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Fig. 1. (a) X-ray diffraction experimental pattern of Sc,0s;
(b) thermal diffuse scattering intensity spectrum of Scy,Os.
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Table 2.  Crystal structure parameters of Sc,Os.

T y 2z B/nm?
Scy 0.2500 0.2500 0.2500 0.003329
Scy 0.4649 0 0.2500 0.011085
O 0.3928 0.1528 0.3802 0.009657
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Fig. 2. (a) Thermal diffuse scattering intensity generated by
independent vibration each atom; (b) Compton scattering
intensity of ScyOs; (c) ScyOs full diffraction back-base in-

tensity.
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Fig. 3. Comparison between calculated and experimental results of the total diffraction back-base intensity of Sc,O3: (a) The nearest

neighbor atom; (b) the 1-3 nearest neighbor atomic; (c) the 1-5 nearest neighbor atomic; (d) the 1-7 nearest neighbor atomic;

(e) the 1-9 nearest neighbor atom; (f) the 1-11 nearest neighbor atom.
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Table 3. Interatomic thermal vibration related ef-

fect values of ScyOs3.

JRFRIBE S r/nm BLAEZ R R SCRONAE 1

A 4

tance.

ScyOg Ml AR S FA AR Y A Ji 1 [1] B

Fig. 4. ScyO3 crystal structure model and interatomic dis-

0-Scy 0.2067 2 0.64
0O-Sc,y 0.2148 1 0.63
0O-S¢; 0.2161 1 0.62
0-0 0.2671 4 0.61
0-0 0.2945 1 0.60
0-0 0.3229 2 0.58
Sci-Scy 0.3265 6 0.57
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Fig. 5. Thermal diffuse scattering intensity generated by the
inter atomic correlation effect of Sc,O3 powder crystal.
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Fig. 6. Spectrum of the inter-atomic thermal vibration cor-
relation effect values g and the inter-atomic distance r of
ScyO3 at room temperature of 26 °C. The corresponding

spectra of other materials are also given.
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Analysis of thermal diffuse scattering intensity of
scandium oxide (Sc,03)"
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(College of Physics and Electronic Information, Inner Mongolia Minzu University, Tongliao 028043, China)
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Abstract

Atoms in crystals will generate thermal diffuse scattering during thermal vibration. Thermal diffuse
scattering analysis has great potential applications in condensed matter physics and material science research.
Scandium oxide (ScyO3) has unique physical and chemical properties, which make it have high research and
application value. In this work, X-ray diffraction experiment is performed on ScyO5 at room temperature of
26 “C. The thermal diffuse scattering intensity exhibits a clear vibrational shape. The full diffraction back-based
intensity equation of ScyO3 is expanded, and the theoretical value of the thermal diffuse scattering intensity is
calculated until the full diffraction back-based intensity spectrum of the 14th nearest atom (r = 0.3816 nm) is
calculated. By fitting the theoretical value to the experimental value, we can see the inter-atomic thermal
vibration correlation effect u values corresponding to the nearest neighbor atom to the 7th nearest neighbor
atom, the values of distance r from the nearest neighbor atom to the 7th nearest neighbor atom are 0.2067,
0.2148, 0.2161, 0.2671, 0.2945, 0.3229 and 0.3265nm, respectively, corresponding to their inter-atomic thermal
vibration correlation effect u values of 0.64, 0.63, 0.62, 0.61, 0.60, 0.58 and 0.57. Research result shows that the
intensity of thermal diffuse scattering in ScyOj is closely related to the atomic thermal vibration, the most
significant influence on the vibration shape of thermal diffuse scattering intensity is the thermal vibration
correlation effect between the 7th nearest atom Sc;-Scy. Inter-atomic thermal vibration correlation effect u
values will provide important parameters for studying the mechanical and thermal properties of materials,
laying the foundation for the next-step calculating specific heat and interatomic force constant, and thus

playing a crucial role in the use and development of materials.

Keywords: Sc,O3, thermal diffuse scattering, inter-atomic thermal vibration correlation effect values

PACS: 34.20.Cf, 61.05.Cp, 81.05.Je DOI: 10.7498/aps.73.20231241

* Project supported by the Natural Science Foundation of Inner Mongolia, China (Grant Nos. 2018MS01007, 2022MS01014,
2023LHMS01011), the Doctor Research Start-up Fund of Inner Mongolia Minzu University, China (Grant No. BS625), and
the Basic Scientific Research Projects in Colleges and Universities directly under Inner Mongolia Autonomous Region.

1 Corresponding author. E-mail: nmmdxl@163.com

063401-8


http://doi.org/10.7498/aps.73.20231241
mailto:nmmdxl@163.com
mailto:nmmdxl@163.com
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

LA (Sc,0,) HHB B RN

EmAl XNER FE G

Analysis of thermal diffuse scattering intensity of scandium oxide (Sc,05)
Wang Rui-Gang  Liu Ze-Peng Xiang-Lian ~ Sun Yong

5| {5 B Citation: Acta Physica Sinica, 73, 063401 (2024) DOI: 10.7498/aps.73.20231241
TEZL AT View online: https://doi.org/10.7498/aps.73.20231241
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

LR BRI HoA S EE

Articles you may be interested in

FER U BT4£13(2F7/20)68(7/2,1/2)40 F14£13(2F7/20)6s(7/2,1/2) 308 T AR FLAEAN 2231 BELR 14 L T S IR0
Electron correlation effects in even Rydberg series converging to 4f13(2F7/20)6s(7/2, 1/2)40 and 4113(2K7/20)6s(7/2, 1/2)30 of

thulium atom

YIBR2A4R. 2018, 67(18): 183102  hitps:/doi.org/10.7498/aps.67.20180797

B ~Gaa, 0, BKBPRHAG R I SR ECE A

Size Regulation and Photoluminescence Properties of B-Ga,05 Nanomaterials

YIBR2A4R. 2020, 69(10): 108102  hitps:/doi.org/10.7498/aps.69.20200158

A B TT R CW/TIFE L1~ ALSc/ LS 1 BT 77

Different segregation behavior of alloying elements Cu/Ti at L1,-Al;Sc/Al interface

PyFEEEAR. 2022, 71(8): 088101  https:/doi.org/10.7498/aps.71.20212156

JE T AR I LR RRE AL O SRR i % T2

Preparation of Al,O tunnel barrier layer in atome-level controlled Josephson junction

PFEEEAR. 2022, 71(21): 218102 hitps:/doi.ore/10.7498/aps.71.20220820

St B L PR R B A 5 AT 800 A A

Diffuse phase transition and thermal hysteresis in relaxor ferroelectrics from modified Ising model

YrEE2E4. 2021, 70(11): 110501 https://doi.org/10.7498/aps.70.20202019

B AKESIZ MBI AL K Ga 0 SME MBS HETF S
Characteristics of Ga, 05 epitaxial films on seed layer grown by magnetron sputtering

YIBR2A4R. 2020, 69(22): 228103  hitps:/doi.org/10.7498/aps.69.20200810


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231241
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20180797
https://doi.org/10.7498/aps.69.20200158
https://doi.org/10.7498/aps.71.20212156
https://doi.org/10.7498/aps.71.20220820
https://doi.org/10.7498/aps.70.20202019
https://doi.org/10.7498/aps.69.20200810

	1 引　言
	2 热漫散射强度
	2.1 理论方程
	2.2 实验装置与结果

	3 分析与讨论
	4 结　论
	参考文献

