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SUMMARY
The temperature dependence of the Raman spectrum of anhydrite
has been studied over the range of temperature from 90° K. to 670° K.,
using the A2537 resonance radiation of mercury as the exciter. From

the measured frequency shifts the X (= — %, - dv[dT) values have been

calculated for the lines 135, 674, 1018, 1127 and 1160 cm.~* The value
of X is different for different Raman Iines and for individual Raman lines
it increases with temperature.

The temperature variation of the width of the 1160 cm.~? line has
also been measured. The iniensity of the line 135 cm.~? increases with
temperature, whereas the intensities of the lines 500 cm.~%, 1127 em,~* and
1160 cm,™* decrease.

1. INTRODUCTION

The Raman spectrum of anhydrite (CaSO,) has previously been investigated
in detail by Couture (1948) and Krishnan and Shantakumari (1950). The tempera-
turc variation of its Raman spectrum has not been studied so far. As the crystal
is capable of withstanding temperatures up to 450° C., its Raman spectrum has
been studied over a wide range of temperatures and the resnlts are preseated in
this paper.

2. EXPERIMENTAL DETAILS

A natural crystal of anhydrite having the dimensions 16x10x6mm. with
the edges parallel to the a, b, ¢ axes respectively, was used in the present investiga-
tion. The technique used for work below room temperature was similar to that
used by Krishnan (1947), Narayanaswamy (1947) and others in this laboratory.
Liquid air and a mixture of pulverised ice and salt were used as refrigerants and
the corresponding temperatures were 90° K. and 258° K. respectively.

To record the spectrum above room temperature, the crystal was kept inside
a heater provided with suitable windows. The heating current was drawn from the
D.C. mains and was adjusted with the aid of a rheostat. The steady state was
reached within 30 minutes after switching on the current. The heater had to be
clamped such that light from the intense portion of the quartz mercury arc was
incident along the c-axis of the crystal and the scattered light was observed along

the b-axis.
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The tempzrature of the crystal was measured by an iron-constantan thermo-
couple whose junction was kept close to the crystal. To measure the thermo
EM.F. a calibrated microammeter was used. The specira were photographed
with the crystal maintained consecutively at the following temperatures: 90, 258,
298, 371, 403, 433, 463, 516, 593 and 673° K. Using a medium quartz spectro-
graph and a slit width of -02 mm., exposures of the order of 12 hours were given
Lo gat fairly intense spsctrograms. In order to measure the frequency shifts accu-
rately, a comparison iron arc spectrum was superimposed on each Raman spectrum.

3. ResuLts

The observed frequency shifts of the Raman lines of anhydrite at room tempera-
ture agree well with those reported by Krishnan and Shantakumari (1950). The
spectra photographed using a Hartmann diaphragm with the crystal maintained
at the temperatures 317° K., and 673° K. are reproduced in Fig. 1 on Plate VIIL
As some of the intense Raman lines (415, 608, 628, 1018 cm. %) were adjacent to
the fairly intense mercury lines, their shifts with temperature could not be measured
accurately. The lines 415 cm. ™ and 500 cm.™ (recorded on the anti-Stokes side
also) do not show any appreciable variation in frequency shift. The values of
the change in frequency shifts of the Raman lines 1127 cm.~! and 1160 cm.~! for
different temperatures are given in Table I.  The width at half intensity of the line

Tasie [
Temperature variation of the frequency shifts of two prominent Raman lines
of anhydrite
‘; ‘«[ 1127 em.t i 1160 cm, ™ {
Temperatare K. T <‘—_—— T o r
|  Position Shift Position Shift Width
\ em.t cm ! cm.~t cm.™! cm.t i
90 1130-0 26 1163-6 ‘ 3-6 .. ’
258 11283 0-9 1161-0 E 1-0 .- (
298 1127-4 0 1600 | o 7-8 J
371 11257 — 17 1158-1 ‘ — 19 8-6 ‘
403 1124-8 — 26 1157-1 ‘ - 29 9-0 !
433 11236 — 38 11563 | — 3.7 9-6 f
463 11231 — 43 1155-5 % — 4-7 10
506 1120-8 — 66 1153-5 } - 65 10-9
593 1118-6 — 88 ti51-1 ‘ - 89 13
673 11146 —12-8 1147-4 | —12-6 15-6 E
t
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1160 cm.~* was estimated [rom the microphotometer record and the values at differ-
ent temperatures from 298° K. to 673° K. are also included in Table I (last column).
As the slit width and the crystal orientation used for photographing the Raman
spsetra at 907 K. and 258° K. were different from those used at the other tempera-
tures, the widths of the line at these two temperatures are not included in the table.

From the measured frequency shifts, the values of X (== — 1/v - dvldr) for
five Raman lines have been calculated for the two temperature ranges from 90° K.
to 298° K. and from 298° K to 673° K. They are entered in Table I together
with the shifts for the respective ranges.

TanLE II
Toral shift and the value of X for various Raman frequencies of anhydrite
Raman From 90° K. to 298° K. | From 298° K. to 673° K.
frequency I T —————
cm. ™t . . | .
| Shift em. ™ X 10% | Shift cm. 1~ “ X 108
i _ b
. |
| 135 5-2 185 9-8 ] 194
i 674 11 7 6-9 29
1018 1-1 5 9-3 26
1127 26 11 12-8 30
‘ 1160 3-6 15 12-6 ' 29
e I
4. DISCUSSION
From a study of Table II it is evident that the expression X (= — 1jv . dv/dr)

is different from different Raman frequencies. Also, for individual Raman lines
it varies with temperature.

The width of the Raman lines, attributable to the thermal fluctuations in
density inside the crystal, is also appreciably influenced by temperature. As the
temperature is increased some of the Raman lines become broader and spread
over a finite range of wave numbers. There is a striking similarity between the
temperature-frequency shift and the temperaturc-width variations. In both cases
the rate of change is higher at higher temperatures. Such a similarity has been
observed previously in the case of calcite and quartz by Narayanaswamy (1947)
and NaClO, and KCIO; by Shantakumari (1930).

The intensities of the Raman lines are also affected by temperature. The
aggregate intensity of the ¢ 135 line increases with increase of temperature, where-
as the intensities of the lines 500 cm. %, 1127 cm. ™ and 1160 cm.~! decrcase.
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In conclusion, the author wishes to express his gratitude to Prof. R. S.
Krishnan for his kind interest throughout the course of the investigation and to
Dr. P. S. Narayanan for his valuable help and co-operation.
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