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Fig. 1. Crystal structure of (a) orthorhombic GeSe at 300 K and its evolution with temperature: (b) phase
transition to cubic one occurring around 900 K.
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Fig. 2. (a) Powder XRD patterns of GeSe..Tex samples (x=0-0.45); (b) enlarged view of XRD patterns (2
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FATH H Fullprof Z5 #AFIZE X Te & &84T 0.15 £ 0.35 FUFE i b 2 R0 AH 1 Joit

0 =28°-35°); (c) the a. b and c lattice parameters of GeSe..Ter samples (x=0-0.45); (d) GeSe-GeTe

BEOBOEAT TG (3D, 4PRWEK 1 s, BEE x A 0.158mE 0.35, 74+

IEATHE 2 BB 80.9% AR 2 58.5%, JRJEH 11.2%; MR, 2277 AHI S EIZHT

M 19.1% 325 5 41.5%, SR)5 2 88.8%. GeSerrTe, =40 H (R4 AH &5 ¥ 1 A% it F2 K4 |

5K 2(d)fi7~ ] GeSe-GeTe [ — o EIAHRF, (HAMBIS T (heéxagondl) &4 1)/~

Y, REZRB T NI - MMRRAEEMN, & EAMRR R CS630K) K a] bR

KA BEERIT . EART T, FATRA T & A ek

LG

T S5 1 TR A RO il 5%

GeSer.Te (&, ¥ e B AL BRIE FE A G i Tk TR s, A= b RS 2805

LRI AN o

—~
Q
N

Intensity (a.u.)

—— Yobs
—— Yecalc
Yobs-Ycalc

x=0.15

' Bragg_position

10 2|0 3|O 4b Sb GIO 7I0 8|O 90
20 (degree)

—~~
O
~

Intensity (a.u.)

(c)
x=0.25 — Yobs x=0.35 —Yobs
Ycalc Ycalc
—— Yobs-Ycalc _ — Yobs-Ycalc
' Bragg_position 3 ' Bragg_position
8
>
=
0
c
[0
sA__M = P
ES T T " E T o s Cnn
\B{/‘L. RN IR w i
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
20 (degree) 20 (degree)

Bl 3 GeSeiTe (§=0-0.45) Fih AR XRD AFEEE 5L (a) x=0.15; (b) x=0.25; (¢) x=0.35
Fig."3/ Rietveld refinement XRD results of GeSe..Te,: (a) x=0.15; (b) x=0.25; (c) x=0.35.

R 1 Eli F GeSerTe. b i th 2 MW HH 157 & 73 £

Table 1. Mass fractions of various phases in GeSe;. Te, (x=0.15, 0.25, 0.35) samples at room temperature.
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Fig. 5. Back-scattered electron (BSE) images and corresponding elemental distribution mappings of GeSe-
<Te, samples: (a-d) x=0.05, (e-h) x=0.45, (i-1) x=0.15, (m-p) x=0.35.
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Fig. 9. Temperature dependence of (a) total and (b) lattice thermal conductivities' of GeSei.Te, samples.
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Crystal Structure Engineering as a Means of

Boosting the Thermoelectric Performance of GeSe

Hu Weiwei!, Sun Jinchang!?, Zhang Yu", Gong Yue?, Fan Yuting?,
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1) (State Key Laboratory of Advanced Technology for Materials Synthesis and Processing,
Wuhan University of Technology, Wuhan 4300705China)
2) (International School of Materials Science and Engineerthg, Wuhan University of

Technology, Wuhan 430070, China)

Abstract

In the thermoelectric field, GeSe is_& tWqo-dimensional layered semiconductor with a
large band gap, intrinsically low carrier conteritration and poor thermoelectric figure of merit
ZT. In this work, a series of GeSei.,Te. (x=0, 0.05, 0.15, 0.25, 0.35, 0.45) polycrystalline
samples were prepared by melting, quenching combined with spark plasma activation
sintering process. The influences of Te content on the phase structure and thermoelectric
transport properties of GeSe\were systematically studied. The results indicate that, with the
increase of Te content, the/crystal structure of GeSe gradually changes from orthorhombic to
rhombohedral. This reduces the, band gap of the material, and simultaneously increases the
carrier concentration.and'mobility. Meanwhile, the energy band degeneracy of the compound
gets significantlyincreased because of enhanced crystal symmetry during this process,
thereby considerably” beosting the effective mass of carriers. Altogether, the power factor of
the rhombohedral GeSe is increased by about 2 to 3 orders of magnitude compared to the
orthorhombi¢’phase GeSe. In addition, the thombohedral phase GeSe has abundant cationic
vacancy defects and softened phonons arising from its ferroelectric feature, leading to 60%
lower lattice thermal conductivity than orthorhombic one. GeSeossTeoss sample achieves a
peak ZT of 0.75 at 573 K, which is 19 times that of pristine GeSe. Crystal structure
engineering could be considered as an effective way of elevating the thermoelectric

performance of GeSe compounds.

Keywords: GeSe, crystal structure engineering, thermoelectric properties, semiconductors

PACS: 71.20.Nr, 72.20.Pa
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