SOLID-STATE MATERIALS CHEMISTRY

Our research seeks to understand the relationship between structure and properties in a broad spectrum of
materials, in order to proceed to the rational design of new materials with controllable functionality. The
work involves a blend of synthesis, structural characterisation and measurement of a range of transport
and magnetic properties. A wide range of chemical systems is investigated, including chalcogenides,
oxides, intermetallics and organic solids. Synthetic strategies employed range from ambient temperature
routes, through structure-directed synthesis, to conventional high-temperature approaches. A variety of
physical properties are measured over the temperature range 5-1300 K, using dedicated equipment
available within the group. In addition, neutron diffraction underpins much of our work and we make
extensive use of neutron techniques at ISIS in the UK and ILL in France. Much of our work lies at the
interface with other disciplines while several projects are carried out with industrial partners.

e Thermoelectric Materials:- Thermoelectric materials for energy recovery represent a major interest
within the group. Such materials offer unique opportunities to create devices able to harvest electrical

power from otherwise waste heat. High
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derivative of the DOS at the Fermi level, S may be maximised by tuning the charge carrier concentration
in the region of Er. For example, substitution of tin by indium in the shandite phase CosSn,.«xInyS; (Figure
1) progressively depopulates narrow bands of predominantly Co-d character. This leads, with increasing
indium content, to a double metal-semiconductor-metal transition, characterised by discontinuities in the
transport properties (Figure 1). Compositions just prior to the onset of semiconducting behaviour at x=1,
show marked increases in the thermoelectric response, leading to ZT ~ 0.3 at 350K.
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Bi,Te; module (pink points) for the fabricated module. 2(b)) constructed during this project
exhibits a performance (Figure 2(c))
comparable with that of the current commercial material, Bi,Tez but at a significantly higher temperature.




e Electronic and Magnetic Properties of Low-Dimensional Chalcogenides:- We have a long-standing
interest in materials containing low-dimensional building blocks. Much of the focus has been directed at
materials constructed from the two-dimensional transition-metal disulphide unit (Figure 3). Linkage of
disulphide slabs through additional cations generates a variety of three-dimensional binary sulphides,
MyMS, (y < 1) in which vacancy ordering leads to two-dimensional superstructures. Chemical
substitution induces structural changes within the disulphide slabs. We have identified novel clustering
schemes (Figure 3) and established that the formation of zigzag cation chains is an essential pre-requisite
for metallic behaviour.
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We recently extended this work to rare-earth-transition-metal sulphides (Figure 4) and identified a
homologous series constructed from a two-dimensional M,Ss slab. These materials consist of anionic
frameworks of general formula Maq+1S4n+3 in which M,Ss-derived slabs of varying thickness are linked
through chains of edge-linked octahedra. We have prepared members of this series corresponding to n =
1, 2, 3 and oo, thereby considerably extending the number of sulphides containing the Jahn-Teller active
Cr®* ion beyond the few known well-characterised examples such as CrS and CrMo,S,. Moreover, using
powder neutron diffraction, we have identified a correlation between the presence of long-range magnetic
order at low temperatures and the degree of ordering of chromium and rare-earth cations over octahedral
sites within the Mp+1S4n+3 framework.

e Structure-Directed Synthesis:- Structure-directed synthesis offers tremendous scope for the discovery
of new materials with novel architectures and potentially unique
properties. In collaboration with Drs A.M. Chippindale and P. Vaqueiro,
we have applied the methodology to main-group sulphides, particularly
those of antimony and transition-metal sulphates. This work has led to
the synthesis of novel three-dimensional sulphide frameworks (Figure
5). The combination of a porous chalcogenide framework and
semiconducting properties offers the potential to design selective
chemical sensors. During the course of this work, we have identified a | iy 5.space-filling view of the three-
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the main-group sulphide matrix (Figure 6), in particular the density of | Co(ens[SbiSul illustrating the one-
. . . dimensional channels (ca. 5A) along
main-group atom centres, which suggests the electrical transport | o0y,
properties may be manipulated through structural control.

Recently, we have demonstrated that it is possible to combine structural building blocks with different
geometrical preferences to generate materials with new structures. The anionic layers of
[Ge(C2N,yHs)3][GeSh,Se] (Figure 7) for example, are constructed from SbS, (n = 3, 4) and GeS, units.
This material is also unusual in containing germanium in both the +2 and +4 oxidation states.
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In related work, we have investigated the use of sulphuric acid as a reaction medium, leading to a variety
of novel transition-metal sulphates, including Co3(SO4)3(OH),[enH.], in which triangular CogO3¢ clusters
produce a Kagome-like structure (Figure 8), characteristic of a magnetically frustrated system.

e Co-Crystals of Pharmaceuticals:- Co-crystallisation in which non-covalent interactions between
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leads to the crystallisation of a new organic solid, offers . L e
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the API paracetamol with diamine co-crystal formers (Figure 9).
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