2020 4 3 A Wl KSR AFF 0O Mar. 2020
BETE OH2 Journal of Sichuan University (Natural Science Edition) Vol. 57 No. 2

doi: 10. 3969/j. issn. 0490-6756. 2020. 02. 021

HERiBES&E BIVO, MXENEEN,
72 85 K S 18 M BB 32

&, BOK, FEA, BAE, B, FEN, xEE, #Hmt
CPATRIHAE BHRVBIE 5 TREBE ABTII.L . 41 621010)

W OE. RARZAGE TR FimmxsmT BIVO SRS, @i s TR Mk % pH
18, RFIEA KRB ERGS A FREIRE AR EM T e RT 69 4K 5 o9 T s Auh] &k
PR KA. 4ERAN BB S, W 48 BIVO, A A8 2 A8, (2 B3 A, i T 2
N F R AL G TR AR BIVO,. IR E AR, 24148 BIVO, 89 5 AT 40% 5% K.
ERF pHALSM T ARe) BIVO, ARG HERTHATARER. ELFEmRIET,
R Zeg pHA R B RO B RALE T2 2800 ER. BT B B F a9 KBER AL LT
AR W pHALSMH TARE G X AL, FHAEASKR BIVO, E 42 ¢ LA KRR 66 R 1%, i
AL AF R F) pHALSAE T &k 89 BIVO, 50 LA R R 69 7 S5 42, KR Raman R#HF R T
RE BiVO, 21 K 84 69 B 3f 454, £ 326 F= 363 cm 89kt B T VO w9 @4k 89 B 3d AR Fa 2 AR
THIREh, & 712 A2 828 cm ™ @9kt BT VO 89 3tk fe B3t MR AP 30, R E BiVO, 458 &
8 A2 S e T LR R 3 A R R oBOKC . o 2RO A R 8y 2 B T AR T 2 W T Sk g A 1) gk it
BARES. RE AR BIVO, 21K & 09 BOl i A A P 209 R R KA M A b ARG B R L A SR M AT
FLEME AT T, f£ pH=3 B-& M09 BIVO, 28 Kk & 69 & k2% B R AR, £ % A 1EAL A
8T E R AE AR, BT AR E .

FEEIF . LBk E; BIVO,; kM RiERR

B4 &S, 0649.1; 0433.4 XHERFRISED. A XERE. 0490-6756(2020)02-0341-07

Structural, morphological and spectral properties of BiVO, nanocrystals

fabricated by a chemical protocol
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Abstract: BiVO, nanocrystals were synthesized via a safe, green and energy-saving chemical protocol.
The growth of the nanocrystals was regulated by changing the pH value of the reaction system. Further-
more, the formation mechanism and variation of spectral properties of the nanocrystals with different

structures were explored. The results show that tetragonal BiVO, is a thermally stable phase in acidic
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conditions. However, in weak alkaline conditions, the reaction tends to form monoclinic phase BiVO,
due to thermodynamics. In the strong alkaline conditions, the diffraction peak intensity of monoclinic Bi-
VO, decreases. All BiVO, nanocrystals synthesized at different pH values are in the nanoscale. In the
process of chemical synthesis, the pH value of the system plays a key role in the formed morphology of
the sample. Bi’" ions can exist in different forms at different pH values by hydrolysis, resulting in the
synthesis routes of BiVO, are different. And it makes BiVO, samples synthesized at different pH condi-
tions showing different structures. Raman spectroscopy was used to study the local structure of different
BiVO, nanocrystals. The peaks at 326 and 363 cm ™! are corresponded to the antisymmetric and symmet-
ric bending vibrations of VOI~ tetrahedron, while the peaks at 712 and 828 cm ™! are corresponded to the
symmetric and antisymmetric tensile vibrations of V-O, respectively. Different BiVO, nanocrystals have
obvious absorption in the ultraviolet and visible regions, and the transition leads to the sharp decrease in
the absorption boundary. The absorption band edge of BiVO, nanocrystals with different crystal phases
are obviously different, indicating that the internal electronic structure of the sample changes obviously.
When the pH value is 3, the intensity of the luminescent peak of BiVO, nanocrystal is the lowest, indi-

cating that the material has the lowest electron-hole recombination efficiency, and suggesting that its

photocatalytic activity is the highest.
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Fig. 1 XRD patterns of BiVO, nanocrystals synthe-

sized at different pH values: (a) pH=1; (b)
pH=3; (c) pH=5; (d) pH=7; (e) pH=9
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Fig. 2 SEM images of BiVO, nanocrystals synthesized at different pH values: (a) pH=1; (b) pH=3; (¢) pH=5;

(d) pH=7; (e) pH=9
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Fig. 4 FT-IR spectra of BiVO, nanocrystals syn-
thesized at different pH values: (a) pH=
1; (b) pH=3; (¢) pH=5; (d pH=7;
(e) pH=9
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Fig. 5 Raman spectra of BiVO, nanocrystals syn-
thesized at different pH values: (a) pH=
1; (b) pH=3; (c) pH=5; (d) pH=7;
(e) pH=9

KA Raman YGiEREGE T ANE pH (AT & 80
BiVO, 442K i1 k2 #4. NI 5 Hha] DL& 3R, 78
127, 211, 326, 327, 712 F1 828 cm ™' ¥ 1] ML 5|
Pig g, 5K BIVO, 45 IR Shg w4 . K
w1326 F1 363 cm XL T VOI T DU AR A 2 X B
A FRZ M PRS0, 712 F1 828 em ' Xt T V-O 1y
XTRRFN O FRPE AR IR 3. 24 BiVO, i DU 5 A AR
RAH B P ARTE G G5 AR 5 712 Ay DU 7 s A B AE I, B
RUHE VO™ 1 ik 3l B 2%, 16 B 7€ 1Y J7 A h

VO~ ZEFXIFR YA V-0 B AH S5 5 T H R o
B VO Z5R AT FR X B A V-O 7778 P R
WA, T A, VO IRl % =
854 cm™'.

3.5 UV-vis DRS &%

0.20

3 0.104
g
E
= 0.054

0.00

1 1 1 1
300 400 500 600 700 800
Wavelength/nm

B 6 AR pHAELT AR BVO, 44k & #§ UV-vis
DRS 3. (a) pH=1; (b) pH=3; (¢) pH=
5; (d) pH=7; (e) pH=9
Fig.6 UV - vis DRS absorption spectra of BiVO,
nanocrystals synthesized at different pH val-
ues: (a) pH=1; (b) pH=3; (¢) pH=5;
(d pH=7; (e) pH=9
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Fig. 7 PL emission spectra of BiVO, nanocrystals

synthesized at different pH values: (a) pH
=1; (b) pH=3; (c) pH=5; (d) pH=7;
(e) pH=9

4 & it

R4 B T RE AL IR R A R T B
VO Z0K . lad 28 AR R 9 pH (H, R 81
gk AR B s SRR, R A, 1Y M
BiVO, A FE M. AL 55 0 5% 1F, th T3 )
2, RN ] T BUR AR BIVO,. 758 B8 5% 14
FARME BIVO, FRAEAT ST ISR B AR, ZEA R pH
EAME R A B BIVO, 40K & 1Y &k R 35 40 T
YKL KEYHAE 10. 80~23. 20 nm Z [H]. FEfbF
HRGERE T AR R pH EXAE S IE S TE ik %
T HEBIVER. BT BT B TR, i
ATLFEARTRI pH B T A L A7 1, 5
FAEA B BIVO, 3 8 h BT AR 1) & i A%, ki
e pH EA1F T & BiVO, # 5 HA
AEIESRLER). Raman Y%, 326 F1 363 cm ™!
XN T VOT™ I TR ) 5O R R RS 4R
712 F1 828 cm ' XFR T V-O BYXFFRF X FRHL A
3l AN[E BiVO, 94K i #E 22 4R Fa] Do X 344
A S AL T LR AT B 1 ) A D A2 el
SRR ) BR AT 3 Y. AN TR AR BiVO, 99K &
(AW IS T4 B i AN (] 2 Bt R 1) T

FEA AT T A R A A T R, AR pH=3 I Ak
(4 BIVOLZRK i 14 5 04 550 B e A1 » W% 4
TR 2 U A RCR B IR R A B
JefEAIn .

S

[1] LimAR, Lee KH, Choh S H. Domain wall of fer-
roelastic BiVO, studied by transmission electron mi-
croscopy [J]. Solid State Comm, 1992, 83:185.

[2] Hirota K, Komatsu G, Yamashita M, et al. For-
mation, characterization and sintering of alkoxy-de-
rived bismuth vanadate [ J]. Mater Res Bull, 1992,
27.823.

(3] JrmitH, #W. W B Aema i 73 m b 2] 4 5ot
AL A2 PERR Y BIVOOSGREME L1, PUIR 224k A
SRPBFARR, 2018, 55 571.

[4] Park Y, Mcdonald K J, Choi K S, Progress in bis-
muth vanadate photoanodes for use in solar water
oxidation [ J]. Chem Soc Rev, 2013, 42: 2321.

[5] Kudo A, Omori K, Kato H. A novel aqueous
process for preparation of crystal form - controlled
and highly crystalline BiVO, powder from layered
vanadates at room temperature and its photocatalytic
and photophysical properties [J]. ] Am Chem Soc,
1999, 121. 11459.

[6] Kohtani S, Koshiko M, Kudo A, et al. Photodeg-
radation of 4-alkylphenols using BiVO, photocata-
lyst under irradiation with visible light from a solar
simulator [ J]. Appl Catal B: Environ, 2003,
46, 573.

[7]  Tokunaga S, Kato H, Kudo A. Selective prepara-
tion of monoclinic and tetragonal BiVO, with scheel-
ite structure and their photocatalytic properties []J].
Chem Mater, 2001, 13 4624.

[8] Zhou B, Zhao X, Liu H, etal. Synthesis of visible-
light sensitive M-BiVO, (M= Ag, Co, and Ni) for
the photocatalytic degradation of organic pollutants
[J]. Sep Purif Technol, 2011, 77 275.

[9] Yu] Q, Zhang Y, Kudo A. Synthesis and photo-
catalytic performances of BiVO, by ammonia co-pre-
cipitation process [J]. ] Solid State Chem, 2009,
182 223.

[10] Fan HM, Wang D], Wang L. L, etal. Hydrother-
mal synthesis and photoelectric properties of BiVO,
with different morphologies: an efficient visible-
light photocatalyst [J]. Appl Surf Sci, 2011,
257 7758.

[11] Castillo N C, Heel A, Graule T, et al. Flame-as-



%24

EaEat,

s ALFEE R S BIVO, R AR M B RE LSRR

347

[12]

[13]

sisted synthesis of nanoscale, amorphous and crys-
talline, spherical BiVO, with visible-light photocata-
Iytic activity [J]. Appl Catal B: Environ, 2010,
95. 335.

Dunkle S S, Helmich R J, Suslick K S, BiVO, as a
visible-light photocatalyst prepared by ultrasonic
spray pyrolysis [ J]. ] Phys Chem C, 2009,
113 11980.

LiM T, Zhao L., Guo L J. Preparation and photo-

electrochemical study of BiVO, thin films deposited

| Bl Mgt

i* SCe EREHE, B, ZERA, SF ARAERIE A BIVO 9K G SR B S BOGREE RGE LT ], DU R 22
| i

FURBHSERR . 2020, 57, 341.

[14]

[1

-

]

by ultrasonic spray pyrolysis [J]. Int ] Hydrogen
Energ, 2010, 35. 7127,

Galembeck A, Alves O L. BiVO, thin film prepara-
tion by metalorganic decomposition [ J]. Thin Solid
Films, 2000, 365: 90.

Sayama K, Nomura A, Arai T, etal. Photoelectro-
chemical decomposition of water into H, and O, on
porous BiVO), thin-film electrodes under visible light
and significant effect of Ag ion treatment [J]. J
Phys Chem B, 2006, 110. 11352.

B

+ P& . Wang J L, Liao R, Li Y L, et al. Structural, morphological and spectral properties of BiVO, nanocrystals +
+ fabricated by a chemical protocol [J]. J Sichuan Univ: Nat Sci Ed, 2020, 57 341. +

G G S P G G S O P G U S SO G U S SO SO U O S S U S



