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Fig. 1. (a) Crystal structure of orthorhombic GeSe at 300 K
and its evolution with temperature; (b) phase transition to

4: (b)~900 K iF

cubic one occurring around 900 K.
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(a) B3R XRD [EI3%; (b) 28°—35°#7K XRD [El3%; (c) FMIZEL (d) GeSe-GeTe i —JTAHE

Fig. 2. (a) Powder XRD patterns of GeSe, ,Te, samples (z = 0-0.45); (b) enlarged view of XRD patterns (20 = 28°-35°); (c) the a,
b and c lattice parameters of GeSe, ,Te, samples (z = 0-0.45); (d) GeSe-GeTe pseudo-binary phase diagram.
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Table 1. Mass fractions of various phases in
GeSe; ,Te, (z = 0.15, 0.25, 0.35) samples at room
temperature.
[t 345/ %
FEf 53 (GeSey ,Te,) — —
IEACHH 2T
z=0.15 80.9 19.1
z=0.25 58.5 41.5
z=10.35 11.2 88.8

K 4 7k GeSe, ,Te, B & Wi 193 & 5143
WEEE IR A, A R 4 T I S LR s e e, R
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Fig. 3. Rietveld refinement XRD results of GeSe; ,Te, (z = 0-0.45): (a) z = 0.15; (b) z = 0.25; (c) z = 0.35.
Bl 4 GeSe,_Te,(z= 0—0.45) L AWM FESEM E K (a) = 0; (b) = 0.05; (c) z = 0.15; (d) = = 0.25; (e) = = 0.35;
(f) z=0.45

Fig. 4. FESEM images of the freshly fractured surface of GeSe; ,Te, (z = 0-0.45): (a) z = 0; (b) 2 = 0.05; (¢) z = 0.15; (d) = = 0.25;

(e) = 0.35; (f) z = 0.45.
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K5  GeSey Te, FERITT UM B FRAXRICE MG S (a)—(d) 2 = 0.05; (e)—(h) = = 0.45; (i)—(1) z = 0.15; (m)—
(p) z =0.35

Fig. 5. Back-scattered electron (BSE) images and corresponding elemental distribution mappings of GeSe; ,Te, samples: (a)—(d) z =
0.05; (e)—(h) z = 0.45; (i)—(1) z = 0.15; (m)—(p) z = 0.35.
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Fig. 6. Temperature dependence of (a) Seebeck coefficient and (b) electrical conductivity for GeSe; ,Te, (z = 0-0.45) samples. In-

sets are enlarged views for x = 0 and z = 0.05 samples.
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0-0.45) samples.
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Abstract

In the thermoelectric field, GeSe is a two-dimensional layered semiconductor with a large band gap,
intrinsically low carrier concentration and poor thermoelectric figure of merit Z7T. In this work, a series of
GeSe;_,Te, (z = 0, 0.05, 0.15, 0.25, 0.35, 0.45) polycrystalline samples is prepared by melting and quenching
combined with spark plasma activation sintering process. The influences of Te content on the phase structure
and thermoelectric transport properties of GeSe are systematically studied. The results indicate that with the
increase of Te content, the crystal structure of GeSe gradually changes from orthorhombic to rhombohedral
structure. This reduces the band gap of the material, and simultaneously increases the carrier concentration and
mobility. Meanwhile, the energy band degeneracy of the compound increases significantly because of enhanced
crystal symmetry in this process, thereby considerably improving the effective mass of carriers. Altogether, the
power factor of the rhombohedral GeSe is increased by about 2 to 3 orders of magnitude compared with that of
the orthorhombic phase GeSe. In addition, the rhombohedral phase GeSe has abundant cationic vacancy defects
and softened phonons arising from its ferroelectric feature, leading the lattice thermal conductivity to be 60%
lower than orthorhombic one. The GeSeg 55Te) 45 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 improving the

thermoelectric performance of GeSe compounds.

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

PACS: 71.20.Nr, 72.20.Pa DOI: 10.7498 /aps.71.20211843

1 Corresponding author. E-mail: gtan@whut.edu.cn

047101-10


http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
http://doi.org/10.1021/acsami.0c02155
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
https://papers.itc.pw.edu.pl/index.php/JPT/article/view/463
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.1039/C8EE03162B
http://doi.org/10.7498/aps.71.20211843
http://doi.org/10.7498/aps.71.20211843
mailto:gtan@whut.edu.cn
mailto:gtan@whut.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 实　验
	3 结果与讨论
	3.1 相组成与微观结构分析
	3.2 GeSe1&#8211;xTex样品的热电性能
	3.2.1 GeSe1&#8211;xTex样品的电输运性质
	3.2.2 GeSe1&#8211;xTex样品的热输运性质

	3.3 ZT 值

	4 结　论

