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1. INTRODUCTION

THE numerous published measurements of the thermal energy-content of
crystalline solids and its variation with temperature make it clear that
the theory of specific heats is concerned with the movements of the atomic
nuclei in crystals about their positions of equilibrium and especially with
the frequencies of their vibrations. A clear picture of the nature of these
vibrations emerges if we take the basic facts of crystal architecture as our
starting point, viz., that a crystal consists of an immense number of similar
and similarly situated units of structure. Each unit of structure contains
a group of atomic nuclei which can interact with each other through the
electrons which hold them together. The next step is to make use of the
theory of small vibrations in classical mechanics to find the normal modes
and frezuencies of free vibration of these nuclei about their positions of
equilibrium. In treating this problem, we have of necessity to recognise
and take account of the three-dimensional periodicity of the crystal archi-
tecture. The principles of thermodynamics and of the quantum theory
have then to be introduced and applied to the problem. They indicate that
the normal modes deduced classically would be excited to various levels
of energy, the relative probabilities of such excitation being determined by
the respective energies and the absolute temperature. The average energy
associated with each such normal mode and hence also the total average
energy of all the normal modes taken together can then be computed. A
multiplication of this average by the number of the oscillators in the crystal
considered gives the total thermal energy of the solid as a function of the
temperature.

It has been shown in the precedihg parts of this memoir that a basically
similar approach enables us to explain or elucidate the spectroscopic pro-
perties of the crystal. It follows that the thermal and spectroscopic behaviours
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of the crystal stand in the closest relationship to each other. It should
therefore be possible by making use of the spectroscopically determined
frequencies of vibration to evaluate the specific heat of the crystal as a
function of temperature and proceed to a comparison of the results thus
obtained with the measured specific heats. No data are required for
such an evaluation except those emerging from the spectroscopic studies.
It follows that an agreement between theory and experiment would con-
stitute a perfect demonstration of the correctness of the approaches made
alike to spectroscopic theory and to the theory of specific heats.

2. THE SPECTRAL FREQUENCIES OF ROCK-SALT

In the case of magnesium oxide which has been dealt with in memoir
No. 127 appearing in the same issue of these Proceedings, the spectroscopic
frequencies were determined by the study of infra-red absorption in that
crystal. In the case of rock-salt now considered, we have two distinct
methods of investigation available which, as has already been noticed, give
results supporting .each other and confirming the inferences from theory.
Of the two methods of study, viz., infra-red spectroscopy and the scattering
of light, the latter is definitely superior, since the data furnished by it are
both complete and exact. All the nine modes appear in light-scattering
with doubled frequency shifts with respect to the position in the spectrum
of the A 2536-5 radiation of the mercury arc used to illuminate the crystal.
The spectral shifts are recorded on both sides of the exciting radiation, and
the microphotometer records of the spectrum on the two sides usefully
supplement each other. On the heavily exposed side, the background due
to the continuous radiation in the incident light is relatively less important,
and the record therefore gives a truer picture of the spectrum taken as a
whole. But, on the other hand, the heavy exposure results in obscuring
finer detail and its microphotometer record fails to exhibit a complete resolu-
tion of the spectrum into its distinct components. The microphotometric
record of the weakly exposed side is greatly superior in this respect. Not
only does it reveal the nine distinct double-frequency shifts in the scattered
Jight but also enables them to be read off directly from the record with

tolerable accuracy.

Figurc 1 in the text is the same record as that reproduced as Fig. 1
in the previous part of the memoir. But now the frequency shifts have been
entered and shown against the visible peaks in the record which enabled
them to be measured with reference to the position of the exciting radiation,
the prominent 235 cm.~* shift being used to furnish the necessary scale of
frequencies. The frequency shifts determined in this manner and entered
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FiG. 1. Microphotometer Record showing frequency shifts.

in the figure differ little from those obtained by measurements under a
micrometer of original spectrum plates recorded with rock-salt.

3. COMPARISON WITH THE SPECIFIC HEAT DATA

The manner in which we proceed from the spectroscopic frequencies
to evaluate the specific heat of rock-salt as a function of the temperature is
entirely analogous to that already fully explained for the case of MgO in
a memoir appearing in the same issue of these Proceedings. It is unnecessary
to traverse the ground here once again and it suffices to present a tabulation
of the contributions to the specific heat made by the different normal modes
of vibration, as also by the residual spectrum of vibration frequencies which
is continuous and extends towards zero frequency. The normal frequencies
of vibration made use of in the calculations are one-half the frequency shifts
(in cm.™) observed in the scattering of light.

Thoughjthe structure of rock-salt is similar to that of MgO, the two
cases differ in certain important respects, The vibration spectrum of rock-
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salt lies much further out in the infra-red than that of Mgo. As is to be
expected in the circumstances, the increase in its specific heat from very low
to normal values takes place for the most part in the region of liquid air and
liquid hydrogen temperatures. Tabulations are therefore required in the
case of rock-salt only for temperatures between O and 300 degrees absolute.

The foregoing remarks have some further implications. As has been
pointed out in the third part of this memoir, the frequency shifts observed
in light scattering exhibit a temperature effect. The frequency shifts broaden
asymmetrically and also move to smaller values as the temperature is raised,
In the case of rock-salt, the spectroscopic data we make use of we e obtained
with the crystal held at room temperature. Hence, it cannot be expected
that these data would fit the specific heat curve at very low temperatures and
especially at the tempeartures where the specific heat changes most rapidly.
We could only expect the theoretically calculated specific heats for low tem-
peratures to agree with observed specific heats if the frequencies used had
been determined with the crystal held at the same temperatures.
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Fic. 2. Comparison of theory and experiment. Theory

The foregoing remarks find support in the results of the actual com-
putations... . Tables. I and II show the specific heats as computed and the
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results have been drawn as a continuous graph in Fig. 2 in the text.
The experimental values in the same range of temperatures are given in
Table V and have been shown as dotted circles in Fig. 2. It will be seen
that the experimental values lie systematically below the theoretical curve,
the deviations being greatest in the range between 50 and 150 degrees absolute.

The differences between theory and experiment indicated in Fig. 2 arise,
without doubt, by reason of the spectroscopic frequencies used in the cal-
culations being less than the actual spectroscopic frequencies at low tem-
peratures. Precisely what the latter are cannot be stated on the basis of
present knowledge. Any attempt to fit theory and experiment by using
assumed values for the frequencies might well be thought artificial and un-
satisfactory. It appeared however useful to present a second set of com-
putations in which all the frequencies made use of are raised uniformly by 5%
of their respective values. Such an increase is certainly not greater than
would be justified by a comparison with those cases, e.g., quartz and calcite,
where the effect of using liquid air temperatures on the vibration frequencies
has been quantitatively studied. The fresh computations on this basis
have been shown in Tables III and IV, and their results plotted in Fig. 3
against the experimental iesults. The greatly improved agreement
between théory and experiment which is exhibited in Fig. 3 makes it clear -
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that the lack of such agreement appearing in Fig. 2 is due to the frequencies
made use of in that case not being the actual frequencies. Indeed, a perfect
fit with the experimental data could have been obtained by appropriate
alterations in the frequencies made use of in the calculations. But it did
not appear worthwile to attempt to do this for the reason that Figs. 2 and
3 by themselves make it perfectly clear that the approach to the specific heat
theory made in the present investigation is essentially a complete success.

4, SUMMARY

The spectroscopically determined vibration frequencies of the rock-salt
structure are made use of for a theoretical evaluation of its specific heat as
a function of temperature. The results thus obtained are compared with
the measured specific heats. The agreement between theory and experi-
ment which emerges demonstrates the correctness of the approaches made
alike to spectroscopic theory and to the theory of specific heats.
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