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Fig.1 Optimized crystal structures of graphene (a) and graphdiyne (b)
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*1 AERMAERFEFNERTFHEH. EFHET. BKWL). B FZEEHEEW
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

Ci 1.05 2.95 4.00 0.00 Ci-C, 0.1423 1.08
Graphene

C, 1.05 2.95 4.00 0.00 Cy-C; 0.1423 1.08
Ci 1.06 2.97 4.03 -0.03 Ci-C, 0.1429 1.04
C, 1.06 2.97 4.03 -0.03 Cr-Cs 0.1393 1.10
) C; 0.98 2.99 3.97 0.03 C;3-C4 0.1232 1.91
Graphdiyne C 0.95 3.06 4.01 -0.01 C4-Cs 0.1335 118
Cs 0.95 3.06 4.01 -0.01 Cs5-Ce 0.1232 1.91
Ce 0.98 2.99 3.97 0.03 Cs-C7 0.1393 1.09




27 &S

VESE: HERRADRL LT S S S VRS R B 5T

* 2211 ¢

By ex(o) R YR IR T RO 43 FE, At i1 BRI 1Y)
LRI R s B 4b A HL RS () B
dc WCiE AT 4d O T R AT AR 45 1] 4a A B EUR
5 ex(w) il Kramers-Kronig {4 ¢ &S 1. &
2b ] 4a RIET, A A0 R S5 A0 IG B 50 LY R
iy SRR A, R WIAEACRE Y0 N A A E D,

ARtk i . A SR B OS TIOROMICRE R IT 4R, XY
AR REBRT ST (Mo)JEA KT I, 256 B HH AR I
WO AE AR T AE R W ) e S VO N, PRI T R
BRIM Re sa B N, XM 22 02 i T Sl v i s
iy P G W BRI AR T W ) 3R RO
o fE K2, BRATFRE eI AL B H & )

B AW FAT EIH X R T F SR R FR I R R K

me PG, ABTIT R K B AT NI & A

(T ks HI B da A7 s RAEAAE R IX IR, 524 HE R 2
REHB ex()EVE T RER N 1.78 F1 4.02 eV & B WA ; %t
M- B 2b 7 18] BRI X FR A MMM ) AT K—K(M,).
HH &l 2a F1E] 4a A 8300 520 HL R BUR D ex(0) ARG RE &
DX Bl A O 1 g B IS IS T 1S s AE AR IE R X 0k
THEE N 2.14 A1 4.05 eV I IE BIWEAL, XF N T K 2a £
SR AT (W) BRIE X AR . M—>M(L)AT G—G(L,). &ifrfiE
iy B AT LRI, S RN A S bR 1) 52 A F RR BSOS
ex(e) H I VAL IS 1 06 7 i et 5 B8 45 44 P I e B
(A A — 2o 22, X R AT R b L T ot

BIG . AR B e (o) A AL T 1 R
W R & BRSO P RS, B AR
BUR ER A R B (A R)IE N €1(0), B 5b A7 s AN
A7 BRI £,(0)73 5 A 5.65. 7.26, M5 A Hi ek B S
BE ' RE B A RN T 3G O, ARG R A W
WG (o) SR, 6T B 5 A I T BRI B
B AR .

Kl e mhofr sk AR O R 4h T %, WO s BE D T
RE T I N SE A8 KGN s A S e ] WO &k 3k
B R A AR e M6 R P o 0T s BRI
T HERE N 0.71.1.89.2.71 Fl 4.14 eV Abik FWA
5B 4a 5 0 ek BRSO TR Y 16 T RE R AR
G T HERS TF S ORGSR Y RO T RE R S S
PR B SR R R IR S O T RE R 4.14
eV I EKAMX , IR E K 656 nm Ab) 7 T-1f
DG R AT DR 3, St 9 A A A ) R AL D ) R AL A ) R
R AT AE DA R R [RIFE D HE T AR ) S
HA IR T W IO A [ e AR TR 0 o, R
IR FENE, G IARL 5 AL B 3 1 i 1) AR A RR O O
HL S0 o (] 4d g A0 s8I0 AU SR il T R BE G T g
WA 2. A s AE AT LGV B I R
HL3 K. B FRERAE 0.62, 1.79. 2.68. 2.78 1 4.04 eV
I A7 =R B0 i 3 A B, 51 4a 5247 H R B
B UEEARL FT 68 W FRD G 1 RE R AP W), A5 AT IOV LY

= 8 12
2 = a = b
é 2 Graphene - E Graphene
= 6f % Graphdiyne .g SE _% Graphdiyne
) =z 5] Z
= s ] S
: <
s £
a 3
3
! a
R=| &
on
£
= 0 L . o L A A
0.0 1 3. 4.5 6.0 75 0.0 1.5 3.0 4.5 6.0 7.5
12 2.5
c d
« Graphene 20k Graphene
S 9r Graphdiyne ’ Graphdiyne
2 6 B
s Q
o Z 1.0}
2 =]
2 | e
< 0.5}
0 . 0.0 i
1.5 1.5

3.0 4.5 6.0

Energy/eV

K 4

RN A SR A v BRI R

3.0 4.5
Energy/eV

6.0 7.5

A LR HE R i Kool e
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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.
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