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I, INTRODUC TTON
Tur Raman spectrum of anhydrite (CaSO was st mvestivatod by
Rasctti (1932) using the A 253605 meramy resonanee dadnitiog an os fen
He recorded ten Raman hnes mcludmyg four fow trequoenoy o Littoe Bies
A year later, Nisi (1933) photographed the Ruman spectium of andocdiie
using the A435% excitation and identificd cleven tregquency shitts of wihih
nine were due to the internal oscillations of the selphate won The ol
other experimental work on the Ruaman effect i anhvdnite o0 that o
Lucienne Couture (1948).  She investigated the effect of covetad contihe
on the intensities of erght of the nime Raman hones due to the wulphiore oo
She did not study the lattice spectrum, Thus, 1t Cear that theoeh the
spectrum of the internal oscillations of anhvdeie bas boen tecorded o
full, the lattice spectrum of anhydite s far froan Pomy properly o ed
It should contain many more Raman hines than bave Feen recond
hitherto.  This would be obvious when one eviinmnes the srvp thevacta ol
analysis of the vibration spectrum of anbydite Tattuwe piven later . the
paper. A re-investigation of the Raman spectram of anhivdnte was the e
fore called for. This has been carred out by the authors wany the well
known ultra-violet excitation and the tesults are presented here

Qoo bBaerraMenstar Ditans anp Ristr s

The specimen of anhydite wed e the prearnt ssve tieatnm v
obtained from the Geologmcal Survey of Tndu The authiods are et el
to Dr. W. 1. Weat, Director ol the (}c*ulng'z;v,zi f‘{tnwu}, ol T, bt the
loan of the specimen, I had the tollowmy dunenaons . 1 9 . (e
edges being parallel (o a, b oand ¢ aves penpectivedy,

An enlarped photograph o the Raman cpectiom of anhivdiie taben
with the Targe T quantz spectioriaphe veang oDt woadth of 0 04 o
anexposure of 6 days i “I””*“W‘1 e B T The correnponding e
photometer record 1y :«.pzmimui i e, [he tecordsd ':th“v!mml bt
seventeen Raman hines, the frequenes shifts of which wre tabalited Pelow
along with those reported M the curber mvestimator, Four new Kot
lines have been recorded in the low frequency shale tepion,

¥
#oon



106 R. S. Krishnan and C. Shanta Kumari

~ /180

10

——— X
. o8

| \
i
\\%W[ \/ N

M ey A e st
o

F1G. 2. Microphotometer record of the Raman spectrum of anhydrite taken with E,
quartz spectrograph.
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TABLE 1

St. Authors Couture Rasetti Nisi
No.

1 62 . (4)

2 126 (3 122

3 135 (6 133

4 151 (2)

5 169 (8) 169 166
6 184 (1)

7 233 (6 233 227
8 262 (1

9 415-5(8 416 416
10 497 (1o) 495 499 499
11 608 (8) 604 609
12 628 (8) 626 628
13 874 (2) 672 676 673
14 1018 (20 1015 1019 1016
15 1108 (6 1107 1113 1104
16 1128 (16) 1125 1129 1128
17 1160 (10) 1157 1160 1159

The relative intensities of the lines (figures given in brackets) are for the
case when the light was incident normal to the ¢ face and the scattered
light was taken perpendicular to the a face. The intense Raman lines with
frequency shifts 417, 608 and 1018 cm.! fall very close to the three mercury
lines 425639, A2576-3 and A2603-2 respectively. But their existence has
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been verified independently by their appearance on the anti-Stokes side
of the spectrum (see Fig. 3).

3. EFFECT OF CRYSTAL ORIENTATION

Three spectrograms corresponding to three different orientations of the
anhydrite crystal with reference to the directions of incidence and observa-
tion were taken using the medium quartz spectrograph. They are reproduced
in Fig. 3. Tand S represent directions of incidence and scattering respec-
tively. For example, the spectrum marked ba was taken with the incident
beam parallel to b axis. The depth of illumination for orientation cb was
only two-thirds of that for the other two orientations. The frequency shifts
of those Raman lines which exhibit marked variations in intensity with
orientation are indicated in the figure. The lines with frequency shifts
233, 417, 674, 1018 and 1128cm.™! have minimum intensity for the
orientation cb.

4. DISCUSSION

Anhydrite belongs to the orthorhombic class with the space group V.
A group theoretical analysis of the vibration spectrum of anhydrite was first
carried out by Bhagavantam (1938) on the basis that the unit cell contained
four molecules of CaSO,. But according to Wasastjerna (1926) the smallest
cell should contain only two molecules of CaSO,. It was on this basis
that Lucienne Couture (1948) made a theoretical study of the internal
frequencies of the Raman spectrum of anhydrite in order to explain the
observed variation in intensity of the SO, frequencies with orientation.
The complete character table for the anhydrite structure is given in Table
Il n;, T, T, R and n;, represent the total number of oscillations, transla-
tions, translatory type of cxternal oscillations, rotatory type of external
oscillations and the internal oscillations respectively. The Table given here
is slightly different from that given by Bhagavantam (1938) as the former
is based on the fact that the unit cell contains only two molecules of CaSO,,
The notations A,,, By, and B,, given in Table II correspond respectively
to the notations B,,, By, and By, adopted by Lucienne Couture.

Internal frequencies of the SO, ion.—The analysis shows that there are
18 internal oscillations of which nine are active in Raman effect. They
arise as a consequence of the removal of degeneracies of three of the four
distinct modes of oscillation appropriate to the free SO, ion. The nine
Raman lines due to internal oscillations observed in the spectrum of
anhydrite have been classified by Couture as follows: 415-5 (B, ), 497 (Agp),
608 (A 628 (By,), 674 (A;,), 1018 (Ay,), 1108 (A,,), 1128 (A;,) and
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1160 (Byp). As is to be expected, the lines 497, 674, 1018 and 1128 cm.™
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TABLE II
Anhydrite
§ Infra-
V,17 E C Cu8) Co8) i @ oy oy |2; | T | T l R’ m'\ § red
Asg 1 1 1 1 1 1 1 1| 6| 0| 2{ 0] 4P} F
Asg 1 -1 1 -1 1 -1 1 -1 5/ 0l 2| 1| 2|p | F
Big 1 1 -1 -1 1 1 -1 -1 2/ ol of 1| 1|p | F
Bog 1 -1 -1 1 1 -1 -1 1 5| o/l 2| 1| 2|p | F
Alg, 1 1 1 I -1 -1 -1 -1 2 0|l 0| 1| 1|F | F
Aoy 1 -1 1 -1 -1 1 -1 1| 5| 1| 1|1 2|F | P
Bix 1 1 -1 -1 -1 -1 1 1 6| 1| 1( 0| 4|F | P
Bay 1 -1 -1 1 -1 1 1 -1 |5} 1| 1|1 2|/F | P
Ux(S) 4 4 0 0 0 0 4 4
Ug(S-») -+| 2 2 0 0 0 0 2 2
hpxp”(T) | 3 =1 -1 -1 -3 1 1 1
hpxp'(T) | 8 —3 1 1 3 -1 3 3
kpxo'(R"y | 6 -2 0 0 O 0 -2 =2

coming under A, (symmetric) class exhibit marked variations in intensity
with orientation (see Fig. 3).

Lattice Oscillations.—Of the fifteen external oscillations, 6 of the trans-
latory type and 3 of the rotatory type should be active in Raman effect.
Actually, 8 lattice lines with the frequency shifts 62, 126, 135, 151, 169, 184,
233 and 262 cm.' have been recorded. The ninth oscillation may have
been too weak to be recorded with the small specimen of anhydrite used
in the present investigation. Of the six Raman-active translatory cscillations,
two come under the symmetric (A,,) class. They may be cxpected to
exhibit marked variations in intensity with orientation. The two lattice
lines which behave in this manner are 126 and 233. (See Fig. 3) They should
therefore be identified as the translatory oscillations coming under the
symmetric class. Besides these, there are three sharp lines with frequency
shifts 62, 135 and 169 cm.™ which are fairly intense (see Fig. 1). They may
be assigned as the three rotatory oscillations which are allowed in the
Raman effect, Further detailed classification and identification of the modes
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[M16. 1. Raman spectrum of anhydrite taken with E 1 quartz spectrograph
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Fio. 3. Raman spectra of anhydrite in different orientations
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could be made only after obtaining data concerning the polarisation charac-
teristics of the lattice lines.

5. SUMMARY

Using A2536-5 mercury resonance radiation as exciter, the Raman
spectrum of a single crystal of anhydrite has been investigated for three
different orientations. Besides the nine Raman lines due to the sulphate
ion, the recorded spectrum exhibits eight of the nine lattice lines to be
expected theoretically. Their frequency shifts are 62, 126, 135, 151, 169,
184, 233 and 262cm.”* From the observed variations in intensity with
orientation, tentative assignments have been given to the lattice lines.
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