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Report: 

 

Cd(CN)2 is the material with the record large 

negative bulk thermal expansion (NTE). The 

original idea of our experimenta was to 

investigate the mechanism of the NTE in 

Cd(CN)2 and in particular to determine to which 

extent disorder of the cyanide ion is reponsible 

for this property. 

 

During the measurement we have collected 

excellent single crystal diffuse scattering datasets 

(see figure on the right) at various temperatures. 

For this we would like to thank Dmitry 

Chernyshov for his help and all of his experience 

with the measurement of the single crystal diffuse 

scattering and also all the staff of SNBL, which 

made sure the beamline is up for the task 

including the excellent measurement software, the 

stability of the beam and effortless operation for 

us as users. 

 

Analysis have shown that the physics of local order of cyanide ions in Cd(CN)2 is very rich, and resembles the 

behaviour of spin-ice materials. Unfortunately single crystal diffuse scattering alone was not sufficient to 

characterise these phenomena fully, so over the last years we have also used extensive DFT and Monte-Carlo 



 

modelling, powder neutron PDF investigations, as well as solid-state NMR. These investigations were the 

foundation of the PhD thesis of Chloe Coates and Mia Baise. 

 

The final publication explaining the findings is still on review, but the preprint is available online [1]. 

Following is its abstract: 

 

“Spin-ices are frustrated magnets that support a particularly rich variety of emergent physics. Typically, it is 

the interplay of magnetic dipole interactions, spin anisotropy, and geometric frustration on the pyrochlore 

lattice that drives spin-ice formation. The relevant physics occurs at temperatures commensurate with the 

magnetic interaction strength, which for most systems is 1-5K. This low energy scale poses severe challenges 

for experimental studies of spin-ices and the practical exploitation of their unusual properties. Here, we show 

that non-magnetic cadmium cyanide (Cd(CN)2) exhibits analogous behaviour to magnetic spin-ices, but does 

so on a temperature scale that is nearly two orders of magnitude greater. The electric dipole moments of 

cyanide ions in Cd(CN)2 assume the role of magnetic pseudospins, with the difference in energy scale 

reflecting the increased strength of electric \emph{vs} magnetic dipolar interactions. As a result, spin-ice 

physics influences the structural behaviour of Cd(CN)2 even at room temperature.” 
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