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Introduction

Conclusion

• Orthorhombic space group Pnma

• Pb2+ and Bi3+ fully ordered into two distinct

crystallographic sites.

• Higher thermal displacement parameter (Uiso)

of Cu and Pb.

• Phase fraction by Rietveld refinement: Aikinite:

(CuPbBiS3) 99 wt.% , PbS: 1 wt.%

• Three short and three long Bi-S distances.

• Bonding environment around the Bi3+ cation is

heterogeneous.

• Cu+ cation surrounded by three Pb2+ cations.

• Distance between Cu and Pb : smaller than the sum

of their van-der Waals radii.

• Isoelectronic Pb2+ and Bi3+: Contrast between Pb and Bi in neutron diffraction (bPb = 9.4; bBi = 8.5 fm).

Temperature dependent inelastic neutron scattering (INS) (LET beamline, ISIS,UK) [4]

Mode-resolved Grüneisen

parameter 

• Theoretical and experimental VDOS in very good 

agreement.

• Hardening and peak broadening of Pb mode with 

increasing  temperature.

• Low lifetime (~0.4 ps) of phonon for Pb mode.

• Low frequency ~20-50 cm-1 optical modes: Pb

• Einstein-like modes ~ 110 cm-1: Cu

• Higher Grüneisen parameter for Pb mode. 

• Low sound velocity ~ 1736 m s-1.

• Large Grüneisen parameter ~1.59 

• Low Debye temperature ~ 183 K

• High Seebeck coefficients: large effective mass and 

low carrier concentration.

Neutron powder diffraction (POWGEN beamline, ORNL, USA)

HPC-MSU: 
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Aikinite as a potential sulphide-based TE material:

Bismuthinite Bi2S3::

• Bi4S6 ribbons in a herringbone pattern.

• ZT ≈ 0.6 at 773 K (with chlorine substitution) [2].

• Sulphide based material: availability in native form and mineral 

ores; potential for  thermoelectric (TE) applications [1].

Bismuthinite Aikinite

Aikinite CuPbBiS3 : 

• Half of the Bi3+ cations are replaced with Pb2+. 

• Cu+ filling tetrahedral holes between Bi2Pb2S6

ribbons.

• TE properties in a similar material CuPbBi5S9 : 

ZT ≈ 0.4, κ ≈ 0.5 W m-1 K-1 at 700 K [3].

• Indirect band 

gap (Eg).

• Multivalley 

character.

• Large effective 

masses at high 

symmetry 

points.

• Major 

contribution 

from Cu and S 

at the valence 

band near EF.
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Low κ

❖LOW THERMAL CONDUCTIVITY in aikinite:

• Higher Uiso of Cu and Pb: weak interatomic bonding and ‘rattling’-like vibrations.

• Weakly bonded channels of Pb, larger mode-resolved Grüneisen parameter for Pb.

• Low frequency phonon modes observed from INS: attributed to optical modes for Pb.

• Low phonon lifetime for Pb mode: indicate increased phonon-phonon scattering.

• Pb mode hardening with increasing temperature: evidence of high anharmonicity.

• Short Cu-Pb distance: Interaction between Cu+ and 6s2 lone pairs of Pb2+.

❖TUNABLE SEMICONDUCTING TYPE: p-type CuPbBiS3 to n-type via halide doping and

stoichiometric changes.
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