
Experimental report 14/01/2016

Proposal:

Title:

DIR-117 Council: 10/2012

Pressure-dependent Structural PhaseTransitions in Cyanide Framework Compound Ni(CN)2

Research area: Physics

This proposal is a new proposal

Main proposer: Mohamed ZBIRI

Experimental team: Mohamed ZBIRI

Sanjay Kumar (Dr.) MISHRA

Local contacts: Thomas HANSEN

Samples: Ni(CN)2

Instrument Requested days Allocated days From To

D20 3 3 05/08/2013 08/08/2013

Abstract:



1 © 2016 IOP Publishing Ltd Printed in the UK

Journal of Physics: Condensed Matter

New insights into the compressibility  
and high-pressure stability of Ni(CN)2:  
a combined study of neutron diffraction, 
Raman spectroscopy, and inelastic 
neutron scattering

Sanjay K Mishra1, Ranjan Mittal1, Mohamed Zbiri2, Rekha Rao1, 
Prabhatasree Goel1, Simon J Hibble3, Ann M Chippindale3, 
Thomas Hansen2, Helmut Schober2 and Samrath L Chaplot1

1 Solid State Physics Division, Bhabha Atomic Research Centre, Mumbai 400085, India
2 Institut Laue-Langevin, 71 Avenue Des Martyrs, CS 20156, 38042 Grenoble Cedex 9, France
3 Department of Chemistry, University of Reading, Whiteknights, Reading, Berks RG6 6AD, UK

E-mail: rmittal@barc.gov.in, zbiri@ill.fr, a.m.chippindale@rdg.ac.uk and s.j.hibble@rdg.ac.uk

Received 7 September 2015, revised 13 November 2015
Accepted for publication 21 December 2015
Published 11 January 2016

Abstracts
Nickel cyanide is a layered material showing markedly anisotropic behaviour. High-pressure 
neutron diffraction measurements show that at pressures up to 20.1 kbar, compressibility is 
much higher in the direction perpendicular to the layers, c, than in the plane of the strongly 
chemically bonded metal-cyanide sheets. Detailed examination of the behaviour of the 
tetragonal lattice parameters, a and c, as a function of pressure reveal regions in which large 
changes in slope occur, for example, in c(P) at 1 kbar. The experimental pressure dependence of 
the volume data is fitted to a bulk modulus, B0, of 1050 (20) kbar over the pressure range  
0–1 kbar, and to 124 (2) kbar over the range 1–20.1 kbar. Raman spectroscopy measurements yield  
additional information on how the structure and bonding in the Ni(CN)2 layers change with 
pressure and show that a phase change occurs at about 1 kbar. The new high-pressure phase, 
(Phase PII), has ordered cyanide groups with sheets of D4h symmetry containing Ni(CN)4 
and Ni(NC)4 groups. The Raman spectrum of phase PII closely resembles that of the related 
layered compound, Cu1/2Ni1/2(CN)2, which has previously been shown to contain ordered C≡N 
groups. The phase change, PI to PII, is also observed in inelastic neutron scattering studies 
which show significant changes occurring in the phonon spectra as the pressure is raised from 
0.3 to 1.5 kbar. These changes reflect the large reduction in the interlayer spacing which occurs 
as Phase PI transforms to Phase PII and the consequent increase in difficulty for out-of-plane 
atomic motions. Unlike other cyanide materials e.g. Zn(CN)2 and Ag3Co(CN)6, which show an 
amorphization and/or a decomposition at much lower pressures (~100 kbar), Ni(CN)2 can be 
recovered after pressurising to 200 kbar, albeit in a more ordered form.
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