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MR Cg,, S PR /N T7 B HEAR S5 M4 TR ¢
PR BT, iS850 M N a = b = 0.3249
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St 5 RO MRF A, AR SO IR 43 i 4l
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AN Ag i 7 & ¥ — A Zn R F 1 Zng 9533A80.04170
(2 x 2 x 3) @B MAERL, BT A R a0 1 1 P
N, ZMEME T H 2 EO RN 0 at%, 1.39 at%
A12.08 at%; Xf BiFK) i & 1 73 B0 A8 0 wi%, 4.13
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1 B (a) ZnO Hfl, (b) Zng.or22Ag0.0278 0 ML, () Zno.o583A80.04170 L
Fig. 1. The models for (a) undoped ZnO cell, (b) Zng.9722Ag0.0278 O supercell, (¢) Zng.9583A80.04170

supercell.
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T ERHIAKT 0.3 eV /nm; AZmAEHN1.0x 1074
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PRAERSE . AR = AL B ANTE, BT AT
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Ag BRI B 40K R e e B n L A e
PERR T [
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AR REMAE. AL ZLIER AgB k&N
1.39 at%—2.08 at%(EE/K#H 0.0278—0.04167) [
Yo A TR TT, N Ag B A E AT 5 mol%,
B R R AR AR, i A SCIR E 1 ZnO
NS TR SR R, RIS, 9 2 SOk [15) A
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P43 AT 114 ]

BRIk RIE B R HIW A RSk R E S
HBURBRES SR EEKE L —. b
N BIAR RELE L BRIE Y. TRRLRE B R
B

Er = E71,0:a¢ — Ez00 + Ezn — Eag, (1)

H1, Eznong B RIGHRRLBRE, Ezmo 258
g

Ak FAH A /NI A6 1) ZnO 1A R IFLERE R, Bz, A

F1 JUTERALSE Zn1_»Ag,O (x =0, = 0.0278, = = 0.0417) K RIT A1 S E AR RS AEEFTE RS

Table 1. Crystal structure parameters, total energy and formation energy of doped system Znj_Ag,O

(z =0, z =0.0278, x = 0.0417) after geometry optimization.

eIy a c V /nm3 E/evV E¢/eV LAEP S
70 0.3249 0.5205 0.04759 —4294.52 — AL
n'
0.3242 0.5188 — — — ik [22]
0.3295 0.5331 0.05013 —4256.44 3.54 AL
Zno.9722A80.02780 ,
0.3247 0.5206 — — — ik [23]
0.3298 0.5341 0.05032 —4237.3880 3.71 AL
Zno.9583A80.04170 o
0.3248 0.5210 — — — SCHR [23]
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AL, Ag BB ARG, NPT T i 2 EH T
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W7ot BTG, B EREUEBMERF Ag—O0
BRAKMFERF L —. MESERER, 541
ZnO A JEEF Zn—O MK AL, Bk 110 E

BN Ag—O BERIG N SEAN SIS« B 7 B
5. AR BRI Rk R AR E VR > Hr 4h
RARTE
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Table 2. Bond lengths and population values of pure
ZnO system and doped system Zng.9722Ag0.02780.

ozi] K /nm  AEE
Ag—O (//e) 02004  0.39
Ag—O (L) 02014 043
Ag—O (//e) 02275 023

Zno.9722A80.02780
Ag—O (L) 02249 025

ZnO

3.3 ENBTEESMN

N T VR Ag B A I JE AR & 5T R AR BLAR
FH DA R BB AR 0L, 5T 45 2% B S5 MR R AE (002) TH
Yy AT R AT B 2 BroR. AR 2 (a)

AT (b) AT AR H, 54 ZnO K R, B34k R
7ng.9720A80.027s0 M Ag JR T 5 O i+ Z [Alf HL F-
= A ZnO R & Zn R 75 O Ji 7 2 [ i HL 7
ZHEBIRG, GREW, BRI BT B
TR, X5 FRB AR S R R A0 R 4y
s RARRF &

El2 (002) M EMZESEEEESMA  (a) 4l ZnO B R; (b) Znp.g722Ag0.02780 R R
Fig. 2. Electron density differences in (002) for (a) pure ZnO, (b) Zng.g9722Ag0.02780.
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® 3 BIRIER Zno.or22Ago.02780 Fl Zng o583 Ago.04170
HIBIE F AT 43 AT

Table 3. Orbital charges of doped system Zng.g722
Ago.02780 and Zno.9583A€0.04170.

O Zn Ag
2p/e 4s/e 3d/e b5s/e 4d/e
7no.9722A80.02780  5.11  0.39 9.98 0.45 9.68
7n0.9583A80.0417O  5.11 039 9.97 0.46 9.68

o

3.5 #HIZnO{Fk F& B EH 45 07
B o

K GGA+U W77, i ZnO 1R R 1 Ug zn
MU, .0 BHL5.50 F18.00 eV. iH5 13 H, 4liff) ZnO
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H, AifZnO K 3 (CB) EE M Zn M 4s & O
) 28 25 AL F R, s (VB) 32 2 i Zn f 3d A5 Al
O ¥ 2p A Z A . 1T 5 s S AN 75 T 43 73 EF Zn
1 4s 2580 O [ 2p A KR FE.
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SEEAG

Fig. 3. Electronic structure of ZnO: (a) Band struc-
ture; (b) density of states.

3.6 WIREEST

KM GGA+U Wy i+ 507, B Rk &1
Udzn U, 0 ¥IELE.50 f18.00 eV, Uga, 18 53 5
i 2.00, 4.00F15.00 eV # AT 2%k, 115 45 R L
RAPR. NRAPEH, 2Uqzn , Upo HII5.50
F8.00 &V, Ugag BU5.00 VI, 541k & 4 B
5 5 S5 DO 1 75 &, BT LA, iR LIS A 1k
AR Ugag 5.00 eVEHM. JH, iFHEH,
Zno.9722A80.02780 1 Zng 9583 A80.04170 8 JL 11 HE
W AT I 4 (a) # (b) Fras. A 4 (a) # (b)
AT LAE H, Zng.g722A80.02780 H Zng 9583A80.04170
8 1) 5 B e B 43 5l R 3.217 eV R 3.209 eV. it
AR, AR E R Ag B 78 & BEIRE N
0.0278—0.0417 FIJEH N, AgB i EBIG N, 3%
1 20 [ T8 R AR A . A4 SRR S 4 1 1O i
AR T A BB SCHER [15] A1 [16] 11
Iy, AR Wb AT A B AR FE AT IR AR,
B Ag B &GN, 5284 &R ZnO 177 BBk A2 42
FIALEE.

8
G A H K G M L H
K4 R4 A

Znop.9583Ag0.04170

(a) Zng.9722A80.02780; (b)

Fig. 4. Band structure of (a) Zng.9722Ag0.02780 (b)
Znop.9583Ag0.04170.
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F4 RH GGA+U MJ7%, BEIARE UAE Ag BT 57K R I B 58
Table 4. Band gap calculated using GGA+U with different U-values before and after the Ag-doped.

Uq4,7n/eV Up,0/eV Ud,ag/eV Eg/eV
ZnO 5.50 8.00 — 3.371
5.50 8.00 2.00 2.962
Zno.9722A80.02780 5.50 8.00 4.00 3.035
AICTAE 5.50 8.00 5.00 3.217
5.50 8.00 2.00 1.786
Zn0.9583A80.04170 5.50 8.00 4.00 2.753
5.50 8.00 5.00 3.209
LI ZnO - - - 3.371]
Znp.98Ago.020 - - - 3.22116]
Znp.94Ag0.060 - - - 3.20[16]

o SR EEAEAE Ag-4s Al Zn-4s BUIE AR HAE .
3.7 BRERInOMSEEIH LA PR S BTG BT, ph e 3 B MR 5 (b)

T GGALU I I i, i3, Znoorse B (d) HLA 4 T DLE th, At BRI Ag-ds
A0.02750 1 Zng osssAoonrO MMM AA B LS B B AFACRH . Znods B AT HOR . b,
AU 5 (o) A1 (<) BT, LR SRR Ag B BN o-s B RN T {1 I . 5
G EL M EEIEES ()R () TUE  ARERRAT .

120 120
Ca [
= 80 () — 7Zng.9722A 80,0270 ~ 80 |- () —— Zmo.9583A80.04170
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B —40 ¥ o—40l
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5 (a) Znp.9722Ag0.027sO MMM EEEE; (b) Zno.9722A80.02780 BB HASEIE; (c) Zno.9583A80.04170
) S % (d) Zno.9583A80.04170 I RS EE

Fig. 5. (a) Total density of states of Zng.g722 Ago.02780; (b) partial density of states of Zng.9722Ag0.02780;
(c) total density of states of Zng.9583A80.04170; (d) partial density of states of Zng.9583Ag0.04170.
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iy A F AR BE T I #E 3l X [A] — 3 4k R
T, B R SR IR EE T M1#2 3h 22 T4 Tl )
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A, A, BB RERIRT S, Agis i =ik
T, Bk R B A TR RS RE S5
A 25 FAH—EL
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BNHEE e (0) = &1 (w) + ieg (w) KA, HH
g1 =n?—k2 g = 2nk. &y (w) NAHEEET
SR eo (w) AT HLHE HO RS L DA [ A4 () S i
FA0 o (w) AT LA B B ERIE AR 1 8 A Kramers

- Kronig (LI R R, 1 (W), 62 (W) M a (w) FIFE
praw /I
2 oo /
e (@) =1+ 2py /0 el 0;)2 dw, 2)
_< 2 2
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x 6§ (BE — BY — hw) d3k, (3)

1/2
a<w>=¢i{ e%<w>+s%<w>—el<w>] @

Hrb, FARC, VAl RaR Sl M, B TR
BZ R X 8 — A0 N X AT U, kOB R, C
HHEE, w NI, BRI ER 4 5 S AU i
RILBER, | Moy (k)|> BB T

THREAZ RN A1) ZnO B Zng 9792 Ag0 02780
Zng.9583A80.04170 ALK 380—800 nm i il A
RS E Zr AT A B 6 B s, B 6 T, FEARSC
REMBRE @ =0, z = 0.0278, 2 = 0.0417)
TG A, Ag B A2l Bg N, OE T 2058 R 2%
MR R E Bl B v B A 45 RAHFF &, 5
Mk [16] B SE40 &5 RAH— 3K

7000

6000

5000F ™

4000 F
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O 1 1
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Fig. 6. Optical absorption spectra of pure and Ag-
doped ZnO.
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Abstract

Nowadays, the studies on absorption spectra of Ag-doped ZnO have given two distinctly different experimental
results, that is, the red shift or blue shift when the mole fraction of the impurity increases in a range from 0.0278 to
0.0417. To solve this contradiction, according to the first-principles plane-wave pseudopotential of the spin-polarized
density functional theory (DFT), we set up three models for Zni_;Ag,O (z = 0, 0.0278, 0.0417) to calculate the
geometric structure and energy via the method of generalized gradient approximation (GGA+U). Calculated results
indicate that compared with the Zn—O bond in pure ZnO system, the value of population decreases, and the bond
length of Ag—O in Ag-doped ZnO system increases, this means covalent bond weakens and ionic bond strengthens.
With the mole fraction of impurity increases in a range from 0.0278 to 0.0417, the orbital charges of O-2p, Zn-4s and
Zn-3d keep unchanged, while the orbital charge of Ag-5s increases, and that of Ag-4d is reduced; the volume and total
energy of the doped system increases, causing the system more unstable. Moreover, the formation energy of the doped
system becomes lower, thereby making the doping difficult. Meanwhile, the band gap in the system narrows, and its
absorption spectra exhibits a redshift. The calculated results are consistent with the experimental data, and can explain
the phenomena reasonably. These results may be used in future design and preparation of new type photocatalyst from

Ag-doped ZnO as a theoretical basis.
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