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A DISTINGUISHING feature of the lithium halides is the great disparity between
the atomic weights of the metal and halogen atoms which are their constituent
elements. Noteworthy also is the strength of the chemical bonds holding
the structure together which is indicated by the magnitudes of the force-
constants. As a consequence of these features, five of the atomic vibration
frequencies have high values, while the other four frequencies are much
lower. The vibration spectrum thus consists of two distinct sectors. This
is reflected in the thermal behaviour of the crystals. The atomic heat rises
rather steeply in the lower ranges of temperature, and this is followed by a
much less rapid increase towards the limiting value at higher temperatures.

The manner of computation of the atomic heats has already been
explained in Part VII of this memoir. The computation is based on the
frequencies of the free modes of atomic vibration and their respective
degeneracies. The frequencies now made use of for each case are shown
in Table I below. The details of the computation are set out in Tables II,

TABLE I

Atomic Vibration Frequencies (in cm.™)

Degeneracies

LiF .. 508 | 417 | 384 | 435 | 435 | 263 263 210 | 210

LiCl ..| 367 | 343 | 336 | 33 | 335 148 148 147 | 130

LiBr ..| 325 | 315 | 312 | 312 | 312 92 92 92 80

Lil .. 280 | 274 | 273 | 273 | 273 64 64 64 56




46 Sr C. V. RaMaN

I, IV and V appearing in the succeeding pages. The results have been
graphically represented as functions of the absolute temperature in Figs. 1
and 2 appearing below in the text. Fig. 2 exhibits the computed atommic
heats for all the four halides to facilitate their comparison with each other.

Neither spectroscopic studies nor any measurements of specific heats
have been reported for lithium chloride, lithium bromide and lithium jodide-
The only specific heat data available are those for lithium fluoride. The
spectroscopic behaviour of lithium fluoride in the infra-red has been the
subject of a detailed investigation by the present writer.! The characteristic
frequencies determined from that investigation have been shown in
Table I and made use of in the computations set out in Table II. The
experimental values have been plotted in Fig. 1 in order to exhibit the
agreement of the experimental data with the theoretical computations.

The highest frequency of 508 cm.~! appearing in Table I is precisely
determined from the spectrophotometer records of absorption by the thinnest
cleavage plates of lithium fluoride which exhibit a very pronounced and
sharply defined absorption maximum at 9-84u, the wavelength corres-
ponding to the octave of that frequency. The frequencies of 435 cm.~* and
263 cm.™* of the inactive octahedral modes were deduced from the frequency
of 508 cm.~! by a simple calculation based on the individual masses of the
lithium and fluorine atoms respectively as compared with the reduced mass
which determines the highest frequency. The frequencies of the four active
cubic modes 417 cm.”}, 384 cm.”l, 210 cm.m?, 210 cm.~* are observational
values derived from the spectrophotometer records which exhibit the absorp-
tions of the second order due to the corresponding modes. Thus, the
computations are based exclusively on the spectroscopic observations. In
the circumstances, the agreement of the computed results with the observed
thermal behaviour over the entire range of temperature exhibited in Fig. 1
forms an impressive demonstration of the validity of the ideas on which
the computations are based.

It will be noticed from Table I that the atomic vibration frequencies
listed in it fall into two groups. The frequencies in each group differ but
little from each other, and indeed in the cases of lithium bromide and lithinm
iodide, they are practically identical. The frequencies of both the groups
diminish with the increasing atomic weight of the halogen, the fall being
proportionately more rapid for the second group. As a consequence, the
atomic heats of the lithium halides exhibit their greatest differences in the
lower ranges of temperature.
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It would obviously not be quite correct to base the computations of
the atomic heat at low temperatures on the atomic vibration frequencies
as determined by spectroscopic observations made at room temperature,
since they would be a little different at the lower temperatures. Likewise,
it would not be strictly correct to make use of the elastic constants measured
at room temperatures for a computation of the atomic vibration frequencies
effective at low temperatures. Hence, certain corrections are necessary.
Their magnitudes are not the same in all the cases. They are small enough
to be ignored in the case of LiF, but are sensible for the three other

halides. The necessary corrections to the vibration frequencies have been
made in Table I.

SUMMARY

The great disparity between the atomic weights of the constituent metal
and halogen atoms has a notable influence on the character of the vibration
spectra as also on the thermal behaviour of the lithium halides. The atomic
heat rises rather steeply in the lower ranges of temperature and this is followed
by a relatively slow increase towards the limiting value at higher temperatures.
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