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Fig. 1. (a) Atomic structures, (b) band structure and density of states (DOS) of the g-ZnO primitive unit cell. The valence band

maximum of g-ZnO is referred to 0 eV.
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120.00°4% 4 133.79°. Ptk e i T A pn AR fb i 3
R ZH B Z5e A0 & -2 anfE 2(b)
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A E B o = 3.29 A, 43 9ILL Znl, Zn2, Zn3 K TR
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Fig. 2. Atomic structures of the g-ZnO supercells: (a) Ideal g-ZnO; (b) Vo g-Zn0O; (¢) Ny g-Zn0O; (d) N atom at hollow site; (¢) N

atom on top of Zn atom; (f) N atom on top of O atom.
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() Zn—O BEREE K 1.90 A 22 9 RT DL Z s, Z% i
N 575 g-ZnO F1fi 0.07 A, ZIE R R A L2
BN JRFATRE N N 5 O HMASH LR, ¥
12 SN, T LA AR sp? A fl. X T N g
ZnO KR RME A RERTHE A XA

E, = Eigta1 — (Evo + En), (1)
Horf B &G 68, BB 45 R R B FRE 1,
B, BUNMEFRBAZRE ; Eyora NI B R BB RE
s By, N Vo g-ZnO KR B RER; By b alisr
) N R FRIRER. No g-ZnO KR IILE & B, N
~4.12 eV, AE, BEHZB AR TRE.

XITF N@g-ZnO 1K 2, M5 BEXT AR 58 T
A AR AL 1) N R TR E g-ZnO 7S I0H
s B 2) NJEFIRNAE g-ZnO 21 Zn J5
T 1775 3) N JEFWEMIFE g-ZnO HZM) O JiT I
75 . BARZE R 2(d)—(f) B, iHEFERB,
R S AREE R, N R IR ¢-ZnO i Y I
ARk 2,12, 2.25, 2.31 A, X N W A & A9 45
HRe A AN

Ey, = Eotat — (Eg—zn0 + EN) , (2)
Hh By, S5 G RE, B NG 1A 2R 1 5 RE
12, By gm0 I g-ZnO KR MY ERER, Ex Rl
SEI N TR R, IR SRS LS A RE B
BIM: —0.25, -0.19, —0.15 V. Z5&REXI ML, 3
7] AR E W FHAE g-ZnO | BRI = g fh 45
s he B, /DR EARE 45 (N TR FHE g-
ZnO ANTTH L EI7) fa— 2 m5E. IR N@g-
ZnO R ¥ N F I B AE g-ZnO 7S o
O EFRRMMER. N8B 2% ¢-Zn0 B2k &
No g-7ZnO 1 N@g-ZnO [ 5 x 5 I 1 g 5% A 1t
UG A Kbk SR 454 RE B, I 1 FTs).

T 1L hy FBZR N JET (BRIl 1
AL 55 o-ZnO ST HIREES, by, 1 ho 4351 R AN
B2 N F R4 Zn, O BT 5 ¢-ZnO FHifY
BEES, R R IR RIEERE. dy, x B
N R F 5 EE B Zn JRF B, dy v B
N JFEF 548 O JEFRHEHK, s d: N
FS5IERM Zn, O JLFAHEAER. W& 1l LA
, TCIR BB AL W A AL, N F 48245 g-
AR N E SN ES i I} A HRIL

F# 1 NBJRg-ZnO BRI SEME G hE
Table 1. Structure parameters and binding energy

of N-doped g-ZnO monolayer.

BB /A hg/A ho/A dy /A do /A By/eV
No gZnO 0.07 0.005 0.003 192 331 -4.12
N@g-ZnO 2.12 0.003 —0.104 2.84 293 -0.25

3.2 HFEH

FIAZAbTZ R T A5 2 0 iR R 0 B8 %
JE UL R o W A B B & 3 i, Bl 0 eV K g-
ZnO MHF A

HA) g-ZnO KR ETCHEVERT. 45| A Zn 75
PG, Vi g-ZnO RRLEM LI 0.72 F11.21 eV
S B A B g T A B RE K (14 3(a)), Hirh
TEM T 0.72 eV AL B BE I T 19 2% B RE G A T 2%
KEEMUUT, B TS5 HXF R A A e A RES A
FRE S B SRR BUAE A TR, e A
I BE 1) LR RE 1) A RGN 2 s R R
Wl T iX— 4. PDOS Z5 R W], A iRe s £ 202
1 AR T ok, RIE T 52500 Zn JEF RS0 =4
AET. M5 A O%Ni)E, Vo_gZnORREA
WEE, WEHCAE, XK RSB B 1N H XK
(I 3(b)), I HEHEET Vo g-ZnO (KR EEH
A AR REDL. N B2k R85 i i
FIZ% AR, Horp N B2 O 1R &R (& 3(c)) MIZ4JR
REQAEIT Sy, ZEMT A TO LA - 2.41 eV AbH B A e
] N B 4% R BE 9, PDOS & HH 2% Ji Ak 9t = 2 2
N JEFDik. AR B N@g-ZnO &R (& 3(d))
M2 BT REMSEIE FA, FEM AT TLA - 3.01 eV bl
PR T RB SR, 1% 2% I RE ) 2 2 W B N
ToUER. JE IS G E IR R RE e
IRGE ST IR ) R

g-Zn0 [ Zn 50, O 254 . N B2 WREH 45
U 4 fis, [FARAE g-ZnO —Ff, PUFPELFE A 5
Yok A B k. Horh Vy, g-Zn0O B2 BTRE
Pk 3 2 A BE I T A BLIE A B, FLrhAE AT TR
| 1.21 eV ALY 2 45 2% T RE RN IE i 9F . No g
ZnO WY BTRE G 1 4% FI € 17 T 1Y L3874 1
N@g-ZnO M4 RES Hh A A 1Y 3 45T 24
REZUUE R I, Forh 1 2690E 5 50 S 2k e R e
H o8 W IFEA rH0E & AN 2L 5 TR S
A R A RS BEIS X Bk gl kAT E
T RE.
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Fig. 3. Total density of states and partial density of states: (a) Vy, g-ZnO; (b) Vo g-Zn0O; (c) No g-ZnO; (d) N@g-ZnO. The
valence band maximum of g-ZnO is referred to 0 eV.
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Fig. 4. Band structure of (a) Vg, g-Zn0O; (b) Vo g-Zn0O; (c) Ng_g-ZnO; (d) N@g-ZnO. The valence band maximum of g-ZnO is re-
ferred to 0 eV.
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3.3 WHMEMER

3.3.1  AKA G mh4E B o T HE AT

25 T MRR N $B4% ¢-ZnO 2
MR B REE (M), DL B N T (My). 5
N JFEF LB Zn JEF (My,) . 5 N JFEFRir 4l
i O 5 (M) HJRRESE.

%2 N4 g-ZnO B2 MREE

Table 2.  Magnetic moment of N-doped g-ZnO
monolayer.

e A Y Mo/us  My/ug Mz/ug  Mo/ps
Vo g-ZnO 0 — 0 0
Vi g-Zn0 2.00 — 0.02 0.45
No_g-ZnO 1.00 0.59 0.01 0
N@g-ZnO 3.00 1.90 0 0.05
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1O JEF A M L X5 e, B ARG L7, T
DI A R, AR AR, X 5K 3 X AR R
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0.45 pp, 0.46 pg. 24 g-ZnO KR E/D—A Zn T
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TH 2 ET). 34 o BETE Dy, REFRIE R 943
A E (T ERI) A (AR AR
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HFE 2 M7, BERESR (2 S 6 4
T) HAFTE 2 NHL T, X 2 ANHL LA E g AT
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9 B R 1 4% T RB U Fh AR R IR R Y A e
] T ERES ™A, 24 BT RE R A R o 2
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s S
Aol '““-\»ﬁ Pz Py P-
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K5 s
(c) N@g-ZnO 1A F, p HLiE /r R Kl 73 508 B IR
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Fig. 5. Molecular orbital diagrams: (a) Vg, g-ZnO supercell, O energy level splitting and electron filling; (b) No_g-ZnO supercell,

p-orbital splitting and electron filling; (¢) N@g-ZnO supercell, p-orbital splitting and electron filling.
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Abstract

The geometric structure, electronic structure, magnetic properties and absorption spectrum of graphene-like
ZnO (g-ZnO) monolayer supercell with defects are systemically studied by the first-principles calculation based
on density functional theory in this work. The defect supercell model includes zinc atom vacancy (Vy, g-ZnO),
oxygen atom vacancy (Vg g-ZnO), nitrogen atom substituted for oxygen atom (Ng g-ZnO) and nitrogen
adsorbed on the g-ZnO monolayer (N@g-ZnO). The results indicate that the geometric deformation induced by
N-doping in Ny g-ZnO and N@g-ZnO structure is negligible, while that of supercell with vacancy is relatively
large. The O atoms neighboring a Zn vacancy center in Vg, ¢-ZnO model move away from each other as a
result of symmetry breaking. As a contrast, three N atoms around V, center move into Vy, g-ZnO supercell.
The pristine g-ZnO is non-magnetic. But the magnetic moment of V,, g-Zn0O is 2.00 up in total as a result of
symmetry breaking. The partial magnetic moment mainly results from the p-orbitals of the three neighboring O
atoms. Vo g-ZnO has no magnetic moment, but possesses the electronic structure with identical spin-up and
spin-down. The total magnetic moment of the N-doped N g-ZnO is 1.00 pg, and the total magnetic moment of
N@g-ZnO is 3.00 pp. Their local magnetic moments are mainly contributed by the p-orbitals of N atom. The
density of states and the spin density are given to analyze the magnetic properties. Based on the supercell local
symmetry and molecular orbital theory, the origin of magnetic moment is well explained. The magnetic Vy, g-
Zn0, Ng g-ZnO and N@g-ZnO supercell are found to have a Dy, D5, and Cj, local symmetry, respectively,
which well explains that their total magnetic moments are 2.00 pg, 1.00 pg and 3.00 pg, respectively. The
optical absorption characteristics are also discussed. An enhancement of light absorption can be observed for the
defective supercells, due to the introduction of defect states into the band gap. The optical transition between
gap state and valance band leads to the below band gap absorption. These results are of insightful guidance for
understanding properties of graphene-like ZnO monolayer as well as g-ZnO with vacancy and N dopant, and
can be theoretically adopted for investigating the nano-electronic devices and catalytic applications based on g-

ZnO monolayer.
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