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Preparation, Characterization and Photocatalytic Properties of
Transition Metal Ions Doping Zn;(OH),V,0;-2H,0
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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; 3 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 Zn,o;Cuppz (OH),V,0,-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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Fig.1 XRD patterns of Zns(OH),V,0;-2H,0 (o) and
Zn; 3, M5 (OH),V,0;-2H,0 (a) M=Mn, x=0.001;
(b) M=Ni, x=0.001; (c) M=Co, x=0.001;
(d) M=Cu, x=0.001; () M=Cu, x=0.01;
(f) M=Cu, x=0.05; (g) M=Cu, x=0.20 with
standard data of Zn;(OH),V,0;-2H,0
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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
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B 285 SRR IE 52 T 8 2% B Vi X 45 4 S L
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i HL - W (SEM) I G2 5 H 1 2 AR (TEM) 8T LA b 12
X HL T AT T SAED) Bl Al 2a-b Zny(OH),V,0,+2H,0
AE A m A SEM BRE R A2 4 wm A4
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JE 1.5 wm ZE 47 K/NEIAUK AL, 8] 2e~f S AN [F]
of 4 J8 B T 18 2% Zny(OH),V,0,+2H,0(0.1at% M)
SEM Kl , BT Zny(OH),V,0,-2H,0 # It , BR LR Y
Rop AN ok B A &AW R, X4l
Zn;(OH),V,0, - 2H,0 LA 2 Ziny0;My03(OH),V,0; + 2H,0
AT T R BRI (3R 2), R 2 il LIE H#E
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(M=Cu, Co,Ni,Mn) 9 Lt 3% 18 $1(18.21~19.05 m?-g™)
b K 24 # i Zng (OH),V,0, -2H,0 1Y [ 2 T A

(a), (b), (g) Zny(OH),V,0;-2H,0; (c), (h) M=Cu; (d) M=Co; (¢) M=Ni; (f) M=Mn

2 Zny(OH),V,0;-2H,0 F ZnyeeMgs(OH),V,0;+ 2H,0 (M=Cu, Co,Ni, Mn)¥J SEM ¥l ,TEM &l 1 SAED Kl
Fig.2 SEM, TEM and SAED images of Zny(OH),V,0,+2H,0 and Zn,;Mg3(OH),V,0,- 2H,0
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(a), (e) x=0.001; (b), (f) x=0.01; (c), (g) x=0.05; (d), (h) x=0.20

3 Zny 3, M, (OH),V,0,+ 2H,0 [ SEM K FIAH L 1 TEM &l
Fig.3 SEM and corresponding TEM images of Zn;g;Mg3(OH),V,0;-2H,0

(16.40 m?- g YIg K, UL 1B 2% 5 1 = ORc A2/ 5
TR -2 AR BE B TS AR W) A L X Zng(OH),
V,0,-2H,0 K Zinyo:Cugoos(OH),V,0; - 2H,0 11 B4 %
KACHE B HEAT T B e 70 A, NIEL 2¢ 1 2k AT
VLY M7 4t 00 58 1) 0 25 25 S TROK S AR AR S5, AT IX
HL 777 53 &1 (] 2 A1 2h 19 P4 i D) ] 0 2% 380 G L 7
AT ST BRE o7 359 22 BN ) £ S v B ot B A | 3 T bR Ak
75 T AH B AR Zny(OH),V,0, - 2H,0[0001] 77 1] 1 7
G, BN RARNSESEBEE FH RN
715,06 M003(OH),V,0; - 2H,0 (M=Cu, Co, Ni , Mn) 18 K 4£
H1 = AR T A (0001 THT 1Y) 5 499 0K 226 i, e 5
R Z AR —E Mz BE,  TiE— T B4t
X AR SRR K FRATIE XS Cu AN A4 4t
e S B FE i Zing_,Cus,(OH),V,0, - 2H,0(x=0.001,0.01,
0.05,0.20)iF47 T SEM . TEM ZEAiE (&l 3)F1 BET iz
(#% 2), M SEM K& 3a-d) Al LLA 5 KRB 44
an (B 2b F 29) M LB B Cu> 45 4%k B 3
BAFE S Zns ,Ma(OH),V,0,+ 2H,0 16K 45 49 R ~F
BTSN B4R 20.0at% 0] JE 5t AR EE AL
JHRL, TEM & (Bl 3e~h) 45 T 507 0 16 %, AT
DI Y Cu B4 50 0.1at% M, MORHEASREEIEAR
B, HAER R AT AR B 20 ~4 pum W/NF~1.5
wm; MBI E 1.0at9% 1), Bk D38 4 18 £
ek, HRHMAB LI RA,; HBEh
5.0at% T} , B4R 2 58 R BT AN HL 19 F 4R, i
RAF~1 pm; 82280 20.0% , #5051 E 43 A

WORLAL | D R H B RK/N~200 nm, PG, 5256
S5 R R WE T 4B 2 X0 A K S AR S5 A i AR KA —
JE MR | Bl 15 2% i SR R 350 i GOK
FESEHE 1) G K UKL % Ak 46 2 19 BET M4 2R R
BE%E Cu B2 E M 0.1at%3% 2 5.0at.% , 11 T4E
AR EE ) e A 1 TR A0 R bR 0 B I AU 55 D TR 11 52
M), S R E R R B R 19.05 m? g BE
H10.17 m?- g B2 Co>* B B2 & 20.0at%
TS EEARR AL, F L R TR 13.80 m?- g,
% 2 Zny(OH),V,0,-2H,0 # Zn, ;M;(0OH),V,0,-
2H,0 (M=Cu,Co,Ni,Mn)#J Lt R E R
Table 2 BET surface areas of Zn;(OH),V,0,-2H,0
and Zn; ; M;(OH),V,0;:-2H,0 (M=Cu, Co,

Ni, Mn)
Sample BET surface area / (m?-g”)
Zny(OH),V,0;-2H,0 16.40
Zn05,Cgs(OH), V505 2H,0 19.05
Zn2557Cogons(OH),V,0,- 2H,0 18.21
Zn07Nig05(OH),V,0,- 2H,0 18.51
Zn; 9:Mn005(OH),V,0;-2H,0 18.26
ZnomCuoga OH),V 0, - 2H,0 16.51
ZnassCuig g OH),V 05 - 2H,0 10.17
Zns0Ctogao( OH),V 05+ 2H,0 13.80
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Ni, Mn) i 58 7] UL 18 S5 63k . I il LUE
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Fig.4 UV-Vis DRS of Zn; M5 (OH),V,0;-2H,0 (a) Zn, 5, Cus(OH),V,0,-2H,0 (b)
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TS| F s 45 A 7 W [ A RE AT 044 B0 | AT L
JCERBN G VR B, BB AE R R ECE ST IR
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