2·2 x 102M;
curve 2, 3'5xl0-2M; curve 3, 5'5 x 10-2M; curve 4,

6,6 x 10-2M}
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Data regarding the dependence of the number
average degree of polymerization (DP) of the
polymers on monomer concentration are shown in
Table 1. The results may be represented by Eq. (1),

DP = K2[M] ... (1)
which indicates absence of chain transfer to monomer.

TIME trnill)

Fig. 1 - Polymerization of n-butyl vinyl ether in n-hexane
catalysed by stannous chloride at [SnCI2]=2'2 X 10-2M and
13°; and various [monomer] {Curve 1, [monomer]=1'56M;
curve 2, [monomer]=2'34M; curve 3, [monomer]=3·00M;

curve 4, [monomerJ=3-65M}
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US NG several reagents like boron trifluoridee herate1, boron trifluoride2, stannic chloride3,

ferric chloride4, etc., n-butyl vinyl ether has been
poly erized. In the present study, the polymeriza
tion f n-hutyl vinyl ether has been carried out in
n-he ane solution using stannous chloride as the
initia.or and the kinetics of the homogeneous
poly erization system have been studied.

Th monomer, solvent and other chemicals used
were of analytical grade and they were further
purifi d and dried using standard procedures. The
solve t and requisite amount of initiator were placed
in a small standard joint flask and the monomer
was njected by a hypodermic syringe through a
rubb I' seal. A dry box was used for handling the
mate ials in order to protect the reaction system
from moisture. After a definite time period of
poly erization, in a thermostatic bath at 13°, the
poly er was precipitated by the addition of excess
amm niacal methanol. It was centrifuged, washed
and dried in vacuo at 50° to constant weight.
Num er average molecular weight was determined
by d pression in freezing point method in benzene.

Th per cent conversion versus time plots for the
syste (Figs. 1 and 2) are reproducible and pass
thro h origin indicating the adequacy of the
purifi ation of reagents and absence of any induction
perio. The lack of dependence of degree of poly
meri 'tion on increasing conversion per cent and
on I's annous chloride l conform to a normal cationic
poly erization system.

Fi s. 1 and 2 represent the dependence of the
rate of polymerization (Rp) on [monomer] and
[stan ous chloride] respectively at 13°. The corres
pond ng log Rp versus [M] and log Rp versus
log nC12] plots show the order of the reaction
with respect to [monomer] to be about 1·5 and
that with respect to [stannous chloride] to be
abou one.

Th kinetics of cationic polymerization of the system
n-but I vinyl ether-stannous chloride-n-hexane at 13°
have een studied. The initial rate of polymerization
is fou d to be directly porportional to [monomer]3/2 and
[stan ous chloride]. The average degree of polymeri
zatio of the polymer varies with the monomer con·
centr tion according to the relation DP=K2[M] and is
indep ndent of [stannous chloride]. The polymer is
satur ted as evidenced by bromination and IR spectral
studi s.
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