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Hydrothermal synthesis and photocatalytic property of BiVO,4 nanosheets
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Abstract: Using Bi(NO;);:5SH,O and NH4VO; as raw materials, square BiVO, nanosheet were synthesized by
hydrothermal method with ethylenediamine tetraacetic acid (EDTA) as chelating agent. The properties of the as-prepared
samples were investigated by XRD, SEM, HRTEM, Raman, DRS and BET tests. The effect of pH on the phase and
morphology of samples was studies. The results show that high crystallinity BiVO, nanosheet shapes with crystalline
monoclinic structure, whose width varies in the range of 0.6—1.0 um and length in the range of 200—300 nm, can be
obtained via a hydrothermal route assisted by EDTA. Compared with m-BiVOj, particle, the absorption band of the
microrod assisted by 2.0 g EDTA presents a little red shift and its band gap is narrowed to 2.37 eV. The BiVO, samples
with platelike, square shape, square massive, brick-shaped structure can be obtained by controlling the pH value in the
synthesis process. These BiVO, samples have certain photocatalytic activity under the visible light irradiation. A much
higher photocatalytic activity of the square nanosheet is found under visible light irradiation with a 100% degradation of
methylene blue (MB) of 10 mg-Lﬁl solution after visible light irradiation for 120 min.
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1.2 #H&EEE

FREL 10 mmol Bi(NOs);-5H,0(4.8507g)% T 5 mL
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LV E R, 5 80 C N EA T4 12 h, FIFSESHT
PROERE, BIATA3 3] BiVO, AEf, dh m-BiVOs. fREF
HEFMAAL, fEHW B A 2.0 g EDTA, 3144
W 7K FAKE BV pH AE R 3.04 5.0 7.0 #1 11.0,
RBIAFTES BiVOs ik
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FE b (0 Gl A2 R ) H S Rigaku D/max
2500v/pe A X S ek RATHHU(XRD) AT 70, AR
HE A 40 kV, Cu # K, 54 (7=0.1541 78 nm), 4
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#ES LEFEN); PAZE[E Quantachrome 73 7] ) Monosorb
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mg-L " I A S K TN T T 0 pH i) s 759 318
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Fig.1 XRD patterns of BiVO, powders : (a) m-BiVOy; (b)
BiVO, nanosheets (pH=5)
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th, WA ETIE, JREY -, XERHBEE 4,
R—3.  mfE S B (LR 2(e) FIFHRM R IE X
HLP AT A LI 2(0) RS 4K i o AT gt
SERYI) BiVO, Bt . HRTEM & rb 59 4 i 17 £E 23 59
490.255 F110.260 nm, 43 50T LR BiVO4(002)H1
(200) i [l o FHHULTT WL, JK#A R P EDTA XU 7B
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TEKFAGAETS, AL R A A2 AH T 5 4+ A
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(R O 3 S AR R R T R 5 B HHER, 97k
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N IS A7 EDTA B, B Bi'' JE R Bi-EDTA
AR, IR B TIREE, ] BiVO, Y
KT, 534, EDTA BN EEZ S| BiVO,
a1 PR AT 1) o TSR BiVO, [RI(010) it [ 1) 2% 5
EE(001) (100)FI(101)F¥y it 1T 2% FE K, A fl 405 [010]
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Fig.2 SEM and TEM images and SAED patterns of BiVO,4 powders: (a) SEM image of m-BiVOy; (b), (c) SEM images of BiVO,
nanosheet (pH=5.0); (d) TEM image of BiVO, nanosheet; (¢) HRTEM image of BiVO, nanosheet; (f) SAED pattern recorded from

white framed area indicated in Fig.2(d)
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Fig.3 Raman patterns of BiVO, powders: (a) m-BiVOy;
(b) BiVO,4 nanosheets
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LAMDILE, ahv=0 XTI S BT R i 1 Ak
W oE . I 4yl A, E pHAE N 5.0 Z&2F R4
m-BiVO, BURLFI G0 Ky (¥ ELHAE 5 95 B 430 2y 2.46 il
2.37 Ve m-BiVO, Pl (1) B AR SE RO, X H
2P/ AT o SV AN VA7 ST VO P N1 G 1 B <]
FIHRUE, 1E pH N 5.0 5&1F T4 RUH Bivo, 4K
Jv b m-BiVO, 4R 3 B B NS I R

2.3 pH{EX BiVO, AL . FERFNEERBRAYRZ M
Kl 5 Bios ALER I 2.0g EDTA &40 F, AfH pH
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2 — BiVO, nanosheets
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Fig.4 UV-Vis patterns (a) of m-BiVO, and BiVO, powders
prepared at pH 5.0 and (@hv)>—#hv curves (b)
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5 AN pH %A T TS BiVO, #34£1) XRD 1
Fig.5 XRD patterns of BiVO, powders prepared at various
pH values: (a) pH=3.0; (b) pH=5.0; (c) pH=7.0; (d) pH=11.0
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ZEo AEBRTE(pPH=11.0)5AF T, 7291 26 Jy 27.38°W) ANE] pH AEZAF R HI# 1 BiVO, BURH i 14
HILT Bi(OH)(VO LA YIHIFTHE(ICPDS No.s0 AWK 6 fic. il 6 sfLLAEH, ARIF pH {H %A+
—1623)), XM TS B EsmmE & N NS BRI SBURLE S B WX . 24 pH=3.0 i,
OH 7L/l Bi(OH); JILiE, Bi(OH); 5 VO, &k T JIA3 7= 53 R Gk, AHSR 25 AN BiVO,

i

B 6 Al pH {4 FHFA BiVO, BHKR) SEM 1%
Fig.6 SEM images of BiVO, powders prepared at various pH values: (a), (b) pH=3.0; (c), (d) pH=5.0; (), (f) pH=7.0; (g), (h) pH=11.0
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15, B L 2 2 5 BE D SR, TR EDTA-BI
AR . 1 pH {E X EDTA HIZ & RE A B0,
75 pH AEEURI, FELL LY /745, 5 B di46E
FTIMIx ) M pH /N T 7 B, EDTA 45
Bi IS5 A REURTS, A5 AER IR, AR T oK =4
/NI BIVO, 0K i, 17 JR X el K i 45 T ok AT R
B SR IR BiVO, 402K Jr, X 28 RSHR/ME BivVO, 48K
T A%, TEREA T R IT. ME pH
{EHRIIEK, EDTA 55 B IZ &R 714058, P
Bi* WR AR, TN T BiVO, 9K At A&
TRE, 1R J7HORIG BIVO, WUk, fEsRAg ME
KB Bi(OH);, H OH WKER &, #3A T EDTA
5 BT ATRE ST, W15 B R RSP 3 (R etk
IR o

7 B HAER I 2.0g EDTA 444 F, AfH pH
{ELIF 25 ¥ BIVO, R A HIEE -] Wi SR it A
K 7 o LE . EANF pH (41 R A e RE S e vl
WG IIAT WY S PR R i, Wi it 4 52 R FR B BRARFAIE,
Fie R (345 R R K (ahv)? X BE B (hv) )26 2R 2%
(WL 7(b)), wTLMESEH pH{E A 3.04 5.0 F1 7.0 i &
FSCI) BV O, A i IR ELREAEAT 56 240 il 4y 2,41, 2.37 I
2.43 eV(HHT pH=11.0 G HIFEAE BiVO, 4liH, A
WA URG)HATIHR). WL EHdE T LUE H, 7 pH
H4 5.0 B ) BiVO, 40K 756 AT WL A7 58 4 1) %
AR o

2.4 XTI R EIE AR EL TR
8 7 A BiVO, i IB A R e HEAL I R v WK
B IR 58 S h—RT WG T BEYEARIN TR AR A 26

2011 £ 7 J
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U ] e (ahvy*—hv 145
Fig.7 UV-Vis patterns (a) and (ahv)>—hv curves (b) of

BiVO, powders prepared at various pH values
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Wavelength/nm

8  BiVO, #K T GHEA T b M0 P RE R R R 5 Ah =TT
DL Bt A I ) A 2k
Fig.8 Changes of UV-Vis spectra of BiVO, nanosheet

(pH=5.0) suspended MB solution as function of irradiation time
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ORI B AR 5 R TR NN L ST 2
AT 300 nm (10U 2 SV R SE S v 5 7 B A R e ),
B T DAL M AR A ) PR o, S PR R A 1 R
JEE 550 JEE AN %, 3 A IV R RS R R A AN BTN
2808 120 min YR fE, JLEAM-AT WU i 2o A1 43
SPAH, SRR R R R AE S0 B AR R (WL IE] 8
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P AL RS [R50 F 450 CLog SR, IF Bkl A
eI AE R T B A bR, L nT BE M B AL 2 )
WEs

BiVO,— BiVO, (e+h") @)
h'+OH — OH )
et0,— 0, ©)
MB—"-9"%9: 00, . H,0 +mineralacids (7)

L 2.0g EDTA A4 KIGEIE AN 180 'C. 7K
AT TE Y 24 b ANFIIEG pHAE A R BTl 45 1 BiVO,
XV LA 1R R WO A 2t 9 o b T LA
7E pH {H N 5.0 2 N4 1K m-BiVO, X WV F 2 3 (1)
JCHEAL IZ i AE [ — 250 45 A1 T 3RAS . AN 9 T LU
AR A P WG RO 44 T, 1 3
W LR e, JEI 120 min J5 S 25 (0 B
Bl 13% 4040« ABAE AL BiVO, FIAEAE T,
SRR T LR SR, Tl £ 1K) BiVO, R 5 AT W
IR R AP TR (52 pH {H2h 11.0
T 1) 6 PRV ity 0 T DR 1 P BRI 5K I P 5 11 e g o
FERNE, FEEHE 120 min J5 AR EIE 72%, XATHE
EFEi RS K E R Biy(OH)(VO) MK T BivO,
RIAHR S A K. 24 pHAE A 3.04 5.0 F1 7.0 I Hil#5 1K)
BiVO, X FH R WS (R0 P ok FE R 805 B A v, 307
T m-BiVO, 1. 4] WOGFFA# 30 min i, pH {737
3.0« 5.0 A1 7.0 IR PR O B 50 30 h 67 %
80%H1 56%, 1Ml m-BiVO, UKL FEAFHA R 45%. FL
TR pH b 5.0 2540 T BTl e 1 7 e gk i B fees
FOEHEALRCE, 06 120 min IV F R AU LT
SEATIR M, FEMRARIL S 100%, 1A FIZAE T m-BivO,
TURE () BRARE ANy 7% e WITTHE BiVO, 49K B X6 I
H L WA 3 v WO AR . e pH (4
PEF Bl & AR i A SRR EF, 48 120 min (1)
A WLCHR IS, W46 pH Bk 3.0 F1 7.0 4 T il
A RIRE R R DG B A 2 2 T IE 99% LA E .

H TR TN pH {HAAF T 4 FF i
PG PE, F 1.4 R SERG VRSO FE L I
B S5 WV ] 10 B . B 10 AT, 046

pH{H4 3.0, 5.0. 7.0 f1 11.0 &1F FHTHl# ) BiVO,
AT m-BiVO, X MV H 3 W5 (14 0 L At e 3k 46 4
73511 0.024 31.,0.033 35, 0.018 23.0.008 95 £/1 0.010 71
min's FrA I BiVO, 4K F 0 e Bt S B3 5 4
;) m-BiVO, 1) 3 5%, HE—3D U IR H 3 1
AL TEPE B 2 5 T m-BivO, 1.

— Light on

0.8

¢lcy

04 =— Blank

*— m-BiVO,
A— pH=5
02 v—pH=3
+— pH=7
O : |_ pH:lll 1 L
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Time/min
9 R[A] pH 41T 4% BiVO, ¥4 K m-BivVO, [HT] Wl
AL RE
Fig.9 Photocatalytic activity of m-BiVO4and BiVO, powders

prepared at various pH values

K/10min™!

0
m-BiVO, 3 5 7 11
pH

10 m-BiVO, JAN[F pH {EZAT il # BiVO, Ky A0 I
FH R B DI o A I e = 3

Fig.10 Reaction rate constant K of m-BiVO, and BiVO,
powders prepared at various pH values for photodegradation of
MB
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BiVO, 4K BT s KA E . X
BiVO, 41K i R A AT K. "I, Bk 1 /LA
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RATAL, R BiVO, SRR EIR &, SRoRLIT A ik
fasb, MR E S JLE N T34k, BiVO, 16
fEALPEREAE Bi-O J\ IR IIASTE P e, B T4k
RIMAFAERRIIR ISR ST, Bk, 90K 7 BivVO, fb
MIARTEROR, XA Ag w1 FOIRE T BiVO, G HEAE
PR, 5 m-BivO, FEAAHELRIEG pH N 3.0 A 7.0
ZAF T A IR S A O R SRR A e, DA
MG HEAIE PR . {H pH=11.0 45 F Frapt il ik
Pk, BT RES LG R IAR, [ RE S AR
FERAR, AR PR RIE S ILRER,
AL TS PR

F1  m-BiVOMIA R pHS A T il BIVOLFE M IFBET L
KM
Table 1 BET surface areas of m-BiVO, and BiVO, powders

prepared at different pH values

pH 3.0 5.0 7.0 11.0 m-BiVO,

Sper/(m*g") 2,03 377 176  0.77 1.53

3 Zig

b=}

1) LA Bi(NO3)s5H,0 1 NH,VO; N Jikl, EDTA
heg A, R AR AL A T SEL N 0.6~1.0
um, JEEELIAE 200~300 nm N R TESUIEE . 450 5
RO 10) AR K R ST BiVO, T TR 40K F dib ik
AR T R T

2) 447 EDTA X BiVO, 90K F (B Kt
ML EER] . EDTA M INA RT-Hl 4% BiVO, 4
KB, R pH (AR P e A T
], e R T RS T SRR FIEHUIR BivO,
Bk, 44455 EDTA 15 Bi’ JE 1k Bi-EDTA %45
P, VAT B IR B D bR R ) ke
%,

3) BiVO, JTIEAK ety BRLT o 2.37eV, RAT
KPR WA P IR BE ) 10mg/L 7 H &
VR AT WOGHRST 120 min N, BiVO, J7 48K (1)
A 26 e ] S v T m-BiV Oy BTk, X6V F L
() B R AT 3K 100%, 17 m-BiVO, J0k 6] IV FH L 1)
B HAA T7%
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