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ABSTRACT

Many formulae are available for the cohesive energy of the alkali halides. These have many
terms and the predictions of most of these are not very accurate. We give a semi-empirical formula for
the cohesive energy of the alkali halides, except the Cs halides because three of these differ in structure
from the other members of the alkali halides. Our formula consists of only three terms. It is more
accurate than the seven formulae presented here, yet it is the simplest of these. If only the first term is
taken, its prediction should be sufficient for most ordinary purposes. More importantly, the treatment
gives an insight into the physics of the ionic compounds. However, that does not, in any way, diminish
the value of the microscopic treatments. For the purpose of comparing the different formulae, a x? is
constructed on the plausible basis that the cohesive energy data may be inaccurate upto the extent of
1%. However, the x2 should still serve as a reliable index for comparison if the inaccuracy is different

from 1%.

Key words: Alkali halides, Cohesive energy, Theoretical formulae,
Our formula, Comparative study, y2-basis.

INTRODUCTION

The cohesive energy of ionic compounds
has been studied by many authors over the last
several decades [e.g.1]. These incorporate various
possible effects. As a result of the comprehensive
nature of the treatments, these involve many terms.
We adopt a simple semi-empirical approach with
at most three terms in the expression for the

cohesive energy. Instead of finding out the
coefficients of these three terms from a theoretical
picture, we obtain these by fitting the experimental
data. A fair amount of success has been achieved.

The results of the present effort are
compared with those of some of the earlier authors,
with regard to the cohesive energy. For the purpose
of comparing the results, it is plausibly assumed



Table 1: Values of cohesive energy of different authors and their chi-square values given respectively

S. Name of Experiment Born X? Born X?> Helmann x2 Verwey X2 \Vershni X2 Modified x? Prakash X2
No. alkali of cohesive lande mayer kj/mol kj/mol shukla (vershni- behari
halide energy (Ej) kj/mol kj/mol kj/mol shukla) kj/mol
kj/mol

1 Lif 1032.19 101295 3.47 1047.26 2.13 1043.91 1.29 1133.86 97.02 1073.20 15.79 1060.64 7.60 1058.97 6.73
2 LiCl 850.19 832.62 4.27 854.37 0.24 851.86 0.04 908.76 47.46 873.62 7.59 865.25 3.14 85354 0.16
3 LiBr 812.53 776.13 20.07 797.05 3.63 799.14 2.72 858.98 32.68 820.06 0.86 810.86 0.04 800.400 2.23
4 Lil 754.38 704.17 4430 732.62 8.32 723.00 17.30 803.33 42.10 755.51 0.04 74475 1.63 737.22 5.17
5 NaF 918.39 916.30 0.05 940.14 5.61 938.47 4.78 995.37 70.26 958.97 19.52 950.19 11.99 938.47 4.78
6 NacCl 782.83 768.18 3.50 787.43 0.35 786.59 0.23 830.94 37.77 803.75 7.14 796.22 2.93 782.83 0.00
7 NaBr 746.84 732.62 3.63 75196 0.45 74894 0.08 790.78 34.62 766.51 6.94 759.40 2.83 744.75 0.08
8 Nal 698.73 696.18 3.23 705.00 0.81 703.33 0.43 740.15 35.14 71839 7.92 711.70 3.45 695.80 0.18
9 KF 812.95 814.21 0.02 833.03 6.10 831.36 5.13 874.46 57.25 849.35 20.05 841.82 12.61 828.01 3.43
10 KCI 712.12 70291 1.67 720.07 125 717.97 0.67 753.96 3551 733.87 9.33 727.18 4.47 71254 0.00
11 KBr 682.83 679.06 0.30 367.05 4.34 693.71 254 72551 39.07 708.35 13.97 702.08 13.97 684.92 0.09
12 Kl 642.66 630.53 3.56 646.85 0.43 646.43 0.34 684.92 43.24 662.75 9.77 656.05 4.34 640.57 0.11
13 RbF 777.39 782.41 042 797.47 6.67 798.31 7.24 83554 5595 814.62 22.94 807.93 1543 791.19 3.15
14 RbCI 684.50 684.08 0.00 700.82 5.68 697.89 3.83 724.37 3444 711.28 1531 705.42 9.34 687.01 0.13
15 RbBR 657.72 657.72 0.00 674.04 6.16 669.86 3.41 697.05 35.76 68450 16.58 678.64 10.12 659.82 0.10
16 Rbl 621.32 623.42 0.11 638.06 7.26 637.22 6.55 661.91 42.38 649.78 20.98 644.34 13.73 625.09 0.37

Ix?¥/datum= 554 Zx¥datum= 3.71 Zx¥datum= 3.54 ZXZx%datum= 46.25 Ix¥/datum= 12.17 ZXx%datum 6.97 Zx¥datum 1.67
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Table 2: Values of cohesive energy, using formula (3) and their chi-square values given respectively

S. Name Nearest Experimental Theoretical X? Theoretical 2 Theoretical X2
No. of alkail neighbour cohesive cohesive choesive choesive
halide distance (r) energy (E)) energy when energy, when energy when
kj/mol only the first the first & all the three

term in taken last term are terms are taken

kj/mol taken kj/mol

A=2201.89 A=2242.541 & A=2346.05, B=3241.94

C=24491.47 & C=-17168.93

1 LiF 2.013 1032.19 1093.84 35.67 1023.19 0.76 1031.69 0
2 LiCl 2.57 850.19 856.77 0.60 859.71 1.26 847.57 0.1
3 LiBr 2.751 812.53 800.40 2.23 807.71 0.35 801.43 1.87
4 Lil 3.006 754.38 732.50 8.41 742.35 2.54 743.33 2.15
5 NaF 2.317 918.39 950.32 12.09 938.38 4.74 920.72 0.06
6 NaCl 2.82 782.83 780.81 0.07 789.10 0.64 784.96 0.07
7 NaBr 2.989 746.84 736.66 1.86 746.42 0.00 746.97 0
8 Nal 3.236 698.73 680.44 6.86 690.96 1.24 696.85 0.07
9 KF 2.674 812.95 823.44 1.67 829.28 4.03 820.51 0.87
10 KCI 3.146 712.12 699.90 2.94 710.27 0.07 714.42 0.1
11 KBr 3.3 682.83 67.24 5.21 677.82 0.54 684.81 0.08
12 Kl 3.533 642.66 623.24 9.14 633.73 1.93 643.94 0.04
13 RbF 2.826 777.39 779.15 0.05 787.52 1.70 783.56 0.63
14 RbCI 3.291 684.50 669.06 5.09 679.64 0.50 686.48 0.08
15 RbBr 3.445 657.72 639.16 7.97 649.72 1.48 658.85 0.03
16 Rbl 3.671 621.32 599.81 11.99 610.14 3.24 621.75 0

Y x?/datum= 6.99 Yx?datum=  1.56 Y x?/datum= 0.39
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that the data may have a maximum error of 1%. On
that basis, the x2/ datum is obtained for the results
of all the authors considered here, including
ourselves. The x2/datum is a reasonable index for
the comparison, even if the error be different from
1%.

The may be defined as:

e

where Q,, is the ith experimental datum
of a certain physical quantity, Q, its theoretical value
and AQ,, is the experimental error in the
measurement of the ith quantity.
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Outline of the proposed Semi-Empirical
formula of the cohesive energy.

In our approach to the problem, we take
Castellan’s inter-ionic potential energy function
as[2]:

A” G
U(.?":l:———x (1)
r r

where r is the nearest neighbour distance,
regarded here as a variable. The first term above is
the electrostatic interaction energy and the second
is the repulsive energy of the collision of the two
electron clouds. This is responsible for the stability
of the crystal, although it does not contribute much
to the cohesive energy. The cohesive energy may

Table 3: Values of cohesive energy, prediction of formula
(4) and their chi-square values given respectively

S. Name of Dipole Experimental Theoretical X?
No. alkali halide moment cohesive cohesive
ener?g/ (E.) energy, when
the first term is
taken for each alkali
Debye kj/mol kj/mol
A=6067.36
1 LiF 6.328 1032.19 958.81 50.54
2 LiCl 7.129 850.19 851.08 0.01
3 LiBr 7.268 812.53 834.80 7.52
4 Lil 7.428 754.38 816.82 68.51
A=6985.27
5 NaF 8.156 918.39 856.46 45.48
6 NacCl 9.001 782.83 776.05 0.75
7 NaBr 9.118 746.84 766.10 6.65
8 Nal 9.236 698.73 756.31 67.91
A=7109.97
9 KF 8.585 812.95 828.19 3.51
10 KCI 10.269 712.12 692.37 7.69
11 KBr 10.628 682.83 668.98 4.11
12 Kl 10.8 642.66 658.33 5.95
A=6984.46
13 RbF 8.546 777.39 817.28 26.33
14 RbClI 10.51 684.5 664.55 8.49
15 RbBr 10.9 657.72 640.78 6.64
16 Rbl 11.5 621.32 607.34 5.06
> x2/datum= 19.70
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be taken as the value of U(r) at the equilibrium value
of this distance. Castellan uses a theoretical
approach to obtain the parameters A, and n.
He finds n to vary from 7 to 10.5 for the halides of
Li. Wetake and to be adjustable parameters
and fix n to a positive integral value, say 8. We drop
the dash when we take these as adjustable
parameters. In this light, the cohesive energy E_
may be written , in terms of the equilibrium nearest
neighbour distance r_, as:

A O
E =Uiri=2—-—
;) 5 i (2

The nearest neighbour distance
r, of the alkali halides is available in the standard
literature®. We have left out many other effects. To
phenomenologically simulate these, we add an

additional term B,.- , with a negative sign, to write:

Uiy =t gy (3

We take all the alkali halides except the
Cs halides as all of these, except CsF, have a
structure different from that of the rest of the alkali
halides. The other authors, whose work we compare
here, have done the same in this regard.

In Table-1 we reproduce the predictions of
the cohesive energy of the seven authors, along
with g*/datum, for the alkali halides. In Table-2, we
give the predictions of the formula (3), when only
the first term is taken, when the first and the last
term are taken and when all the three terms are
taken. The x*/datum is given , at the bottom , for
all these cases.

Going back to (2) and assuming that the
distance between an ion-pair, when taken out of
the crystal, is nearly same as r,, and the effective
charge of all the different alkali halides is nearly
same, we may write:

=g .(4)

@

Table 4: Values of cohesive energy and contribution of the three adjustable parameters given respectively

S. Name of Nearest Experimental  Theoretical A/lr B/rt, Cire,
No. alkali neighbour cohesive cohesive

halide distance (r) (E.) energy kj/mol kj/mol kj/mol

kj/mol kj/mol

1 LiF 2.013 1032.19 1031.69 1165.45 197.44 -63.68
2 LiCl 2.57 850.19 847.57 912.86 74.31 -9.02
3 LiBr 2.751 812.53 801.43 852.80 56.60 -5.23
4 Lil 3.006 754.38 743.33 780.46 39.71 -2.58
5 NaF 2.317 918.39 920.72 1012.54 112.49 -20.67
6 NaCl 2.82 782.83 784.96 831.93 51.26 -4.29
7 NaBr 2.989 746.84 746.97 784.89 40.62 -2.69
8 Nal 3.236 698.73 696.85 724.98 29.56 -1.43
9 KF 2.674 812.95 820.51 877.36 63.41 -6.57
10 KCI 3.146 712.12 714.42 745.72 33.10 -1.79
11 KBr 3.3 682.83 684.81 710.92 27.34 -1.22
12 Kl 3.533 642.66 643.94 664.04 20.81 -0.71
13 RbF 2.826 777.39 783.56 830.17 50.83 -4.22
14 RbCI 3.291 684.50 686.48 712.87 27.64 -1.25
15 RbBr 3.445 657.72 658.85 681.00 23.02 -0.87
16 Rbl 3.671 621.32 621.75 639.08 17.85 -0.52
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Where D is the electric dipole moment of
the concerned alkali halide.

Both the above assumptions are not good.
Yet, we take only the first term and let A have
different values for the different alkalis. The results
are of a qualitative nature. These are shown in
Table-3.

DISCUSSION

We notice that the results of our formula
(Table-2) are the best, when all the three terms are
used, and may even be regarded as significant
because the /datum is less than unity. Even the
predictions of the first term of our formula alone
are tolerable. In Table-3, we give the theoretical
values using the electric dipole moment i.e. using
egn. (4). These are only of a qualitative nature.

In Table-4, we give the contribution of each
term of our formula (3), for each of the 16 alkali
halides. We find, in all the cases, that the first term,
i.e. the electrostatic interaction energy between the
ions, makes by far the largest contribution to the
cohesive energy. The last term makes a very small
contribution. The sum of the last two terms of the
formula may be regarded as the cumulative effect
of all the remaining contributions in the ionic crystal,
other than the direct electrostatic interaction
between the ions. However, it is seen from Table-4
that whereas the contribution of the second term

AHMAD et al., Orient. J. Chem., Vol. 27(2), 633-638 (2011)

on the R.H.S. of eqn. (3) is negative, that of the
third term is positive, and is much smaller in
magnitude. This suggest that , contrary to what we
started with, it is plausible to regard the second
term as representing the major part of the electron
cloud and other repulsive contributions and the last
term may be taken to represent the residual
contributions from different sources.

We see the contribution, arising from the
last two terms of the formula is highest for the
fluorides, being the highest for LiF for which it is as
high as about 25% of the first terms. Then it goes
down for the other fluorides, but is higher than that
for the other halides for each alkali, becoming as
low as about 2% for Rbl. We could not consider the
chalcogenides as all the required data is not
available, at present. One should not infer that our
treatment is classical. We have tried to simulate the
electron cloud repulsion and there is a residual term
for the other things that remain. This should be
adequate for a phenomenological treatment like
ours. We thought there was no point in considering
the three CsCl-type Cs halides for we have three

)é;tata and three adjustable parameters.
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