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1.

INTRODUCTION

THE Raman spectra of crystalline carbonates have been the subject of many
investigations because of the simplicity of their structure. The carbonates
are of special interest as they provide data necessary for the verification of
theoretical ideas concerning the influence of crystal symmetry and the
cation on the vibration spectra of the COa ion and the lattice. Of the orthorhombic carbonates MCOa (with M = Ca, Sr, Ba, Pb)strontianite which
occurs as a mineral has not been studied so far. It can be expected to yield
some useful information concerning the vibration spectra of orthorhombic
carbonates since the polarisability of the Sr ion is intermediate between that
of Ca and Pb ions (Couture, 1944 and 1947).
2.

EXPERIMENTAL DETAILS

Since strontianite is transparent to the ultraviolet, it was studied using
the resonance radiation of mercury as exciter. A medium quartz spectrograph and a Littrow quartz spectrograph with a dispersion of about 140
and 40 wavenumbers respectively in the a 2537 region were used in the present investigation. The specimen employed was a lump of polycrystalline
strontianite and as the individual crystals were not bigger than 1 ram. in
size, only a thin layer on the surface was effective in giving the scattered radiation. Exposures of the order of an hour were sufficient to get satisfactory
spectra with the smaller instrument while with E1 (large) spectrograph 24
hours were necessary to get well exposed spectrograms.
3.

RESULTS AND DISCUSSION

The recorded Raman spectrum reveals 13 Raman lines of which 5 may
be attributed to the internal oscillations of the COa ions in the unit cell and
the remaining 8 due to lattice oscillations. The frequency shifts are 103 (4),
115 (3), 150 (16), 184 (12), 218 (1), 238 (2), 244 (3), 254 (1), 703 (4), 1076 (20),
1406 (. 5), 1438 (1) and 1449 (1), the figures within brackets indicating roughly
the relative intensities. The spectrum taken with the bigger instrument is
reproduced in Fig. 1 along with its microphotometer record. Even under the
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high dispersion of the littrow spectrograph, the lines appear to be broad and
not split up.
The structure of strontianite (SrCO3) is identical with that of aragonite
and belongs to the orthorhombic space group Vh TM (Pnma). The unit cell
contains 4 molecules of SrCOa. A group theoretical analysis of the vibration
spectra of orthorhombic carbonates has been carded out by Bhagavantam
(1941) and by Couture (1944). The main results are summarised below.
Of the 57 fundamental vibrations of the unit cell 12 internal osdllations and
18 external oscillations (12 of the translational type and 6 of the rotatory
type) are allowed in Raman effect.

Internal Oscillations.--The CO3 ion in the free state has a symmetry
D3r~. Its spectrum consists of 4 distinct frequencies vl, v2, vz, v4, the last two
being doubly degenerate. The respective frequency shifts are 1080, 850,
700 and 1450 cm. -1 Because of the lower symmetry (Cs) of the ion in
strontianite the degeneracy would be removed. There may be further
splitting arising from the coupling of the four ions in the unit cell. Contrary
to the theoretical expectation of 12 Raman frequencies, the recorded spectrum of strontianite indicates the existence of only 5 frequencies due to
internal oscillations. It can, therefore, be inferred that the splitting arising
from the multiplicity of groups in the unit cell is not observed in the Raman
spectrum of strontianite. Due to the irregular nature of the specimen used,
the recorded spectrum was not intense enough to exhibit the octave of the
inactive frequency 850 cm. -1 Unlike in aragonite, this frequency is not
observed as a fundamental in the Raman spectrum of strontianite.
Lattice Oscillations.--.The observed lattice spectrum consists of 8 frequencies as compared with 14. in aragonite (Krishnan, 1950). The intense
lines 150cm. -~ and 184 cm.-~ may be attributed to angular oscillations of
the CO3 groups about the principal axes of inertia contained in the plane
of the ion (Kastler and Rousset, 1941). It is interesting to note that, while
the line arising from the oscillations about the Y-axis is nearly the same in
both strontianite and aragonite (150 and 154cm. -~ respectively), that
arising from the oscillations about the X-axis is much different (184 and
208 cm.-X). On the basis of the principle of equipartition of energy, it is
known (Couture, loc. cit.) that the ratio of the intensities of the two lines
should be as the inverse ratio of the square of their frequency shifts. But
it is experimentally found that Iy/Ia: ---- .75 while vug/va:~= .585. There is,
therefore, as in aragonite, only a fair agreement and the discrepancy indicates the magnitude of influence of the crystalline field.
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SUMMARY
The Raman spectrum of strontianite (SrCO3) has been studied for the
first time using the ?t 2537 resonance radiation of mercury as the exciter.
The observed spectrum has been compared with that of aragonite which is
isomorphous with strontianite. Out of the 13 frequency shifts recorded,
5 have been attributed to the internal oscillations of the CO3 ion and the
remaining 8 to the lattice oscillations. The splitting of the degenerate v~
vibration of the free CO3 ion in the crystal into 3 frequencies and also the
observed relative intensity of the lines 150 cm.-1 and 184 cm.-1 arising from
the angular oscillations of the CO3 ions about their principal axes of inertia,
indicate a considerable distortion in the symmetry of the CO3 ion in strontianite as in the case of aragonite.
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FIG. 1.
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(a) Raman spectrum of Strontianite taken with a large quartz spectrograph [ E , ] ;
(b) Its microphotometer record.

