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SUMMARY 

The crystal structure of mercury(I1) cyanide, Hg(CN),, has been determined 
using three dimensional neutron diffraction data. The compound crystallizes out in a 
tetragonal unit cell, space group 132d ; cell dimensions, a =9.643, c = 8.88 A. There are 
eight molecules per unit cell. interatomic distances and angles are: Hg-C, 2.015(3) ; 
C-N, l-137(3) ; non bonding Hg-N, 2.742(3) A; C-Hg-C, 175.0(2)” ; Hg-C-N, 
177.0(3)0. 

INTRODUCTION 

The crystal structure determinations of di-p-tolylmercury’, diphenylmercury2, 
potassium iododicyanomercurate(II)3, and methylmercury(I1) cyanide4 showed that 
the C-Hg-C skeletons were linear due to mercury atoms being at centres of symmetry_ 
However in mercury(I1) cyanide5, and bis(pentafluorophenyl)mercury6, where the 
mercury atoms do not lie at symmetry centres, the skeletons were non linear with 
C-Hg-C angles of 171(2)” and 176(lp respectively. From chemical consideration this 
anomalous behaviour could not be explained. Because of the limited two dimensional 
data used in the neutron determination of mercury(I1) cyanide’, (13 IzkO, 22 Ok1 
reflections, 5 positional and 3 thermal parameters), a redetermination using three 
dimensional neutron data was carried out to confirm whether the C-Hg-C skeleton 
was non linear. 

CRYSTAL DATA 

Mercury(I1) cyanide, C2HgN,, mol.wt. =252.5 ; tetragonal, (previous cell 
dimensions used)5 a=9.643, c= 8.88 A ; 2 = 8, d,=4.06 ; Space Group used, Gi2d 
(D$i, No. 122). Data were collected on a goniostat using the A.I.N.S.E. single crystal 
diffractometer installed at the 2TAN window of the Australian Atomic Energy 
Commission’s reactor HIFAR at Lucas Heights, N.S.W. A total of 261 independent 
reflections were collected up to 20_= 14O”, using a 20/0 step scan technique. The 
spectrometer was monitor controlled, and the monochromatic beam intensity at the 

l For Part I see ref. 4. 
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specimen was approximately 5 x 10% * cme2 - set-’ at a wavelength of 1.24(l) A. 
Data was corrected for Lorentz factor and absorption but not for extinction. For 
the calculation of structure factors, the following scattering lengths were used’ 
b ,,=1_27x lo-” cm, b,=O.661 x lo-l2 cm, bN=0.94x 10-l’ cm. Absorption 
corrections to the neutron intensities were made using an A. A.E.C. modified version 
of ORABS, and the structure was refined using an AA-EC. version of ORELS 
(COXFLS, IBM360/50) and Dr. J. Blount’s version of ORFLS (CDC 3600). 

STRUCTURE DETERMINATION 

Starting with the original parameters’, three cycles of full matrix least squares 
refinement with individual isotropic temperature factors reduced the conventional 
R,[ =~;\IF,~\-IF,,,,ll/clF,~1] to 0.086. After four cycles of anisotropic refinement 
RI reduced to 0.036 and a weir“+ed R2[=Cw - (IFob,I-IFc,,,l)2/IZw - lF&l”] to 0.033. 

TABLE 2 

INTERATOMIC DISTANCEi AND ANGLES 

Corrected for 
thermal motion 

Ref. 5 

Hg-C 2.015(3) 2.019(3) 1.99(2) 
C-N 1.137(3) 1.160(3) 1.18(Z) 
Hg-N’ 2.742 (3) 2.70 
C-Hg-C 175.0(2) 171(2) 
Hg-C-N 177.0(3) 173(2) 

Fig. 1. Atomic arrangement in the unit ceil of mercury(I1) cyanide: projection on the (001) plane. 
r 
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Final fractional and thermal parameters are compared with the original results5 in 
Table 1. Table 2 lists interatomic distances and angles, while in Table 3 the observed 
and calculated structure factors are tabulated. The weighting scheme was based on 
the standard deviation of the integrated intensity. 

DI!.XUSSION 

This work showed that both the C-Hg-C and N-C-Hg angles are close to 
180” and not as distorted as previously reported’. It is a moot point whether these 
links are not linear. 

Mercury(I1) cyanide exists in the solid state as discrete monomeric molecules 
arranged in a zig-zag pattern as shown in Fig. 1. Each mercury atom is surrounded 
by two bonding cyanide groups, (linked through the carbon), and two sets of two 
equidistant nitrogen atoms from neighbouring molecules. The shortest non-bonded 
distance of 2.74 A is significantly less than the Van der Waals contact distance (3.1 A) 
but greater than the covalent length (2.1-2.2 A). Inspection of the figure shows the 
presence of a capillary of approximate diameter 3 A running parallel to the c axis. 
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