
Research Article
Synthesis of Platinum Nanoparticles by Gamma Co-60 Ray
Irradiation Method Using Chitosan as Stabilizer

Thi Kim Lan Nguyen,1 Ngoc Duy Nguyen,1 Van Phu Dang,1 Dinh Tuan Phan ,2

Thai Hoa Tran ,3 and Quoc Hien Nguyen 1

1Research and Development Center for Radiation Technology, Vietnam Atomic Energy Institute, 202A Street 11,
Linh Xuan Ward, $u Duc District, Ho Chi Minh City 700000, Vietnam
2Hochiminh City University of Natural Resources and Environment, 263B Le Van Sy Street, Ho Chi Minh City 700000, Vietnam
3College of Sciences, Hue University, Hue 530000, Vietnam

Correspondence should be addressed to�aiHoaTran; trthaihoa@yahoo.com andQuocHienNguyen; hien7240238@yahoo.com

Received 4 January 2019; Accepted 24 March 2019; Published 18 April 2019

Guest Editor: Hien Duy Mai

Copyright © 2019�i Kim Lan Nguyen et al. �is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Platinum nanoparticles were synthesized using the gamma-ray irradiation as a reducing factor and chitosan as a stabilizer. �e
prepared platinum nanoparticles were characterized using ultraviolet-visible spectroscopy (UV-Vis), transmission electron
microscopy (TEM), and Fourier-transform infrared spectroscopy (FT-IR).�e saturated conversion dose to reduce the Pt4+ to Pt0

was found to be about 14 kGy for initial Pt4+ concentration of 1mM. �e size of the platinum nanoparticles (1.4–1.6 nm) did
almost not change with the increase of chitosan concentration from 0.5 to 2.0%. �us, gamma Co-60 ray irradiation method is
favorable for synthesizing PtNPs with the small sizes.

1. Introduction

Platinum nanoparticles (PtNPs) have attracted great at-
tention in many fields due to their applications in catalysis
[1–7], such as in fuel cell technology [1], exhaust purification
[2], automobile [3], and energy storage and sensors [8].
However, the possible applications are related to the size and
morphology of PtNPs [1, 3, 8, 9]. PtNPs with small sizes
possess a large number of surface atoms that affect its surface
activity [8]. So, it is essential to prepare small size of PtNPs.
�e synthesis of PtNPs has already been studied using
different methods such as chemical reduction [8–13],
electrochemical deposition [1, 8], hydrothermal reduction
[1, 3], biological synthesis [14], gamma Co-60 ray irradiation
[4, 6], and polyol method [1]. In comparison with other
methods, the gamma Co-60 ray irradiation is considered as
an effective method for the synthesis of metal nanoparticles
due to several advantages such as (1) the reduction reaction
of metal ions performed at ambient condition; (2) the rate of

reduction reaction can be properly controlled; (3) the re-
ducing agents uniformly distributed in the solution; and (4)
large-scale production can be favorably set up and satisfied
with requirements of the clean production process [6].
Stabilizers, such as dextran [3], polyvinyalcohol, polyacrylic
acid, and polyacrylate [4], and chitosan [5], and others must
be used for the protection of PtNPs from agglomeration.
Among stabilizers studied, chitosan (CTS) is widely used in
the synthesis of metallic nanoparticles such as gold, plati-
num, silver, and palladium [10]. �e CTS is one of the
environmentally friendly polymers that is particularly in-
teresting in the synthesis of metal nanoparticles due to its
interactions with metal nanoparticles through both steric
and electrostatic effect.�e polymer molecules bind with the
nanoparticles to prevent leaching from the catalysts. �ese
characteristics make CTS an ideal material as catalystic
support [1, 5, 11]. To the best of our knowledge, there has
been no research on the synthesis of PtNPs with small size
(1-2 nm) and narrow particle size distribution by the
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radiolytic method. In this study, the synthesis of PtNPs by
the gamma Co-60 ray irradiation using CTS as a stabilizer
was carried out, and the e�ect of CTS concentration on the
size of PtNPs was also investigated.

2. Materials and Methods

2.1.Materials andChemicals. Potassium hexachloroplatinate
(IV) (K2PtCl6) was purchased from Merck. CTS with the
molecular weight of ∼95,000 g/mol and deacetylation degree
of ∼90% were supplied by a factory in Vung Tau Province,
Vietnam. Lactic acid was purchased from Shanghai
Chemical Reagent Co., China. Distilled water was used in
all experiments.

2.2. Preparation of Pt4+/CTS Solution and Gamma-Ray
Irradiation. �ree-gram CTS was dissolved in 100ml lac-
tic acid 1.5% (v/v) to prepare a 3% (w/v) CTS solution.
K2PtCl6 was then dissolved in CTS solutions to prepare Pt4+/
CTS solutions with 1mM Pt4+ and di�erent CTS concen-
trations of 0.5, 1.0, and 2.0% (w/v). �en, the solutions of
Pt4+/CTS were poured into glass bottles with caper and
irradiated on the gamma Co-60 irradiator, STSV Co-60/B
(Hungary), at VINAGAMMA Center, Ho Chi Minh City,
with doses up to 17.5 kGy (dose rate of 1.25 kGy/h) mea-
sured by the dichromate dosimetry system [15].

2.3. Characterization of Colloidal PtNPs/CTS Solution.
�e UV-Vis absorption spectra of PtNPs/CTS solutions
were measured on a UV-Vis spectrophotometer model
Jasco-V630, Japan. �e size and size distribution of the
PtNPs were determined fromTEM images on a transmission
electron microscope model JEM 1010, JEOL, Japan, oper-
ating at 80 kV and statistically calculated using Photoshop
software [16]. �e FT-IR spectra of samples were measured
on a FT-IR spectrometer 8400S, Shimadzu, Japan. For FT-IR
measurement, the PtNPs/CTS solutions were dried at 60°C
in a forced air oven. �e dried PtNPs/CTS samples were
ground into £ne powder. After that, the powder samples of
PtNPs/CTS were mixed with KBr and compressed into
pellets with a thickness of 0.5mm.

3. Results and Discussion

�e 1mM Pt4+/1% CTS solution was irradiated with the
di�erent doses of 3.5, 7.0, 10.5, 14.0, and 17.5 kGy did almost
not have clearly maximum absorption peak (λmax) in the
wavelength range of the measured UV-Vis spectrum, but the
absorbance was increased with the increase of dose up to
14 kGy (Figure 1). After irradiation, the color of the initial
colorless Pt4+/CTS solutions was converted to brown color,
and the higher the absorption dose, the darker the color of
PtNPs/CTS solutions obtained. �e same pattern of UV-Vis
spectrum of PtNPs with no λmax was also reported by Yang
et al. [3] using the chemical reduction, and by Remita et al.
[4] and Choi et al. [6] using the gamma Co-60 ray irradiation
method. However, Gharibshahi et al. [17] recently have
reported that the PtNPs (2.8–4.4 nm) synthesized by the

gamma-ray irradiation of 3.4mM Pt4+ solution appeared
two λmax in the UV-Vis spectrum, particularly the £rst peak
in the range of 209–214 nm and the second one in the range
of 257–262 nm. Furthermore, Cele et al. [18] reported that
the PtNPs solutions prepared by the gamma-ray radiolytic
method with the concentrations from 1 to 10mM also had
two λmax as in the study of Gharibshahi et al. [17] except for
the sample of 1mM PtNPs without λmax in the UV region
due to less Pt atoms interacting with the light.

Figure 1 shows that the CTS solution has a weak peak at
∼300 nm. All spectra of PtNPs/CTS solutions also man-
ifested a weak peak at 260–300 nm with increased absor-
bance corresponding to the increase of the absorbed dose.
�is may be due to the formation of carbonyl groups from
CTS by chain scission during irradiation [19]. Besides, the
absorbance was increased with the increase of dose and
reached a stable level at 14 kGy. So, it could be inferred that
the absorbed dose of 14 kGy could be selected as the satu-
rated conversion dose to completely reduce Pt4+ with the
concentration of 1mM to Pt0. �e mechanism of PtNPs
formation from Pt4+ ion solution by the gamma Co-60 ray
irradiation was described in detail by Choi et al. [6] and Cele
et al. [18]. Brie¦y, Pt4+ ions were reduced to Pt0 mainly by
hydrated electrons (e−aq), hydrogen radicals (H_), and hy-
droxyl radicals (_OH). For _OH radicals, they were converted
into secondary radicals by hydrogen abstraction from free
radical scavengers (alcohol, polysaccharides, etc.) for re-
ducing Pt4+ ions.

�e e�ect of CTS concentration was studied for the
initial Pt4+ concentration of 1mM. Figure 2 indicates that
there was almost no di�erence among UV-Vis spectra of
PtNPs/CTS samples with di�erent CTS concentrations. In
addition, the size of the radiolytic synthesized PtNPs in
Figure 3 was virtually not a�ected by the CTS concentrations
from 0.5 to 2.0%.

�e synthesized PtNPs have a rather small size and
narrow size distribution in the range of 1.4–1.6 nm (Fig-
ure 3).�e size of resultant PtNPs with the concentration of
1mM in this study was smaller than the size of 4.4 and
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Figure 1: UV-Vis spectra of CTS and Pt4+/CTS solutions irradiated
with di�erent doses.
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7.4 nm for the PtNPs concentrations of 3.4 and 10mM,
respectively [17, 18]. Furthermore, the size of the syn-
thesized PtNPs (1.4–1.6 nm) was also smaller than that of
the PtNPs (3.4 nm) that were synthesized by the chemical
method using NaBH4 as a reducing agent with the same
initial concentration of 1mM Pt4+ and 1% CTS as a sta-
bilizer [5]. Moreover, the study on the synthesis of Ag and
Au nanoparticles by the gamma Co-60 ray irradiation
method using CTS as a stabilizer revealed that the size of Ag
and Au nanoparticles was 4.6 and 9.8 nm for 1mMAg+ and
Au3+ ions, respectively [16, 20]. �us, it is obvious that the

size of PtNPs synthesized by the gamma Co-60 ray irra-
diation method is smaller than that of Ag and Au nano-
particles at the same initial concentration of metal ions.�e
reason for this phenomenon is still not clear. Furthermore,
it is interesting to note that, according to Choi et al. [6], the
size of PtNPs which was synthesized by the gamma Co-60
ray irradiation using polyvinyl pyrrolidone as a stabilizer
and the Pt4+ ions concentration of 0.2mM could not be
predicted from TEM images due to the morphology of
particles was not clear. �erefore, further study of the e�ect
of stabilizers on the morphology and size of PtNPs
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Figure 2: UV-Vis spectra of PtNPs/CTS solutions with di�erent CTS concentrations.
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Figure 3: TEM images and size distribution of PtNPs from 1mM PtNPs in 0.5% CTS (a), 1.0% CTS (b), and 2.0% CTS (c).
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synthesized by the gamma-ray irradiation method should
be carried out.

�e FT-IR spectra of CTS and PtNPs/CTS are shown in
Figure 4. �e FT-IR spectrum of the CTS possesses the main
characteristic peaks that appear at 3448 cm−1 for O-H and
N-H stretch; 2937 cm−1 and 2981 cm−1 for C-H stretch [21];
1641 cm−1 for C�O stretching vibration in amide I;
1591 cm−1 for N-H deformation vibration in amide II;
1413 cm−1 and 1380 cm−1 for acetamide stretching and
C-CH3 deformation vibration of amide groups; 1126 cm−1

for antisymmetric stretch C-O-C and C-N stretch; and
1089 cm−1 and 1031 cm−1 for skeletal vibration of C-O
stretch [21, 22]. �e FT-IR spectra of PtNPs/CTS samples
with di�erent concentrations of CTS in Figure 4 are almost
similar to that of CTS. However, the main di�erence was that
the peak at 3448 cm−1 of CTS shifted to lower wavenumbers,
particularly at 3382, 3269, and 3236 cm−1 for PtNPs/CTS
samples with CTS concentration of 2.0, 1.0, and 0.5%, re-
spectively. �us, on the basis of the FT-IR spectra of PtNPs/
CTS in Figure 4, it presumed that the interaction between
CTS molecules and PtNPs has occurred.�e obtained FT-IR
spectra in this study were also consistent with that in the
study of Geng et al. [21] using chitosan as a stabilizer for the
synthesis of Fe nanoparticles.

Chitosan, hyaluronan, and alginate with oxygen-rich
structures lead to binding them to metal nanoparticles
tightly via steric and electrostatic interactions [23]. On the
basis of the stabilizing interaction of polysaccharides to
metal nanoparticles, a schematic diagram of chitosan capped
PtNPs which were synthesized using the gamma Co-60 ray

irradiation was proposed as in Figure 5. Furthermore, the
spherical PtNPs with the small size (1-2 nm) were favorably
synthesized using the gammaCo-60 ray irradiation. And this
method has been considered as a green production method
with favorable large-scale production [24, 25].

4. Conclusions

�e gamma Co-60 ray irradiation has been as an e�ective
method for synthesizing PtNPs dispersed in the CTS so-
lution. �e saturated conversion dose (Pt4+⟶Pt0) for the
initial Pt4+ concentration of 1mM was found out to be
∼14 kGy. �e resultant PtNPs with the small size (1.4–
1.6 nm) could be potentially applied in catalyst materials and
other purposes of applications as well.
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