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Study on the Mechanism of Synthesis of Gold/Palladium Nanowires by
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Abstract: The gold and palladium nanowires (Au-Pd NWs) were prepared by microbial adsorption -
chemical reduction method using Escherichia coli (ECCs) as bio-template, cetyltrimthyl ammonium
bromide (CTAB) as a protective agent, and ascorbic acid (AA) as a reducing agent, respectively. The
influence of different Au/Pd molar ratios on Au-Pd bimetallic nanowire morphology, and their composition
was systematically studied. The as-prepared Au-Pd NWs samples were characterized by SEM, TEM and
XRD spectroscopy and other technologies. The results show that the ECCs surface provided preferential
nucleation sites, which were vital for growth of bimetallic nanoparticles. Through the adsorption and
reduction of ECCs, a small amount of Pd(0) and Au(0) were first reduced in a short time, then a large
number of Pd and Au ions were gathered around the surface of the ECCs. Upon AA addition, the reduction
reaction was greatly accelerated when the Pd and Au ions on the surface of ECCs were reduced to
preferential nuclei in a short time. The interaction between ECCs surface and the nuclei prevents their
migration, so the metal nuclei could continue to grow. The chainlike intermediate nanostructures were
formed on the cells surface in the direction of CTAB. With the addition of new atoms onto intermediate
nanostructures, the small nanoparticles were consumed via Ostwald ripening during the crystallization of
the chained nanostructures, thus forming nanowires. Therefore, owing to the synergism between ECCs and
CTAB, the growth of one dimensional Au-Pd nanostructures was sufficiently promoted.
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Tab.1 .Preparation of different Au and Pd molar ratio solutions

Fe HUETBRARY/UL  c(Pd)/(mmol/L)  nay: npg x(Pd)/%

0* 0 0 1:0 0
1* 50 0.05 5:1 16.7
2" 150 0.15 5:3 37.5
3* 250 0.25 5:5 50.0
4* 350 0.35 5:7 58.3

*E: ¢(Au)=0.25 mmol/L, c(ECCs)=0.5 g/L, c(CTAB)=5 mmol/L, c(AA)=1
mmol/L); pH=3.0,30°C, 6 h.
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Fig.1 Pictures of solutions containing different concentration of H,PdCl, (c¢(Au)=0.25 mmol/L)
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(a). ¢(Pd)=0.05 mmol/L; (b). ¢(Pd)=0.15 mmol/L; (c). ¢(Pd)=0.25 mmol/L; (d). ¢(Pd)=0.35 mmol/L
& 2 AF H,PdCL ¥R E T #1745 Au-Pd G1KAHEHK SEM Bl (c(Au)=0.25 mmol/L)
Fig.2 SEM images of Au-Pd nanowires as-synthesized in different concentration of H,PdCl, (c(Au)=0.25 mmol/L)
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Fig.3 Atomic Pd percentage in solution before reaction (a) and

atomic Pd percentage of Au-Pd nanowires after rection (b)
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Fig.4 XRD patterns (a) and {111} diffraction peak positions of the Au-Pd bimetallic nanowires with different initial addition of Pd

precursor (b), which is measured from XRD patterns (circle data points)
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(a). 0 min; (b). 5 min; (c). 15 min; (d). 25 min; (e). 360 min; (f). Fl(e)ik X [f11= 4772 TEM (HRTEM of (e). selection area)
& 5 AE R EFERE Au-Pd K728 TEM B# (c(Au)=c(Pd)=0.25 mmol/L)
Fig.5 TEM images of Au-Pd nanostructures obtained after the reaction had proceeded for different time (c(Au)=c(Pd)=0.25 mmol/L)
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Fig.7 Formation mechanism of Au-Pd bimetallic nanowires
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