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Abstract. Using the diamond anvil cell technique, angle-dis-
persive X-ray diffraction and Raman spectroscopy were em-
ployed to study the high pressure behavior of mercury
cyanamide. Its decomposition under pressure starts at
1.9 GPa and is not completed even up to 10 GPa. The
decomposition product o-Hg transforms to f-Hg during

7-10 GPa, while the C/N residual is not detectable by X-ray
diffraction. The zero pressure bulk modulus of mercury
cyanamide is estimated as 38.5 GPa.
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The structures of 11th and 12th group metal cyanamides
were systematically studied at ambient conditions by using
X-ray and neutron diffraction, recently, and the cyanamides
display a rich degree of various crystal structures, depending
on the cations present [1-3]. However, the high pressure be-
havior of cyanamides is unknown up to now. In addition to
some general interest in the high pressure behavior of metal
cyanamides, the C-N bond inside these compounds is of spe-
cial interest in a number of fields with implication for low
compressibility materials [4, 5]. In particular, polymerizing
the CN,*" units could open a versatile access to three dimen-
sional C/N networks. The research on phase transition and
decomposition behavior of cyanamide using in situ high pres-
sure techniques offers us an opportunity to study the intrin-
sic characteristics of C-N bonding and to gain insight con-
cerning the decomposition dynamics of cyanamide under
high pressure conditions.

Experimental

HgCN, was prepared by double conversion of HgCl, with
sodium cyanamide in aqueous solution. Its crystal structure
(orthorhombic, Pbca) has been determined using X-ray pow-
der data and refined by combined profile fits using X-ray
and neutron diffraction data [1, 3]. The high pressure experi-
ments were carried out at room temperature in a diamond
anvil cell (DAC) apparatus, in which the mixture of ethanol
and methanol (4:1) was used as pressure transmitting medi-
um, while the ruby fluorescence method was used for pres-
sure calibration [6]. Raman spectra were collected by a
Jobin-Yvon LabRAM laser microscope Raman system using
CCD detector with excitation line 6328.17nm (He—Ne laser).
The angle-dispersive X-ray powder diffraction experiments
(wavelength 0.3738 A) in a DAC were performed at the
beamline ID30 of European Synchrotron Radiation Facility
(ESRF, Grenoble, France). Diffraction patterns were re-
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corded on an image plate and then converted to the intensity
versus 20 diffraction angle by using the program FIT2D [7].

Results and Discussion

Raman spectroscopy

The Raman spectra of the sample under high pressure is
shown in Fig. 1. It was expected that the intensities of the
two Raman modes, i.e. 6 mode of the C-N bond and v,
mode of the Hg-N bond [3], decrease with increasing pres-
sure, and almost disappear as pressing up to 9.8 GPa. Both
Raman modes show a trend to soften as a function of pres-
sure. These results imply that the bonds between Hg—-N and
C-N become weaker under high pressure than at ambient
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Fig.1 Raman spectra of HgCN, upon compression.
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Fig.2 XRD patterns of HgCN, during compression (a),
and decompression (b).
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Fig.3 Observed, calculated, and difference XRD profile of
a sample at 5.1 GPa (increasing pressure), in which o-Hg
and HgCN, coexist.

conditions. The intensities of these Raman peaks recover in
the decompressing process.

X-ray diffraction analysis: Fig. 2 (a) and (b) show the typi-
cal XRD patterns of the sample under various pressure con-
ditions during compressing and decompressing processes, re-
spectively. At increasing pressure to 1.9 GPa, additional
diffraction peaks appear while the diffraction peaks of
HgCN, keep stable. The new peaks can be indexed as o-Hg,
this indicates the pressure induced decomposition of HgCN,
to happen at about 1.9 GPa. However, the decomposition
proceeds slowly, and does not finish even as the pressure
reaches 10 GPa. The product of decomposition should con-
sist of mercury and C-N remnants. The possibility of some
of C-N double bonds converting to single bonds and then
forming a C-N single bond network under high pressure is
the interesting point to check. However, only mercury could
be observed in the diffraction patterns. The C-N remnants
may have formed an amorphous network which has no ob-
viously new Raman active modes.

Using the program GSAS [8], the Rietveld refinements
were carried out for all of these diffraction patterns. Fig. 3
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Fig.4 The lattice parameters of a-Hg and f-Hg as a func-
tion of pressure (right), and their relative ratio and total ra-
tio compared to HgCN, remained in sample during
increasing pressure process (left).
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Fig.5 Pressure dependence of lattice parameters and unit
cell volume of HgCN, with increasing pressure.

shows a typical refinement result of the powder pattern at
5.1 GPa at compression. At these conditions two phases
(HgCN, and o-Hg) coexist, and the two phase refinement
converged to R, =6.2%, Ry, =7.9%. In the pressure range
of 7.0 GPa to 10 GPa, o-Hg (rhombohedral, R-3m) partly
transforms to f-Hg (tetragonal, I4/mmm). This phase transi-
tion should happen at 3.7 GPa for pure mercury [9]. The de-
lay of this phase transition may be attributed to small
amounts of impurities of carbon and nitrogen resulting from
the decomposition. Fig. 4 shows the lattice parameters of the
two modifications of mercury as a function of pressure, and
their relative and total ratio compared to the residual cyana-
mide phase. When pressure was released to 0.3 GPa (Fig. 2),
only diffraction lines of HgCN, could be observed and all re-
flection peaks of mercury had disappeared. This is attributed
to a melting of mercury at high pressure, which is also no-
ticeable from a higher background in the XRD patterns as
compared to the initial powder diagrams.

The lattice parameters of HgCN,, and the correspond-
ing unit cell volume change with pressure are illustrated in
Fig. 5. Neglecting the decomposition occurring at 1.9 GPa,
the equation of state for mercury cyanamide could be
fitted according to second order (Kj=4) Birch equation
[10]. The zero pressure bulk modulus (K,), estimated as
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38.5 GPa, indicates mercury cyanamide to be a very soft
compound.

We are grateful to Drs. M. Mezouar and P. Bouvier for their
help in high pressure experiments in Beamline ID30 in
ESRF. H. L. thanks Drs. M. Becker, R. Dinnebier, H. He,
M. Pompetzki, H. Vogt and other colleagues in Max Planck
Institute for many helpful discussions.

[1] M. Becker, M. Jansen, Z. Anorg. Allg. Chem. 2000, 626,
1641.

[2] M. Becker, J. Nuss, M. Jansen, Z. Anorg. Allg. Chem.
2000, 626, 2505.

M. Becker, Dissertation, Univ. Bonn 2000.

A.Y. Liu, M. L. Cohen, Science, 1989, 245, 341.

T. D. Teter, R. J. Hemley, Science, 1996, 271, 53.

H. K. Mao, J. Xu, P. M. Bell, J. Geophys. Res. 1986, 91,
4673.

[7] A.P. Hammersley, S.O. Svensson, M. Hanfland, A.N.
Fitch, D. Hausermann, High Pressure Res. 1996, 14,
235.

[8] A. C. Larson, R. B. Von Dreele, General Structure Ana-
lysis System (GSAS), Los Alamos National Laboratory
Report LAUR, 1994, 86-748.

[9] O. Schulte, W.B.Holzapfel, Phys. Rev. B, 1993, 48,
14009.

[10] F. Birch, J. Geophys. Res. 1978, 83, 1257.

Z. Anorg. Allg. Chem. 2002, 628, 4-6



