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� 1  DE-.xD�� TMAC1���8 XRD�� 

Fig.1  XRD patterns of particles obtained in different solvents 

without addition of TMAC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  DE-.xD�� TMAC1���8 TEM�� 

Fig.2  TEM images of particles obtained in different solvents without addition of TMAC: (a) MeOH, (b) EtOH, (c) EG, and (d) GL 
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� 3  DEGHIJ`��C TMAC8��8 TEM��K XRD�� 

Fig.3  TEM images (a~c) and XRD patterns (d) of particles obtained in EG with addition of TMAC at different temperatures: 

(a) 190 _, (b) 220 _, and (c) 250 _ 
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� 4  DEGHLM`��C TMAC8��8 XRD�� 

Fig.4  XRD patterns of particles synthesized with addition of 

TMAC by aging for different time  

 

^5�8à¦��`· In

2

O

3

L��>>�	~�Ø

Î'���f��X«Ç§¨�R�L¡d����

�`VWcÉ�©

[19]

> 

8 7Tn 250 z�Î' 1.75 hL+,ªþ@L�

��8>�8 7 �J«£�2ýr°ªþLR�n

3426.56 cm

-1

²£} O-H ¬~­®>�H¬~>��

@��à^_LE«�ßE«¯|L

[20]

�1238 cm

-1

²­®>T C-O°±¬~>�@� EG­²nR� 

�>3019.1412961.02� 1384.48 cm

-1

²
�³ -CH

3

L C-H L°±�´µ¬~>

[21]

�1487.79 cm

-1

²£}

C-N L¬~>

[22]

�955.99 � 948.80 cm

-1

²T TMAC

¶·>�@� TMA

+

�±­²n�X �>�)Î'

�tàL pHT 9�n®�¸0��ÂØ«K¹F�>

�H�TMA

+

�a](xº­²nÂØ«K �>

436.27 cm

-1

²T In-OL¶·­®>

[23]

> 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  DEGHLM`��C TMAC8��8 TEM����W�� ¡ 

Fig.5  TEM images (a~e) and specific surface area (f) of the precipitates formed with addition of TMAC by aging for different time: 

(a) 0.5 h, (b) 1.75 h, (c) 3 h, (d) 24 h, and (e) 96 h 
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� 6  -./"�x¢�v£KQR¤�¥¦� 

Fig.6  Evolution schematic diagram of product morphology and 

structure in solvothermal process 

 

 

 

 

 

 

 

 

 

 

 

� 7  GH 1.75 h��§¨q8©ª�� 

Fig.7  FT-IR spectrum of precipitates synthesized by aging for  

1.75 h before washing 
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� 8  GH 96 h8 ITO<=>?8«¬ TEM���­��K 

®¯°±²� 

Fig.8  HRTEM image of ITO nanoparticles synthesized by aging 

for 96 h (a); magnified and FT images (inset) of Fig.8a (b) 

 

3  �  � 

1) v dihJ�	~K�£
j��1¡dx

��
����L�`� ITO,-R�>v ÃÖd

i1Î'ox�Î'��ÄHKR�L�·ÏÀ1¤

¥�VW>J EGTdi�250 z�Î' 24 h��^

tR�L���a�T 0.2 Ω·cm��X�ìXYT

45.95 nm> 

2) �ÅÎ'��L�Ø�f�@����\g�

v dç-�¡dÙK�~ �`�VWL In

2

O

3

Õ

�>Î' 3 h��·ÕÖ ×¡¥��Î'���Ø�

R�¡dxc���XVWc�©> 

3) n In

2

O

3

d�VÀ ×à�EG� TMA

+

­²n

d� ���¾ã)(200)d�LÂØq����ab

Á
VÀ�`�R�> 

 

����    References  

[1] Beji N, Souli M, Ajili M et al. Superlattices and 

Microstructures[J], 2015 , 81: 114 

[2] Sanyoto B, Kim S, Park W T et al. Organic Electronics[J], 

2016, 37: 352 

[3] Babu S H, Kaleemulla S, Rao N M et al. Journal of Electronic 

Materials[J], 2016, 45(11): 5703 

[4] Alam M Z, De Leon I, Boyd R W. Science[J], 2016, 352(6287): 

795 

[5] Chaoumead A, Joo B H, Kwak D J et al. Applied Surface 

Science[J], 2013, 275: 227 

[6] Lee H M, Kim S S, Kim H K. Applied Surface Science[J], 

2016, 364: 340 

[7] Cheng Nian(�  ³ ), Liu Jiaxiang(´µ¶ ). Rare Metal 

Materials and Engineering(���������)[J], 2013, 

4000 3000 2000 1000

 

 

2
0
0
7
.
0
0

1
4
8
7
.
7
9

9
4
8
.
8
0

9
5
5
.
9
9

1
2
3
8
.
5
8

1

3

8

4

.
4

8

2
9
6
1
.
0
2

4
3
6
.
2
7

1
6
2
6
.
8
9

3
0
1
9
.
1
4

T
r
a
n
s
m
i
t
t
a
n
c
e

Wave Number/cm

-1

3
4
2
6
.
5
6

b 

a 

mechanism 



� 7�                                ����!+,-./0129:; ITO<=>?                            �2363� 

42(4): 857 

[8] Wang Yue(· ¸), Liu Jiaxiang(´µ¶), Liu Chen(´ ¹). 

Rare Metal Materials and Engineering(��������

�)[J], 2011, 40(12): 2179 

[9] Peng Xiang(º ¶), Chen Yujie(���), Liu Jiaxiang(´µ

¶ ). Chinese Journal of Inorganic Chemistry(»o���

¼)[J], 2017, 33(10): 1769 

[10] Zhang Xueli(½¾¿), Liu Jiaxiang(´µ¶). Rare Metal 

Materials and Engineering(���������)[J], 2017, 

46(6): 1714 

[11] Bouzidi A, Omri K, El Mir L et al. Materials Science in 

Semiconductor Processing[J], 2015, 39: 536 

[12] Aziz M A, Zahir M H, Shaikh M N et al. Journal of 

Materials Science: Materials in Electronics[J], 2017, 28(4): 

3226 

[13] Shong B, Shin N, Lee Y H et al. The Journal of Supercritical 

Fluids[J], 2016, 113: 39 

[14] Muramatsu A, Kanie K, Sasaki T et al. KONA Powder and 

Particle Journal[J], 2016, 33: 340 

[15] Kanie K, Sasaki T, Nakaya M et al. Chemistry Letters[J], 

2013, 42(7): 738 

[16] Sasaki T, Endo Y, Nakaya M et al. Journal of Materials 

Chemistry[J], 2010, 20(37): 8153 

[17] Qin Liping(À¿e). Thesis for the Master(��ÁÂ)[D]. 

Changsha: Central South University, 2007  

[18] Delacy B G, Lacey S, Zhang D J et al. Materials Letters[J], 

2014, 117: 108 

[19] Wu Cheng(Ã Ä), Liu Zhihong(´ÅÆ), Li Yuhu(Ç�È) 

et al. Materials Science and Engineering of Powder 

Metallurgy (>ÉÊ��������)[J], 2013, 18(1): 83 

[20] Li Xiuhua, Xu Xiujuan, Yin Xin et al. Particuology[J], 2011, 

9(5): 471 

[21] Lin Litian, Tang Li, Zhang Rui et al. Materials Research 

Bulletin[J], 2015, 64: 139 

[22] Liu Tongge, Li Gang, Zhang Na et al. Journal of Hazardous 

Materials[J], 2012, 201-202: 155 

[23] Xu Xiangxing, Wang Xun. Inorganic Chemistry[J], 2009, 

48(8): 3890 

 

 

One-Step Solvothermal Synthesis of Cubic ITO Nanopowders 

 

Chen Yujie, Zhai Xiaoyu, Liu Jiaxiang 

(Beijing Key Laboratory of Electrochemical Process and Technology for Materials, Beijing University of Chemical Technology,  

Beijing 100029, China) 

 

Abstract: Low-resistivity ITO nanoparticles were prepared in one step by the solvothermal method. The microstructure and electrical 

properties of ITO nanoparticles can be adjusted by changing solvents, reaction temperature and reaction time. The results show that the 

lowest electrical resistivity and the average size of ITO nanoparticles are 0.2 Ω⋅cm and 45.95 nm, respectively when the reaction 

temperature and time are 250 °C and 24 h, respectively with ethylene alcohol as solvent. As reaction time is prolonged, the rod-like indium 

hydroxides are transformed to cubic In

2

O

3

 nanoparticles gradually through the dissolution-recrystallization mechanism. During the 

formation of In

2

O

3

 nanocrystals, the growth rate perpendicular to (200) plane decreases, caused by the adsorption of glycol and 

tetramethyl ammonium ion on the surface of particles, which induces the formation of cubic-shaped ITO nanoparticles.  

Key words: indium tin oxide; nanoparticles; solvothermal method; cubic shape; resistivity 
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