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In previous publications, Jones and Dole’s equation for the viscosit

of solutions

of the strong electrolytes had been modifled and its modified B-coefficient has been
identified with the Einstein expression 2.5V, where V represents the volume fraction
per unit concentration of the electrolyte. It has been shown that the modified B-
coefficient varies linearly with (- ¢/18), where % Is the hydration namber, ¢ the
apparent molal volume of the electrolyte and 18 the molecular volume of water at 25°
This relationship has been subjected to further test using fresh data collected from the

literature and has been found satisfactory.

It has also been shown that the partial molal eatropy of hydration of a strong
electrolyte in solution varies linearly with the absolute temperature in the range

298.2-473.2 K.

N previous publications?-? it has been shown that
the partial molal entropy of hydration (~ S%, cal
mol-t K~1) of a strong electrolyte in solution
varies with its hydration number (h) and the viscosity

B-coefficient according to equatlons,
(~-8%)=m (h—$/18)+C (1)

and
(‘§§)=mo(3)+co (2)
where, C and C, are constants, s the hydration
number, ¢ the apparent molal volume of the electro-
lyte in solution and 18 the molecular mass of water
at 25°. It may be pointed out that the B-coefficient
in equation (2) is the same as that which occurs in
the following modified equationt,
N/My=1+AC"2+BC 3)
It has been shown in the previous publication?
that the viscosity equation of Jones and Dole?®
should be modified and replaced by equation (3),

where 4 and B are constants.

On the basis of the assumptions of Frank and
Wen¢, the following equation has been deduced

previously,
B=0.045[(h— ¢/18) — ¢xc./ 18] 4)
In equation (4)} ¢kci has been taken as the standard
for reference. Since the B-coefficient of the KCI

t+ The solutions were assumed to be dilute throughout and
their concentration C was taken as near about 0.1 M, } In
equation (4), h=(h4)+(k-), where h, and k. represent the
hydration numbers of the cations and anions, respectively, and
similarly ¢ =(9,)+ (¢-), their respective apparent molal volumes.

solution is very small (0.008), it may be taken as
zero. Henceforth ¢kc, in equation (4) will be
replaced by ¢, of an imaginary electrolyte, the B-
.coeflicient of which is zero and will be used as
B=0.045[(h— $/18) — é,/18] (4a)

It may be noted that by eliminating (—S$g) from
equations (1) and (2) and simplifying, the following
equation can be obtained,

B=(m/mo)[(h-¢/18)]+[(C-C,)]/m, (3)

In the following section the aforesaid equations
have been subjected to further test using some fresh
data collected from the literature and have been
found satisfactory.

Variation of ( ~ 82) with the absolutetemperature :
According to equation (2), (—SZ) varies with B and
it is known that B of the strong electrolyte solutions
increases with the rise of temperature®. Hence the
following linear relationship between (- Si) and the
absolute temperature has been investigated,

(— 88) =S, +5T (6)

where, S, and b_are constants. For the values

of (S§), and (~Sp), at the temperatures T, and
T, we may then write, :

(= 88)a=(=S$B)s =b(T, - T1)

or (-SB)a=(=88), +b(T,-T,)

It may be mentioned that by combining the

scaled particle theory of Mayer® and Born’s theory”,
Sen® developed an equation which can predict with

0]
(7a)
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fair accuracy the variation of (—S$§) with tempera-
ture. His equation® may be written as

— ASR=Seavity+ Sorn+4,RT- R (XIII)

where, <,=[(1/7)8V[ST] and it represents the
thermal expansibility of the solvent. For further
details including calculation of the terms on the
right-hand side of the equation, author’s paper®
may be consulted. It may be pointed that — ASp
used by Sen® is the same as (—S7) used by the
author in this paper.

Processing of the data in the Tables: Under
the head miscellaneous are mentioned the equation
used and the values of its constants ; T represents

temperature in the absolute scale In Table 1,
the values of (h—¢/18) and those of the viscosity
B-coefficient have been collected from the previous
paper? of the author. In Table 2, the values of
(—Sp) of the electrolytes have been collected from
the literature®. The data for BaCl, in Table 3
have been collected partly from two separate
publications®1°® and T above 373.2 K. In Table 4
(~S8)s7a:2 and (—Sh)40s 4 are the same respectively
as (~SE)4 and (- S7), of equation (7) or (7a).

Discussion

The data recorded in Table 1 show that the
values of (—S3) calculated by using equation (1)

TABLE I—VARIATION OF (- 82) Wirs (h—$/18) AND ALSO WITH VISCOSITY B-CORVFICIENT AT 25°

Misce- Electro-

(k—g¢/18)" Value of (- Eﬂ) B-Coefficient Value of (— S-ﬂ)
laneons lyte Exptl. Osled. Exptl. Oaled.
Eqn. (1) Eqn. (2)
Eqn. (1) LiCl 4.63 51.5 51.3 0,142 51.6 51.5
m=4.45 NaCl 3.14 44,4 446 0.086 44.4 44.6
C=80.5 EQCl 147 35.5 37.0 -0.008 356.5 87.0
Eqn. (2) 0sCl 0,20 31.9 814 -0.052 31.9 819
1o =101
Go=37c7
*Ref, 1.
TABLE 2—VARIATION OF (— 5;‘;) oF ELECTROLYTE SOLUTIONS witE TEMPERATURE (T)
Miscell- T Value of (~5g) T Value of (~§3)
aneous K Exptd. Calod. K Exptl. Oalod.
Lio1
Eqn. (7) 298.2 515 51.5 9873.2 57.1 57.1
(-'3‘;):51,5 388.2 64,56 54.1 423.2 60.4 60.9
T,=298.2
=0 076
NaCl
Eqn. (7) 208.2 44.4 44,6 493.3 54,7 54.1
(- Sﬁ) =44.6 933.2 47.2 47.3 47%.2 60.9 60.9
T,=298.2 878.2 50.1 50.2
5=0.076
KOl
Eqn. (7) 298.2 85.5 88.5 878.9 484 433
(~32)=35.5 333.2 40.0 89.2 423.9 4839 48.6
T,=998.2
b=0,205
Cs01
Eqn. (7) 298.2 81.9 81.9 878.9 40.6 40.5
(—8p)=381.9 833.2 86.2 85.9
T,=998.2
b=0.115
MnOl,
Eqn. (7) 298.2 101.7 101.7 378.2 121.6 1216
(-8f)=1007 333.2 118.5 111.0
T,=298.2
5=0,266
CaCl,
Eqn. (7) 298.2 95.9 95.9 873.2 118.0 119.8
(—88)=95.9 333.2 105.1 103.8 423.2 123.8 124.3
T,=998.2
b=0,225

738



GHOSH : QUANTITATIVE TREATMENT OF THE VARIATION OF PARTIAL MOLAL ENTROPY efc.

TABLE 3—VARIATION OF (- 8f) o¥ BaCl, S0LUTION WITH TRMPERATURE

Value of (- 57)

Miscellaneous Vd
K Exptl. Sen’s eqn (XIII) Author’s eqn. (7)
BaCl, 298.2 83.9 956 839
Eqn (7) 323.2 90,4 949 909
(—87)=839 333.9 99.8 950 921
T, =998.2 248.2 96.0 95.1 95.9
b=0 24 378.2 101.4 1026 101.9
808.2 106.8 108.8 107.9
423.9 1119 114.9 118.9
4488 117.8 1313 117.9
4732 1249 127.0 1259
TABLE 4—RELATION BRIWEEN (~S50)s1s s AND (=8)s04.s
Miscellaneous Electro- (=803 Value of (=525 s. Value of
lyte Exptl. Calcd. (Equ. 8) m
Eqn. (8) LiCl 515 57.1 61.8 111
Tangent m=1.3 NaCl 44,4 50.1 53.2 113
Intercept=0 KOl 35.5 43,4 426 1.22
001 31.9 405 383 1.31
CaCl, 95.9 1130 115.1 118
8rCl1, 93.3 112.0 1120 1.0
BaCl, 839 101 4 100.7 1.91
MnOl, 101.7 121.8 1230 120
1,18

Average

agree well with those found experimentally for
the electrolytes LiCl, NaCl, KCl and CsCl. Hence
it may be concluded that (—Sf) varies linearly with
(h—¢[18) at 25°. The data recorded in Table 1
also show that (—S§) varies linearly with the modi-
fied viscosity B-coefficient.

Substituting in equation (5) the values of m, m,,
Cand C, as recorded in Table 1 and simplifying
we get the following equation,

_445[,, _ (30.5-37.7)
5 101[(” I8+ =03

=0.044[(h— ¢/18) — 1.6]
=0.044[(h— $/18) — ¢,/18] (3a)
where, 1.6=¢,/18=a constant, It may be pointed

out that the relation between B and (h—¢/18) is
the same as that deduced 1n the previous paper?.

The data recorded in Table 2 show that for the

electrolytes mentioned therein, the values of (-.Sg)
calculated by using equation (7) or (7a) agree well
with those observed 1in the temperature range
298.2-473.2 K.

In Table 3, the values of (- S%) of BaCl, solution
calculated by Sen have been recorded for com-
parison. The values, calculated by the author using
equation (XIII)*° agree with those observed. This
should be considered highly encouraging as the
primary data which the author could collect from
the literature were, In some cases, not of a high
order of accuracy. The agreement between the
observed values and those calculated by using
equation (7) also appears to be satisfactory.

Using the data recorded in Table 4, it has been
found that plots of (—S3)ggs g VS (—Sh)sos.a yicld
a straight line which can be represented by the
equation,

(‘E‘l:)avs-n=l'2("5_'§)soa s (8

The agreement of the experimental values with
those calculated by using equation (8) supports the
aforesaid conclusion. It may be noted that the
intercept of the straight line represented by equation
(8) is zero. It also follows from equation (7a) that
a plot of (—SR)arsa VS [(—S8)aes a+b(Ts—T1)]
should yield a straight line with zero intercept.
Hence the question arises whether the straight line
represented by the equations (8) and (7a) are the
same or different. The value of the tangent, m, of
the straight line represented by equation (7a) should
be found from the following expression,

m(-.Srg‘.’),“ 2=
[l+b(Tn‘T1)/("§g)ns n](“S—l‘:’)sos a*

The value of m thus calculated have been recorded
in the last column of Table 4. It will be noticed
that the average value of m=1.18, Hence it is to
be concluded that the two straight lines are
indentical or both the equations (7a) and (8) yield
the same straight line.
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