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The rigid-ion model is used to calculate distortions of the sodium chloride lattice due to the
impurity ions Ag*, Br~, Li*, K*, I", Rb*. The results are compared with the experimental
data obtained by nuclear paramagnetic resonance and with the results of calculations based

on the theory of elasticity.

KORNFEL’D and Lemanov [1J reported the results
of investigations into distortions of the NaCl lattice
caused by the substitutional impurity ions Ag*, Br~,
Li*, K*, I, Rb*, and gave a calculation of the mag-
nitude of these distortions based on the theory of
elasticity for a continuous medium. It was consid-
ered to be of interest to carry out a similar calcu-
lation allowing for the discrete nature of the lattice
structure. Such a calculation was carried out by
Hardy (2] for the NaCl crystal containing K* as

an impurity. The results of this calculation can

be generalized to other impurity ions.

Following Hardy we shall assume that in the
lattice there is, apart from the electrostatic inter-
action, a central interaction due to the overlapping
of electron shells having a potential of the form
A exp(-r/p), where A and p are parameters
determined from the compressibility and the con-
dition of equilibrium of a crystal. [3] Displace-
ments of the ions nearest to the impurity are found
from the equation[?]

A I
= 20810 [Gexp (=28 4 2{5—Dexn (=],
Here r, is the distance between nearest neighbors
in the NaCl crystal, A, and p, refer to the NaCl
crystal, and A and p refer either to a chloride
crystal of the metal which acts as an impurity ion
in NaCl or to a sodium salt of the halogen which is
present as an ion impurity.

In calculating the distortions introduced by the
silver impurity we must remember that the defor-
mations in the AgCl crystal do not satisfy the
Cauchy relationships, and consequently the non-
central interaction is important. However, when
an ion of Na is replaced by an ion of Ag, the lat-
ter causes displacements of the neighboring Cl
ions corresponding to uniform compression of the
AgCl crystal, such that only the distance between

the ions is altered. Introducing formally the cen-
tral interaction potential for such deformations
and determining its parameters A and p from
the compressibility and the condition of equilib-
rium, ] we obtain A =2.26 x 107 erg and p
=0.217 x 1078 cm.

In experiments on nuclear resonance 1] the
number n of Na nuclei within the limits of a
certain ‘‘critical sphere’’ around the impurity
ion was determined. At the boundary of this
sphere the lattice distortions due to the impurity
have a certain form determined by the experimen-
tal conditions, and are independent of the nature of
the impurity ion. Since the relative deformation
of the lattice at a sufficient distance from the im-
purity is proportional to €,r§ /R3, where €, = /1
is the relative displacement of the ions nearest to
the impurity, the volumes of the ‘‘critical spheres’’
and the numbers n of Na nuclei inside such
spheres for various impurity ions should be in
the same ratios as the corresponding e,.

The experimental values of nl'] and the calcu-
lated values of ¢ and €, are listed in the adjoining
table, which shows that the ratio n/e; is the same,
within the experimental error, for all impurity ions,
in agreement with theory.

We now estimate the magnitude of the deforma-
tion at the boundary of the ‘‘critical sphere,”’
which is really a very complex surface. It follows
from Hardy’s work[?] that the relative radial de-
formations in units of €yrj/R® are 1.74 for the
[100] axis, 1.25 for the [110] axis and 0.73 for the
[111] axis.

We assume that the ‘‘critical sphere’’ has the
radius given by Kornfel’d and Lemanov [1] and that
at its boundary the mean radial deformation is €
= 1.25€or§ /R®. The values of € calculated in this
way are listed in the table. They are approxi-
mately the same for all impurities, in agreement
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Impurity ion Agt Br— Li+ K+ I~ ' Rb+
n 115 290 450 740 760 1020

g, A —0.03 0.072 —0.088 0.15 0.176 0.208

| €0 0.011 0.025 0.031 0.053 0.062 0.74

n/ ey, rel. units 0.75 | 0.83 1.04 | 1 0.88 0.99
fe|-10% 0.3 0.2 0.21 0.22 0.24 ‘ 0.22

with experiment. Such a calculation is, of course,
purely qualitative. Its results are almost identical
with those calculated by Kornfel’d and Lemanov
using the theory of elasticity. This is not surpris-
ing, since the surface of the ‘‘critical sphere’’ lies
at such a distance from the impurity that we can
use the theory of elasticity.

The greatest divergence between the theory and
experiment occurs, as shown in the table, in the
case of Ag, which is obviously due to the poor
applicability of the central-force model to AgCl.
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