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It may be concluded from experimental solubility curves!~3, specific heat,
free energy” and X-ray intensity® measurements that the binary alkali halide
solid solutions exhibit an entropy which exceeds the entropy of random
mixing. It has been verified for the K(Cl, Br) and Na(Cl, Br) mixed crystals® ¥
that the direct density measurements overestimate the vacancy content.
Therefore it is assumed in this paper that the deviation from ideal mixing
is predominantly due to the vibrational contribution of the entropy and
that a single frequency is representing the average lattice vibrational fre-
quencies of a crystal. In calculating the single frequency in a solid solution
the isotopic approximation of Iosilevskii' was used

2
vi=zxvit, (1)
1

where x; and vy; are the mole fraction and single frequency of the component
i, respectively. For the K(CI, Br) solid solution this equation holds Quite
well at not very high temperaturest 3. The frequencies used for the pure
components are calculated from the centro frequencies by Plendi" and are
given in Table 1.
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Table 1.
The single centro-frequencies of some alkali halides.
v, 1012571 ve 1012571 v, 1012571
NaCl 5.655 KCl 4.475 RbCl 3.700
NaBr 4.755 KBr 3.610 RbBr 2.855
Nal 4.105 KI 3.155 RbI 2.42

The change of entropy due to thermal vibration in mixing is given by

AST=8"_(x, 8" + x,5). ()

The entropy connected with the assumed single frequency vibrations was
calculated with the aid of Einstein entropy relation

St =—6R{In[1—f{()" 1—hv [kT(f{)—DIY, €))

with f(v;)) =exp[hv;(kT)']; R, h and k are the ideal gas, Planck and
Boltzmann constants.

Combining Eqs. (2) and (3) a simple formula for the excess entropy is
obtained

2 2
Sth=—6R{—hkT)'(v—2xv) +Inf(v) —ZxInf(v)+
1 1
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The results calculated with the aid of Egs. (1) and (4) for some binary
alkali halide solid solutions may be given at 300 K

2
Sth oc —gR I x;Inx;, where ¢ = A St (x;, =0.5) R~!/In 2. (5)
1

The vibrational entropy paramelers ¢ are given in Table 2 together with
the theoretical values using data of Fancher and Barsch™ and some experi-
mental (except for RbBr — RbI solid solution thc theoretical) value for heat
of formation at 300 K and maximum critical temperature of the solubility
gap data referred to by Ahtee and Koski® The entropy values calculated from
solid solubility curves are inaccurate due to the lack of experimental infor-
mation on the temperature dependence of the heat of formation and of
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Table 2.
The vibrational entropy parameters for some binary alkali halide
solid solutions

Solid solution c Fagcal::zhﬁ?d Experimental
Cl 0.11 0.25 0.20Y, 0.38%
(Na,K) ! Br 0.15 0.18 0.359
I 0.14 0.22%
Na 0.04 0.129
K (Br, I) 0.04 0.15 ~09
Rb 0.06 0.12%
Na 0.06 0.23 0.08% 7, 0.09%
K (C], Br) 0.09 0.15 0.07%5
Rb 0.14
Cl 0.07
(K,Rb) ( Br 0.11
I 0.15

accurate specific heat and vacancy concentration measurements which may
be significant to the excess entropy at high temperatures. The parameters ¢
are in good agreement with the experimental excess entropy values.

References

1) W. T. Barrett and W. E. Wallace, J. Am. Chem. Soc. 76 (1954) 366;

2) Ngyuen-Ba-Chanh, J. Chim. Phys. 61 (1964) 1428;

3) Ngyuen-Ba-Chanh, J. Chim. Phys. 63 (1966) 1181;

4) P. Luova and O. Tannila, Suomen Kemistilehti B 39 (1966) 220;

5) M. Ahtee and H. Koski, Ann. Acad. Sci. Fenn. A VI No. 297 (1968);

6) M. Milnes and W. Wallace, J. Phys. Chem. 65 (1961) 1456;

7) W. H. McCoy and W. E. Wallace, J. Am. Chem. Soc. 76 (1956) 5995;

8) M. Ahtee, A. Pesonen, P. Salmo and O. Inkinen, to be published;

9) J. S. Wollam and W. E. Wallace, J. Phys. Chem. 60 (1956) 1654;

10) J. E. Ambrose and W. E. Wallace, J. Phys. Chem. 63 (1959) 1536;

11) Ya. A. Iosilevskii, Soviet Phys. Solid State 9 (1968) 2090;

12) A. V. Karlsson, Cornell Materials Science Center, Clark Hall, Ithaca, New York 14850,
Report 1368 (1970);

13) J. N. Plendl, Phys. Rev. 123 (1961) 1172;

14) D. L. Fancher and G. R. Barsch, J. Phys. Chem. Solids 30 (1969) 2517;

15) L. L. Makarov, B. G. Lur and V. N. Malyshev, Soviet Phys. Solid State 2 (1960) 79.





