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Abstract: Based on the fact that high quality thermoelectric materials require the combined characteristics of
“phonon glass with electronic crystal” , and according to the first principle calculation, a new method has thus been
proposed for screening materials with the above characteristics in binary MX,, semiconductor layered materials. Due to
the weak van der Waals force between the layers, the lattice thermal conductivity in the out-of-plane direction is very
low, making it a good “phonon glass” material, with the electron transport ability in the out-of-plane direction related
to the M element and the atomic distance. With M being the main group element (e.g. SnSe), electrons are characterized
with a good interlayer transport property due to the non-local p, orbital and the small interlayer distance (<4 A). With
M being a transition metal element (e.g. MoS,), the local d orbitals and the large cation-layer spacing (>6 A) make
it impossible for electrons to travel between layers. The thermoelectric properties of the layered material in the out-

of-plane direction can be judged by the size and type of the interlayer distance of the cation M (main group element
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or transition metal), thus providing a theoretical guidance for screening potential high-Z7 thermoelectric materials.

Keywords: layered material; lattice thermal conductivity; electronic transport; first principle
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Fig. 1 Lattice thermal conductivity (k) and electron
transport properties of bulk thermoelectric materials
(u/et) with an optimized ZT factor
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Table 1 References of experimental data for x,, and ZT of

common thermoelectric materials

B Bl Bt A Sl R SRR

SnTe  3CHik [5] PbTe  3CHik [16-17]|| AgInSe, 3CHk [26]
SnSe CHk[6-8]| Bi,Te, SCHik [18] La,Te, SCHk [27]
SnS  3CHK [9] || BigsSbysTe;  3CHk [19] SnSe, 3k [28]
Cu,S  3CHK [10] || BiCuSeO  3Cifik [20] SnS, ik [29]
Cu,Te  3CHik [11] Mg,Si 3k [21] Si 3k [30]
Cu,Se 3k [12] SrTiO, SCHK [22] Ge ik [30]
CuFeS, 3Ciik [13] Zn0O SCHik [23] || Black P,
Ag,Se ik [14] CoSb;, SCHk 241 || (CEREE) ik 31]
PbS  ICHk[15] || AgGaTe,  3Ciik [25]

x2 AEBEFEEEENIKEEESE KR
Table 2 References of experimental data for electronic

transport performance of thermoelectric materials
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Bi,Te, SCik [35] Si Sk [40] MoS,  3CHk [42]
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Fig. 2 Schematic diagram of phonons and electrons transports
with various atomic distances
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Fig.3 Transmission capability of phonons in the out-of-plane
direction (z direction) in layered materials
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and layer spacing of layered materials
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