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NMR STUDY OF MERCURIC SULFATE MONOHYDRATE

G. RANGARAJAN anp R. SRINIVASAN
Department of Physics, Indian Institute of Science, Bangalore-12

E X-ray structural analysis of HgSO,.H,0O

was first carried out by Bonefacicll 1In
their refinement of the structure, Templeton
et al.2 have commented on the hydrogen bonding
in the structure., In view of these comments,
it was thought interesting to undertake a PMR
study of the single crystal.

HgSO,.H,0 belongs to the orthorhombic
spage group Pmcen -D,, 18 with four molecules
in the unit cell. The general positions are
given by :

+[((x,¥2); G—x, 1=y, 3++2); 3+a,7,2);
(ffj‘%—h‘y,%——Z)]

Crystallographically, there are two non-equi-
valent p-p vectors in any of the three crystal
planes,

Large single crystals were grown in the
manner described by Templeton et al. They
were examined using a modified PKW-type of
wide line NMR spectrometer tonstructed in our
laboratory. The signals were recorded for 18
orientations of the magnetic fleld in the ab-
and the be-planes, at infervals of 10° each.

The Pake splitting of the signals due to
dipolar interaction, A H (in gauss) is given by3:

AH=2a (3cos28cos? ¢ — ¢, — 1).

The experimental derivative curves for the
rotations in the ab- and the be-planes looked
similar to the curves usually obtained for a
single p-p vector case. From each of these
curves, a small central peak had to be sub-
tracted before further analysis. This peak is
presumably due to some free water in the
crystal. The curves were resolved into Pake
doublet derivatives, with a proper choice of a
standard derivative curve from a well-resolved
spectrum. The measured A H-values were then
fitted into the Pake equation by the method of
least squares. The parameters v, ¢, and § thus
obtained, specify the length and the orientation
of the interproton vector with respect to the
crystallographic axes.

The interproton distance, r, was found to be
18] :0-03A
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Fic. 1. (100) Projection of Hg SO, H,0,

For rotation in the ab-plane, with the a-axis and for rotation in the be-plane with the
as the reference axis, c-axis as the reference axis,

b, = 175°, § = 63° $q = 5°, 3 =33°,
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Hence, the projections of the p-p vector in the
two planes are very nearly parallel to the a-
and the e¢-axes respectively. 1t is due to this,
that we have failed to observe sufficient re:olu-
tion between the Pake curves corresponding to
the two vectors, which are non-equivalent only
in respect of their ¢,-values. In the ac-plane,
noewever, the spectra observed were typical of
two non-equivalent p-p vectors. The para-
meters are also consistent with the results
obtained in the other two planes.

Hydrogen bonding : Each Hg atom in the unit
cell has two close neighbours: 0(3) at 2-17 A,
and O(H,0) at 2-24 A which are approximately
collinear with Hg. The other four neighbours,
O(2), are at the corners of a rectangle whose
shorter sides are perpendicular to the mirror
plane containing Hg, O(3) and O(H,0). This
mirror is a symmetry requirement of this space
group.

Our NMR results are consistent with two
possible sets of hydrogen bonds, as follows :

(i) One involving the O(2) atoms not related
by the mirtor symmetry, and (i) another
involving the 0(3) atoms from adjacent unit
cells. The scheme (i) however leads to the
protons being located along the edges of the
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co-ordination polyhedrony and this is extremely
unlikely.

The distances and angles calculated on the
basis of the X-ray data are furnished along
with the PMR results, for scheme (ii) in Table I,

The long bond distances involved suggest

rather weak bonding ; this allows us to assume an

O-H distance corresponding to the vapour value,
viz.,, 0-96 A, This, together with the observed

H-H distances of 1-61 A, gives H-O(H,0)-H as

1¥8° 58, which is near the O(3)-O(H,0)-0'(3).
Hence, we are led to suggest that the bonding
to the O(3) atoms of ad)acent unit cells is the
probable one. The proposed hydrogen bonding -
1s illusirated in Fig. 1. :

Such a bonding appears to violate.the mirror
symmetry of the space group, and a neutron
diffraction study of the crystal may be of
interest. :

We wish to thank Prof. R. 5. Krichnan for
his kind interest and encouragement,
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