Transition-metal cyanides

This area of research has recently become very topical; many groups throughout the world are
exploiting the fact that cyanide units can be linked together to form novel framework materials.
These materials are of interest in a number of fields including supermolecular chemistry, hydrogen
storage and crystal engineering. They show curious physical properties such as negative thermal
expansion (i.e., they shrink when heated), negative compressability under pressure and
luminescence — all of which are exciting to study!

We employ chemical design to assemble one- two- and three-dimensional cyanide structures.
One-dimensional chain structures:

Although these have simple formulae, they can be structurally complex. For example, the group 11
cyanides, high-temperature CuCN,® AgCN? and AuCN? are all constructed from linear metal-
cyanide chains, [M—C=N-], packed together. They are highly disordered crystalline solids and their
structure solution has involved the use of both X-ray and neutron Bragg and total scattering
experiments.
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On heating these materials, they contract along the chain axis Ac
(c direction) i.e. show 1-D negative thermal expansion.* A

simple model to account for this behaviour is shown on the right.
As the temperature is increased, there is an increase in amplitude
of the transverse motions perpendicular to the chain axis leading

to a kinking of the chains and a decrease in length along c.
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Mixed-metal compounds such as Cui»Auy(CN) and AgiAur(CN) can be prepared® enabling
physical properties to be tailored. For example, under excitation using a 343nm laser, these
compounds show very different luminescent behaviour.
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contain ordered chains:
— Cu-N=C - Au - C=N - - Ag—- N=C - Au - C=N -

Two-dimensional sheet structures:

The group 10 cyanides, Ni(CN),,%® Pd(CN),” and Pt(CN),’ all have layered structures based on the
4,4’ square net below with each metal having square-planar coordination geometry (as expected for
metals ions with d® electron configuration). These sheets contract on heating (i.e. show 2-D
negative thermal expansion behaviour). The stacking of the layers is highly disordered in these
types of materials.”®
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Note that for the palladium and platinum cyanides, the sheet sizes are very small and they are said
to be nanomaterials. The figure above shows the actual size of the sheets found in
Pt(CN),.0.67H,0.°



Three-dimensional framework structures:

Beyond these ‘simple’ materials the group has been active in preparing more complicated cyanide
frameworks which demonstrate interesting stuctural features such as topological isomerism,
polymorphism, and interpenetration, in which copies of the framework nest inside each other.!%*?
These materials can be prepared by solvothermal synthesis. The products are highly crystalline and
their structures can be solved using single-crystal X-ray diffraction.
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Above is shown the astonishing conversion between the two polymorphs of CsAg,Cu(CN),. This
conversion, which involves a major change in connectivity and topology, occurs at 180 °C as
a single-crystal to single-crystal transformation.



Key References

1. (a)“CuCN: A polymorphic material. Structure of one form determined from total neutron
diffraction,” S.J. Hibble, S.M. Cheyne, A.C. Hannon and S.G. Eversfield, Inorg. Chem., (2002), 41,
4490. (b) “Copper (1) cyanide: a simple compound with a complicated structure and surprising
room-temperature reactivity”, S.J. Hibble, S.G. Eversfield, A.R. Cowley and A.M. Chippindale,
Angew. Chemie Int. Ed., 43, 628-630 (2004).

2. “Beyond Bragg Scattering: The Structure of AgCN Determined from Total Neutron Diffraction,”
S.J. Hibble, S.M. Cheyne, A.C. Hannon and S.G. Eversfield, Inorg. Chem., (2002), 41, 1042,

3. “The Structure of AuCN Determined from Total Neutron Diffraction,” S.J. Hibble, A.C. Hannon
and S.M. Cheyne, Inorg. Chem., (2003), 42, 4724.

4. "Structures and Negative Thermal Expansion Properties of the One-Dimensional Cyanides,
CuCN, AgCN and AuCN", S.J. Hibble, G.B. Wood, E.J. Bilbé, A.H. Pohl, M.G. Tucker, A.C.
Hannon and A.M. Chippindale, Z. Kryst., 225, 457-462 (2010).

5. “Mixed Copper, Silver, and Gold Cyanides, (MM'1_x)CN: Tailoring Chain Structures To
Influence Physical Properties”, A.M. Chippindale, S.J. Hibble, E.J. Bilbé, E. Marelli, A.C. Hannon,
C. Allain, R. Pansu, and F. Hartl, J.A.C.S., 134, 16387-16400 (2012).

6. “Surprises from a Simple Material-The Structure and Properties of Nickel Cyanide,” S.J. Hibble,
A.M. Chippindale, A.H. Pohl and A.C. Hannon, Angew. Chem. Int Ed., (2007), 46, 7116.

7. “Aperiodicity, structure and dynamics in Ni(CN),;”, A.L. Goodwin, M.T. Dove, A.M.
Chippindale, S.J. Hibble, A.H. Pohl and A.C. Hannon, Phys. Rev. B, 80, 54101 (2009).

8. “Relationship Between Phonons and Thermal Expansion in Zn(CN), and Ni(CN), from Inelastic
Neutron Scattering and Ab-Initio Calculations”, R. Mittal, M. Zbiri, H. Schober, E Marelli, S. J.
Hibble, A. M. Chippindale and S. L Chaplot, Phys Rev B, , 83, 024301 (2011).

9. “The Structures of Pd(CN), and Pt(CN),: Intrinsically Nanocrystalline Materials?”

S.J. Hibble, A.M. Chippindale, E.J. Bilbé, E. Marelli, P.J.F. Harris and A.C. Hannon, Inorg. Chem.
50, 104 (2011).

10. “Interpenetrating copper-silver cyanometallate networks: polymorphs and topological isomers,”
A.M. Chippindale, S.M. Cheyne and S.J. Hibble, Angew. Chemie Int. Ed., (2005), 44, 7942.

11. “Bending, twisting and breaking CuCN chains to produce framework materials: the reactions of
CuCN with alkali-metal halides”, A.M. Chippindale and S.J. Hibble, Inorg. Chem., (2004), 43,
8040.



12. “Helices, Chirality and Interpenetration: the Versatility and Remarkable Interconversion of
Silver-Copper Cyanide Frameworks”, A.M. Chippindale and S.J. Hibble, J.A.C.S., 131, 12736—
12744 (2009).



