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Table 1  Technological parameters in the experimental process 

Technological 

parameter 

Concentration of 

H

2

O

2

/% 

Time of hydrothermal 

reaction/h 

Annealing 

temperature/� 

B-dopant 

Doping 

amount/at% 

a 5 24 500 Boron powder 5 

b 10 72 600 H

3

BO

3

 10 

c 15 120 700 - 15 

d 20 - - - - 
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Fig.1  XRD patterns of VO
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Fig.2  XRD patterns of VO
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(M) powders synthesized with diffe- 

rent time of hydrothermal reaction 
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Fig.3  XRD patterns of VO
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(M) powders synthesized at different 
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Fig.4  XRD patterns of VO
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Fig.5  XRD patterns of VO
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Fig.6  XPS spectra of 1.0 at% B-doped VO
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(M) powders: (a) survey spectrum, (b) core level spectrum of V 2p, and (c) B 1s spectrum 

 

��n�¿À VO

2

 (M)z�fjÒD V.O.B ¤ C

umJ7Ùo C 1s ��N°±pÁµ�Sx± CO

2

|;�O 1so¤�ËN VO

2

.O

2

.CO

2

¤ H

2

OJ§d

6c�v¶��B 1s,m�§>� 190.6 eV�ghi B 

1so� XPS [�¦�,m�§>� 190.6 eV�oy

G V-O-B·J�d 6b�v¶��,m�§>� 524.2

¤ 516.0 eV�o±«yG V 2p

3/2

¤ V 2p

1/2

�5�¸�

� V

4+

7ÙoJè��¨¹���um¨º»¼S VO

2

 

(M)��f�ßum�8�Ý½Á�f�~x±�

V-O-B·J 

�S^�¾PTg¿¬±f�;À�Òa�Ñ;

<st XPS���y V 2po¤ B 1soÁ±uP��

��^�¾y�noa� 1.0 at%�2.0 at%¤ 3.0 at%

�°±^_�Ta��JXPS���¨g ICPPÂ�

¨cNp 2J�p 2 ���yNg¿¬±f�;À�

Òa�XPS���¨g ICPPÂ�¨�Ã���M�

¨²¹NÄP��ÅnoaJ*+noa�v��g

¿¬±f;À�ÒagÄP��Ånoa�©�`J 

���������	 VO

2

(M)
�� SEM ��� 

�pÙ�no¿À VO

2

(M)z��pÁ�a�Ñ;

<v�noa� 1.0 at%�°±�³�¦�Sn�¿À

VO

2

(M)z�� SEM d�Èd 7 |´JMf�ÕGt

ef H

2

O

2

óP� 15%�¥:�(� 72 h�=>�P

� 600 J�d 7�Æb¶��:DEûV��z�

/��ÇÈÉ�ÊË� 100 nm����q�:DEû

V���¿ÀÌz�J 

 

� ��������	
������

Table 2  Doping level and stoichiometry of the samples (at%) 

Doping level XPS result ICP result 

1.0 0.6 0.5 

2.0 1.4 1.4 

3.0 2.2 2.3 
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Fig.7  SEM images of 1.0 at% B-doped VO
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Fig.8  DSC curves of VO
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(M) powders with different B doping amounts: (a) 1.0 at%, (b) 2.0 at%, and (c) 3.0 at% 
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Synthesis of Boron-Doped Monoclinic VO

2

 Nanoparticles 

by Sol-Gel Hydrothermal Method 

 

Zhou Qiaoting, Zhou Tianzi, Huang Chunbo, Li Liangpu, Hua Yue, Lv Weizhong 

(Shenzhen University, Shenzhen 518060, China) 

 

Abstract: Boron-doped vanadium dioxide (VO

2

) nanopowders were prepared by sol-gel hydrothermal method. The effect of process 

parameters including the hydrogen peroxide (H

2

O

2

) concentration, hydrothermal time, annealing temperature, type of boron dopant and 

boron doping amount on the synthesis of boron-doped VO

2

 powders was investigated. The structure, morphology and phase transition 

properties of the boron-doped VO

2

 powders were characterized by the X-ray diffractometer (XRD), X-ray photoelectron spectroscopy 

(XPS), inductively coupled plasma (ICP), field emission scanning electron microscopy (SEM) and differential scanning calorimetry (DSC). 

The results show that the superior synthesis process parameters are 15% for the H

2

O

2

 concentration, 72 h for the hydrothermal time, 600 °C 

for the annealing temperature, boric acid as the boron dopant, and less than 10 at% for the boron doping amount. The obtained boron-doped 

VO

2

 powders have the size of around 100 nm with the morphology of coral-like structure. The boron atoms successfully replace the 

vanadium atoms in the VO

2

(M) lattice. The phase transition temperature is reduced by 7.2 °C, when the actual doping amount is 0.6 at%. 
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