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Table 1 Preparation conditions of Au/Ni bimetallic
nanoparticles

Concentration PVP/ NaBH,/
Sample Au/Ni  of [Au*]and  [AU*+Ni*"] [Au®**+Ni*']

[Ni®*)/mmol L mol ratio mol ratio
AN-1  100/0 0.66 100/1 5/1
AN-2  90/10 0.66 100/1 5/1
AN-3  80/20 0.66 100/1 5/1
AN-4  50/50 0.66 100/1 5/1
AN-5  20/80 0.66 100/1 5/1
AN-6  10/90 0.66 100/1 5/1

AN-7  0/100 0.66 100/1 5/1
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Fig.1 UV-Vis spectra of colloidal dispersions of Au/Ni

nanoparticles with various contents of Ni
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Fig.2 UV-Vis spectra of colloidal dispersions of Au/Ni bime-
tallic nanoparticles and the physical mixture of mono-

metallic ones
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Fig.3 Catalytic activity of Au and Ni, and AusoNiso nanoparticles
and a physical mixture of Au nanoparticles and Ni nanopa-

rticles (50:50, molar ratio)
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Fig.4 TEM images and diameter distribution histograms of Au (a), AugNi1o (b), AugoNizo (C), AusoNisg (d),

AuxoNigo (€), and AuioNig (f) nanoparticles
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Fig.5 Influence of metal composition on the hydrogen gene-
ration from the hydrolysis reaction of alkaline NaBH,
solution of Au/Ni BNPs

FEAGTE T & T NI GRROR FE . (2) Au/NT B4 R
298 K SURE (4 4R A3 P v T Au R N R4 R 48 K SR 1)
TEME . (3) AusoNiso XU 4 Ja 44 K JUHE fr) i 1 3 P B3t i
HHE A 3] 550 mol-H, h™t mol-M™, & Au Hl Ni 84>
JB YN K TORL 1 4 i .

-1 #1 a
NaBtH, +2H,O=NzfB0)+4H,
5

-1 Hl

NaBHH|,+2H,0=NaBD)+4H, t

oB-H BEWT R, AT A, NaBH, 1 H 8-1 1 &
H-O 5 (1 I 28 A2 i) H R 7 F1 B-H B B 24 A= 1 H
JEF 4G A Hyo X 4275 AusoNise XU 45 J& 41K it
K&, Au 570 Ni JiF355) 5040 T H, Ktk Au
JEF A Ni 72 (8] A BAE F R BT A 1 iR 1 #8 e
H, XSG AR LI Au SR AT TR HL ) N 5T 2 RE R
MG E L, SECLEA S EE. T
YT “E4” B AuggNigg B AugoNigy R4 & 4K Hil ki
Mma, Hd NiJ FoAu G 7 &R, HEgEss s
T IE L E O, R TS B AR b, BRI
HAE AL IS VE AN I AusoNise X4 i 29 K JOkE ) 47,
AUNI R gH K FTORE 1) FEL e 5 7% 28082 7 i T P
6 7N

b 1+ c
NaBH,+2H,0=NaBO,+4H, }

16 Au/Ni XU 8 94 K BRI 7 ) R A 2 7 7 2 181
Fig.6 Schematic illustration of electronic charge transfer effects in Au/Ni BNPs : (a) AusoNiso, (b) AuzoNigo, and (¢) AugoNizo
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Fig.7 Au 4f XPS core level spectra recorded from AusoNiso BNPs
synthesized with low content of PVP (Rpvp=5)
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Fig.8 DFT calculations of electronic structure of NissAui, BNPs
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Fig.9 Influence of NaBH,4 concentrations on the hydrogen
generation from the hydrolysis reaction of an alkaline
NaBH, solution of AusoNiso BNPs
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Preparation and Catalytic Activity of Au/Ni Bimetallic Nanoparticles for Hydrogen
Generation from the Hydrolysis Reaction of Alkaline NaBH, Solution

Wang Xiaofeng®, Cao Yingnan®?, Sun Shaorui*, Huang Zili*, Zhang Haijun®3, Zhang Shaowei??
(1. Hubei Key Laboratory for Efficient Utilization and Agglomeration of Metallurgical Mineral Resources,
Wuhan University of Science and Technology, Wuhan 430081, China)

(2. College of Materials and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)
(3. State Key Laboratory Breeding Base of Refractory and Ceramics, Wuhan University of
Science and Technology, Wuhan 430081, China)

(4. Beijing University of Technology, Beijing 100124, China)

Abstract: Poly(N-vinyl-2-pyrrolidone) (PVP)-protected Au/Ni bimetallic nanoparticles (BNPs) were prepared using a chemical reduction
method. The obtained BNPs were characterized by Ultraviolet-visible spectrophotometry (UV-Vis) and transmission electron microscopy
(TEM). The effects of metal compositions on the hydrolysis reaction of the alkaline NaBH, solution were studied. The results indicate that
the prepared Au/Ni BNPs have an average size of 2.9~4.2 nm. The activities of BNPs are much higher than that of Au and Ni monometallic
nanoparticles (MNPs). Among all the MNPs and BNPs, Au/Ni BNPs with atomic ratio of 50/50 display the highest catalytic activity,
showing a high hydrogen release rate of 550 mol-H, h™ mol-M™at 30 €. The catalytic activity of the Au/Ni BNPs higher than that of
corresponding MNPs can be ascribed to electronic charge transfer effects. X-ray photoelectron spectroscopy (XPS) and density functional
theory (DFT) show that Au atoms are indeed negatively charged, while the Ni atoms have positive charges due to the electron donation
from the Ni atoms to Au atoms. The positively charged Ni atoms and negatively charged Au atoms act as catalytic active sites for the
hydrolysis reaction of the alkaline NaBH, solution. AusoNiso BNPs display a low apparent activation energy of 61.9 kJ/mol.

Key words: Au/Ni; bimetallic nanoparticles; hydrogen generation; catalytic activity
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