24

)

@
WH *(;ww/by) SSINAYVH

10 1 | | |
KCI 20 40 60 80 KBr
X—e
COMPOSITION (MOLE %)
KClj_x Bry

Fig. 6. Plot of Av/vAp vs mole fraction for KCl,—,Br,. For
comparison, experimental hardness data!® after Smakula (solid
circles) and Vorobev et al. (crosses) are also included.

mental data exist. Since the compressibility of many
mixed crystal systems may not be a linear function of
the mixing ratio, a point which we shall elaborate upon
later, Fig. 5 should only be taken qualitatively; (2)
although Fig. 5 establishes that vro =~ const/V", not
much significance can be attached to the exponent n of
this plot because of the large scatter of points. Further-
more, if at any fixed value of = one follows the change of
v due to change of r, (nearest-neighbor distance) one
may encounter different slopes than the average slope
of the line drawn on Fig. 5.

The pressure dependence of the long wavelength TO
frequency may be discussed in terms of a mode Grunei-
sen parameter defined as

yro = —dlnyro/dInV. (4)

Since the measurements were done at a constant tem-
perature, this equation may be rewritten as

1
yx = —(Ov10/OP)r (5)
vro

where x is the isothermal compressibility. Measure-
ments on pure KCI and KBr crystals showed® that the
experimental values of y obtained from this relation
compared very well with values calculated from a rigid
ion model using a Born-Mayer potential.

A plot of (1/»)(Av/AP) for the TO mode in the
pressure range of 0.001 kbar to 10 kbar is shown in
Fig. 6. This curve has a distinet minimum around z =
0.5. An examination of Eq. (5) reveals that the ordi-

nate of Fig. 6 is proportional to yrox. The Gruneisen
parameter for the TO mode of most ionic erystals of the
NaCl type is known to be around 3. For KCl and KBr,
Y10 18, respectively, 2.9 and 2.6, and appears'® to depend
on the effective ionic charge, which is 0.81e and 0.76e,
respectively, for these two crystals. The effective ionic
charge for the mixed system is known to vary linearly
with composition between these two limits. Thus the
nonlinear behavior of (1/»)(Ar/AP) displayed in Fig. 6
may be understood largely in terms of a nonlinear be-
havior of x. However, since x and v are related to the
second and third derivative of the cohesive energy with
respect to volume, it is entirely possible that both these
quantities vary nonlinearly. For comparison, the
hardness variation'? of KCI-KBr system as a function of
the mixing ratio is also shown in Fig. 6. It may be
noted that hardness, which may be compared® to the
bulk modulus (reciprocal of compressibility), goes
through a maximum in the intermediate mixing range.
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