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Fig. 1 XRD patterns of Ni-PVA; and Ni-PVA (A) and FTIR spectra of Ni-PVA,, and PVA (B)
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Fig. 4 The influence of added volume of PVA solution

on photocatalytic hydrogen evolution
Conditions ; 1x107° mol L™ Ni(Ac), + 4H,0; 5x10™ mol L™
EY; 0.3 mol L"'TEOA ; pH=10 ;2 h irradiation
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Fig. 5 The effects of pH (A) and the concentration of EY (B)on the photocatalytic activity
Conditions : 1X107* mol L™ Ni-PVA,y; 1 h irradiation
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Fig. 6 AQY of Ni-PVA, and Ni-PVA,; as a function of the wavelength of incident light
(A) (Conditions; 1x107mol L™ Ni-PVA, or Ni-PVA,;; 2 h irradiation) and Time courses of
photocatalytic hydrogen evolution in Ni-PVA, and Ni-PVA,; reaction systems(B)
2.6 HETR BIIMAZ EY 0B f, 8 10 min N, PAER BV

N T UEW] Ni-PVA, tE Ni-PVA, AEGERGORE Ffg 0,, IEPEY ™ 7E 580 nm AbA AR T A BES
MLl S s M R e vk, JRATIE T°EY " B Wlcmsh 1o, 48R K 7 s, EY 4374 n]
WO, K Ni-PVA, LK Ni-PVA,, TIFMEILRI 4y WOGHOR T AR U AR MR S — B RS EY

0.025 0.025
A B
0.020 t=112 us 0.020 t=102 ps
0.015 0.015
2 a
s 0.010 2 0.010
z g
0.005 | 2 0.005 |
0.000 WW 0.000 W
—0.005 1 1 1 1 —-0.005 1 Il 1 Il
0 200 400 600 800 1000 0 200 400 600 800 1000
Time/ps Time/ps
0.025
C
0.020
0.015
a 0.010
=)
3
2 0.005 -
0.000 W
-0.005 1 1 1 L
0 200 400 600 800 1000

Time/ps

7 BEALRIAFAE T EY " E 580 nm b (IS I 0
Fig. 7 Transient absorption decay of *EY * followed at 580 nm in the presence of catalysts
A: EY, B: Ni-PVA,, C: Ni-PVA,,
Conditions; 107 mol L™ Ni-PVA, or Ni-PVA,;, 10™ mol L™' EY



186 a4 F i#

e ERIE

G g B ) T DU AR K B R S — 2k
A OEYECEY T 7E 580 nm Ab A B WA WL
W FEEEY BY B, PR CEY T R
FEA N 112 ws; A Ni-PVA, J5, *EY * B9 5808 5 fir
102 ps; MHIA Ni-PVA,, fEALF], *EY " 89 Ffir
N 26 ps. XSS EY], AR TN
EY " [1] Ni-PVA , #EAL 7GRS R & Pk, AT 78
ARTFRAARIG R A4 H,. XAl H45F PVA 7
e, WK 3 Fiws, 790K Ni fyekl EY Z [RIZE8R T
— AR, A TS

FE EY-Ni-PVA, K&, T "EY " ANREA & m]
Ni #6%%, *EY " Fl TEOA MW EY™ & 1. EY™
B F A, Bo RAERIN, Y= i K
KK ifE EY-Ni-PVA,, AR, T "EY"
B Ni 5688, FEARF 4 BEY BT, EY 7EA R+
FoE, MR R PSR TERAR FRGE. BEYGREIA) Y
B, AT LAWEE EY-Ni-PVA, 1K R %0 51 th 21 68
(EY Zife) [ #apta (=) 2 e As ket imi e
EY-Ni-PVA,, &R X P S (A58 218

3 &g

YRl EY Sl Nt B B £ i 48 K R
FERZNNA PVA W LFEHIAE R A ERIR Ni, [FET PVA
W BFFAE L. AT TE PVA A A4 KEL, PVA
IAFAEAEHE YA F T ABBLT-Y (EY) [a R Ni 5642,
T4 o G s bl S P 0 T R e

S .

[1] a. PengS, An R, Li Y, et al. Remarkable enhancement
of photocatalytic hydrogen evolution over Cd, sZn, ;S by
bismuth-doping[ J]. Int J Hydro Ener, 2012, 37(2) .
1366-1374.

b. He Ping(fi *F) ,Chen Yong( % 5 ) ,Fu Wen-fu({#
SCHT). Study of visible-light driven preparation of Fe/g-
C;N, composite catalyst with simultaneous hydrogen evo-
lution ( °J WLOGIR B il % Fe/g-C, N, & A EALFI Bz Hop=
S5 [J]. J Mol Catal( China) (53 FH1K) , 2016,
30(3) . 269-275.
c. Lu Qiang( 5 5#), Li Cao-long(Z=# J¢), Wang Fei
(£ %), et al. Synthesis of novel flower-like Cu,O pho-
tocatalysts for hydrogen evolution under visible light (574
FEIR Cu, O il % Be FEuT WO i K = S e Rg) [J]. J
Mol Catal( China) (53 FHE1k) , 2016, 30(6) ; 557-565.
[2] a. Yang Yu(#% ), Xia Long-fei (E Jt &), Fan Ze-

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

yun(JE7% =), et al. Preparation of nano copper with
high dispersion and its effect hydrogen production on Pt/
TiO, (49K Cu 1 25 43l 28 B H X Cu/Tio, Hefidb sy
7K i ENERERYEIE ) [J]. J Mol Catal ( China) (735
fi#4k) , 2014, 28(2) . 182-187.

b. Li Cao-long(ZE ), Lei Zi-qiang (B H 5% ) , Wang
Qi-zhao( EH:A ), et al. Synthesis of TiO,(B) nanobe-
Its photocatalyst for water splitting to H, ( TiO,( B) 44Ky
JeAEAL R Bl 2 Be o gk S MERE) [J]. J Mol Catal
(China) (5 FHEAL) , 2015, 29(4) ; 382-389.

Peng Shao-qin (24 2E) , Ding Min( T f{), Yi Ting
(% 1), et al. Photocatalytic hydrogen evolution in the
presence of pollutant methylamines over Pt/Znln,S, under
visible light irradiation (15444 B i by v 45 44 1] LY
& Pt/ZnlIn,S, et b H &) [T]. J Mol Catal( China)
(7 TiEfk) , 2014, 28(5) : 466-473.

Li Y, Wang H, Peng S. Tunable photodeposition of

MoS, onto a composite of reduced graphene oxide and CdS
for synergic photocatalytic hydrogen generation [ J]. J
Phys Chem C, 2014, 118(34) . 19842-19848.
Wu Yu-gi (= E3H), Jin Zhi-liang (¥ IE K ), Li Yue-
xiang( ZE#%H1) , et al. Recent development of semicon-
ductor photocatalysts for hydrogen generation ( 2 5 &
ffe IS S FERE) (1], J Mol Catal( China) (53
FHELL) , 2010, 24(2) : 171-194.

Zhang Xiao-jie (i BEAS), Li Shu-ben (2= A) | Ly
Gong-xuan( B HJ4H ). Photocatalytic hydrogen generation
via dye sensitization ( 4% B 16 % A £k 38 K i &)
[J]. J Mol Catal( China) (4> F1#1k), 2010, 24(6) .
569-578.

XuJ, Li Y, Peng S. Photocatalytic hydrogen evolution o-
ver Erythrosin B-sensitized graphitic carbon nitride with in
situ grown molybdenum sulfide cocatalyst[ J]. Int J Hydro
Ener, 2015, 40(1) . 353-362.

Li Bo(Z= J%), Lv Gong-xuan( & HJ4&). Cosensitized
TiO, with different dye for water splitting to hydrogen un-
der visible light—structural similarity of dye and their du-
al promoting effect ( AN[FYRHLHAL TiO, BT WG4
IK P ENERERT ST —RORFAS AL A R 5 XU e 2800 )
[J]. J Mol Catal( China) (5> THEML), 2013, 27(2) .
181-191.

LiJ, Yue E, Lian L, et al. Visible light induced dye-
sensitized photocatalytic hydrogen production over plati-
nized TiO,, derived from decomposition of platinum com-
plex precursor[ J]. Int J Hydro Ener, 2013, 38 (25) .
10746-10753.

Yu J, Qi L, Jaroniec M. Hydrogen production by photo-



4524 BREAE: R OIBEERDCER I N* 40K Ni VERE B Y B AL R S A5 187

catalytic water splitting over Pt/TiO, nanosheets with ex- gen production from a photo-active cathode based on a
posed (001) facets[J]. J Phys Chem C, 2010, 114 molecular catalyst and organic dye-sensitized p-type
(30): 13118-13125. nanostructured NiO[ J]. Chem Commun, 2012, 48(7) .
[11] PengS, Zeng X, Li Y. Titanate nanotube modified with 988-990.
different nickel precursors for enhanced Eosin-Ysensitized [19] Lazarides T, Mccormick T, Du P, et al. Making hydro-
photocatalytic hydrogen evolution[ J]. Int J Hydro Ener, gen from water using a homogeneous system without noble
2015, 40(18) : 6038-6049. metals[ J]. J Am Chem Soc, 2009, 131 (26). 9192 -
[12] Dong J, Wang M, Li X, et al. Simple nickel-based cata- 9194.
lyst systems combined with graphitic carbon nitride for [20] Liu X, Li Y, Peng S, et al. Photocatalytic hydrogen e-
stable photocatalytic hydrogen production in water [ J ]. volution under visible light irradiation by the polyoxo-
Chemsuschem , 2012, 5(11) : 2133-2138. metalate a-[ AISiW,, (H,0) O,, ]5-Eosin-Y system[]J].
[13] Zhang W, Li Y, Zeng X, et al. Synergetic effect of me- Int J Hydro Ener, 2012, 37(37) ; 12150-12157.
tal nickel and graphene as a cocatalyst for enhanced pho- [21] Liu Xing( Xl 2), Li Yue-xiang( Z5#%3fl) , Peng Shao-
tocatalytic hydrogen evolution via dye sensitization[ J ]. qin( 24 3E) , et al. Progress in visible-light photocata-
Sci Rep, 2014, 5. 10589(1-12). Iytic hydrogen production by dye sensitization ( JBHE{k
[14] Wang C, Cao S, Fu W F. A stable dual-functional system ] WG SR ) [T]. Acta Phys -Chim Sin
of visible-light-driven Ni(IT) reduction to a nickel nanop- ( China) (W)Ff22224R) , 2015,(4) : 612-626.
article catalyst and robust in situ hydrogen production. [22] XulJ, Li Y, Peng S, et al. Eosin Y-sensitized graphitic
[J]. Chem Commun, 2013, 49(96) . 11251-11253. carbon nitride fabricated by heating urea for visible light
[15] Shahriari E, W. Mahmood Mat Yunus, Saion E. Effect of photocatalytic hydrogen evolution: the effect of the pyro-
particle size on nonlinear refractive index of Au nanopar- lysis temperature of urea. [ J]. Phys Chem Chem Phys,
ticle in PVA solution[ J]. Braz J Phys, 2010, 40(2) . 2013, 15(20) ; 7657-65.
256-260. [23] Moser J, Graetzel M. Photosensitized electron injection
[16] Hosny W M, Khalaf-Alaa P A. Potentiometric study and in colloidal semiconductors [ J]. J Am Chem Soc, 1984,
biological activity of some metal ion complexes of polyvi- 106(22) . 6557-6564.
nyl alcohol (PVA)[J]. Int J Electrochem Soc, 2013, 8 [24] Gordon J F, Colin L, Madill D. Laser flash photolysis of
(1) 1520-1533. eosin and its complex with lysozyme [ J]. Photochem Pho-
[17] LiY, Guo M, Peng S, et al. Formation of multilayer Eo- tobiol, 1976, 24(24) . 223-228.
sin- Y sensitized TiO, via Fe’* coupling for efficient visi- [25] Lee J, Choi W. Effect of platinum deposits on TiO, on
ble-light photocatalytic hydrogen evolution [ J]. Int J the anoxic photocatalytic degradation pathways of alkyl-
Hydro Ener, 2009, 34(14) . 5629-5636. amines in water: dealkylation and N-alkyation [ J]. En-
[18] Li L, Duan L., Wen F, et al. Visible light driven hydro- viron Sci Technol, 2004, 38(14) . 4026-4033.

Effect of Polyvinyl Alcohol on Performance of Ni Nanoparticles
Prepared by Photoreduction of Ni’* and Its Dye-sensitized
Photocatalytic Hydrogen Production

HUANG Zhen-xing, LI Ya-fei, LI Yue-xiang® , PENG Shao-qin
( Department of Chemistry, Nanchang University , Nanchang 330031, China)

Abstract : Ni nanoparticles were fabricated by photoreduction of Ni** using dye eosin-Y as a sensitizer. In this reac-
tion system, in the absence of PVA sphere-like Ni nanoparticles were obtained by the photoreduction; whereas in
the presence of PVA, due to its template guiding role, the prepared Ni nanoparticles showed rod-like morphology.
The PVA adsorbed on rod-like Ni nanoparticles can promote the transfer of photoinduced electrons from eosin-Y to
Ni, leading to increase of the activity and stability of the dye-sensitized photocatalytic hydrogen production.

Key words: nano-Ni; polyvinyl alcohol; dye sensitization; hydrogen production



