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Stabilities and electronic properties of ZnO nanowires
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(College of New Energy and Electronic Engineering, Yancheng Teachers University, Yancheng 224000, China)

Abstract: The structural stabilities and electronic properties of four kinds of ZnO nanowires (NWs) are
investigated by using the first-principle method. The results show that the stability of ZnO NWs increa-
ses with the increase of the size. The band gaps of ZnO NWs become larger than that of the correspond-

ing bulk wurtzite ZnO due to the quantum size effect, which decrease with the increase of the size.

Keywords: Nanowire; Stability; Electronic property; Density functional theory

1 5 §

ZnO J&—FEE 2 SEAR A A R BB F i
TERFEE N 3. 37 eV T RATRE R 1K 60 meV,
HA Ry A A i, T BRI AL
V75 3 IO » AR AR AR QAR A5 12 B 7 2200
AT I BRI S R X X LR R TR ABIE 5T AT
DA FATA IR AE 44K 45 4 R A . A
BORRLFH A A8 BE . —ZE0R ARy T b 5 1 9
B AT AT A F AUETEOR I A T R A
PGS, AR BT R X S48 1R I 251 1 AR
SEVERZEREME RS, BT 90K B R iy 3
S 2R AT 28T ik S 3 )2 T AR 1 —
LR/ REE T M ERE. FRE N ISR
— PRI EBTIE T ZnO 9K LR B4 ka2 e

Wi HHE: 2017-07-01

DRI B BRAORZ B RS R R P sy
It HEA B IME BT AR 9K 237 5 5 1 R e .
(R TR AR R BRA AT T A AR Z A R
AR BEE TR AL R RE RV 4R T ]
PATH ST BRI — R R R 1 1.

A SCR SR — YR A R GRS T AR
o ZnO ORISR EER i IR F5E
L AR RS E PERESR )T B R k. A
ZnS YR R T HARA BF SR TR
ERAS I SRR BS- bk i N s A 2 2L e p SR
R I ELHEAE 9L BAR 38 T U6k

2 ERAFESHERE

ARICRAT DMol B4 4% 1 32 pR BB AE
SRR SOBR BE I AR X 25 P Ah K 2 iR 2 A BEA T T

ELWH: BEFRHRB2EH4 (11247235, 11404279, 11547263, 61504118) ; T34 i T (QLP)
BRI A HIGH, Lo L PR, BB SRR SRR RIS,

BIEE: &M, Email: dixiejianming@sina. com



1252 W K FF|RCA ARFF RO

% 55 %

ek, %ﬁ*@ﬁl‘:%%ﬁiﬁ‘/ﬁ i, j] 1728 A/ T
0.002 Ha/A i @#5/NT 0. 005 A LM S gE7s
/T 107° Ha 52 48 OC 156 I 3% B T Perdew-
Burke-Ernzerhof JE1 ., AT HE— 4538 5 A 7%
T T R PRt 1o R E L (A K 2 B RB IR B R/, TESS
FOCA R e, KRR 30 1< 1 <4, TETHE Y
KL R S5 A TR BEI KA HURE S 1< 1< 10,

PBE/DND () #EA 14 75 1 16 5¢ T 141 72 A 44 K
LB TAE P C A28, B, A
T IR ZnO GIKRL R 45 0 A8 E P AL+
YRR AT .

3 HERES

TR ZnO S5 AR BLED T T 4544
qf:ﬂa. %ﬂ:}ﬁﬂ@ﬁ.%ﬁ%ﬁgﬁ a=3.31 A,c=5.34
A, 5528550 0=3. 26 A,c=5. 22 A fH A,
TEPRAC TS i 25 A Stk b i — 2 T B W)
HLFPERT. G RRWILTRED ZnO J2 HEST B E T
A ABRN 1,02 eV, 5T 45 R IEAFW)
B AHJE SR 3. 37 eV BUMRZ. XM T
BT PR ERSTE TS B A R TR

TERAT RS P DAL B FE R L, V8% T DU AP RS
() ZnO YKL NIFIE XS 5. k2R il E AR 20 1)
7 0.37,0.99.,1. 64 Fl 2. 30 nm.icfF W1, W2, W3
WA Fra 9K R BN ZnO LR850 S ik
SER BRI B )R ). R4 i A m E
RS L0001 ). S TR 5B R
B 10 B AR 2 [ AH ELAE AT DL 20
JEr A ) P R BROA JR A R AT LB —
— YRR,

B 141 T 253 R IE ) ZnO 94K 26 A 45
[ESP R A S RN S R By S g T
In JFTHBELT N AL EAmAS . W O T BT
AN E RS DL R R R IR R4 T
SRR, R ERE NN ZnO 9K 2R BT 5
L5 —5. Chen % NS FELF B0 ZnS KL
TS 2 TR LS.

w1 w2 w3 w4

Bl ZnOMKREARTEMB. PHRKRE Zn
BT KKK ORT
Fig. 1 The relaxed structures of the ZnO NWs,
Small ball: Zn atom; big ball: O atom
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Fig. 2 The binding energy of ZnO NWs as a
function of diameter (a) and surface pair
ratio (b)
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Fig. 3 Electronic band structures of ZnO NWs
DTG R T B Bt SRR M. T ZnS 94
KERAE R/ N 2 B0 ) ety b AR e
B RSF IRRAR SR S i Bl R0

&4 TR R BRBEAN K &R AR A
ROEFR. 1T R | T AR AT B
REL . MBI AT LI ) KR 0 BE Bt Bt R~
(R ST/ IN o AELIE: LU AR RS K, R I W) f

FRy R 1 2800
24 |- | ! | ! | ! | b
LN - m- ZnO NWs i
— D R ZnO Bulk
S20F N -
~ N
Q. L N .
] \.
Q16 | BRENE -
c RES
© ~
m - . 1
12 | .
[y T
0.5 1.0 1.5 2.0

Diameter (nm)

B4 ZnO 9K &9 R T ZALE
Fig. 4 The band gaps of ZnO NWs as a function

of diameter
N T L PR AOKRE B B TR TR TN
KEH) PP AL - AR IMAER] 5 . Al A
A GOKREAN A T ZOR IR T O-2p Ml Zn-3d 1
TR TR, 10 I EZOR IR T Zn-ds HLF A9 5T
ik, HE L TR ST E /MG 2.

4 & ®

AR 30z AR — VI L R 2 R BB E ST 1 DY
FIR TR RST 1 ZnO 9K A 25 A6 A P A 1Pk
JiR. BRI A B B R I SEOR . RS AR E
PESGRE, PURR ST ZnO 9K R4 /R T B
e S < B I o AN Y VAR B S b

FIREAABHREGB T b TR 1253
800 . . . :
o w1 Zn-4s
- - - Zn4
o 1 A
Q 400 - ——-02s ]
o 0-2p
o L B s Sme A 1
1200 [~ T T T T ]
w2
38
] 60 - .
o
0 KK |M/,\f
v T T T =
2000 |- .
[}
2
g 1000 i -
0 sl -~y P e
T T T T
4000 | w4 -
(7]
O 2000 (. ]
[a] RN
o ¢ N 4
0 L Ll P | B PP
-4 -2 0 2 4

Energy (eV)

B5 ZInOMREYyESERER
Fig. 5 The partial densities of states of ZnO NWs
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