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Abstract: Transition metal ions doping Zn;(OH),V,0;:2H,0 with micro flowerlike morphologies were successfully
synthesized by a surfactant-free hydrothermal method, which formula can be presented as Zn; ;M3 (OH),V,0,-2H,0
(M=Cu, Co, Ni, Mn; 0.001 <x=<0.20). The as-prepared micro flowerlike structures were characterized by means
of XRD, SEM, TEM, UV-Vis DRS, EDX and BET techniques. The results of structure and morphology analysis
showed that 3d transition metal ions doped samples remained Zn;(OH),V,0;-2H,0 hexagonal structure, and the
micro flowerlike structures were assembly of 2D nanosheets with (0001) main crystal facets. In UV-Vis DRS test,
the spectra of as-prepared doping samples displayed red-shifts in the band-edge, and the red-shift value of Cu*
doped sample was largest. It was the first time undoping and transition metal ions doping Zn;(OH),V,0,-2H,0
were used as the photocatalysts for organic pollutant degradation under visible light irradiation. It was found that
0.1at% Cu doped sample Znyo,Cugs (OH),V,07-2H,0 exhibited the highest photocatalytic activity for visible
degradation of methylene blue (MB) among the doping and undoping analogues. Moreover, the influence facts

including type and doping concentration of transition metal ions on the visible-light-driven photocatalytic activity

of Zn; 3, M5(OH),V,0;+2H,0 were also investigated.
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1 Zn;;M;(OH),V,0,-2H,0 (M=Cu,Co,Ni,Mn)
Table 1 Lattice parameters of a set of Zn; ;,M;(OH),V,0;:-2H,0 (M=Cu, Co, Ni, Mn)

M x a=b / nm ¢/ nm Veell / nm? D/ nm
0.0 0.607 9 0.718 2 0.229 9 29.8
Cu 0.001 0.607 2 0.719 0 0.229 6 29.2
Cu 0.01 0.606 5 0.718 8 0.228 9 28.8
Cu 0.05 0.605 3 0.719 0 0.228 2 243
Cu 0.20 0.603 0 0.717 9 0.226 0 21.5
Co 0.001 0.607 9 0.718 6 0.230 0 30.0
Ni 0.001 0.607 3 0.719 0 0.229 6 29.5
Mn 0.001 0.608 0 0.719 3 0.230 3 31.0
Cu®(r=0.072 nm) Zn® (r=0.074 2 Zn(OH)LV:0,-2H0  0.lat% M
nm) . ZnasMoan(OH)2V:0, - 2H:0(M=Cu , Co, Ni , Mn)
, ,0.1a1% M (SEM) . (TEM)
29.2~31.0 nm o Cu* (SAED) 2a-b Zny(OH),V,0,-2H,0
, SEM , 4 pm
29.8 nm 21.5 nm(20.0at% Cu), , 20 nm
,1.5 pum 5 2c~f
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Fig.2 SEM, TEM and SAED images of Zny(OH),V,0;+2H,0 and Zn;e;Mgus(OH),V,0,-2H,0
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Ni, Mn)
Sample BET surface area / (m?-g™)

Zny(OH),V-0,-2H,0 16.40
Z2Ctioa(OH),V,0,-2H,0 19.05
7n997C00003(OH),V,07+ 2H,0 18.21
ZnsosNigas(OH)2V,0,-2H,0 18.51
11509 Mngs( OH)2V05- 2H,0 18.26
Zn2570Cug03(OH), V207 2H,0 16.51
7Zn, 5 Cug50(0OH),V,0;-2H,0 10.17
711> Citog( OH), V-0, - 2H,0 13.80

2.2
da  Zns(OHRV0.-2H,0  0.1ai%

Z1,09M003(OH),V,0; - 2H,0 (M =Cu, Co,

Ni,Mn) - o

2



10 Zny(OH),V,0,-2H,0 2175
(a) b)
A~ £
R T st e .
= g 400 500 & dr;)n 700
by 500 600 700 W = " Wavelength  nm
..é Wavelength / nm B 20.0% Cu
< Zn,,, Cu,  (OHLV O (HO), < 5.0% Cu
Zn,, Mn,_(OH).V.0,(H,0), 1.0% Cu
Zn,  Ni, . (OH),V,0 (H,0), 0.1% Cu
Zn,, Co, . (OH),V,0.(H,0), 0.0% Cu
Zn,(OH),V,0,(H,0),
300 400 500 ﬁl'm ) ?EN] - 800 200 3(')0 -1('“! SI!)(} 600 700 800
Wavelength / nm Wavelength / nm
B 4 Zny My (OH),V,0,-2H,0 (a)Fl Zny 3, Cus(OH),V,0,+2H,0 ()9 %€ - al WL # 5z 55O i
Fig4 UV-Vis DRS of Zn, M+ (OH),V,0,+2H,0 (a)# Zn, ,Cus(OH),V,0,:2H,0 (b)
Zn3(OH)2V207 * 2H20 375.1 nm, 2.3
2.3.1
, Cu™ Zn2.997C110.003(0H)2V207 N
2H20 ) 385.9 nm, , 0.1at% Zn2‘9g7M0.003
WOOd TaucBO] an(OH)2V207 M 2H20 (0H)2V207 * 2H20 (M :Cu , CO , Ni , Mn)
3.30 eV, 34 eV , 5 o
: 3.03 eV 14, :
Z1a6:Cuios (OH),V,0, - 2H,0 3.21 , Cu?
eV o - Zl’lzgg7CHO_(x)3(OH)2V207 * 2H20 o
500~650 nm ( 4a ), Mn**<Ni**<Co**<Cu**,
. UV-Vis DRS(  4a)
Zou P Ni InTaO, 300~400 nm ,Cu* d .
N 420~520 nm Zn3(OH)2VZO7 * 2H20 /
, Ni3d , , ,
Ino'gNioAlTaO4 2.6 eV 23 eV , 1.0-
) 0.9 4
R Cu?* 0.84
Zn3_3xCU3x(OH)2V207 ° 2H20 UV-Vis DRS . 0.7+
N 4b Cu2+ N :: 0.6 ~&— No catalyst
n.s-‘ —e—Zn,{0H),V,0, 2H,0
s s —»—Zn,_ Mn,_ (OH),V,0, TH0
044 —a—zn,Ni,, (OHLV.0, 2H0
o 034~ 70.4,C0,,,(OHLV,0, 200
Caol®? TiO, Sp+ 5 5 —o—7n,,, Cu,, (OH)LV,0, 2H 0 \
00 05 10 1s 20 25 30
,Sn* Time / h
0.4 eV TiO - i
’ ev, 2 Bl 5 KB FELY ZnemMom(OH)V0,- 2H,0
o (M=Cu, Co, Ni, Mn)# ] WL i fff 60 % 1 4
s > Fig.5 Comparison of photocatalytic degradation
d d N efficiencies of ZnyeMus(OH),V,0,+2H,0
. . S (M=Cu, Co, Ni, Mn) under visible irradiation

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



28

2176
’ g_l 1) )
o 3d Cu Zn2‘997Cu0_003(0H)2V207 * 2H20
,  Kudo ™ Cu 7ZnS P25(  6bh),
(Zn0.957Cu0_043S) (420 nm) Hz; an(OH)2V207 ° 2H20 P25
Cu* CaTiO; o
(331 o 2 N ZDZMCUO'W(OH)2V207 * Zn2'997Cu0,003 (OH)2V2O7 ° 2H20 Cu2+
2H,0 19.05 m?-¢™ 3 ,
Zl’l2997Cllo_0()3 (OH)2V207 * -
2H,0 P25 , 6 . ba g
ZH2'997C11()'0()3(OH)2V2O7 ° 2H20 TA
o P25 . 50 m?* (+OH)
1.0 (a) (b)
ol —a— P25
0.8 —+—17n,, Cu, . (OH),V.0,2H,0
0.7 = ;
Y 0.6 <
= T
0.5 4 =
0.4 =
—e— P25
03«4 —4—Zn, Cu (OH),V,02H0
0.2 —tT T T T ™7
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 20 25 3.0
Time /h Time /h
B 6  ZnyeCuges(OH),V,0,-2H,0 F1 P25 7 b 2 il BUH — 16 b B i (a) 1 /S (b) B9 0T WL % e i 200 % L 8
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of fluorescence intensity at 426 nm for Zn,e;Mgun(OH),V,0,-2H,0 (M=Cu, Co, Ni, Mn)
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