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

High energy ion beams, inclusive of even a single ion, can accomplish high energy deposition at high density along a
single ion trajectory. Single Particle Nanofabrication Technique (SPNT) is a technique for the fabrication of nanowires
based on polymeric material using the single ion event, that cause the cross—linking reaction of polymer chains within
the ion tracks along the ion paths. In this study, hydrogel nanowires based on poly(vinylpyrrolidone) (PVP) and
N,N’—methylenebis(acrylamide) (MBA) were fabricated by SPNT. The swelling behaviors in air and water were
observed using AFM. In addition, Au nanoparticles (NPs) were directly formed on the PVVP nanowires by photoreduction
in HAuCIl,-containing MeOH solutions. Au NPs were preferentially formed on PVP nanowires. The particle size and

number density of the Au NPs were controlled by reduction conditions.
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Figure 1. AFM micrographs of nanowires formed
by irradiation of PVP/ MBA ((a)100/5, (b)100/15,
(c)100/30, and (d)100/0) thin films using 490
MeV 192030+ jon beam with a fluence of 5.0 x

107 ions/cm?2.
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Figure 2. AFM micrographs of PVP/ MBA (100/15)

thin films with different lengths. The nanowires

were formed by irradiation with 490 MeV **?0s%* ion
beam with a fluence of 5.0 x 10" ions/cm® The film
thicknesses were (a) 186, (b) 530, and (c) 1307 nm,

respectively.
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Figure 3. Relationship between nanowire length and
film thickness. PVP/ MBA nanowires were prepared

by SPNT from PVP/MBA (100/15, 100/20, and
100/30) with different film thicknesses.
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Figure 4. AFM micrographs of PVP/ MBA nanowires in water. The PVP/ MBA ((a)100/5 and (b)100/15) nanowires

on Si substrates were immersed in water and observed using AFM. (c) and (d) show cross—sectional traces of PVP/

MBA ((c)100/5 and (d)100/15) nanowires in air and water.
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Figure 5. SEM micrographs of Au/PVP nanowires. Au

NPs formed by in

HAuCI4-containing MeOH solutions for (a) 5, (b) 10,
(c) 20, and (f) 40 min.
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