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Fig.1  Optimized crystal structures of graphene (a) and graphdiyne (b) 

C

1

 

C

2

 

C

3

 

C

4

 

C

5

 

C

6

 

C

7

 

C

8

 

C

4

 

C

3

 

C

5

 

C

1

 

C

2

 

C

6

 

b 

a 



�2210�                                       ����()*��                                              � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  <=>?<=@A+�DE  

Fig.2  Energy band structures of graphene (a) and  

graphdiyne (b) 
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Fig.3  Density of states (a, b) and electric charge density (c, d) of graphene (a, c) and graphdiyne (b, d) 
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Table 1  Atomic orbital populations, atomic charges, bond lengths, band populations of graphene and graphdiyne 

Compound Atom s p Total Charge Bond L/nm P 

C

1

 1.05 2.95 4.00 0.00 C

1

-C

2

 0.1423 1.08 

Graphene 

C

2

 1.05 2.95 4.00 0.00 C

2

-C

3

 0.1423 1.08 

C

1

 1.06 2.97 4.03 -0.03 C

1

-C

2

 0.1429 1.04 

C

2

 1.06 2.97 4.03 -0.03 C

2

-C

3

 0.1393 1.10 

C

3

 0.98 2.99 3.97 0.03 C

3

-C

4

 0.1232 1.91 

C

4

 0.95 3.06 4.01 -0.01 C

4

-C

5

 0.1335 1.18 

C

5

 0.95 3.06 4.01 -0.01 C

5

-C

6

 0.1232 1.91 

Graphdiyne 

C

6

 0.98 2.99 3.97 0.03 C

6

-C

7

 0.1393 1.09 

-9

-6

-3

0

3

6

9

(b)

Γ

M

Γ

 

E
n
e
r
g
y
/
e
V

K

L

1

(a)

-4

-2

0

2

4

L

2

M

1

M

2

M

0

Γ

M

Γ

K

Γ         M   K       Γ 

Γ         M   K       Γ 

a 

b 

a 

b 

C

4

 

C

3

 

C

5

 

C

1

 

C

2

 

C

6

 

C

1

 C

2

 

C

3

 

C

4

 

C

5

 

C

6

 

C

7

 

C

8

 

c 

d 

0

4

8

 

 

 

 

0

8

16

 

 

 

 

0.0

0.4

Total

C

3

-s

C

3

-p

C

2

-s

C2-p

 

 

 

C

3

-s

C

3

-p

C

2

-s

C

2

-p

Total

C

4

-s

C

4

-p

0.0

0.6

1.2

 

D
e
n
s
i
t
y
 
o
f
 
S
t
a
t
e
s
 
(
e
l
e
c
t
r
o
n
s
 
e
V

-
1

)

 

0.0

0.4

 

 

 

0.0

0.8

 

  

-20 -15 -10 -5 0 5

0.0

0.4

C

4

-s

C

4

-p

  

-20 -15 -10 -5 0 5

0

1

 

Energy/eV Energy/eV 

D
e
n
s
i
t
y
 
o
f
 
S
t
a
t
e
s
/
e
l
e
c
t
r
o
n
s
·
e
V

-
1
 



� 7�                               �  �����	
��
���������������                    �2211�  

��ε

2

(ω)������	
���
�������

���������� 4b ����� ! ε

1

(ω)"�

4c��#$� 4d%�&'()*� 4a�����+

! ε

2

(ω), Kramers-Kronig -./01&2

[44]

3,�

2b $� 4a (4�567$5689:;<=>?;

@ABCD��E9:;<=>?��FGH<I�

JKLMN3568�%���O:;<PQ�RS

568�;TΓ→Γ(M

0

)UVWX�YZ[,\]��

�^_9:`ab���;<=>?�cd9:`;

T�;<=>?�Refg�,`&@h���$i

@hjk@?��l_mno�[,\]���pq

�39 Kjrh���stu(vwxyz{<�U

|a}~����h�������W�M��� K

�3cd�a}~h� K�
����X�Z���

����,� 4a5689ab����������

+! ε

2

(ω)9%�;<z 1.78$ 4.02 eV�����W

X`� 2b @r��W�� M→M(M

1

)$ K→K(M

2

)3

,� 2a$� 4a567�����+! ε

2

(ω)9:;<

���%�;<���V����9ab��� %

�;<z 2.14$ 4.05 eV������WX`� 2a5

67@r��W�� M→M(L

1

)$ G→G(L

2

)3YZ;

@�(¡^¢�567$568������+!

ε

2

(ω)2¢����%�;<S;@Y£h�@T¤

r¥9¦§¨f�R�E��9����h2¢m©

ª¢«3����� ! ε

1

(ω)���¬�	
-.�


��O­^��®�¯°%����

[45]

3±{9²

³´µ���{�(�¶')·z ε

1

(0)�� 5b567$

568� ε

1

(0)�¸z 5.65"7.26������� !

��%�;<�������¹D��
V����

º» ε

1

(ω)¼AB½I�%�;<S�H�����¾

q��3 

� 4ch567��#¿Q`²���N��%�

;<���ÀC�»½I�5679(Á%ÂÃ´�

¢2ÄÅ�JÆM%Ç���M3W`568��#

9%�;<z 0.71"1.89"2.71$ 4.14 eVx�����

S� 4a �����+!��ÈWX�%�;<�É

Z��|yÊ�����#�WX�%�;<S Ë

�

[31]

Ìa¦Í3568�ÎN���(%�;< 4.14 

eVx)9vÏÐ���Ñ��(ÒÓ 656 nmx)¬`(

Á%���L��WÒÓÔÓ�(Á%���Õ�y

Ö�(Õz×9�%ØDÙÚÛ3ÜÝ%�&'� 

!ÞßmàHWVÜ;<áâ�%����W��&

'�ãä�%âCDå¿ÚÛ�&M;�CD�z%

�&GX3� 4dz567$568%�&'�%�;

<�CDæÆ35679(Á%=>?�¢2ÄÅ�

�&'3%�;<9 0.62"1.79"2.68"2.78$ 4.04 eV

�568�%�&'�����S� 4a�����+

!��ÈWX�%�;<ÔÅÉZ�9(Á%=>?

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  ��� ��!�"#�$%&' "#�$%(' )*+,��-.  

Fig.4  Imaginary part (a), and real part (b) of complex dielectric function; absorption function (c) and conductivity (d) of graphene and 

graphdiyne  
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Fig.5  Complex refractive index (a), extinction (b), loss function (c), and reflectivity (d) of graphene and graphdiyne 
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First-Principles Study of Electronic Structures and Optical Properties of 

Two-Dimensional Carbon Materials 

 

Li Yang, Ao Lingyi, Wang Qiang   

(Southwest University, Chongqing 400715, China) 

 

Abstract: The electronic structures and optical properties of two-dimensional carbonaceous graphene and graphdiyne were studied based on 

density functional theory (DFT). The results reveal that the graphene is more stable than the graphdiyne. In the vicinity of Fermi level, the 

electronic states of graphene and graphdiyne are mainly contributed by the C-2p state. The graphene exhibits better non-linear optical absorption 

properties and electrical conductivity under the visible light conditions. However, graphdiyne has excellent optical absorption and electrical 

conductivity in the range of partial infrared light. In addition to the transition from valence-band to conduction-band, there is also the inner-band 

transition near the Fermi level. The conclusion can provide theoretical basis for the application of two-dimensional carbon material graphene 

and graphdiyne in optoelectronic devices and photocatalysis. 

Key words: graphene; graphdiyne; electronic structures; optical properties 
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