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� 1  � !"� XRD�# 

Fig.1  XRD patterns of reduction products 
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Fig.2  Morphologies of precursor Cu
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O (a), product particles before (b) and after (c) modification, and blank group (d) 
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Fig.3  Morphologies of Cu particles after modification for different time: (a) 10 min, (b) 20 min, (c) 30 min, and (d) 40 min 
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Fig.4  Particle size distribution of Cu crystal before and after modification: (a) before modification, (b) after modification, 

and (c) blank group 
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Fig.5  Filtrate of blank test (a) and PVP modification test (b) 
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� 6  '($ Cu��DEFG��&HI SEM� 

Fig.6  Theoretical growth morphology of Cu crystal (a) and SEM 

image of the sample before modification (b) 
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Fig.7  Theoretical growth morphology of Cu crystal after 

modification 
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Table 2  Total facet area of Cu crystal before and 

after modification 
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6 

nm

2

 

Plane 

Before modification After modification 

(111) 1.800 2 0.800 5 

(200) 1.172 6 0.493 3 

(220) 0.814 5 0.251 3 

(311) - 0.005 4 

(420) - 0.085 8 

(422) - 0.787 9 

(442) - 0.732 7 

(620) - 0.639 9 
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Fig.8  Average energy of the front line orbit HOMO and LUMO 

of PVP (a) and Cu (b) 
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Table 3  Absolute hardness (η), absolute electronegativity (χ) of PVP and Cu 

Molecular I/eV A/eV E

HOMO

/eV E

LUMO

/eV η χ 

PVP 0.126 9 0.119 7 –0.126 9 –0.119 7 0.003 6 0.123 3 

Cu 0.152 0 –0.074 6 –0.152 0 0.074 6 0.113 3 0.038 7 
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Fig.9  Density distribution of PVP on Cu surface: (a) Cu(111), (b) Cu(200), and (c) Cu(220) 
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Table 4  Adsorption energy and surface energy of PVP on Cu planes 

Plane Adsorption energy, E

ads

/kJ·mol

-1

·nm

-2

 Surface energy, E

sur

/kJ·mol

-1

·nm

-2

 

(111) –1773.01 1091.60 

(200) –1666.78 1114.19 

(220) –1291.46 1158.97 

 

� ������ Cu��������������� 

Table 5  Surface energy before and after crystal modification and distance from crystal center to crystal plane 

Surface energy, E

sur

/kJ·mol

-1

·nm

-2

  Distance, r

i

/nm 

Plane d

hkl

/nm 

Before modification After modification  Before modification After modification 

(111) 0.260 85 1091.60 583.30  490.470 1 260.854 8 

(200) 0.266 33 1114.19 592.75  511.594 6 566.331 5 

(220) 0.277 11 1158.97 616.74  536.553 0 277.113 7 

(311) 0.276 89 - 616.26  - 276.894 0 

(420) 0.278 90 - 620.73  - 278.904 2 

(422) 0.272 59 - 606.68  - 272.592 3 

(442) 0.263 31 - 586.50  - 263.320 0 

(620) 0.265 77 - 591.52  - 265.778 8 

a b 

c 

Y 

Z 

X 

Y Z 

X 

X 

Y 

Z 



�3976�                                          -./012345                                           � 486 

Àø
%¯Ò;³�k���� PVP 
JK¦ Cu

À¼
��k�LÉ 2.2mº
��à�¿Sr0� 

��������

1) PVP\ CuÀ¼
JK��¿_*PVP»Ì�

�©M»²
Âò�� CuÀ¼ÚPVPà:uv� Cu

À¼÷ø]CÀø
*�� 

2) � PVP
JK¦CuÀ¼@*»²�ïð;

�a��Ï�
|
� 

3) Cu À¼÷øI��EwOHPVP É Cu À¼

÷ø@*(�×�� -wx�4�×�*+N

L�
x�ÜÕ×�"	�×�x��YZ

0UPÕ×�
@*% CuÀ���� 

4) � Cu À¼
 3 )"Àø�±Z E

ads

>E

sur



PVP � Cu �Àø
uv©Nª«_*(111)>(200)> 

(220)� 

5) PVPJK� CuÀ¼÷ø]C.Àø
*�

Ï�%¥#
Àø§'�=�¿S§¨3 )"Àø


ø(�§k�ÐÑCuÀ¼
ïðBô7:ø¼

;�_Æ¬ï�	P¡
 Cu��â��_ 0.33 µm

������
��ÜÝ� 

 

 !"#    References 

[1] Wang Yumian(VWX), Yu Mengjiao(YZ[), Wang Sheng 

(V \) et al. Materials Review(12]^)[J], 2007, 21(5): 

126 

[2] Han Shouli(_`a), Wu Xilong(bcd), Wang Huan(V e) 

et al. Minng & Metallurgy(fg)[J], 2010, 19(2): 80 

[3] Warju, Harto S P, Soenarto. IOP Conference Series: Materials 

Science and Engineering[J], 2018, 288: 012 151 

[4] Lee J, Jun J, Na W et al. Journal of Materials Chemistry C[J], 

2017, 5(47): 12 507 

[5] Jin W, Li J, Liu S et al. CIESC Journal[J], 2011, 62(4): 1157 

[6] Stepniowski W J,  Stojadinović S,  Vasilić R et al. Materials 

Letters[J], 2017, 198: 89 

[7] Deng Shuhao(hij), Zhang Duoduo(kll), Liu Huiqun 

(mno) et al. Materials Science and Engineering of Powder 

Metallurgy(pqg/12rs345)[J], 2016, 21(4): 582 

[8] Zhang Haixia(ktu). Superhard Material Engineering(vw

1245)[J], 2008, 20(3): 19 

[9] Nekouei R K, Rashchi F, Amadeh A A et al. Powder Techno- 

logy[J], 2013, 237: 165 

[10] Mondal O, Datta A, Chakravorty D et al. MRS Communica- 

tions[J], 2013, 3(2): 91 

[11] Sun X P, Dong S J, Wang E K et al. Macromolecules[J], 2004, 

37(19): 7105 

[12] Wu Zhengping(bxN), Yin Zhoulan(yz{), Chen Qiyuan 

(|}�) et al. Journal of Central South University, Science 

and Technology(~��ss^���rs�)[J], 2009, 40(4): 

897 

[13] Prywer J. Journal of Crystal Growth[J], 2004, 270(3-4): 699  

[14] Williams J K, Tietze D, Lee M et al. Journal of the American 

Chemical Society[J], 2002, 138(26): 8143 

[15] Wang Shangjun(V��), Fang Xiaozu(���), Yu Zongbao 

(���). China Powder Science and Technology(~�p�

��)[J], 2009, 15(1): 50 

[16] Seku K, Ganapuram B R, Pejjai B et al. International Journal 

of Nano Dimension[J], 2018, 9(1): 7 

[17] Zhang Qiong(k �), Zhang Junji(k��), Tao Shuang(� 

�) et al. Journal of Ceramics(��s^)[J], 2013, 34(2): 

177 

[18] Wu N L, Lee M S, Pon Z J et al. Journal of Photochemistry & 

Photobiology A Chemistry[J], 2004, 163(1-2): 277 

[19] Wu Jianhui, Liu Gang, Su Tao et al. Transactions of Non- 

ferrous Metals Society of China[J], 2015, 25(8): 2653 

[20] Khan M H, Elamin M, Li B et al. Journal of Composite 

Materials[J], 2018, 52(25): 3509 

[21] Stirner T, Scholz D, Sun J Z et al. Surface Science[J], 2018, 

671: 11 

[22] Jana N R, Gearheart L, Murphy C J. Langmuir[J], 2001, 

17(22): 6782 

[23] Upadhyay L S B, Kumar N . Inorganic and Nano-Metal 

Chemistry[J], 2017, 47(10): 1436 

[24] Ni Yongjiong(���), Cheng Yongqing(5��), Xu Meng- 

yuan(�Z� ) et al. Enviromental Science(��rs )[J], 

2019, 40(1): 293 

[25] Guan Xiaohong, Sun Yuankui, Qin Hejie et al. Water 

Research[J], 2015, 75: 224 

[26] Bian Jianjun, Wang Gangfeng, Feng Xiqiao et al. Acta 

Mechanica Solida Sinica[J], 2012, 25(6): 557 

[27] Xiang Ping(�  N ). Thesis for Doctorate(� E¡ )[D]. 

Changsha: Central South University, 2011 

[28] Huang Kun(¢ £). Solid State Physics(¤�"Ds)[M]. 

Beijing: Higher Education Press, 2018: 224 

[29] Weng Mouyi, Li Sibai, Zheng Jiaxin et al. Journal of 

Physical Chemistry Letters[J], 2018, 9(2): 281 

[30] Huang Bing(¢  ¥). Thesis for Doctorate(� E¡)[D]. 

Wuhan: Wuhan University, 2015 

[31] Tang Ruikang(¦§¨). Progress in Chemistry(©sª«)[J], 

2005, 17(2): 368 



� 12�                          ������	
������������������                       �3977� 

[32] Su Lei(¬ ). Thesis for Doctorate(� E¡)[D]. Chengdu: 

Southwest Jiaotong University, 2007  

[33] Xu Rongguang(�®¯), Wang Zhi(V °), Gong Xuzhong 

(±²~) et al. The Chinese Journal of Nonferrous Metals(~

�.³/0s^)[J], 2013, 23(1): 254  

[34] Skoufadis C, Panias D, Paspaliaris I et al. Hydrometallurgy[J], 

2003, 68(1-3): 57 

[35] Whetten R L, Khoury J T, Alvarez M M et al. Advanced 

Materials[J], 1996, 8(5): 428 

[36] Li Rongjin, Zhang Xiaotao, Dong Huanli et al. Advanced 

Materials[J], 2016, 28(8): 1697 

[37] Lee J K, Aaronson H I. Surface Science[J], 1975, 47(2): 692 

 

 

Morphology Control Mechanism of Polyvinylpyrrolidone 

on Submicron Copper Crystals 

 

Wan Xingyuan, Wang Yiyong, Jin Hui, Ning Zhe, Shao Pin 

(University of Science and Technology Liaoning, Anshan 114051, China) 

 

Abstract: The morphology of submicron copper crystals was controlled by polyvinylpyrrolidone (PVP). The microscopic properties of 

copper crystals were characterized by SEM, XRD and laser particle size analyzer. The adsorption behavior of PVP molecules on the crystal 

faces of Cu and the morphology of copper crystals were speculated using the Materials Studio combined with Gibbs-Wulff's law (crystal 

growth balance theory). The results show that the copper crystals transform from truncated octahedron to nearly spherical after PVP 

modification. PVP mainly undergoes chemisorption on the crystal faces of copper. The order of adsorption is: (111)>(200)>(220). The 

morphology control mechanism of PVP on submicron copper crystals is that PVP forms a covalently unstable coordinating chelate with Cu, 

which inhibits the growth of (111), (200) and (220) crystal planes, and reveals more crystal planes, and thus the Cu crystals become closer 

to a sphere. 

Key words: PVP; Gibbs-Wulff's law; chemisorption; adsorption energy; surface energy 
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