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In this paper we report the computed values of the compressibility, thermal
expansion, Griineisen constant, elastic constants, Restrahlen frequency and
dielectric constant of the five alkali hydride crystals. The importance of
simple expressions for estimating these bulk properties is emphasized. The
various numerical results are for the Born-Mayer and Hellmann inter-
molecular potentials. Only some of the data for LiH are experimentally known
and these are compared with the calculated values.

INTRODUCTION

There is & lot of interest in the various bulk properties of crystals due to
their many important practical applications. Usually such data are scarcely.
available and the calculation procedures in some cases are quite tedious and
the initial input iriformation required is so elaborate that its availability is
a rare coincidence. We have, therefore, been engaged in a programme where
the various thermodynamie, electric and elastic properties can be computed
approximately though with enough reliance from the knowledge of the inter-
molecular potential and some other simple fundamental data which are usually
available. The aim of this article is to present such computed values of
different properties of alkali hydride crystals. This looks specially promising
for the body of experimental data for these crystals are surprisingly and dis-
appointedly small and almost negligible.

Recently, the authors (Lachhman Dass and Saxena 1965a) have
tried to apply Pauling’s theory (1956, 1960) to alkali hydride molecules
and found rather poor reproduction of some of the molecular properties.
Following the approach given by Kachhava and Saxena (1964a), the situation
improves for molecular properties but our unpublished calculations reveal
that for crystals even their modified theory does not show reasonable promise.

We, therefore, do not consider Pauling’s theory for calculating the properties
of alkali hydride erystals. .

VOL. 36’ Ao No. 1.



32 LACHHMAN DASS & S, C. SAXENA

In another publication the authors (Lachhman Dass and Saxena 1965b)
have considered the appropriateness of as many as seven different potentials
to represent the interaction energy of alkali hydride crystals and tried to
assess their relative appropriateness by computing the cohesive energy values
and comparing them with the experimental values, which were also computed
very accurately from the available experimental information. This study
indicated that the Born-Mayer and Hellmann potentials are almost equally
good. This does not necessarily imply that both potentials are equally real-
istic but this conclusion might have resulted due to the partial insensitivity
of the cohesive energy to the detailed nature of the different individual inter-
actions which constitute the total effective potential between two ions when
they sit in a lattice. We, therefore, continue to use both potentials while
calculating the different properties in this paper.

INTERMOLECULAR POTENTIALS

The Born-Mayer and Hellmann potentials can be represented by the
following equations respectively:

¢(r)=—°—‘:—2+A1e—r/a I 1
and
2
o) = = dglevp). . @

Here ¢(r) is the total energy per cell, r the interatomic separation, e the elec-
tronic charge, « the Madelung constant and A, o and 4, A are the potential
parameters. These were determined by using the molecular data and the
condition (Lachhman Dass and Saxena 1965b)

-d—g(r—r)=0, at r=1ry .. . . .o (3)

where 7, is the equilibrium interatomic separation distance. We will refer
these parameters as set I. Alternatively, one can determine the two
parameters of each of these two potentials by using the condition given by
eqn. (3) and the experimental values of the crystal energy. The details of
such a calculation have been given earlier by Kachhava and Saxena (1964b).

We will refer the potential parameters so determined as set II. ’

COMPRESSIBILITY

Kachhava and Saxena (1;)646) have already pointed out that the com-
pressibility, 8, can be easily determined in a straightforward manner from the

following relaftion: '
=..1.[d2¢(’)] s @
r=1ry : '
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This relation yields on the Born-Mayer potential that

ﬁ=18r;/{ae2(f§—2)}, R (|

while for the Hellmann potential,
B = 187%(14Aro)(ae222). e e @

Thus, 8 can be calculated from relations of eqns. (5) and (6) if the other quan-
tities are known. 7, values for alkali-hydrides employed in our present cal-
culations are same as those reported by us in one of our earlier papers (Lachh-
man Dass and Saxena 1965b). The values of 8 so obtained for both the poten-
tials and for each of the two sets are reported in Table I. Unfortunately, no

Tasim I

Oompressibility values of alkali hydride crystals in 10-1%2 em? dyne—3

Born-Mayer potential Hellmann potential

Substance [
Set I Set IT Set I Set II -
LiH .. 271 3:04 : 3-15 279
NaH .. 4-49 4-31 5-08 4:11
KH .. 7-31 6-10 8-04 592
RbH .. 8-57 6-60 9-38 6-45
CeH .. 10-09 777 10-98 7-61

experimental results are known for these erystals and as such no direct com-
parison between theory and experiment is possible. From the table we find
that the two sets lead to different values as also the two potentials. It is
difficult to speak about the relative appropriateness of these different sets of
values.

In an effort to fix our ideas @ priori to attach a differential element of
confidence in the values we try to recall the probable accuracies associated
with the two sets of parameters for each of the two potentials. Set I is deter-
mined using the molecular data and as such it is possible that due to different
and new type of heuristic intermolecular forces which operate in the crystal
state that the set II which is determined entirely from properties of crystals
might be preferable. We are not sure as to the degree to which this convic-
tion can be emphasized for cohesive energy is insensitive to the detailed nature
of ¢(r) and it is likely that the potential parameters determined from entirely
solid state data are also not precise. We thus face a situation in which

reposing reliance on any one set of values is not very unique,
2
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The Restrahlen frequency wj of LiH is known (Burstein (1963)) and this
can be employed to assess the g values of Table I. According to the theory of
Kellermann (1940), and Sharan and Tiwari (1964), we know that

2 [ 30°
w§=e_(_—“§—i;’). R
KVa \ Belr

Here p is the reduced mass and v, the volume of the unit cell. If we substitute
all the pertinent constants, along with the wq value of 1-770 X 1013 gec™1 for LiH
in eqn. (7), we get B = 2-14x10712. When this is compared with the values
given in Table I, we find that Born-Mayer potential set I values are most
preferable while Hellmann set II is also good. These conclusions may be
given weight while choosing the B values of Table 1.

If, on the other hand, we compute w, itself from relation (7) employing the
B values of Table I, we get the results recorded in Table II. It will be noted
that many values are unrealistic for LiHH and NaH. The inferiority of set I
over set IL in the case of Hellmann potential is again confirmed and

Tasre IT

Restrahlen frequency in units of 1013/sec

Born-Mayer potential Hellmann potential
Substance A Experimental

Set I Set IT Set I Set IT

LiH .. 8-84i 10-59i 11-05i 9-37i - 1-77

NaH . 1-95i +2:11 5-24i +3-26 -

KH v +3-95 +4-6-63 5-541 +7-00 -

RbH .. +4-64 +7-73 +3:26 +7-90

CsH ‘e +4-95 +7-64 +3-90 +7-85

Born-Mayer potential with set II parameters qualifies better than with
set I parameters. We will also like to point out that the trend of imaginary
values suggests that g values used in computation are probably overestimates,
and, therefore, it appears that the calculations for w, using eqn. (7) are not
reliable. However, if this is any guide then the Hellmann potential with set
11 is most appropriate and this combination is better than the Born-Mayer
potential with set I parameters. This inference is not hard to appreciate
because in dealing with such properties and that too with crude models and
simpler expressions the use of crystal properties only in ascertaining the -
variables should be preferable.

TurrMAL EXPANSION AND GRUNEISEN CONSTANT

- The familiar Griineisen constant, y, is shown by Kachhava and Saxena
(1966a) to be given by the following simple general relation:

== -9{<)5"'(To)}{95"(%)}‘“l B )

2B
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For the two p;)tentials of eqns. (1) and (2) we get from eqn. (8) respectively:

=G} . e

Y= (3+Aro)/6 .o . . . . (10)

Computed values of y according. to these relations are given in Table IIL.
The values seem to be reasonable. For both the potentials set I in general leads
to smaller values than set II. If the above derived inference regarding the
superiority of Hellmann potential with set II parameters is counted upon we
should prefer the last column values of Table III. Fortunately this inference

and

Tasre IIT
Griineisen constant of alkali hydride crystals

Born-Mayer potential Hellmann potential

Substance  ——m A e
Set I Set IT Set I Set I
Lig .. 1-03 0-96 1-04 - 109
NaH .. 1-16 1-19 1-15 1-28
KH .. 1-26 1-40 1-25 1:47
RbH .. 1-31 1-64 1-30 1-60

CsH .. 1-36 1-60 1-34 1-66

seems quite consistent with the expectation that Born-Mayer potential with
set IT parameters should also be reasonable. This indeed is very much depicted
by the records of Table III inasmuch as values of ¥ in columns 8 and 5 are
quite in agreement with each other.

Kachhava and Saxena (1966a) have also derived the simple expression
for the coefficient of thermal expansion. It is :

o= =g N

For the two potentials the above expression leads to the following expressions:

a'=r00,,(£2%—5)/{2ae2(:—°—2)2} R 1))

o = Co(l4+-Mp)(34Arg)/(2uerogd®). .. .. .. (13)

Here C, is the specific heat per ion pair at constant volume. Calculated
values of «'/Cy are given in Table IV. As very much expected these values
like ¥ are fairly consistent with each other. Fortunately an approximate
calculation for «’ of Nordman and Lipscomb (1953) is available for LiH

and
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Tasre IV
(] Cy) values of alkali hydride crystals in 1019 c.g.s. units

Born-Mayer potential Hellmann potential
Substance D ey —
Set I Set IT Set I Set IT
Lig R 545 5-72 6-41 5-97
NaH .. 597 588 670 6-03
KH .. 6-61 6-16 7-22 6-27
RbH . 6-50 6-17 7-37 6-26
CsH . 7-20 6-39 7:56 6-48

which is semi-theoretical. They find &' = 3-9x1073/°C. Employing the
- experimental value of Cy (Truter 1961), we get for LiH the following «’ values:

Born-Mayer: set I (3-12x1075), and set IT (3-26 x 1075)
Hellmann: set I (3-66x 107%), and set IT (3-40 X 1075)

The agreement in all cases may be regarded as satisfactory in view of the
approximate nature of Nordman and Lipscomb (1953) calculations. How-
ever, a slight preference for the Hellmann potential is evident. In the back-
ground of previous calculations we find that Hellmann and Born-Mayer
potentials are still to be regarded as preferable with set IT parameters. We
thus get fairly reasonable overall estlmates of the two important thermal
properties of alkali hydrides.

Erastic CoNSTANTS

The calculation of the three elastic constants Cy;, Cys and Cy is also
possible when one knows the intermolecular potential. We employ here the
theories as propounded by Kellermann (1940), and Krishnan and Roy (1952).
The former theory leads to the following final working equations:

67'4
Oy = {22 —1-395 I o 7]
" (BZ )27‘0 . e
and
0-3475¢2
Cio o Cpy = r4e. N ¢ )

0

If the computed B values of Table I and other constants as already given be
used, we get finally the values for the elastic constants as listed in Table V.
The Cy5 ~ Oy values are independent of potential and these are recorded in
the last column of this table. For C,; we find that almost in each case the
set II parameters lead to values which are greater than the set I values. Cer-
tainly we attach more importance to the set I parameter values and these are
reasonably consistent for the two potentials except for LiH. We have no
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Tasie V

Elastic constants Oy, Cyp and Cyy of alkali hydride crystals on Kellermann
. model tn units of 1011 ergs/em

Born-Mayer potential Hellmann potential
Substance A e e e Cya
Set T Set IT Set I Set 1T
Lig .. 1-84 0-62 0-26 1.49 4-61
NaH .. 2-15 2-42 1-37 2:76 2-26
KB .. 1-67 2-48 1-29 2-63 1-22
RbH .. 1-56 2-61 1.26 2-72 0-97
CsH .. 1-42 2-31 1-18 2-39 0-78

experimental data to guide our judgement but we think that these values
ghould be fairly reasonable. ‘ )

Krishnan and Roy (1952) theory as developed for the Born-Mayer poten-
tial is well known. We do not reproduce the final expressions which have
been elaborated recently by Kachhava and Saxena (1967). However, for
‘the Hellmann potential we get the final expressions:

2
C11 = [20y(1+48)—6X] — R ¢ 1)
. 2r,
and
., e2
012 RS 044 = 3(X—O(1) i—é-;-g .e .. .. (17)

where .

3= (1-4+Arg)-+(14+Ar9)72, a; =175 and X = 3-14.
It is important to point out that the relations (16) and (17) are similar to those
obtained by Krishnan and Roy except & has now a different defining relation.

Computed values of (), for the two potentials on this theory are given in
Table VI. Here also the set II parameters for both the potentials lead to values

TasLe VI

Elastic constanis Oy, C1g and Cyy of alkali hydride crystals on
Krishnan and Roy model én units of 1013 ergsjcm

Born-Mayer potential Hellmann potential

Substance [
Set I Set I ~Bet I Set I1

LiH .. 1-89 0-67 0-31 1-52
NaH .. 2-15 2-45 1-40 2.78
KH .. 1-68 2-50 1-31 2-64
RbH .. 1-57 2-62 1-27 2-78

CH .. 1-43 2-32 1.17 2-40
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which are invariably greater than those obtained on the basis of set I parameters,
Further, here also both these sets show a good consistency among themselves
and are in very good agreement with the values obtained on Kellérmann’s
model. We, therefore, conclude that these two sets are most reliable as we
found in the case of other properties also. The expression for C;; remains the
same on Krishnan and Roy’s model as in the case of Kellermann and conse-
quently for this the best and only set of recommended values is that recorded
in the last column of Table V.

DrzLEcTRIC CONSTANT
The high frequency dielectric constant e, can be easily calculated by the
theory of Mott and Gurney (1948) if we have the idea of the intermolecular
potential. The expression for the same is
ol gnN2ot+oc-(y’—l)+N(a++u_)

4

: . , .. (19)
1— %N(a++a_)+%—) 72N o_(1—y'2)

in which X is the number of ion pairs per unit volume, «, and «_ the polariz-
abilities of the two ions and v’ a constant which varies between the two extreme
limits of 0 and 1. Kachhava and Saxena (1966b) have recently shown that
it can be estimated for the Born-Mayer potential from the following relation:

, A
1—y = (%0) o) = (20)
and for the Hellmann potential the corresponding relation is
;o A
1—')’ —6.1+A7'0' (21)

In deriving relations (20) and (21), the simple first relation of Born-Mayer is
used.

In Table VII we report e, computed from eqn. (19) for the two extreme
choices of ¥', 0 and 1. The values of ¥’ for the two potentials according to

TasLe VII
High frequency dielectric constant of alkali hydride crystals

Born-Mayer potential Hellmann potential
—P

Substance  Expt. =1 (y =0}

¥ of eqn. 20 ¢, ¥y ofeqn. 21 €,

LiH 36 345 3-47 0-7087 344 0-7717 344
NaH - 2-:20 224 0-7087 2-18 0-7680 2-18
KH - 1-93 2-08 0-7087 1-95 0-7619 1-96
RbH - 1-96 2-06 0-7087 1-92 0-7581 1.92

CsH - T 211 2.23 0-7087 2-06 0-7580 207
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eqns. (20) and (21) are also easily obtained and hence ¢, from eqn. (19). All
these four sets of values are reported in Table VII. The only experimental
value available for Lill (Burstein 1963) is also listed in Table VII. The first
point to note in Table VII is that ¢,, values are not very much dependent on ¥’.
This partly renders the need for the precise estimation of ¥ somewhat
redundant. This also explains the remarkable agreement between the two
sets of values obtained for the Born-Mayer and Hellmann potentials. There
is not much to distinguish between the adequacies of the two potentials on the
basis of €, values alone. The only experimental value of Lil is in good agree-
ment with the various calculated values though the latter are consistently
smaller. We may thus regard the values obtained from the computation
as reliable and good enough for use till the experimental values are evolved.
The theory of Mott and Gurney (1948) has been considerably revised
and many new theories have been advanced. We mention now some of them
in the ambition to have some idea of the assessment of the recommended
values of Table VII. Dick and Overhauser (1958) made a novel attempt in
this direction by introducing what is commonly called as shell model and has
since been used for many ionic and covalent crystals. This caleulation is
somewhat involved and needs the constants like, (i) number of electrons in the
shell, (ii) the core-shell spring constant, (iii) the shell-shell spring constant, etec.
Amongst the alkali hydrides, calculations are available only for LiH of Brodsky
and Burstein (1963). We repeat the calculations here for all the alkali
hydride crystals and the results so obtained are reproduced in Table VIII.

TaBre VIII
Skell model constants for alkali hydride crystals

A (10% ergs/cm?)

Sub- ’ b (107 k- (107 Born-Mayer Hellmann
ergs e i i
stance T+ n_ : Ifz )/ c:f:)/ potexxltlal potjntda.l
B of B of B of B of
BetI SetII SetI Setll
LiH 2-24 2-24 3995 0064 4528 4031 3-886  4-387
NaH 4-8 2-24 2985 0064 3264 3395 2:884  3-559
KH 8:7 2-24 2:078  0-064 2341 2803 2-127  2-888
RbH 9-9 2-24 1-592  0-064 2113 2745 1932  2-810
CsH 11-3 2-24 1207 0064 1-897 2-463 1743 2:515

The values of n, and n_, the number of electrons in alkali and hydrogen shells
respectively are given in this table. The polarizability values are taken from



40 LACHHMAN DASS & 8. O, SAXENA

our earlier paper (1965b). The core-shell spring constants, ¥+ and %_, are then
easily calculated from the relation,

ki = (G’ﬂ;i)z/di. .e - .o .e (22)
Similarly the shell-spring constant, 4, is obtained from the simple expression,
A = 6rolB. Y )

Employing the values of B given in Table I, we readily get the corresponding
.A. We may also mention that we neglect the effect of exchange charge
interaction which is shown to be small by Dick and Overhauser for LiCl
and NaCl on the basis of the overlap integrals of Lowdin. The expressions
for e*/e and B*/B are finally determined as:
Ap' 1

e 144X

6*
T 14 (24)
and

‘8*
TELEAY ()

where ¢* is the effective ionic charge, 8 the value of compressibility according to
the original theory of Szigeti (1949, 1950) and is given by the relation,

3 €n+2 1
=—.t—=1.—, ‘e .o .. {26
ﬁ Nr? (€o+2) posy (26)

in Wﬁich € is the low frequency dielectric constant and g* the value of com-
pressibility from the theory of Dick and Overhauser given by

*=6r0(1+fh). O 14
Further

N L

M—e(k+ k_) .. .. N .. (28a)
and

L

,\..k++k_. R 1)}

Values of e*/e and B*/B so obtained are listed in Table IX. If, on the other
~ hand, the theory of Szigeti (1949, 1950) is considered we get

e = e

The calculations of e*/e for LiH are possible as all the quantities involved are
experimentally known. The value so obtained is only 0-563 and is in poor
agreement with the other values listed in Table IX. €, € and wp values as
given by Burstein (1963) have been used. We cannot just conclude from
this calculation about the success of the shell model though the single investi-
gation is somewhat disappointing. We hope a more definite conclusion would
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Tasre IX
e*le and B*|B values from Shell model

B*IB ) etle
Born-Mayer Hellmann Born-Mayer Hellmann
Sub- potential potential potential potential
stance A —
Set T Set 11 Set I Set I1 Set I Set II Set I Set 1T
LiH 1-054 1-048 1-046 1-052 0-853 0-871 0-873 0-857
NaH 1-052 1-054 1-046 1-057 0-898 0-893 0-908 0-888
KH 1-038 1-045 1-034 1-046 0-931 0-918 0-937 0-915
RbH 1-034 1-044 1-031 1-045 0-942 0-925 0-946 0923
CsH 1-031 1-040 1-029 1-041 0-953 0-940 0-957 0-939

be possible in the days to come with the availability of the experimental data.
Unfortunately, the computations of ¢, and w, for LiH lead to negative values.
Similarly the predictions of Havinga’s theory (1960) and that of Hanlon and
Lawson (1959) are not very encouraging and here we also realize that a more
precise «, values are very important to have a unique assessment of these
theories.
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