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Fig.5  Fermi energy of WO
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and number of plane of slab models by BFDH 

method 

(hkl) S/nm

2

 V/nm

3

 S/V (nm

-1

) plane number 

(101)

 slab 

20.8095 5.9365 3.5053 4 

(011)

 slab 

20.6314 5.8025 3.5556 6 

(110) slab 23.4921 7.4896 3.1366 6 

(110)

 slab 

21.2379 6.2458 3.4003 6 

 

 

 

 

 

 

 

 

� 8  � BFDH����� WO

3

�	 

Fig.8  Crystal morphology of WO

3

 predicted by BFDH model 

� 4  BFDH ���� WO

3

����� 

Table 4  Crystal plane parameter of WO

3

 predicted by BFDH 

method 

(hkl) d

hkl

/nm d/nm µ/% 

(001) 0.769 1.302 16.86 

(001)

 

0.769 1.302 16.86 

(010) 0.754 1.326 16.79 

(010)

 

0.754 1.326 16.79 

(100) 0.730 1.370 15.98 

(100)

 

0.730 1.370 15.98 

(101)

 

0.533 1.875 0.37 

(101)

 

0.533 1.875 037 

 

 

 

 

 

 

 

 

 

� 9  WO

3

� SEM
� 

Fig.9  SEM image of WO

3 

 

��������

1) (110)����������	
�����

�(110)���������WO

3

��������

�����

(011)

����������	
� �

���

(011)

���������WO

3

�����

���!"#��$%&���' 

2) ()�*�+�(110)��,-./012�

��!"#��01345%&�����()�

*�6�

(110)

��,-./012�78!"�

9:��;<=>?;@A�“7�B”CDEF�

:GHI�JKL�+MNOP?;01QR'ST

(011)

�� slab UV�� �WXY� Z,[��

��\Y]^��_��,`a01��' 

3) BFDH bc��def3g��h�� slab

UV�;<d�!"�i,j(110)� slabUV�k

�l��;<�%m�

(011)

� slab UV�k�l

� ;<�%n_�� WO

3

��;<opZq�

rst��'WO

3

��;<uvj���;<��

(001)w

(001)

w(010)w

(010)

w(100x�

(100)

�,

j�y��;<��(001)�

(001)

�'WO

3

��ef

3g:z{��;<|}H~���st���

��� BFDHUV�ef�d
A��' 



� 9                                    �����WO

3

�����
������                               �3089� 

����    References  

[1] Xu Dongbo, Li Lili, Fan Weiqiang et al. Chinese Journal of 

Chemical Engineering[J], 2017, 43(11): 8183 

[2] Xiao Bingxin, Wang Dongxue, Wang Fei et al. Ceramics 

International[J], 2017, 43(11): 8183 

[3] Wu Chunhan, Zhu Zhen, Huang Sunyang et al. Journal of 

Alloys and Compounds[J], 2019, 776: 965 

[4] Xiao Junkun (���), Song Chengwen (�� ), Dong Wei 

(! ") et al. Rare Metal Materials and Engineering(#$%

&'(�)*)[J], 2017, 46(5): 1241 

[5] Fu Li, Xia Tian, Zheng Yuhong et al. Ceramics International 

[J], 2015, 41(4): 5903 

[6] Zheng Fen, Zhang Mei, Guo Min. Thin solid Films[J], 2013, 

534: 45 

[7] Wei Shaohong, Xin Yun, Li Yahui et al.Vacuum[J], 2016, 129: 

13 

[8] Kei Moriayama, Naoko Furuno, Naoko Yamakawa. International 

Journal of Pharmaceutics[J], 2015, 480: 101 

[9] Ibtissem Benmessaoud, Ouahiba Koutchoukali, Mohamed 

Bouhelassa et al. Journal of Crystal Growth[J], 2016, 45: 42 

[10] Li Guanghui, Ruan Yongfeng, Zhang shouchao et al. Journal 

of Rare Earths[J], 2008, 26(4): 501 

[11] Liu Yong, Wang Jingkang, Yin Qiuxiang. Journal of Crystal 

Growth[J], 2005, 276(1-2): 237 

[12] Xu Dongli, Xue Dongfeng. Journal of Alloys and 

Compounds[J], 2008, 449(1-2): 353 

[13] Jun,Young-wook Choi Jin-sil, Cheon Jinwoo. Angewandte 

Chemie International Edition[J], 2006, 45: 341 

[14] Peter Smerka. Physica D:Nonlinear Phenomena[J], 2000, 

138(3-4): 282 

[15] Xiong Xiaoling(+,- ), Li Xingliang(./0 ), Luo 

Shunzhong(123) et al. Computer and Applied Chemistry 

(456�7�89)[J], 2013, 30(4): 357 

[16] Liu Ning(� :), Zhou Cheng(; <), Wu Zongkai (=>?) 

et al. Energy Materials(@A'()[J], 2018, 26(6): 471 

[17] Chen Jianxin(BCD), Wang Jingkang(EFG), Yin Qiu- 

xiang(HIJ)  et al. Jounal of Tianjin University(KLM9

9N)[J], 2006, 39: 3 

[18] Yang Congxiao(OPQ), Xu Gang(R S), Chen Jing(B F)  

et al. Journal of Xian Technological University(TU)VM

99N)[J], 2018, 38(3): 262 

[19] Jolanta Prywer. Journal of Crystal Growth[J], 2004, 270(3-4): 

699 

[20] Sahil Goel, Nidhi Sinha, Harsh Yadav et al. Physica E: 

Low-Dimensional Systems and Nanostructures[J], 2019, 106: 

291 

[21] Xie Jun, Zhang Qin, Mao Song et al. Applied Surface 

Science[J], 2019, 493: 294 

[22] Gu Huike, Li Runyan, Sun Yajun et al. Journal of Crystal 

Growth[J], 2013, 373: 146 

[23] Wang Wenli, Wang Meng, Huang Weidong et al. Materials 

Letters[J], 2005, 59(16): 1976 

[24] Douglas S, Mcgregor, Ariesanti Elsa. Journal of Crystal 

Growth[J], 2013, 397: 7 

[25] Preksha Laad, Ganesh Shete, Sammer R M et al. European 

Journal of Pharmaceutical Sciences[J], 2013, 49(2): 109 

[26] Christian Borchert, Kai Sundmacher. Chemical Engeering 

Science[J], 2012, 84: 85 

[27] Xiao Zhixia(�WX), Zhu Yanli(YZ[), Zhao Yong(\ ]) 

et al. Chemical Journal of Chinese Universities(^�9_8

99N)[J], 2015, 36(12): 2497 

[28] Zhang Bo, Hou Xiaxu, Dang Leping et al. Journal of Crystal 

Growth[J], 2019, 518: 81 

[29] Zhang Yang, Cong Hengjiang, Jiang huaidong et al. Journal 

of Crystal Growth[J], 2015, 413: 1 

[30] Wu Zhengpin(`ab), Yin Zhoulan(H;c), Chen Qiyuan 

(Bde) et al. The Chinese Journal of Nonferrous Metals(f

g$h%&9N)[J], 2009, 19(1): 179 

[31] Sun S P, Zhu J L, Gu S et al. Applied Surface Science[J], 

2019, 467-468: 753 

 

 

 

Numerical Simulation of Crystal Growth and Morphology of WO

3

  

 

Liu Qingsheng

1

, Cheng Huajin

1

, Guo Hao

2

, Gao Shuaitao

3 

(1. Faculty of Materials Metallurgy and Chemistry, Jiangxi University of Science and Technology, Ganzhou 341000, Chinai 

(2. College of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China) 

(3. College of Metallurgy and Environment, Central South University, Changsha 410083, China) 

 



�3090�                                      #$%&'(�)*                                              � 49j 

Abstract: The vacuum slab models (crystal structure models) of crystal planes 

(0 11)

, (101) , 

(110)

 and (110)  in WO

3

 crystal were 

calculated by the molecular simulation software Material Studio7.0, and the total energy, surface energy and electronic structure were 

calculated by CASTEP program. Using the Morphology program, the growth habits of WO

3

 crystal and the slab model of each crystal plane 

were predicted by BFDH rule. The results of calculation show that the energy stability of WO

3

 crystal is poor in the process of crystal 

growth when plane (110) is the main unfolded, while the energy state of the WO

3 

crystal is stable when plane 

(0 11)

 is the main unfolded. 

The front valence electron of plane (110) with the smallest Fermi energy is not active, and there is relative stability of electronic structure 

dynamics. The front valence electron of plane 

(110)

 with the highest Fermi energy is active, which means there is an activity point on this 

plane that can be bonded to crystal growth matrix. The slab model of plane 

(0 11)

 has the smallest minimum energy region width and the 

largest state density peak value, which indicates the inner electron is relatively stable. The predicted results of the BFDH rule show that the 

growth habit of the WO

3 

crystal is consist with the slab model, which tends to grow to cubic crystal. In addition, the most important growth 

planes in WO

3

 crystal are (001) and 

(00 1)

.    

Key words: WO

3

; crystal habit prediction; density of states; growth habit 
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