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Abstract: This study aimed to develop a Geant4-DNA-based dose prediction method for the efficient and size-control-
lable electron beam-induced synthesis of gold nanoparticles (AuNPs) stabilized with polymers, and to analyze factors
influencing their sizes. The required dose for the complete reduction of 0.5 mM HAuCl, precursors was predicted using
the computational G-values representing yields of chemical species formed from electron beam radiolysis of water, and
compared with measured values. The UV-vis and TEM results revealed that both polymer stabilizer and dose rate act as

reaction factors directly influencing the plasmon resonance bands and sizes of AuNPs synthesized by electron beam irra-
diation.

Keywords: gold nanoparticles, electron beam-induced radiolysis, dose prediction, polymer stabilizer, dose rate.
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Scheme 1. Electron beam-induced synthesis of gold nanoparticles

(Au NP) with polymer stabilizers.
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(HAuCL, >99.9%, Kojima, Japan)S AF&-3F13L JLEA} 9H4
3|2+ PVA(polyvinyl alcohol, MW 85k~124k, Merck, USA)
2} PVP(polyvinyl pyrrolidone, MW 630k, Merck, USA)E A&
o 2z AAAZE o] &ZEF-E(isopropanol
(iPrOH), >99.%, Merck, USA)S- ©]&3}3it}.
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Figure 1. Time-evolution of G-values for hydroxyl radicals (HO-), hydrated electrons (e,,), and hydrogen radicals (H-) generated from 1 MeV
electron beam-induced radiolysis of water at different doses calculated with Geant4-DNA simulation.
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Figure 6. Tentative mechanism for the formation of gold nanopar-
ticle trough electron beam-induced radiolysis of water with iPrOH.
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condition of 10 kGy and 1.0 kGy/s.
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Figure 8. (a) UV-vis spectra; (b) TEM images and size distribution
of PVA-10, PVA-r10, and PVA-r20 prepared through irradiation at
different dose rate of 1, 10, 20 kGy/s under the fixed 0.5 mM HAu-
Cl, precursor solution containing a PVA polymer stabilizer.
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