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Fig.1  Crystal structures: (a) the unit cell of Bi

2

O

2

CO

3

; (b) the supercell of Bi

2

O

2

CO

3

 (3×1×1); (c) oxygen vacancies in the CO

3

2-

 layer;  

(d) oxygen vacancies in the Bi

2

O

2

2+

 layer 

 

� 1  Bi

2

O

2

2+

�� CO

3

2-

������	
 Bi

2

O

2

CO

3

��
�

��� 

Table 1  Cell parameters of Bi

2

O

2

CO

3

 before and after the 

introduction of oxygen vacancies in the Bi

2

O

2

2+

 and 

CO

3

2-

 layers 

Material a/nm b/nm c/nm α/(°) β/(°) γ/(°) 

Bi

2

O

2

CO

3

 1.0776 0.4540 1.3819 90.00 90.00 90.00 

Bi

2

O

2

2+

 1.1844 0.4031 1.3917 87.96 88.86 90.93 

CO

3

2-

 1.0822 0.4554 1.3800 90.00 90.00 90.00 

3x?�M�«¬0}~&@	H Bi

2

O

2

2+

9z�<-

��ßWÀÁÐVË� Bi

2

O

2

CO

3

0}~��5

Bi

2

O

2

2+

9�B` CO

3

2-

9

[34]

��%�/´78[30-34]

å£�Bi

2

O

2

CO

3

Q�©ª��	
RSO;50}~

��<�0}~��5��Çb�ÉP�a��B�

��	
�X-QÐ�ó�0}~@	Æ�5

Bi

2

O

2

CO

3

� Bi

2

O

2

2+

9�R0}~��<�S5��

Bi

2

O

2

CO

3

��	
RS- 

2.2  ���� 

b 

O 

C 

Bi 

a 

b 

c 

a 

c 

d 



� 7�                              �  ����� Bi

2

O

2

CO

3

	
��
��������                    �2227� 

���T{|0}~/0 Bi

2

O

2

CO

3

�UVW�

ÇXYê��!"0}~v6Z[ÖbÇX�
�Û

Ü9:-6z�\]�^]���µÇX·_�`a-

v.� 2a �� 2b�ÂÃH Bi

2

O

2

2+

9{|0}~0�

6Z[ BiÖb^]
>§�`a�µ°ÇX>�)�

;» Mulliken ÇX
b�T2µ 23�°±ÂÃ0}

~Z[T'ù Bi Öb� Mulliken ÇX
bù`��

c°��0Öb0dL�FvÇbe�fZ[�]^

Öb�� ZnO� BiOClz{|0}~0ÇXe�;g

Í ;

[24, 26, 37]

-�%�v.� 2c�� 2dÂÃ�H CO

3

2-

9{|0}~0�Íh CÖbZ[�^]
>°±`

��µ°�ÇXe�f CÖb-iZµ 2ÑpqÂÃ�

0}~{|0�CÖb� MullikenÇX
bùjk`

���% Bi Öb� Mulliken ÇX
bùÑ`��c

°0}~�<0dL�FvÇbTl�e�fZ[�

C Öb�� l�e�f Bi

2

O

2

2+

9h�� Bi Öb�

ÇbpqH 2 �mn9zÂ�e�-�345

Bi

2

O

2

CO

3

9�¨HE�oÇ
Y���5ÇbH9�

�p- 

����������

����C;(��	
�S�Q�qKr��

6sCFCet\(<�Çbuv��3ÛÜ�	
 

 

 

 

 

 

 

 

 

 

� 2  �������	� 
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Table 2  Mulliken charge populations of Bi
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Fig.3  Band structures and density of states of perfect Bi
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Fig.4  Absorption spectra (a) and dielectric functions (b) of Bi

2

O

2

CO

3

 before and after the introduction of oxygen vacancies in the Bi
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and CO
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Fig.5  Density of states of Bi
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O
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 with oxygen vacancies in the Bi
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 layer (a) and in the CO
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 layer (b) 
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Fig.6  Absorption spectra (a) and dielectric functions (b) of Bi

2

O

2

CO

3

 with different oxygen vacancy concentrations; the inserted graph 

with horizontal axis is from 0 to 4 eV 
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Abstract: This work studied the effect of oxygen vacancies in the Bi

2

O

2

2+

 and CO

3

2-

 layers on the crystal structures, electronic and optical 

properties of Bi

2

O

2

CO

3

 with density functional theory (DFT) methods. The cell parameters and Bi-O bond lengths of Bi

2

O

2

CO

3

 before and 

after the introduction of oxygen vacancies are similar, so the effect of oxygen vacancies on crystal structures can be ignored. However, 

oxygen vacancies as electron donor provide electrons for the surrounding atoms, resulting in the change of charge distributions after the 

introduction of oxygen vacancies. Moreover, oxygen vacancies can reduce the band gap of Bi

2

O

2

CO

3

 and enhance the absorption of visible 

light. This effect of oxygen vacancies becomes more obvious with the increase of oxygen vacancy concentration. It is notable that the 

effects of oxygen vacancies in the Bi

2

O

2

2+

 and CO

3

2-

 layers are different. Once an oxygen vacancy is introduced in the CO

3

2-

 layer, a defect 

level appears within the band gap of Bi

2

O

2

CO

3

. The oxygen vacancies in the Bi

2

O

2

2+

 layer are more easily formed in Bi

2

O

2

CO

3

 than in the 

CO

3

2-

 layer. Furthermore, the functions of oxygen vacancies in the Bi

2

O

2

2+

 layer for the reduction of band gap and the enhancement of 

visible light absorption are more effective than that of the oxygen vacancies in the CO

3

2-

 layer, which is more obvious with the increase of 

oxygen vacancy concentration. When the concentration of oxygen vacancies in the Bi

2

O

2

2+

 layer reaches to 6.25%, the photoelectric 

properties of Bi

2

O

2

CO

3

 are the best. The DFT calculation results are consistent with the previous experimental results, and can provide 

insights into the mechanism for promoting the photoelectric properties of Bi

2

O

2

CO

3

 and other bismuth-based materials. 

Key words: bismuth subcarbonate; oxygen vacancy; density functional theory 
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