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A NOTE ON THE CRYSTAL STRUCTURE OF SOLID H,S.

By S. C. SIRKAL,
AND
J. GUPTA.
(Recewved for publication, Marcl 31, 1937.)

ABSTRACT. Au altempt hae been made to determine the positions of ivdrogen atoms in
the unit cell of solid [,S by correlating the results of investigation of the Raman spectrum with
those of the N-ray analysis of the crystal. [t is pointed out that the molecule is not lincar in
the solid state as concluded by previous workors from resulls of X-ray analysis, but it is hent
baving the angle Detween the two S-TT bonds equal to abont 109° and the positions of the
hydrogen atoms in the unit cell are exactly the same as those for the {luorine ions in the
crystals of Cal'y, The space group is 0}’: .

'I'he crystal structure of solid HyS was investigated by L. Vegard! who con-
cluded from the results of the study of the Debye-Scherrer patterns (hat the
sulphur atoms arc arranged in a face-centred cubic lattice, and from considera-
tions of the symmetry of the unit cell he also came to the conclusion that the HgS
molecule is linear in the solid state.  The study of the Raman spectrum of solid
H,$S by the present authors,? however, revealed the fact that the HyS molecule is
not linear in the solid state but the angle between the two S-IT honds  increases to
about 10° in the solid state from ¢o°® in the liquid and gascous states. In
deriving these results, the valence foree system was assumed and tlie approximate

formulac
ne = 1 p+(1—p) cos® af2 [ ... e (1)
m
and ng = i 1—(1—p) cos? af2 ... R )
: m

were used. As has been pointed out by Kohlrausch,® since m®/M(M+2m) is
_small in comparison with unity, mand M being the mass of the hydrogen and
sulphur atoms respectively, the above approximate formulx can be used in the
present case. ‘I'hc value 108° for a calculated with the help of the above formulee
is therefore not far away from the actual value. The smaller of the two fre-
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quencies into which %y is split up in the solid statc was used in the calculations,
but if the mean of these two frequencies be taken, the value of a so obtained does
not differ uppreciably from the tetrahedral angle. It is quite evident, thercfore,
that the value 180° for « obtained by Vegard from results of X-ray analysis is not
correct. The purposc of the present communication is to point out that though
no delinite information regarding the positions of the hydrogen atoms in the unit
ccll can be obtained {from results of X-ray analysis, such an information can be

obtained by correlating the results with thosc of the investigation of the Raman
spectrum.

According to Vegard the sulphur atoms of solid HgS are arranged in a face-
centered cubic lattice, the value of o being 576 A.U. and there being four nole-
cules per unit cell. T'he co-ordinates of the sulphur atoms may be assunjed to be
000, 0% 4, 0% and 3 3 o. 'The positions of the cight hydrogen atonis should
be such that the angle « is aboutl 109°. If the co-ordinates of the eight equivalent
points in the space groups with face-centred cubic lattice be examined, only 4 few
can give the value of e equal to about 109°, But since the molecules themselves
may possess at most the symmetry Cav, the symmetry of the above space L'oups
cannot he satisfied by the four molecules when these individual molecules arce
taken as independent groups which are to be brought into coincidence with one
another by the symmetry operations. If, however, the four sulphur atoms and
eight hydrogen atoms arc taken into consideration scparately, the hydrogen atoms
may be arranged in such a way that in each of the four moleculesthe S-H distance
is the same as in any other molecule and also the angle a is abdut 109° in all the
molecules. The set of co-ordinates (8 e) given in Wyckofl’s Analytical Expression
of the Results of Theory of Space Group can be chosen for this purpose. ‘The
arrangement of the hydrogen atoms in that case becomes the same as that of
fluorine jons in the unit cell of Cal’y. The spacc group then becomes OF and the
co-ordinates of the hydrogen atoms arc

13t 3y, td; iid
i1 iih i1 tid

The distance S-H according to the above arrangemcnt is about 25 A.U,
which seems to be too large, but it depends on the valuc of a which as found by
Vegard gives for the distance belween nearest sulphur atoms a value cqual to 4
A.U. which scems to be alittle too large.

It was mentioned in the previous communication by the present authors 4
that the splitting up®of the antisymmetric vibration ©; could be cxplained by
assuming the effect of amisotropic crystailine field on this vibration and such an
anisotropy might be expected in the casc of a lattice other than cubic. The
resuits of X-ray analysis were overlooked while making such a statement.



Note on the Crystal Structure of Solid H,S 121

Since those results show that the latlice is a face-centred cubic one, at first
sight it secms that such an anisotropic field is absent. It is possible,
however, to arrange the molecules in the unit cell in such a way that during the
vibration of the wholc lattice, onc pair of the molecules in the unit cell may be
in a slightly larger crystalline ficld than the other. Such an arrangement is
shown in figure 1. The molecules A and A’ lie in planes which are at right
angles to the planes of the molecules B and B'. ‘There may be different phase
relations between the vibrations of the four molecules in the lattice and thus a
difference between the crystalline fields acting on the two pairs of molecules may
be produced by some of these particular phasc relations. For the syminetric vibra-
tion of the molecules, however, it may be seen from figure 1 that all the hydrogen
atoms of the four molecules move in parallel planes and this may be the reason
why there is no splitting of this vibration. -

An alternative suggestion that therc is only pseudo-symmetry of the hydro-
gen atoms and that the value of a for one pair of molecules is slightly different
from that for the other pair is not tenable, because in that case the symmetric
oscillation also would have been split up, but actually it is found to pive a single
sharp Raman linc.

I'IGURE I.
The authors are indebted to Prof. D. M. Bose for his kind interest in the work.
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