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It was reported, in our previous paper,? that
Alizarine Saphirol SE forms the ion-associates in
water-dioxane mixtures with low dielectric con-
stants.

In the present paper, the thermodynamic proper-
ties of the ion-association reactions of Alizarine
Saphirol SE in 70 and 829, dioxane are examined.

Experimental

Materials. The Alizarine Saphirol SE (sodium
salt of 1,5-dihydroxy-4,8-diaminoanthraquinone-2-sul-
fonic acid) was a laboratory stock used in a previous
work. D

The dioxane was purified by the same method as
that described in the previous work.D

Conductance Measurements. These measurements
were carried out at 15, 25, and 35°C by the same proce-
dures as those described in the previous work.V

Results and Discussion
The conductances of Alizarine Saphirol in water-

*1 College of Engineering, University of Osaka
prefecture, Sakai, Osaka.

1) M. Mitsuishi, Y. Funatsu and N. Kuroki, This
Bulletin, 42 2384 (1969).

dioxane mixtures at 15, 25, and 35°C are shown
in Fig. 1.

60—

5
I

4 mho-cm?.eq?
8
I
4
[+

00 1.0 2.0
100 G2
Fig. 1. Equivalent conductances of Alizarine Sa-

phirol SE in 70 and 82 %, dioxane. I, 70%, dioxane
(1:35,2:25,3 :15°C), II 829% dioxane (4 : 35,
5:25,6 :15°Q).
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From the results of the conductance measurements
indicated in Fig. 1, the equivalent conductances at
an infinite dilution, A, and the ion-association
constants, K4, were calculated by means of Shed-
lovsky’s treatment? based on the Onsager limiting
equation in a manner similar to that described in
the previous work;? the results are shown in Table 1.

TABLE 1. CALCULATED PARAMETERS
. t
Dioxane °C D Il)g?sz Ay Ayn Ky
70.09% 15 18.72 2.483 35.6 0.884 1.31x10%
25 17.69 1.918 45.3 0.869 1.39x10%
35 16.72 1.522 58.2 0.886 1.63x10?
82.09% 15 10.01 2.106 23.0 0.484 8.67x103
25 9.53 1.671 27.5 0.460 9.86x103
35 9.06 1.356 36.5 0.495 1.30x10*

D: Dielectric constant of the solvent.
7¢ Viscosity coefficient of the solvent.?)

From Table 1, the K, values of the dye in water-
dioxane mixtures are found to increase with the
rise in the temperature of the solvents. The Walden
products, A,7, are essentially constant in the
solvents of a constant composition, even if the
temperatures are different.

The relation among K,, the dielectric constant,
D, and the temperature, T, of the solvent is given
by this equation:¥

KA. = e", (1)
where,
b = ¢*/aDkT. (2)

In Eq. (2), e is the electron charge, a is the center-
to-center distance of the ions in an associate and
k is the Boltzmann constant.

In accordance with Eq. (1), the plot of log K,
against DT must be linear. The plots of log K,
vs. the DT of Alizarine Saphirol in 70 and 829,
dioxane are shown in Fig. 2; the plots are found
to be linear. These evidences suggest that the ion
associates of Alizarine Saphirolin 70 and 829, dioxane
are due entirely to the electrostatic interactions
between the dye ion and the counter ion.

The a values of Alizarine Saphirol in 70 and 829,
dioxane can be obtained from the slopes of the
plot of log K, vs. DT'; they are indicated in Table 2.
As can be seen from Table 2, the a value in 70%,
dioxane is larger than that in 829, dioxane.

In the ion-association reaction of Alizarine Sa-
phirol in water-dioxane mixtures, the enthalpy

2) T. Shedlovsky, J. Franklin Inst., 225, 739 (1938).

3) H. S. Harned and B. B. Owen, ‘““The Physical
Chemistry of Electrolytic Solutions,” Reinhold, New
York (1963), p. 713.

4) J. T. Denison and J. B. Ramsay, J. Amer. Chem.
Soc., 77, 2615 (1955).
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Fig. 2. The relation between log K4 and 1/DT
in 829, (I) and 709 dioxane (II).

TABLE 2. THERMODYNAMIC PARAMETERS OF THE ION
ASSOCIATION REACTION OF ALIZARINE SAPHIROL SE
IN WATER-DIOXANE MIXTURES AT 25°C

Dioxane K. AH 46 45° ¥
4208 (kcal/mol) (kcal/mol) (cal/deg-mol) (A

70.09% 1.39x10® 1.93 —4.3 21.1 6.72
82.09% 9.86x10% 3.57 —-5.5 30.5 4.74

change (4H) and the entropy change (45°) can
be obtained from Egs. (3) and (5) respectively:

dln Ka/d(1/T)= — ﬁg—, 3)
AG® = — RTIn Ka, )
AG® = AH — TAS®, (5)

where R is the gas constant.

From the best straight line given by the method
of least squares for the log K, vs. 1/T plot over
the whole temperature range, the 4H values are
obtained, the 48° values are obtained from Eq. (5),
and are as indicated in Table 2.

As is shown in Table 2, since the 4H values
are positive, the reaction is endothermic; these 4AH
values are comparable to those of the ion-association
reactions of several inorganic salts in water.5)

The AS° values of the reactions are positive.

5) R. P. Bell and J. H. B. George, Trans. Faraday
Soc., 49, 619 (1953).

6) G. H. Noncolls, Discuss. Faraday Soc., 24, 108
(1957).
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These results are considered to reflect the evidence
that the degree of freedom of the system increases,
since the solvent molecules are removed from the
solvation sphere of the ions when the dye ion forms

an ion associte with the counter ion.

The authors wish to thank Professors Haruo
Gotoh and Masatoki Yokoi for their helpful discus-
sions.






