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The experimental data on the distortion of the sodium chloride lattice by Ag*, K*, Li*, Br~,

I", and Rb" ions are compared with calculations based on the theory of elasticity of contin-
uous media. It is shown that good agreement between the calculations and experimental data
can be obtained if the inter-ionic distances of the corresponding crystal lattices are used

as the characteristic dimensions.

IN previous work[!] we used the method of nuclear
magnetic resonance to investigate distortions of the
sodium chloride lattice in the vicinity of various im-
purity ions. Through the use of the concept of the
‘‘critical sphere’’ described about the impurity ion
(at the boundary of which the distortion has a given
value) the dimensions of the distortion zones of the
impurity ions Ag*, Br~, and K* were determined.
An attempt to calculate the dimensions of the dis-
tortion zones for these ions on the basis of the tab-
ulated values for their ionic radii, however, pro-
duced results that differed strongly from experi-
ment.

The goal of the present work was to clarify the
question of the theoretical estimation of distortion-
zone dimensions. To do this it was necessary, first
of all, to widen the range of the experimental data;
in addition to the dimensions of the distortion zones
for Ag*, Br™, and K* which were found earlier, the
dimensions of the distortion zones around I-, Li*,
and Rb* ions were also determined by the same
method. A summary of the results for all six im-
purity ions is given below (n is the number of Na2?
nuclei within the limits of a distortion zone and R
is the radius of the zone in Angstroms).“

Impurity ion: Ag+ Br-  Lit K+ I”  Rb+
n: 115 290 450 740 760 1020
R: 10 14 16 19 19.5 21

DThese figures are somewhat different from those given
in []. The reason is that in previous work a natural crystal
of rock salt from an unknown source was used as a standard.
Later measurements showed that the intensity of the Na*® reso-
nance was 10-15% higher in crystals of pure NaCl grown from
the same salt and under the same conditions as the crystals
containing the impurities, than in the natural crystal. Correc-
tion for this circumstance leads to somewhat greater dimen-
sions for the distortion zones.

For what follows it is of importance that the
ions considered enter into the sodium chloride
lattice as substitutional impurities. Another im-
portant fact is that Ag, Li, K, and Rb with Cl as
well as Br and I with Na form compounds that
crystallize in the NaCl-type lattice. In this way,
for example, one can speak either of K* replacing
Na* or of a ‘‘molecule’’ consisting of a K* ion and
its six Cl™ neighbors replacing the analogous
““molecule’’ in the NaCl lattice. In the first case
the distortion of the sodium chloride lattice is at-
tributed to the difference in the ionic radii of K
and Na, in the second case to the difference in the
inter-ionic spacing in the NaCl and KCl lattices.

In both cases we shall make use of the solution
of the elementary problem in the theory of elastic-
ity concerning the deformation of an isotropic elas-
tic medium with a spherical cavity of radius rj in
which is inserted a sphere of radius r,. Solution
of this problem leads to the following expression
for the deformation of the medium at a distance R
from the center of the sphere:

e = eoro® | R?, (1)
where €)= a(ry—ry)/ry is the deformation at the
boundary of the sphere, and the coefficient o de-
pends on the relation between the elastic proper-
ties of the inserted sphere and the medium. In
case this sphere is absolutely rigid @ = 1, and in
the other limiting case « = 0; if the elastic con-
stants of the inserted sphere and the medium are
equal a =Y,

If we take as the inserted sphere the ‘‘molecule’’
consisting of the impurity ion and its six neighbor-
ing ions of opposite sign, then we can set o = 1/2,
since the elastic properties of the crystals consid-
ered do not differ much from each other. Then,
using the values for R given above and the data
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Impurity ion Ag+ ‘ Br— ) Li+ K+ 1~ ! Rb+
Tos A 2.7745 | 2,9886 2.5698 3.1465 3.2365 3.2905
| &0 | 0,0081 0,03 0,0445 0.058 0.074 0,084
|e|-108 0.18 0.24 0,24 0.19 0.23 0.20

for the inter-ionic separations rp, (21 it is easy
to calculate from Eq. (1) the deformation € at the
boundary of the distortion zone. The results ob-
tained in this way are presented in the table; we
have taken

ro(NaCl) = 2.8201 A.

The deformation at the boundary of the distor-
tion zone should be constant, regardless of the
kind of impurity. 1] As can be seen from the
table, this is actually the case. On the other
hand, the absolute value of the deformation cal-
culated in this manner is found to be close to the
value 10-3—10~* obtained experimentally. 1]

Thus, this method of calculation, in spite of the
crudeness of the model, gives results in good
agreement with experiment. It is interesting to
note that the same results are given also by a
microscopic calculation that takes into account
the discrete structure of the lattice.[?]

In case we take as the inserted sphere the im-
purity ion itself, application of Eq. (1) does not
produce agreement with experiment. (13 This is
due both to the well-known uncertainty of the
values for the ionic radii and to the dependence
of the coefficient & in Eq. (1) on the kind of im-
purity ion. Actually, if one uses our experimen-
tal data and the tabulated values of the ionic radii,
(4] jt is possible to calculate relative values of the

coefficient o from Eq. (1). For the impurity ions
Ag*, Li*, K*, Rb*, Br™, and I" this coefficient is
found to be equal respectively to 0.18, 0.65, 1.00,
0.98, 0.30, and 0.32, i.e., it differs significantly
from ion to ion.

In conclusion we note that the method of esti-
mating the magnitude of lattice distortions by im-
purities based on the change in the inter-ionic
(interatomic) bond lengths applies, apparently,
only in the case of impurities that crystallize in
the same lattice as the host crystal. Some pre-
liminary experiments we have carried out, for
example, have shown that the impurity Cs* pro-
duces a greater distortion of the NaCl lattice than
should be expected on the basis of Eq. (1).
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