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ON THE RAMAN SPECTRUM OF ANTIMONY
TRICHLORIDE AT -195°C

P. K. BISHUT anp S. C. SIRKAR
OPrIcS DEPARTMENT, INDIAN ASSOCIATION FOR THE CULTIVATION OF
Science, CaLcurra-32
(Recetved August 23, 1968)

The Raman spectrum of antimony trichloride in the liquid state was first
studied by Braunc and Engelbracht (1932) who reported the four lines 134, 165,320
and 360 cm~! and these wero assigned to vibrations w,, w,, wy and w, respoctively
by Howard and Wilson (1934) who calculatod the force constants assuming
the bond angle to be 94°. According to the abovo asgsignment tho lines 134 and
320 cm~1 should be totally depolarised and the other two lines should have a factor
of depolarication much loss than 6/7 as in the case of PCl;. The value of p the
factor of depolarisation of the line 195 cm=! of AsCly due to e, is, howaver, much
greater than that of the line 260 cm~' of PCl;. The natute of polarisation of the
lines due to SbCl; had not heen reported by previous workers, and theretore,
the polarisation of these linos have heen studied in order to undorstand the differ-
ence in the values of p montjoned above. It was also thought worthwhilo to study
the Raman spoctrum of the molecule in the solid stato at -—-195°C t. find out the
changes in the spectrum due to intermolecular ficld in the crystal.
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Figure 1. (a) Horizontal component (b) Vertical component.

Microphotometric records of the horizontal and vertical components of the
spectrum recorded simultaneously with the help of a double-image prism in the path
of the scattered rays are reproduced in figures. 1 (a) and 1(b) respectively.
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Similar record of the spectrum due to the crystal at —195°C is reproduced in
figure 2. The Raman frequencies of the ¢rystal are given in table 1.

Table 1
Raman spectra of SbCl; (Av in cm-?)

Solid at —195°C
Liquid at 80°C  Solid at 4°C (Boiling Na)

43.0 ()

55.0 (2) 58.0 (2)

72.0 (2) 76.0 (3)

98.0 (2) 102.0 (1)
184.0 (5)

145.0 (2) 143.0 (2)
159.4 (3) 166.0 (2)

171.0 (2) 179.0 (3)
223.8 (8h)  318.0 (5) 319.0(5)
360.3 (10b)  339.0 (8)

339.0 (8)

It will be sven from figures.1(a) and 1(I-) that only the line 360 cm~! is highly
polarisod whilo the line 165 ¢cm= hosides the other two lines are totally dopolarised.
Theoretically, the line 165 ¢cm 1 should be highly polarisod.  The clue to the ex-

Flgure 2. Raman spectrum of SbCl; at —185°C.

planation of this anomaly has been provided by the spectrum due to the crystals
shown in figure 2 which shows four new lines at 43, 58, 76 and 102 cm™! respec-
tively. The unit cell of the crystals of antimony chloride is orthorhombic
(Lindqvist and Niggli, 1956) and it contains four molecules, two of which are
situated almost on the c-axis but displaced vertically from each other with a
centre of symmetry between them. The other two are also similarly situated
with respect to an axis parallel to c-axis and passing through the centre of the
(001) face. The distance betwecn the Sb-atom of the lower molecule on the
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c-axis and tho nearcst Cl atom of tho upper one is 3.48A and therefore there is
possibility of formation of a weak bond hetween these two atoms. A similar
hond may exist also botween the Sb atom of the upper molecule and the
Cl atom of the lower molecule. In fact the crystal cousists of such vertical
rods of molecules passing through the corners and the centres of faces of the
unit cell.

The four new lines given in table | are due to intormolecular oscillations in
such ‘rods’, the linec 102.0 cm~* heing probably due to torsional oscillation about
the c-axis in which both the bonds mentioned abhove are involved. Tho lino 76 cm™!
may be due to an angular cscillation of the molacule about the horizontal Sh-Cl
hbond and the gthor two lines may be duo respectively to such oscillations about
a horizontal axis hisccting tho angle between the other two Sh-Cl honds and the
three-fold axis of the molecule.

The liquid state probably consists of dinters formod in the same way as in the
crystal. TIn that case in w, the bonding of one of the Sh-Cl bonds is loss than that
of tho ther two freo honds and therefore the mode becomes asymmeotric to tho
three-fold axis and the Raman line becomes totally depolarisad. In o, no such
influence of the intermolecular bonds is expocted.

The work was done under a scheme financed by the Council of Ssiontific and
Industrial Research, Govornment of India. The authors are thankful to the Coun-
¢il of the financial help and also to the Indian Association for the Cultivaion of
Science for providing facilities for the work.
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In the usual method* of mean values (Darwin and Fowler 1922), asin the theory
of singular scries of Hardy and Littlewood (Bellman 1961) for Waring problems

*In the text of the note, these will be referred to as the usual method and the modified
method



