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ABSTRACT

This study investigated relationship between secondary electrons produced from single gold nanoparticle as a
result of its interaction with radiation and particle size and incidence energy, provided basic data related to the
dose enhancement effect based on gold nanoparticles. Monte Carlo simulation was applied by using MCNPX MC
code, 50, 100, 150 kV and 6, 15 MV x-ray energy was used. In a water phantom, single gold nanoparticles that
are 30, 50, 70, 90, and 110 nm in diameter were placed and the tally volume was designated at every 10 nm.
Difference in electrons produced from gold nanoparticles was normalized based on absence of nanoparticle. When
the X ray energy decreased and the diameter of gold particles increased, more electrons were produced. When the
energy was lower, in the linear formula related to nanoparticle size and electron production, the gradient was
higher. And, in comparison to the MV X-ray, at kV X-ray, significantly more electrons were produced. This
study can be used as data to understand the dose enhancement effect based on gold nanoparticles, and further
research related to various materials that dose enhancement including gold nanoparticles needs to be conducted.
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I. MATERIAL AND METHODS
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Fig. 1. The sketch of the Monte carlo simulation
geometry for dose enhancement of gold nanoparticles.
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Table 1. Number of secondary electron for different
energy of beams and size of gold nanoparticle.
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Unit: particle/nm
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Fig. 2. Normalized number of secondary electrons by
nanoparticles of different diameter during irradiation
with (a) 50 kV, (b) 100 kV, (c) 150 kV, (d) 6 MV
and (e) 15 MV photon beam.

30 nm 7 JAE AE3 50 kvl 5 A SAlIA
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Table 2. Normalized ratio* of secondary electron for
different energy of beams and size of gold nanoparticle.

Beam 1100 90mm 700m S0mm 30 nm
energy

50 kV 1.62E+03  1.25E+03  9.24E+02  6.43E+02  3.38E+02
100 kV  1.27E+03  1.00E+03 ~ 7.01E+02  4.83E+02  2.77E+02
150 kv 8.17E+02  6.64E+02  4.71E+02  3.18E+02  1.62E+02
6 MV 1.90E+01  1.54E+01  121E+01  9.09E+00  6.44E+00
15 MV 5.15E+00 448E+00 3.73E+00  2.83E+00  2.26E+00

*Ratio was normalized based on absence of nanoparticle.
50, 100, 150 kvellx= 4= Aol 71 B
HAApe] WS Hel RHE) 6, 15 MVOlA = YAt
2716l w4 FAIA 93 Ae wF Beln
ol o BAYRES Bl
UAF ol Aok = vheiA} A7)l e FA 4 ollA
© kV XA oUA7t e AE A e 71e 7
ghol =A vetstom, 4xF A71el w150, 100, 50
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Fig. 3. Comparison of normalized number of secondary
electron using recursive estimation for kV photon
beam by gold nanoparticles of different diameter.
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Fig. 4. Comparison of normalized number of secondary
electron using recursive estimation for MV photon
beam by gold nanoparticles of different diameter.
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