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Formation of functional hybrid nano-materials by high energy ion beam
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Abstract

Hybrid nanowires (NWs) that combine Au nanoparticles (NPs) with poly(vinylpyrrolidone) (PVP) gel NWs show
reversible changes in their optical absorption wavelength as a result of volume change in the gel NWs. The Au NPs are
successfully formed on PVP NWs by photoreduction in HAuCl4-containing MeOH solutions; the NPs preferentially
form on the PVP NWs indicating the three-dimensional crosslinked networks inside the PVP NWs promote formation of
Au NPs. The particle size and number density of the Au NPs are controlled by reaction conditions such as
photoreduction time and concentration of HAuCls. The Au NP and PVP NW hybrids exhibit visible optical absorption
based on localized surface plasmon resonance (LSPR) of the Au NPs. The peak LSPR absorption wavelength is slightly
red-shifted with increasing particle size and number density. In water, the LSPR peak from Au NPs on PVP NWs is 27
nm-blue-shifted, because the particles change from an aggregated to an isolated state by swelling of PVP NWs. The
absorption peak wavelength shifts reversibly with cycles between in air and water because the distance between Au NPs

alters in response to PVP gel volume change during swelling and drying cycles.
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Figure 1. SEM and TEM micrographs of Au

nanoparticles on PVP nanowires. Au NPs were formed
by photoreduction in HAuCly-containing MeOH
solutions for (a, ¢) 5 and (b, d) 10 min.
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Figure 2. Relationship between number of Au NPs
(per NW) and reduction time. Au NPs were formed by
irradiation for 5-15 min in HAuCl4 solution with
concentrations 0.3, 0.6, and 0.9 mM. The lines are a

visual aid.
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Figure 3. Size distribution of the Au NPs on the

PVP NWs., showing dependence on photoreduction
time. Irradiation times (a) 5, (b) 7.5, (¢) 10, and (d)
15 min. (Using a 0.6 mM HAuCls MeOH solution.)
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Figure 4. UV-vis absorption spectra of the Au/PVP
NWs on glass substrates. Photoreduction in 0.6 mM
HAuCl4 solution for 5-20 min. (b) shows normalized

traces for wavelength comparison.
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Figure 5. UV-vis absorption spectra of the Au/PVP
NWs in air and water. Au NPs fabricated by

photoreduction in 0.6 mM HAuCl, solution for 20 min.
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Figure 6. LSPR peak shift of Au/PVP NWs over three
cycles in air and water. Au NPs fabricated by
photoreduction in 0.6 mM HAuCls MeOH solution for

20 min.
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