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We have studied the thermophysical and cohesive
properties such as Gruneisen parameter, molecular force
constant, Restrahl frequency, Debye temperature
compressibility and Anderson-Gruneisen parameter etc of
mixed NaBrixlx and KBri4x mixed alkali halides under
the banner of three body force potential model. This three
body force potential (TBFP) model contains long-range
forces (Coulombian and three body interactions) as well as
short range forces (Vander-Waals and overlap repulsive
forces) [10-15]. We have selected mixed alkali halides for
the discussion because mixed crystals are more precisely
known as solid solutions. So mixed alkali halides have
received considerable attention of investigators [1-9] due to
their scientific and technological importance. The
observations shows that the micro hardness of mixed alkali
halides is larger than the pure crystals. Some results are
very close to their experimental value which shows the
superiority of this model over other models.

InTRODUCTION

onic solids are model crystal for the analysis of lattice properties. In the same sprit we
have used our three body force potential model (TBFP) for the calculation of lattice and
thermo-physical properties of mixed alkali halides NaBr; I, and KBr;_I,. This potential
model consists long-range (Coulombian and three body interaction) forces as well as short
range forces (overlap repulsive force operating upto next nearest neighbour ions and Vander-
Waals interaction) [31-35]. This shows that the inclusion of three body interaction effect
makes the present model suitable for the study of thermophysical properties of mixed alkali
halides. Most of the theoretical [10-25] and experimental workers [26-30] have explained the
elastic and thermophysical properties of the ionic solids.

Theory and method of Calculations:

We have applied the TBP model for the calculation of thermophysical properties of mixed
alkali halides. Three body potential model contains long-range forces as well as short-range
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forces. Coloumbian force associated with three body force is long-range force while Vander-
Waals and Hafemeister-Flygare are short-range forces. The values of input data for different
concentrations(x) have been evaluated by applying Vegard’s law for second order elastic
constants, lattice constants, ionic radii and Vander-Waals constants of host and dopant
materials as-

Cy(mix) =xc;A)+(1-x)c;(B)
ry(mix) =xr;(4) +(1-x)r;(B)
p(mix) = xp(d)+(1-x)p(B)
C(mix) =xC(4) + (1-x)C(B)
D (mix) =xDA)+(1-x)D(B)

The constituent of mixed crystals are held together by the harmonic elastic forces with
no internal stress within the crystal. The values of input data are given in tables 1.1 and 1.2.
Thermophysical properties include in the discussion are Gruneisen parameter (y), molecular
force constants ('), Debye Temperature (6), Restrahl frequency (vy), ratio of volume thermal
expansion coeffcient to specific heat at constant volume (oav/Cv), Compressibility (B),
Anderson-Gruneisen parameter (dt). The relevent expressions have been derived [31-35] from
three body potential [31-35] —

U(r) =—op,zelr [z + 12 f(r)] + 6bp + —exp [(r + 1> — r)p]
+ 6D By exp [(2r) — 1.4142r)/p]
+6b B —exp [(2r, — 1.41425)/p] — CI+° - DI¥®

(i) Gruneisen parameter

y=—r/6[U" (N/U" (1)) r=r
(i1) Molecular force constant

S =1B[U g (r) + 2/ Usg ()] -0
(iii) Restrahl frequency

vo = 12V f/u

where p is the reduced mass of the crystal.

(iv) Debye Temperature. (®p) = h vk
(v) Ratio of volume thermal expression coefficient to specific heat at constant volume

0,/Cy=—U"" (ro)/2r U" (ro)
(vi) Compressibility B=18 r,/U" (7o)
(vii) The Anderson-Gruneisen Parameter

dr=—PBro 27V U" (ro)

The above relations have been used to calculate the thermophysical properties of mixed
halides. The input parameters are given in tables 1.1 and 1.2. Calculated thermophysical
properties of mixed alkali halides are given in tables 1.3 and 1.4.
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Table 1.1. Model parameters for mixed halide NaBr I, at different compositions

Composition|  p b fro) | af (r)
*) (107%cm) (10 ergs) (10" erg x cm®)| (107%erg x cm®)
0.0 NaBr 0.329 0.363 0.0013 | —0.012 930 537
0.2 0.347 0.361 0.0012 | —0.012 1097 618
0.4 0.365 0.358 0.0018 | —0.013 1264 699
0.6 0.383 0.355 0.0047 | —0.039 1431 780
0.8 0.401 0.360 0.0048 | —0.038 158 861
1.0 Nal 0.420 0.351 |-0.0046] —0.028 1765 942
Table 1.2. Model parameters for mixed halide KBr,_yl,, at different compositions
Composition| p b [y af’ (ry) D
®) (107%cm) (10" %ergs) (10’60erg x cm®) (10’76erg x cm®)
0.0 (KBr) 0.265 0.264 —0.0012 | +0.0154 896 1521
0.2 0.232 0.247 —0.0075 0.0106 1156 2074
0.4 0.231 0.323 0.0020 -0.019 1417 2626
0.6 0.215 0.352 0.0059 —0.050 1678 3179
0.8 0.199 0.381 0.0013 —0.0101 1938 3731
1.0 (KI) 0.183 0.410 —0.0015 —0.019 2199 4284

Table 1.3. Thermophysical & cohesive properties of mixed halide NaBr I, at
different compositions

Cohesive Property X=0 X=0.2 X=04 X=0.6 X=0.8 X=1.0
Calc | Exp. | Calc | Exp. | Calc | Exp. | Calc |[Exp.| Calc | Exp.| Calc | Exp.
Gruneisen Pararmeter | 2.24 - 2.18 - 220 - | 231 - | 244 - 1.80
Y
Molecular force 5.73 - |5.046| - |445| - [393] - |322 - 334 | -
constant f
(10* dyn/cm)
Restrahl frequency v, | 6.69 - 6.43 - | 598 - [|558| - |5.01 - | 5.05 -
(T Hertz)
Debye Temperature [320.8| - |3084 | - |286.8| - [267.6| - [2403| - |[2423]| -
(©p) (k)
Ratio of volume 3.16 - 3.21 - 3264 - |3.316] - [3368| - |342 | -
thermal expression
coefficient to specific
heat at cons tant
volume a,/C, (10'%rgs
unit)
Compressibility (B) | 2.83 | 3.94 | 4.11 - | 555 - |9.16| - |10.19| - | 387 | -
(107" dyn/cm)
The Anderson- 3.58 - 4.37 - | 442 - |463] - | 48| - |35 -
Gruneisen Pararmeter
dr
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Table 1.4. Thermophysical & cohesive properties of mixed halide KBr_I,, at different

compositions
Cohesive X=0 X=0.2 X=04 X=10.6 X=038 X=1.0
Property
Calc. | Exp. | Calc. | Exp. | Calc. | Exp. |Calc.| Exp. | Calc. | Exp. | Calc. | Exp.
Gruneisen 2.64 1201234 - [205| - |176| - |146| - 1.17 | 1.60
Pararmeter y
Molecular force | 3.73 | - |455] - |535| - |6.16] - |695| - | 7.73 -
constant f (10*
dyn/cm)
Restrahl frequency| 1.33 | - |231| - |328| - [425| - [523| - | 6.21 -
v (T Hertz)
Debye 63.8| - |110.6| - |[157.4| - |2042] - |251.1| - |2979| -
Temperature (®p)
(9]
Ratio of volume | 5.02 | - |440| - [3.77| - |3.15| - |252]| - 1.90 -

thermal expression
coefficient to
specific heat at
cons tant volume
oLy /CV(IOIOergs

unit)
Compressibility | 4.48 [3.94 (397 | - 3.46 - 2.96 - 2.45 - 1.94 -
(B) (10"* dyn/cm)
The Anderson- 5.28 - 469 | - 4.11 - 3.52 - 2.94 - 2.35 -
Gruneisen

Pararmeter Op

REsuLT AND DISCUSSION

look at the tables 1.3 and 1.4, it is clear that presently estimated end point values of

Gruneisen parameter and Anderson—Gruneisen parameter are very close to their experimental
values. The end point values of Debye temperature show a good agreement with their
available experimental values [21-22]. Some results of ours are still higher than the
experimental values. The reason behind is to change in bond length in ionic solids. The
observations shows that the micro hardness of mixed alkali halides is larger than the pure
crystals. Some results are very close to their experimental value which shows the superiority
of this model over other models. On the basis of over all achievements the present TBP model
can be regarded to be adequately suitable for the prediction of thermo physical properties of
mixed alkali halides.
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