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Understanding the role played by atomic disorder in materials 
on their physical properties is of paramount importance for 
designing the next generation of compounds for energy-
harvesting applications [1]. Physical parameters such as 
charge carrier mobility and phonon heat transport are often 
key parameters that determine the conversion efficiency of 
the resulting devices. Most of these parameters are, however, 
greatly impacted by the degree of disorder, increases in which 
usually lower their values. For thermoelectric applications, 
optimising the thermoelectric performance of doped 
semiconductors requires heat transport to be minimised and 
high carrier mobility concomitantly to be maintained [1]. In 
this field, disorder is thus as eagerly sought after as it is a 
source of worry. Achieving a compromise between these two 
properties in a compound necessitates enhancing its atomic 
disorder while preserving its electrically-conductive network. 

In addition to being low-cost and environmentally-friendly 
materials, copper-based sulphides represent a particularly 
promising area of research when it comes to designing 
thermoelectric materials with highly conductive frameworks that 
can nevertheless accommodate sufficient structural disorder 
to disrupt the propagative, heat-carrying acoustic phonons 
[2–4]. Varying the synthesis conditions—an experimental 
dial, as it were—offers an effective strategy for modifying 
the structural disorder [3]. A particularly illuminating example 
of such behaviour is provided by colusites (figure 1a) that 
feature an electrically-conductive ‘Cu26S32’ network, while 
significant disorder can be induced in the cationic tetrahedra 
through mixed occupancies by increasing the temperature 
of the consolidation process from 873 to 1023 K [3]. The 
stronger structural disorder that emerges leads to a spectacular 
reduction in lattice thermal conductivity κL, which then exhibits 
a temperature dependence that mimics that observed in 
amorphous compounds (figure 1b). 

We used Mössbauer spectroscopy and powder inelastic 
neutron scattering experiments (figure 2) to investigate 
high-purity polycrystalline samples, in order to shed further light 
on the main driving mechanism. While the former technique 
can finely probe the atomic environment of the Sn atoms 

This conclusion is supported by comparing the GVDOS 
measured on both samples at 300 K (figure 2b). These 
measurements show a smearing tendency of the main 
features of the GVDOS in the most disordered sample, 
supporting the idea that increasing the temperature of the 
consolidation process significantly increases the level of 
disorder in the unit cell. Further measurements, performed 
at 100 K and 500 K, revealed no anomalous temperature 
shifts that would correspond to anharmonicity beyond that 
associated with unit cell expansion. 

The combined results from these spectroscopic tools clearly 
highlight the role played by disorder in driving heat 
transport in colusites to a level that mimics that encountered 
in amorphous compounds, which ultimately leads to 
enhanced thermoelectric performance. 
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Inelastic neutron scattering sheds 
light on the role played by strong 
disorder on the thermal transport 
of semiconducting sulphide 
materials for energy applications

Time-of-flight spectrometer IN6-SHARP

Order–disorder phenomena observed in 
copper-based chalcogenides are of interest for 
their impact on physical properties. Important 
parameters, such as band gap, charge carrier 
concentration and mobility, and phonon 
scattering, can be modified for a wide range 
of applications (photovoltaics, thermoelectrics, 
etc.). Recently, significant advances have been 
made in these fields as a result of a better 
understanding of the relationship between 
atomic disorder and transport properties in 
several well-known Cu-Sn-S-based materials, 
such as mohite Cu2SnS3, colusite Cu26V2Sn6S32 
and kesterite Cu2ZnSnS4. Compared with other 
sulphides, colusites exhibit high thermoelectric 
performance owing to their heavily-doped 
semiconducting behaviour coupled with 
extremely low lattice thermal conductivity. 
We show that the substantial lowering of 
lattice thermal conductivity originates from 
a disorder-driven process, thereby opening 
up new avenues for modifying the heat 
transport in thermoelectric chalcogenides.
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Figure 2
a) Mössbauer spectroscopy performed at 5 K on the samples 
consolidated at 873 K (left panels) and 1023 K (right panels). 
The upper panels show the measured data while the lower panels  
have been obtained by a sharpening procedure to highlight the 
difference in the disorder of the unit cell between the two samples.

b) Generalised phonon density of states measured at 300 K on the 
time-of-flight spectrometer IN6-SHARP for two Cu26V2Sn6S32 samples 
consolidated at 823 and 1023 K. 

Figure 1 
a) Perspective view of the cubic unit 
cell of colusites of general chemical 
formula Cu26V2Sn6S32. 

b) Temperature dependence of 
the lattice thermal conductivity 
κL of polycrystalline samples of 
Cu26V2Sn6S32 consolidated at 
873 and 1023 K. The high sintering 
temperature induces a drastic lowering 
of κL, which exhibits a glass-like 
temperature dependence. 
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Nancy. My research activities, performed in the Institut Jean Lamour 
in Nancy, focus on optimising the thermoelectric properties of novel 
materials and understanding their lattice dynamics.’

as well as weak distortions from their ideal tetrahedral 
symmetry, the latter is a powerful tool for measuring the 
generalised vibrational density of states (GVDOS) and 
their evolution upon cooling or warming, thus providing 
important information on lattice anharmonicity. Comparison 
of the Mössbauer spectra (figure 2a) collected on one 
sample consolidated at 873 K and another at 1023 K 
revealed a significant broadening of the line shape in the 
latter sample. Further refinement of the two spectra, using 
a sharpening procedure that makes fine differences more 
visible, confirms the presence of disorder in both samples. 
However, the degree of disorder is clearly enhanced in 
the sample consolidated at 1023 K as shown by the two 
peaks, attributed to a doublet and a singlet respectively, 
characteristic of the site symmetry. These results show that 
only a small fraction of the Sn atoms (35 %) is located on 
the high symmetry site while the remaining fraction is on the 
lower symmetry site. 

Overall, this analysis demonstrates the higher degree of 
disorder achieved in the sample consolidated at 1023 K. 
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