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TOM TAT

SO SANH HAT NANO SELEN CHE TAO BANG BUC XA CHUM TIA DIEN TU
VA BUC XA GAMMA VA PQ ON PINH CUA CHUNG

Trong cong trinh nay, cdc hat nano selen (SeNPs) duwoc tao ra bang cdch chiéu xa sir dung mdy gia toc
chum tia dién tir va nguén gamma Co-60. Cdc ddc trung cua hat SeNPs thu dwoc dwgc xdac dinh bcing cach
do UV-Vis, DLS dé xdc dinh phan bé hat theo kich thuéc va do dién thé zeta. DLS ciing dwoc do o cdc thoi
gian bdo qudn khdc nhau (1 — 6 thang) theo nhiét @6 bao quan (4 °C va 27 °C). Két qud thu dwoc chi ra
rang cdc hat SeNPs dwoc tong hop bang chim tia dién tir va chiéu xa gamma c6 ciing pham vi phdn bé hat
theo kich thude. PJ én dinh cia hé hat SeNPs tao thanh trong pha long bdo quan o nhiét do mat (4 °C) tot
hon o nhiét do phong (27 °C).

Tir khoa: hat nano selen, chum tia dién tu, burc xa, gom Arabic, do on dinh.

1. INTRODUCTION applied for the selenium nanoparticle produciton

[3-5]. Irradiation technology for production of
Selenium is a critically nutritional element for selenium nanoparticles is considered the method
human body and selenium nanoparticles are with many outstanding advantages including the
preferred form of selenium due to their low absence of toxic reducing agent, the easiness to
toxicity [1, 2]. Various methods have been adjust the particle size and size distribution, the
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high purity of obtained product as well as the
capability of producing large volumes at
competitive price [6-7].

While gamma irradiation is as a well-known
method to produce nanoparticles with gradually
reduced intensity, non-controllable and non-
switchable performance, the electron beam
irradiation has a lower penetration depth but
possesses much higher energy with constant
emission intensity and high dose rate, and
especially switchable, giving the ability to fully
automate the process and making the product
quality uniform [7].

It is necessary to compare the two methods of
irradiation, so that one can choose a suitable
method to scale up the process for mass
production of selenium nanoparticles and a better
method for the product storage.

2. MATERIALS AND METHODS
2.1. Materials

Selenium dioxide (SeO,) was supplied by Merck,
Germany. Gum Arabic from the acacia tree (GA)
was purchased from Sigma-Aldrich as dry
powder. Double distilled water was used
throughout the study. All chemicals were used as
purchased without further purification.

2.2. Synthesis of selenium nanoparticles using
electron beam irradiation method.

The synthesis was as described in previous study
[7]. In a typical experiment, a Se** solution
(prepared by dissolving SeO, in water) is first
mixed with gum arabic water solution. Then,
water was added to form a 1.25 mM solution Se**/
1% GA. The mixture is stirred well and then
transferred to a plastic container with a lid so that
the solution thickness is 2.5 cm. The irradiation
process was performed on an electron beam
accelerator UERL-10-15S2, 10 MeV, 15 mA
(dose rate of 5 kGy.s ) for a dose of 10 kGy.

2.3. Synthesis of selenium nanoparticles using
gamma Co-60 rays

For the synthesis of SeNPs coated with GA
(SeNPs/GA) by gamma irradiation, 1.25 mM
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solution Se*/ 1% GA was irradiated using a
Gamma irradiator SVST-Co60/B at a dose of 10
kGy with dose rate of 1.3 kGy.h™.

2.4. Characterization of obtained nanoparticles.

Absorption spectra of Se*"/1% GA and obtained
SeNPs solutions were recorded using UV-Vis
spectrophotometer ~ UV-2401PC  (Shimadzu,
Japan). Zeta-potential and size distribution of the
synthesized SeNPs were determined by Dynamic
Light Scattering (DLS) using a Zetasizer Nano ZS
instrument (Malvern).

2.5. Stability of gum arabic-coated SeNPs.

SeNPs/GA in solution prepared by electron beam
irradation are stored under different conditions
including ambient temperature (27°C) and cool
temperature (4°C).

The change in the hydrodynamic diameter of
nanoparticles during storage (upto 6 months) is
performed by DLS measurements using Zetasizer
Nano ZS, Malvern to investigate the stability of
SeNPs/GA.

3. RESULTS AND DISCUSSION

3.1. Synthesis of gum arabic coated selenium
nanoparticles by electron beam and gamma
Co-60 irradiation.

The formation of SeNPs/GA synthesized by either
gamma Co-60 or electron beam irradiation was
depicted by the color change of the reaction
solution. Particularly, the solution color evolved
from colorless to orange in both cases as displayed
in the insets of Figure 1 a and 1b. In addition, UV-
Vis spectra of obtained SeNPs/GA showed only
the absorption peak of Se** ions at the wavelength
of around 279 nm. There were no characteristic
absorption peaks of nano selenium indicating that
the obtained SeNPs/GA using these irradiation
sources are in the size range of less than 100 nm.
These observations were also reported in previous
researches [8, 9].
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Figure 1. UV-Vis spectra of Se**/GA (before
irradiation) and SeNPs/GA (after irradiation)
solutions. a) by electron beam, b) by gamma rays.
The inset is the photographs of corresponding
solutions.

3.2. Zeta potential of the SeNPs/GA produced
by electron beam and gamma Co-60 irradiation
Zeta potential results showed that the SeNPs/GA
prepared by gamma Co-60 and electron beam
irradiation were negatively charged with
equivalent zeta potential values of -15.4 and -19.5
mV, respectively (Figure 2). This implies that the
SeNPs could be efficiently stabilized not only by
steric repulsion due to the presence of
biopolymers, i.e. gum arabic, but also by the
electrostatic interaction. Furthermore, the zeta-
potential values are in the range of -30 mV and -
10 mV indicating that the SeNPs are moderate
anionic [10].

132

a) 2 Petotl Datbuien
150007
R
I
g |
O 100007
P
.
mi-“h-
A
v’ i
A0 0 100 i)
Agpaent Zea Petaosal )
26 Pkl it
b)
Nmm'”
1500001
¢
¢
&
i |
4
m.m
0
40 0 10 an
Appoent 26 Pkl (o)
Figure 2. Zeta potential of SeNPs/GA

synthesized by electron beam (a) and Co-60
gamma irradiations (b)

3.3. DLS of the SeNPs/GA produced by
electron beam and gamma Co-60 irradiation

Size distributions of SeNPs/GA produced by
electron beam and gamma Co-60 irradiation
measured by DLS were presented in Figure 3. It
was found that the hydrodynamic diameters of
SeNPs synthesized by electron beam and gamma
Co-60 irradiation were 281 nm and 293.3 nm,
respectively. Similar to zeta-potential results, there
was no considerable difference between the
average size (hydrodynamic diameter) and size
distribution of the SeNPs/GA obtained from two
irradation sources.
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Figure 3. DLS of SeNPs/GA synthesized by
electron beam and gamma Co-60 irradiations a)
H,SeO; solution without irradiation b) SeNPs/GA
synthesized by electron beam c¢) SeNPs/GA
synthesized by gamma Co-60 rays

3.4. Size distribution of SeNPs/GA synthesized
by electron beam at different storage time

The stability of SeNPs/GA synthesized by electron
beam during storage was also investigated via
DLS measurement. In particular, DLS size
distribution of the SeNPs/GA was recorded at
various storage time including 2, 4 and 6 months
at different storage conditions (4 'C and room
temperature).

It can be seen from Figure 4 that there were only
one peak in the size distribution graphs of the
samples over time at different temperature of
storage. This implies that there was no
agglomerations in the NPs solution. In another
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word, the SeNPs/GA solution was stable up to 6
months of storage.

Besides, it was found that the average
hydrodynamic diameter of SeNPs/GA when being
stored at room temperature increased more than
the corresponding one of cool temperature (4 “C).
Therefore, cool condition is more favorable to

preserve the NPs compared with ambient
condition.
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Figure 4. DLS SeNPs/GA at different storage
time. al, bl, c1: SeNPs/GA stored at room
temperature (27 C) after 2, 4, 6 months, a2, b2,
c2: SeNPs/GA stored at cool temperature (4 'C)
after 2, 4, 6 months

4. CONCLUSION

Selenium nanoparticles stabilized by 1% gum
arabic have been successfully fabricated by
irradiation using electron beam accelerator as well
as by Co-60 gamma rays. The SeNPs/GA obtained
when using both irradiation sources showed no
significant difference in size distribution and zeta-
potential. Low temperature (4 'C) was found to be
favourable for storing the SeNPs/GA colloidal
solution. The results also indicated that SeNPs/GA
solution could be stable up to 6 months without
considerable agglomerations.
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