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75 R g-CaNy MBI LT 451 S5 M2
SR 8. BRI, 1E g-CaNy MR i5 24
A4 O R g e R T D e ko o H
SEH, IR R B ASDRE R B H B AR TR
Pt e, Huang %5 U1 7E 5256 Bl %t T OB 4411
g-C3Ny, B % E7 kB (DFT) iHE R, 0%
J 150 5 AR FL v AL R N7 o5, (R 33E T H i -
T4 B, A8 g-CaNy FI GRS A — 2 1) 44 5.
Dong % 10 F C J5 7R BURAR AL N 57, R IAARL
{10 7 B S 25 Rk /0N, 0 RO ' S B R AL
b, LR g-C3Ny AR5 P U1 sl g i)
1021 F 03]t AR AL 28 Ak, (B AR R i 3w 2%
FALKBHBE H A5,

A B E T A R R T AR B
SR A A AR R I H A R N A
FrrE. e AR RIFHRRE M KIS PE TodE AN
AW UC T 1, T B A SR IR 2 R T DL R bR
555 4 1L Chan %5 B9V R g-C3Ny &7 2110 I
AT N, AT B TR RE (VR YT . Song % 181 A
F g-CaNy 51 55 B 5% e 5, e L 1l B B 7 £
SK, FHEATE R R, 54k, Fageria 55 2V
FIH g-CsNy T F ROGHEAPERE TN & % T Au, Pb
DAz AuPb & 445

SRR FAT I A0, H TR 2 8B 20 5T &
BEEPAE g-CoNy AR ZM B, KT g-CsNy &=
T35 2% B S8 R A AR DG HGE, JEHOG
T g-CNy BT iU AR L AT A HL 45 44 DA S AR B R
PR A SCIRIE. 2R, BATEX MR (o
C3Ny), BT R LA HL T 2540 B TR e 3 1 AT
T ARG T (WANTER KL (online)). 45H Bow, BEH
(g-C3Ny)y, T s RTS8 0, R L (1 VB A 6 8
2%, BaEWRICHE A 214 nm (n = 1) 2 2 479 nm
(n = 15), MTRUCHF AN 145 nm (n = 1) ¥ B2
574 nm (n = 15), X — &5 FRI PR R 1) 6 1
e L P Hib (g-CsNy)s BT 4 (B 1 (a) 1
B BRI YT Hh 0 A T 344 nm, 5 5256 TR O
W A PR (g-C3Ny), & T AU E
PRI K, F IR S P 4 B S PRk . AT,
N T BRSO BT, P R 0 K RH
G, IX BLFRATIE S (g-C3Ny)e &7 AT O
S JEF MBI, TR, BAIG (g-C3Nu)e
T R U R P2 AE T — 8 2, SBiR

WA 21 T B R . X SR TN 2 g-C3Ny
BT R 1A 2 T A S SR R N
T — BRI S E L.

2 HEF*E

A SCHIFH ADF (2013.01) P38 4E 32047 B A 1)
DFT 5, JUf &5 /40 fh 1 5% R8 i) e 7 22 e o
BRIZ R 3 T SURB S AUL K PWOT bR 3 2420],
ERBCRH T AR THIE M TZP 4, ftE
I SRR 1074 eV, 9 T RAE T 70 A & 1 A
SERIT SN B BRI L JRsam D, FRATT 43 i X A b 4
AT TR 5. B, M-S %2 R
H g (TDDFT) P27 %o 4 AN K& 58 45 4 ) 7 A ik
177 150 N OR S AL T IR OG RS T 5, TS i
FH 35 bR 302 SAOP A 780 34 281 g 45 i W i ke
T R TR, AR R B8 RO 100, IX S
(1841 1] I (UV-vis) W ISOG I & 2 o TR,

3 HREWT®

DFT i W5 R, O FlS i1 5 25 5 BB
Tk g-CaNy A NP7 B 929 3% BLIRATHR 45
STRRPEIEEL T (g-C3Ny)e S5 HH = A [FZR B 1) —
B NJRF. T AT, JATX (g-C3Ny)e &5
Hyr 4y C, N R FREAT 1—11 6718, W 1 (a) 7
. B (a) RN RIS RGN N 2, 3
A8 A7 A, Rid A N2, N3AINS. SRJE5T N(2, 3A18
B2 A5) BEAT O FOS HUAR, FEXTIX 245 I S5 W AT T
HERETT, SR,

3.1 OFMSBZ(g-CsNy) E T HHIJLI
OB T 254

NTRRBREET SRR E S, 0157
SIS 247 10 (g-CsNy ) BT R AT 7 U
b, etk Ja LA 25 K an B 1 (b)—(d) Frox.
AT LUE H, 8 O Ja JUAT 45 0 IF R K AR 8 3 1 AR
th, RAEO JEF M kA T BUNABGAE. Ry Tt —
W ULHB IR G 51 AR A, AT C—N Kk AT
TWE, RITRLH.

MR LFTLLE e AHELT KRB AR (g-CsNy)s,
N2 47 i O AR5, C2—N3, C2—N4 M1 C3—N5
(BN R 2R Ar ) B K 3 0k A T B o 46
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Fig. 1. (color online) (a) The optimized geometry of (g-C3N4)s quantum dots, 1-11 represented the relevant positions
of N and C atoms respectively; (b), (c), (d) the geometry optimization of doped (g-C3N4)s quantum dots with N
(site 2, 3, 8) atoms substituted by O and S atom, respectively. Here the light blue, gray brown, red, yellow and pink

spheres represent nitrogen, carbon, substitutional oxygen and sulfur as well as hydrogen atoms, respectively.

N kBRI O IS 4y 5 BE 5y BRI N

TEIREE 15 4% A IR RE R B 2R MR RE S 20 U T (O

5, BATLRA T A B 4RI T =R A
AR B R GE: By = By — Ey — mp,, +
NNUN (ﬁqjv Ef7 El; EO; Hm, UN, ﬁj\%uTEE@%%@\‘)—ﬁ

5 S) I 23 KRR T (N) I 223, m o8B
IR THH, ny NBANRBETHH). X HEN,,
0o M Sg 70 7 M THE S B IALES: ux = una/2,
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1O = 110,/2, ts = pse /S, iHE 45 RunFk 2 fir
H. O JR 1B 2= TR ke N e, TS iR
KB AT RN TE{E, RO T HBUAREB 41
(g-C3Ny)g B F i ERE. O FHAUNSAL &G
(g-C3Ny4)6-N3-O ¥ B Be & />, 10 S S B NS
f7 FJE (2-C3Ny)6-N8-S T R RE B /N, B O J5i+
B G AR NS AL A, 1M S B 5 BUAR NS A ki

RE BT AN B RO SR B A BRI, REREE A
AN S S I 7 s SR RS WA U N O
PO TR B B R T B R 25 T R 5 4
Az FS5 ) HOMO-LUMO BERR, MAERHE b 7T L
B, BARIESMBRERR AR TR N, K
BN (g-C3Na)g I HLTHE A BRI AL, MR

B e LT A A 2 T HUE (HOMO) MR IR L 5
A 2> T HUIE (LUMO) BE B REWS S — Ak 2

1R 2 H T EE R B 9 B HOMO-LUMO A ¥

*1

(A=Y

OMSHIARJEREM LR, O BRFRERES B
FAERR BN, BRAh, B R, RERR R

ANFEHACL B 240 5 A C AN Tl K, R (2-C3N4)6-N2-X, (g-C3N4)6-N3-X, (g-C3Ny)6-N8-X 43

MFREUCN(2, 3, 8 7 £1) (4R, Hd X 45109 O F1 S B N R ARi KA/, BN I Aric KK
Table 1. The bond lengths between adjacent C and N atoms are varied before and after doping. (g-C3N4)e-N2-X,
(g-C3Ny4)6-N3-X, (g-C3N4)6-N8-X (X are O and S respectively) are the structures of the substitution of N (2, 3, 8

sites) respectively. The single underline marks the shortening of the bond length, and the double underline marks

the increasing of bond length.

4k K/ A
C1—N1(1.345) C1—N2(1.371) C2—N2(1.339) C2—N3(1.356) C2—N4(1.433) C3—N3(1.359)
(&-CaNade C3—N5(1.350) C3—N6(1.389) C4—N4(1.426) C4—N5(1.336) C5—N6(1.391) C5—N7(1.350)
C5—N8(1.364) C6—N7(1.341) C6—NO9(1.346) C6—N10(1.43) C7—N8(1.355) C7T—N10(1.43)
C8—N9(1.356) C8—N11(1.396)
C1—N1(1.343) C1—O01(1.464) C2—O01(1.402) C2—N3(1.305) C2—N4(1.374) C3—N3(1.416)
C3—N5(1.324) C3—N6(1.38) C4-—N4(1.482) C4—N5(1.352) C5—N6(1.34) C5—N7(1.345)

(g-C3Ny4)6-N2-O

C5—N8(1.362

C6—N7(1.341)

C6—N9(1.341)

C6—N10(1.432)

C7—N8(1.356) C7—N10(1.43)

(g-C3Ny4)6-N3-O

C8—N9(1.357) C8—N11(1.397)
C1—N1(1.343) C1—N2(1.401) C2—N2(1.301) C2—O01(1.392) C2—N4(1.38) C3—01(1.507)
C3—N5(1.293) C3—N6(1.369) C4—N4(1.472) C4—N5(1.342) C5—N6(1.395) C5—N7(1.347)

(g—C3N4)6—N8—O

C5—N8(1.363) C6—N7(1.339) C6—N9(1.342) C6—N10(1.432) C7—N8(1.353) C7—N10(1.433)
C8N11(1.402)

C1—N1(1.345) C1—N2(1.369) C2—N2(1.339) C2—N3(1.354) (C2—N4(1.439) C3—N3(1.359)

C3—N5(1.348) C3—N6(1.397) C4—N4(1.427) C4—N5(1.336) C5—N6(1.368) C5—N7(1.292)

C5—01(1.510) C6—N7(1.341) C6—N9(1.326) C6—N10(1.471) C7—O01(1.397) C7—N10(1.381)
C8—N9(1.352) C8—N11(1.395)
C1-NI1(1.352) C1—S(1.925) C2—S(1.848) (C2N3(1.334) (€2 N4(1.390) C3—N3(1.372)

C4—N4(1.478)
C6—N9(1.357)

C4—N5(1.343)
C6—N10(1.425)

C5—N6(1.388) C5—N7(1.357)
C7—N8(1.348) C7—N10(1.43)

)
)
)
)
)
)
)
)
)
)
)
C8—N9(1.355)
)
)
)
)
)
)
)
)
)
)
)

C2—N2(1.316)
C4—N4(1.48)
C6—N9(1.357)
C8—N11(1.445)

C2—S1(1.853)
C4—N5(1.336)
C6—N10(1.427)

C2—N4(1.378) C3—S(1.912)
C5—N6(1.383) C5—N7(1.36)
C7—N8(1.347)

C3—N5(1.343) C3—N6(1.385)
(g-C3Ny)e-N2-S

C5—N8(1.366) C6—N7(1.340)

C8—N9(1.343) C8—N11(1.443)

C1—N1(1.344) C1-—N2(1.395)

C3-—N5(1.294) C3—N6(1.39)
(g—C3N4)6—N3—S

C5—N8(1.366) C6—N7T(1.338)

C7—N10(1.431) C8—-N9(1.342)

C1—N1(1.346) C1—N2(1.368)

(C3—N5(1.351) C3—N6(1.391)

(g—C3N4)6—N8—S

C5—S1(1.926)
C8—N9(1.329)

C6—N7(1.332)
C8N11(1.424)

C2—N2(1.341)
C4—N4(1.435)
C6—N9(1.338)

C2—N3(1.35)
C4—N5(1.341)

(C2—N4(1.435) C3—N3(1.361)
C5—N6(1.383) C5—N7(1.288)

C6—N10(1.474) C7—S1(1.856) C7—N10(1.379)
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#2 (g-C3Ny)e BT HAAFA SBREIN SRR HOMO-LUMO RERR . e/ IMIE J 2% 5% g
Table 2. Total energy, HOMO-LUMO energy gap, minimum frequency and impurity formation energy of
(g-C3N4)g and structures of different doping sites.

4k Het eV HOMO-LUMO #Ef /eV A Jem 1 TEHHE eV
(g-C3Ny4)g —793.481 1.863 33.209

(g-C3N4)6-N2-O —790.149 0.256 17.174 —0.682
(g-C3N4)6-N3-O —790.330 0.574 26.571 —0.863
(g-C3N4)-N8-O —790.283 0.371 24.827 —0.816
(g-C3Ny4)6-N2-S —787.122 0.326 23.748 1.714
(g-C3N4)6-N3-S —787.433 0.684 24.892 1.403
(g-C3Ny4)6-N8-S —787.621 0.617 25.196 1.215

No —16.629

02 —8.602

Sg —29.362

3.2 #BRET R

NTE MM T RS R BT RO Uk
RS, AT B J (g-C3Ny) &= T mUEEAT T
TDDFT it &, E2 NE R BHLE & (g-CsNy)e &=
T RSN -TT IR O g A 2 (b) AT BLE
H, (2-C3N4)6-N2-O £ 300—1500 nm 2 [A] 45 FH
A 7 W AT 5 (%) WO g e, 4% T A U A R A R,
R3FHN. HFR3EE, HFOALT 401 nm AR R
W Wil 32 5k | HOMO—11 — LUMO (95%) K
FERIT, 685 nm A W il £ F ok H HOMO —
LUMO+12 (44%), HOMO — LUMO+10 (28%)
AHOMO — LUMO+13 (11%) FIH-FERIE. =
FEE PUAS IS 43 73 A7 F 893 AT 1157 nm &b, 43 5
¥ E HH HOMO — LUMO+6 (89%) flHOMO —
LUMO+4 (80%) 1) T BRE$E 4. 28 AN AL
T 1433 nm &, FE Kk H T HOMO — LUMO+3
(78%) F1THOMO — LUMO+4(12%) FJ HFERIE.

B SE I (g-CsNy )6-N3-0 A — LA A
T 55 110 VR AT g, R AL B RE S 0.214 1) B R VAL
397 nm, £ EHHOMO-4 — LUMO + 4 (59%)
A HOMO-3 — LUMO + 5(30%) () T BRiE 4
B 53 A AN 55 0 5y ) A7 T 641 11282 nm 4L,
H 641 nm % F E H HOMO—LUMO4-10(44%),
HOMO — LUMO + 11(24%) #1THOMO — LUMO

+8(19%) I HL 7 BRIT 2H B, 17 1282 nim 4b 1) 55 U4
& HHOMO — LUMO + 2(94%) [ ¥ B i $2
fit. (g-C3Nyg)g-N8-O A — > W Wi ik J&E 24 0.17 1
5 U FD = A~ #B 5 0.08 (55 0. 404 nm 4b 1) 58 1%
3 HFHOMO—-7 — LUMO + 2(90%) ) B 1 ik
iE, 662 nm AL HOMO—LUMO+12(59%)
AHOMO—LUMO+10(15%) f H 7 BK 3 AT 41 1,
997 nm At (11§ 2 FH HOMO — LUMO + 5 (74%)
FTHOMO — LUMO + 4(12%) K H 7 ERIT Frifit,
1M 1250 nm 4k K ok H T HOMO — LUMO +
12(54%) FITHOMO — LUMO + 2(31%) i ¥ T
BRIT.

RAE L By Hr el 0, =FhAL A OB 2485/ AE
BN 390—780 nm [ AT WL FE 9 # AR T B
AN SR R IS0, L A N3 AL 45 24 1 (g-CsNy)6-
N3-O F It B 5 10 6 W dhe, H RO N2 A7 48 %
) (g-C3Ny)6-N2-O. 28— oA E 5 AR5 25 1
(g-C3Ny)e 7E 400 nm 7 47 &b R W e B e e,
R UEE 1 (g-CsNy)e 45 1 A 5 BT 51 1, 1
BRAE 700 nm A, RA=FO B4 A R
WU B, R B BR O BT 4B AR T 5l
. =S 2k G R S RSO 1 R TR AR
HOMO K. #EMWE KKK, HT O
RAL AR, T BC=F0 O 8 28 45 K 56 Wi 3
TEMES, FERIN: £ K N800 nm

187102-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 18 (2017) 187102

Jo, =R O 95 2% 45 K 1 W W i A B AN TR],
K A7E 800—1200 nm i [, (g-C3Ny)6-N3-O A
4059 B9 YU, T (2-C3Ny)e-N2-O Al (g-C3Ny)6-

N8-O I H B AH T 452 56 f9 B WAC Vg, 3% BT B KT
800 nm 4 ' W W 32 i AN Aoz B O T 3 BUAR

0.5
—— (9-CaNa)s
0.4
0.3
g
0.2
0.1
0
300 350 450 500 550
Wavelength/nm
0.22 0.20
0.16 —— (g-CaNa)N2-0 0.20 —— (g-CaNa)N3-0 0.18 —— (g-CaNa)s-N8-0
0.14 0.18 0.16
0.12 0.16 0.14
0.14
o 010 2 o1 P 0.12
< 0.08 < < 0.10
0.10 0.08
0.06 0.08 :
0.06
0.04 0.06
0.04 0.04
0.02 0.02 0.02
0 0 0
200 400 600 800 1000 1200 1400 1600 200 400 600 800 10001200140016001800 200 400 600 800 1000 1200 1400 1600
Wavelength /nm Wavelength/nm Wavelength/nm
0.25 0.20 0.18
— (9-C3N4)e-N2-S 0.18 — (8-C3Ny)e-N3-S 0.16 — (9-C3Ny)e-N8-S
0.20 0.16 0.14
015 012 012
(%] . w . (%]
< 2 o010 2 010
0.10 0.08 0.08
0.06 0.06
0.05 0.04 0.04
0.02 0.02
0 0 0
200 400 600 800 10001200140016001800 200 400 600 800 10001200140016001800 200 400 600 800 10001200140016001800
Wavelength /nm Wavelength/nm Wavelength /nm

K12 (a) TDDFT 4 (g-C3Ny)e KIS SN -AT WIRHOGHE; (b) AR B R A MBS S -a] RBOEE; (o) A

[ (o RUBRAB 2% G5 B 58 4 - 7T L F IR Ol

Fig. 2. (a) UV-visible absorption spectra of (g-C3N4)¢ by TDDFT simulation; (b) UV-visible absorption

spectra of oxygen doped structures at different sites; (c) UV-visible absorption spectra of sulfur doped

structures at different sites.
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ey g i W S U ) A B K BOAE ), H 5 RS B
TS RAFIHM T &R LR )
OB TR DL A R B ERIE. M
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WU, F3 S0l o — AN WA R P AR 55 g 0. o
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HOMO — 10 — LUMO + 1(24%) B H F BK i Bt
SR, AN IR AT e B B AT ) A 55 0 v s 23 ) AL T
815 F1 1574 nm, H 815 nm WIS ) HEL T BRE K
HF HOMO — LUMO +8(96%), 1M 1574 nm W&k
U F LT BRAE SR T HOMO — LUMO + 2(88%).
1E (g-C3Ny)-N3-S H1, 32 B 5= A — AN RS o o
0.19 [ 3 U A1 = AR W3 2 43 il 29 0.09, 0.05
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& HHOMO — LUMO + 1(78%) f1HOMO —
LUMO(15%) #J HL 7 BRI $R Bt 5 (g-C3Ny)6-N3-

SAHALLI /2 (2-C3Ny )6-N8-S 45 4 th = A= 7 YA &
LA W Y e, B — S R 0 R =N RS
U H: e R AL B E A 0.163 (1) 5 U6 W Wi s A2 T
405 nm &b, % 4b H 7 ERIE 2 B HOMO — 11 —
LUMO(82%) $2 8t f), T 648 F11079 nm F W Y 58
FE# N 0.07, 435 B HOMO — LUMO + 10(95%)
FMHOMO — LUMO + 3(87%) I HL ¥ BR i P 2
At TSR E A 0.04 () 1301 nm §50& FEokE T
HOMO — LUMO + 2(94%) HHLT-ERIE.

#3  (g-C3Na)e Fll O BAEMMIBURMA (WO AE) RSO B K2 BRIT A

Table 3. Excitation wavelengths (energies), absorption intensity and electronic configuration for (g-C3N4)g

and oxygen doped structures.

i & B4 /% WORWEHK /nm (eV) WS / f
51 (H—20—L+2)
1301A 14 (H—29 — L) 344 nm (3.61) 0.46
(&-C3N4)g 6 (H—27 > L+1)
64 (H—11 =L
451A ( - L) 401 nm (3.1) 0.06
25 (H — L+7)
102'A 95 (H—-11 — L) 401 nm (3.1) 0.15
44 (H — L+12)
131A 28 (H — L+10) 685 nm (1.81) 0.13
(8-C3N4)6-N2-O 11 (H — L+13)
81A 89 (H — L+6) 893 nm (1.39) 0.07
5LA 80 (H — L+4) 1157 nm (1.07) 0.04
78 (H — L+3
41A ( +3) 1433 nm (0.87) 0.07
12 (H — L+4)
59 (H—4—L+4
103' A ( 2L+ 397 nm (3.13) 0.21
30(H—-3 > L+5)
(g-C3N4)6-N3-O 44 (H — L + 10)
12TA 24 (H— L+ 11) 641 nm (1.94) 0.11
19 (H—L+8)
3TA 94 (H — L+2) 1282 nm (0.97) 0.07
941 A 90 H-7—L+2) 404 nm (3.07) 0.17
59 (H — L+12
131A ( +12) 662 nm (1.88) 0.08
(g—C3N4)6—N8—O 15 (H — L+10)
74 (H — L+5
61A (H = L+5) 997 nm (1.24) 0.08
12 (H — L+4)
54 (H — L+12
4TA ( +12) 1250 nm (0.99) 0.08
31 (H — L+2)

A FE, = Fh 2 i B 55 I 1 i T BRI L # 5
HOMO i H#H VI R, 153K N 200—800 nm
S AN RT L B AT T A ) P R s e e B, e
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R 800 nm Z Ak e 3 22 S I HUARAS
7] N A7 s i . LA B O Fll S 8 A% i i Ee AR ALl
ARG TP C R AR TR R, AR T4
PR 2= PR ST A L. O AN S 5 2= 15 B 1) bb 25 A B,
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St BERIN: E W R A BRI, HE
A L O WeME s fE s T S W iissE, H O
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Table 4. Excitation wavelengths (energies), absorption intensity and electronic configuration for sulfur doped

structures.
T & By /% WORWEAK /nm (eV) WL FE / f
58 (H+11 — L
110*A (H+11 > L) 401 nm (3.1) 0.21
24(H-10—>L+1)
-C3Ny4)6-N2-S
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(g-C3N4)6-N3-S 12TA 98 (H— L +11) 622 nm (1.88) 0.09
31A 92 (H—L+2) 1229 nm (1.01) 0.05
78 (H—>L+1
21A (H—>L+1) 1351 nm (0.92) 0.04
15 (H— L)
101*A 82 (H—11—1L) 405 nm (3.06) 0.16
1A 95 (H — L + 10) 648 nm (1.92) 0.07
(g-CgN4)6-N8-S
4TA 87 (H— L+ 3) 1079 nm (1.15) 0.07
31A 94 (H—L+2) 1301 nm (0.95) 0.04
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Fig. 3. (color online) (a) Optimized structure of (g-C3N4)e-N2-20; (b) optimized structure of (g-C3N4)s-N2-30;
(c) UV-visible absorption spectra of (g-C3Ny)s-N2-O, (g-C3Ny4)6-N2-20 and (g-C3N4)6-N2-30 by TDDFT sim-
ulation; (d) optimized structure of (g-C3N4)s-N2-2S; (e) optimized structure of (g-C3N4)e-N2-3S; (f) UV-visible
absorption spectra of (g-C3N4)g-N2-S, (g-C3N4)6-N2-2S and (g-C3N4)6-N2-3S by TDDFT simulation. C, N, sub-
stitutional O and S, H are indicated by gray brown, light blue, red, yellow and pink spheres, respectively.
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Abstract

Graphite phase carbon nitride (g-C3N4) quantum dots have received much attention due to its good stability, water
solubility, biological compatibility, non-toxicity as well as strong fluorescence characteristics. In order to enhance the
light absorption and improve photocatalytic activities of the g-C3N4 quantum dots, theoretical studies are carried out
on the O and S atoms doped (g-C3Na4)s quantum dots. First-principles calculations based on the density functional
theory and time dependent density functional theory are performed to investigate the geometries, electronic structures
and ultraviolet visible absorption spectra of O and S atoms doped (g-C3N4)s quantum dots. The results show that the
highest electron occupied molecular orbital-the lowest electron unoccupied molecular orbital (HOMO-LUMO) energy
gap of doped (g-C3N4)s quantum dots is significantly reduced though the C—N bond lengths closely related to the
impurities only change slightly. The calculated formation energies indicate that the O-doped (g-C3N4)¢ quantum dots
are more stable, and the O atom tends to substitute for N atom at the N3-site, while the S atoms prefer to substitute for
N atom at the N8-site. The simulated spectra indicate that the doping of O and S in (g-C3N4)s could improve the light
absorption. Not only the absorption peaks are extended from the UV to the infrared region (e.g. 200-1600 nm), but
also the corresponding absorption intensities are enhanced significantly by doping the O or S atoms with the appropriate
concentration. The increase of proper impurity concentration will lead to a pronounced red shift in light absorption. The
effect of doping site on the optical absorption property of (g-C3N4)e quantum dots shows that the absorption intensity
is mainly affected in the visible range, however, besides the influence on the absorption intensity, the light absorptions
of some structures are also affected beyond 800 nm. Overall, the O atoms and S atoms have a substantially similar
effect on the light absorption of the (g-C3N4)s quantum dots, while the effects of these impurity atoms are different in
the long wavelength region. Oxygen doping is better than sulfur doping in the absorption of (g-C3N4)s quantum dots
by comparing the doping of O and S. These first-principles studies give us a method to effectively improve the light
absorption of g-C3N4 quantum dots, and could provide a theoretical reference for tuning its electronic optical properties

and applications.
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