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Fig. 1. (color online) Calculated density of states for perfect S-AgVO3 obtained by the (a) GGA and (b)

GGA+U methods, respectively.
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Table 1. Calculated lattice parameters and band gap of
B-AgVO3 obtained by the GGA and GGA+U methods,

respectively.

GGA GGA+U Exp [

a/A 18.363 18.330 18.069
b/A 3.569 3.605 3.590
c/A 8.200 8.172 8.013

B/(°) 105.03 104.48 104.45
Eg/eV 1.33 2.11 2.11
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EAg,f = E(Ag,defect) - E(perfect) + nE(Ag)7 (1)
1
EO,f = E(O,defect) - E(perfect) + imE(Oz)a (2)

H1, Eag detect) T E(0 defect) 77 N H Ag 2 LA
O AL BRIE A RITERER, Epertect) 1 76 5 fi 1
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AgVOg3 & il o A PO AN AS [ 9 Ag oz o5 1) e Ry
Agl, Ag2, Ag3Fl Agd. Agl FIFEIA 61O Ji-F,
Ag2, Ag3 B & A5 NOET, Agd HEAHT7TH0
JR. BT Agd BIFRAE, BN TR R O BRI,
153 Ag2 JF T F1 Ag3 J& FANFl. 1 O JiR ¥ 1> 3
BZ, (124, REA——H. ACHE T4
MAE T Ag AL AT 12 ANASFENR) O A ST ECRE.

T2 MK 3537 B T AE Vg AR Vo 1)
GRIETE i RE. B3R 2 7] LLAR H Ag3 ¥ AL 1) el e
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wAE DR, I H Ag2 23460 Fl Ag3 25 AL 1) T il fig
M ZEBN, R A& Ag2 A1 Ag3 JE B I3 855 35481, 1
Agd ALY R B i, U6PH Agd B Or o .
MR [11]) O RIRR 45 R 18 B-AgVOs i fhH Ag
YK IR ) 7= AR B2 2 H A2 R 1 FIT Ag3 i1 5%

ST, Agd S5 T B TE 5 s B, T 3 b 3k
[ITAT LA ] O1 % B AR IR, 01 O1 22 %
SEGIRT R, Ak, M LF 2 I3, WTLLE Y
By b Eo ¢ A&, RHITE B-AgVOs AT V oy
Vo BB IR, BB ARE M Va,.

K2 (MTIEM) (a) B-AgVO3 MERAR L, (b) 6-
AgVO3 M Z MARERL; /Nl Ag i+, KE/PNERH
VEF, AR O i

Fig. 2. (color online) (a) Ball-and-stick model of
B-AgVO3; (b) polyhedral model of 8-AgVOs3. The
Green, grey and red balls represent Ag, V and O

atoms, respectively.

F2 AR Vag LA B-AgVOs L BERIE B BE
Table 2. Total energies and formation energies of [3-

AgVOs3 with different Ag vacancies.

755 Eiefect/eV Eags/eV
Agl ~479.222 1.795
Ag2 —479.386 1.631
Ag3 —479.399 1.618
Agd —479.101 1.916

#3 A Vo ML B-AgVOs A RERE e
Table 3. Total energies and formation energies of -

AgVOs3 with different O vacancies.

fiml Egetect/eV Eoyg/eV fLm  Egetect/eV  FEo,g/eV
o1 —473.917 3.585 o7 —473.630 3.870
02 —473.653 3.847 08 —473.232 4.238
03 —473.323 4.177 09 —472.990 4.510
04 —473.627 3.873 010 —473.870 3.630
05 —473.204 4.296 O11 —473.484 4.016
06 —472.971 4.529 012 —473.324 4.176
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O1 XA AL B-AgVOs I i MU R i | 1 — 8
(VA5 DAAR 90 23 Aor SR B 0T A4 1 FL 1 &5 4
. 32 Ag3 4. O1 25 AL F1 Ag3-O1 WA L [
B-AgVOs3 it df s Y.

3 (MTIRE) &8 Sk K 8-AgVO3 H A
(a) Ag3 Zhi; (b) O1 Fhi; (c) Ag3-O1 ML

Fig. 3. (color online) The supercell models of -
AgVOs3 with vacancy defect: (a) Ag3 vacancy; (b) O1
vacancy; (c¢) Ag3-O1 bivacancy defect.
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MBI 4 (c) ATLLEH, 51N Ag3 B0 5, PKAEH T
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e A — € ) BT, SO R U (2.00 V).
[FIRE, MWK 4 (e) FATR BTN OL A 5, oK
P FR gt V-3d BUE, B-AgVOs 28 n-T 2 T4k
PEST; BT O1 B ALk B AR AE, V-3d BB HH L5
2 S HCH B BAK (1.90 eV). 5] N Ag3-O1 XU E L
Ja, POKBEH R 77 it V-3d $hiE, B-AgVOs ik
I 0B FARPE R, 7 BRI A 1,70 eV, JE It
IS i AT C & 518, Ag A ITE BCRELE O
B, BEHITE B-AgVOs H 25 5 B Ag 2547,
Fr Lk B-AgVOs — BRI N p- 2 AR, X5
SLUGE B B-AgVOs & p-2 2 SR DOV R 75, Heds
Kl 4(b), (d), (f) F (h) Frn& % EZEFUEH, 4
RLER) 51 N THRT G TR A 26 FE e AN K, My
T2 B Ag-4d F1 O-2p 2246 X i, Sl 2 th
V-3d FLiE R L.
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Tit47 T Bader HLfa 0T, 24 Ag3 SALAFLER,
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TR, 55N B-AgVOs FR M EL, 2547 E
(1) Ag 51 O J5 - 1) FaL A = 486 T2, R 4.1
H T 5E 8 B-AgVO3 i A Ag3 25 (A7 E i iy A o
FHRL O 71 Ag JR 741 Bl HEL 7 J2 LA 5 (1 AR AL 1
L. M O1 SAAFERE, AL A O, AgfIV ¥
A A FIFEEE B A 7% 7%, 5881 B-AgVOs;
A EL, O1 247 1 O, Ag 1V J5LT [ HLfif =
A BTN, &R A TR e S e
B-AgVOs fa A B FEIH I AR 5. 2 Ag3-01 X7
REAFAERS, A BV R 7R O J57 1 s
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Fig. 4. (color online) Calculated band structure and density of states for 8-AgVOs3: (a), (b) No defect; (c), (d) with
Ag3 vacancy; (e), (f) with O1 vacancy; (g), (h) with Ag3-O1 bivacancy.
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5 (MM (a) Ag3 207, (b) O1 ZALAI (c) Ag3-O1 X2 o7 J [ 1 2 F3 Fi faf 2 5 43 A (P R 1 o g 235 P88 25 vy LA X
0.003 e/A3, HERREHRT, HANEHIHET)
Fig. 5. (color online) Calculated partial charge density distributions around the (a) Vg defect, (b) Vo defect and

(c) Vag-o defect. An isovalue of 0.003 e/A3 is used, and the blue and yellow isosurfaces represent negative and

positive values of electron density in space, respectively.

4 Agd AR EE TSN T AL 3.5 RBHIES
Table 4. Outer electron distributions in the atoms o - -
around Ag3 vacancy. HL R B AE A o TR A A, 2 T 25 R R
i, AR EA S e(w) = e1(w) + iea(w) KA
BT Qugvos/e  Quafe  HTEB/e L W) = e1lw) +iez(w)
o1 6814 6,805 0,009 AT CAR T oG AR AR AR 7 S U R ) R
02 6.824 6.758 ~0.066 TCERAF A L R B 6 2o (w) 1190161
03 6.819 6.804 —0.015 A2 Z ; 9 ,
04 6.818 6.749 —0.069 W) =— / d°K———=le- Mov(K)|
05 6.823 6.806 —0.017 mewt e /B (2m)
Agl 10.313 10.282 —0.105 % 5(EC(K) _ E\/(K) _ hw), (3)
Ag2 10.328 10.326 —0.002
X, TR C, Vo al RoR i A i, BZ
5  O1 &AL A R -FH4MNE B A A8 Ak N NI
* BRI A T2 AN, KOG 5, Moy (K)| 5 &6 R
Table 5. Outer electron distributions in the atoms . . . . "
around O1 vacancy. TG, w NAMER, Ec(K) M Ey(K) 7558 35

AL RESL. T4 F PR 0 SE B e (w) DU T EAR

J& L N . "
T Qagvos/e Qv /e TR [e Fil Kramers. Kroning {685 2 K i 07 W 2 8

Agl 10.313 10.359 0.046 : .
Ag2 10.328 10.388 0.060 a(w) FTENH &1 (w) Al 2 (w) HEF A3
A% 3.030 3.117 0.087 _ 2 20N 3
o1 6.965 7.003 0.038 alw) = ﬁw[ fiw) +ex(w) El(w)} - @
02 6.819 6.848 0.029 AR 5T e R AR B-AgVOs. A
03 6.811 6.890 0.089 Ag3 AL EH O1 B A& Ag3-O1 XL 8-
I S 3 43 A
#£6 Ag3-O1 AR T H0SbR A T4 540 égvoi’("%ﬁ@ﬁng H &W%‘Efﬁ’”%ﬁ” @g i
Table 6. Outer electron distributions in the atoms Ny ZIKIVI‘ﬁén%'—ﬁ ,B—AgV03 HH,MS E(J%S“ &I\E‘JL‘F&
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Abstract

Semiconductor photocatalysts have received much attention due to their applications of wastewater treatment and
air purification. The monoclinic 3-AgVOs, which has narrow band gap (2.11 €V) and can respond to visible light, has
been considered as one of the promising semiconductor photocatalysts. The vacancy defects always exist in 5-AgVOs3
prepared under the conventional synthesis conditions and have important influences on the structure and properties of
B-AgVOs3. Systematic theoretical study of the vacancy defects in S-AgVOs is still lacking. In this paper, using density
functional theory plus U (DFT+U) approach, the Ag vacancy, O vacancy and Ag-O bivacancy in -AgVOs are studied.
The formation energy, band structure, differential charge density and optical absorption spectrum of $-AgVOs with
vacancy defects are carefully investigated. When the U values are chosen as 6 €V and 2.7 eV for the Ag-4d and V-3d
electrons respectively, the reasonable lattice parameters and band gap value can be obtained for 5-AgVOs. By comparing
the formation energies of different Ag and O vacancies, we find that the dominating vacancy defects in 3-AgVOs are Ag3
and O1 vacancies, and the formation of Ag vacancy is much easier than that of O vacancy. The analyses of the total and
partial density of states indicate that the conduction band arises mainly from V-3d orbit, and the valence band is mainly
composed of Ag-4d and O-2p states for S-AgVO3. With Ag3 vacancy, O1 vacancy or Ag3-O1 bivacancy, the band gaps
of 8-AgVOs3 all decrease in different degrees. The Ag3 vacancy behaves as p-type donor, allowing the Fermi level to
shift down to the valence band maximum. However, O1 vacancy and Ag3-O1 bivacancy both act as n-type donors, and
the Fermi level shifts to the conduction band minimum. The change of the Fermi level for the vacancy defect systems
also means that the charge transfer occurs among the atoms around the vacancy, which is analyzed by calculating the
differential charge density. The Ag3 vacancy and O1 vacancy have little effects on the light absorption of 5-AgVOs in
the range of visible light, while O1 vacancy and Ag3-O1 bivacancy in 8-AgVOs cause the obvious absorption of light in

the near infrared region.

Keywords: $-AgVOs;, density functional theory, electronic structure, light absorption
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