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Abstract 
We made an experiment apparatus for the investigation 

of nano particle synthesis by proton inducing. It is 
composed of water tank, thin sample case with large area, 
ultrasonic oscillator, beam entrance window, monitoring 
camera, etc. Pt nano particles were fabricated. Nano 
particle characteristics are influenced by the condition of 
the solution, such as concentrations of H2PtCl6, CP and 
IPA. The experiment apparatus was designed that Pt nano 
particles were fabricated fore conditions. For a proton 
induced synthesis, some parameters, such as beam energy, 
beam current, flux, total dose, dose rate, etc. are also 
known as important process variables. To identify the 
effects of these irradiation parameters, we investigated the 
properties of nano particles according to the changes of 
these parameters. The energy was changed in the range of 
10 ~ 40 MeV, beam current 1 uA. It could be examined by 
using an experiment apparatus developed for this purpose. 

INTRODUCTION 
Recently, the preparation and characterization of 

nanoparticles has become a noticeable topic because of 
their peculiar optical, electronic, magnetic and catalytic 
properties.[1] The peculiar property of nanoparticles is 
strongly dependent on the shape, size and distribution of 
particles.[2] Platinum(Pt) nanoparticles are usually used 
in proton exchange membrane fuel cells (PEMFC) as 
cathode electrocatalysts for oxygen reduction reactions at 
relatively low temperature.[3] In general, nanoparticles 
can be synthesized such as, photochemical, chemical 
reduction and radiation chemical reduction.[4] However, 
chemical reduction often can't provide suitable control of 
particle shape and size.[2]  

 In this study, we investigated a novel method to obtain 
Pt nanoparticles by using proton beam irradiation in Pt s 
aqueous solution. In additional experiments, we studied 
the effect of carbon particle (CP), LET(linear energy 
transfer) and beam current as well as beam energy which 
could control the size and degree of dispersion of particles 
in the solution.. 

EXPERIMENTS 
All The Pt aqueous solution was irradiated by proton 

beam at atmospheric pressure and room temperature to 
synthesize Pt nanoparticles. Figure 1. shows a photograph 
of proton beam irradiation experimental apparatus. It is 
composed of water tank (A), thin sample case with large 
area (B), ultrasonic oscillator (C), beam entrance 
window (D), monitoring camera (E).   

 
 

  
 

   
Figure 1: Drawings and photograph of proton beam 
irradiation experimental apparatus. Top view and Front 
view.  

 

   
Figure 2: The test of Ultrasonic vibration disperse of 
black ink in water. (a) off vibration, (b) on vibration. 

 
The concentration of aqueous solution is 0.5% H2PtCl6. 

The experiments were as follows; (ⅰ) 13.6, 25, 35 MeV 
proton beam of 1 ㎂ beam current were irradiated to 
(Pt+carbon particle (CP)) aqueous solution in order to 
observe particle size with relation to beam energy. (ⅱ) A 
35MeV proton beam of 1㎂ beam current were irradiated 
to Pt + carbon particle(CP) aqueous solutions with 
different volume in order to observe particle size with 
relation to linear beam energy transfer (LET). Aqueous 
solution volume were 64 (diameter 95mm - height 10mm), 
102 (height 16mm), 191 (height 30mm) ml, respectively. 

For prevent particle aggregation, the CP(same ㏖ 
quantities of Pt particle) was included in reaction solution. 
Uultrasonic oscillator (40kHz, 600W) was operated 
during proton beam inducing. The ultrasonic vibration 
was transmitted to aqueous solution by water. It was a 
good dispersion of sample aqueous solution. And it was 
possible to evenly proton beam irradiated to Pt particles. 
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All experiments were supplied enough irradiation time for 
completely reaction. Table 1 shows a summary of the 
samples preparation condition. 

 
Table 1: Summary on Sample Preparation Condition 

Sample (Pt+CP) 
aqueous 
solutions 

Irradiation 
Time 

Irradiation 
Condition 

1 10㎖ 1 min 13.6MeV/1㎂ 

2 10㎖ 1 min 25MeV/1㎂ 

3 64㎖ 6 min 35MeV/1㎂ 

4 102㎖ 10 min 35MeV/1㎂ 

5 191㎖ 18 min 35MeV/1㎂ 

 

   
(a)                                        (b) 

Figure 3: A photograph of proton beam irradiation 
aqueous solution (no CP). (a) Before proton beam 
irradiation, (b) After proton beam irradiation with 
ultrasonic oscillation.  

 
Figure 3 shows a photograph of proton beam 

irradiation aqueous solution (no CP) in 64ml volume. The 
color was changed at after proton beam irradiation. At 
this time, Pt nanoparticles were synthesized by proton 
beam. Ultrasonic vibration disperse of Pt nano particles in 
solution.  

 The particle morphology, size and distribution of Pt 
nanoparticles were measured by transmission electron 
microscopy (TEM) using a JEOL-JEM 2200FS operating 
at 200 ㎸. Samples were prepared by drying a drop of the 
reaction solution on a TEM grid. Subsequently, the 
sample was dried completely at room temperature. 

 

RESULTS AND DISCUSSION 
 

 Effect of Carbon Particle (CP) 
Figure 4 shows two TEM images. (a) is Pt+CP particles 

after proton beam inducing and (b) is only Pt particles. (a) 
shows that Pt particles(like dots) attached on carbon base 
(like cloud). Pt on carbon has been evenly distributed that 
exist. But no CP, (b) shows Pt nanoparticles aggregation. 
(the result of previous experiments) Certainly, CP was 
effective deterrent to the Pt particle aggregation.  
 

     

(a)                                            (b) 
Figure 4: TEM images of Pt nanoparticles: (a) Pt+CP 
particles, (b) Only Pt particles. (Scale: 10 nm). 

Effect of Beam Energy 
Figure 5 shows three TEM images by irradiation beam 

energy 13.6MeV, 25MeV, 35MeV, respectively (sample 
1, 2, 5 in Table 1). The Pt nanoparticles of average 3.1㎚ 
size were synthesized in sample 1, average 3.3㎚ size in 
sample 2, average 2.9 ㎚ size in sample 5. (when the 
beam current 1㎂). Average size was calculated by TEM 
picture analysis. 

 

     
                        (a)                                           (b)  

 
                          (c) 

Figure 5: TEM image of (Pt+CP) nanoparticles; (a) 13.6 
MeV, 1㎂, (b) 25 MeV, 1㎂, (c) 35 MeV, 1㎂. (Scale: 
10 nm). 

 
Table 2: The Energy and Particle Size in Samples 

Sample 1 2 5 

Energy (MeV) 13.6 25 35 

Average size(㎚) 3.1 3.3 2.9 

 
According to the table 2, energy variation and increase 

or decrease of Pt nanoparticle size seemed to have no 
correlation. We will study the Pt nanoparticle size of the 
beam energy dependent on lower energy region and 
higher energy region. 
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 Effect of Linear Energy Transfer (LET) 

Figure 6 shows TEM images of Pt nanoparticles that 
were synthesized by different sample volume. Sample 
volume was same diameter (Ø95mm) and difference 
height 10, 16, 30 mm (sample 3, 4, 5 in Table 1). These 
volumes make difference linear energy transfer (LET). 
This simple concept shows Figure 7.  

 

    
   (a)                                   (b) 

  
                  (c) 

 
Figure 6: TEM image and photograph of Pt 
nanoparticles ; (a) aqueous solution volumes 64 ml , (b) 
aqueous solution volumes 102 ml , (c) aqueous solution 
volumes 191 ml . (Scale: 10 nm). 

                                     
(a)                                      (b)  

                                                                 
(c) 

Figure 7: SRIM simulation of proton beam ionization 
different sample volume. (a) 64 ml, (b) 102 ml, (c) 191 ml. 

 

See the table 3, the Pt nanoparticles of average 2.8㎚ 
size were synthesized in sample 3, average 3.2㎚ size in 
sample 4, average 2.9㎚ size in sample 5. (35MeV, 1㎂ 
proton beam inducing) Is not yet clear but, it seems they 
do not have rules.  We have more study planned about 
this fact after  improvement of  experiment apparatus. 

 
Table 3: The Energy and Particle Size in Samples 

Sample 3 4 5 

Energy (MeV) 35 35 35 

Average size(㎚) 2.8 3.2 2.9 

 

RESULTS AND DISCUSSION 
Pt nanoparticles were successfully prepared by using 

proton beam irradiation in Pt aqueous solution. The CP 
influenced aggregation of Pt nanoparticles. The energy 
variation and increase or decrease of Pt nanoparticle size 
seemed to have no correlation. The ultrasonic vibration 
was a good dispersion of sample aqueous solution. We 
will study the control of the size and degree of dispersion 
of Pt nanparticles in order to obtain optimum parameters 
by proton beam irradiation. 
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