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Abstract:
This paper describes the development o f colloidal l97Au-SiO> with core-shell structure nanoparticle 
radiotracers. Using conventional citrate - reduction method, gold nanoparticles were prepared from its 
corresponding metal salts in aqueous solution then coated with uniform shells o f amorphous silica via a 
sol-gel reaction. This target material o f radiotracer application used to investigate multiphase system in 
process industries without disturbing the system operation. The citrate-reduction-based method provides 
gold nanoparticles with higher concentration and narrow size distribution. By using transmission electron 
microscopy (TEM), the resultant o f particle size and silica coatings could be varied from tens to several 
hundred of nanometers by controlling the catalyzer and precipitation time. 197Au-Si02 core-shell 
nanostructure is good to prevent the particles from getting conglomerate resulting in a big mass. In 
addition, silica surface offer very good chances that make the hydrophobicity behavior on the gold 
nanoparticles. EDXRF spectrum has proven that l97Au-Si02 core-shell nanoparticles sample consists 
purely o f a gold and silica particles.
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Abstrak:
Kertas kerja ini membincangkan pembangunan penyurih partikel nano I97Au-Si02 kolloidal dengan 
struktur teras-cangkerang. Menggunakan kaedah penurunan citrat konvensional, partikel nano emas 
dapat dihasilkan daripada logam garam di dalam larutan akueus kemudian disalut dengan silika amorfus 
bercangkerang seragam menggunakan tindakbalas sol-gel Bahan punca kepada aplikasi penyurih ini 
digunakan untuk mengkaji proses pelbagaifasa di dalam industri pemprosesan tanpa mengganggu proses 
pengoperasian sistem tersebut. Kaedah penurunan citrat menghasilkan partikel emas dengan konsentrasi 
yang tinggi dan saiz taburan yang kecil. Dengan menggunakan mikroskop transmisi elektron (TEM), 
keputusan saiz partikel dan salutan silika boleh ditentukan daripada sepuluh sehingga ratusan nanometer 
dengan mengawal pemangkin dan masa pemendakan. l97Au-Si02 bagus bagi mengelakkan hasil 
bergumpal antara satu sama lain yang akan memperbesarkan jisim. Tambahan pula, permukaan silika 
memberi peluang yang baik untuk memberikan sifat hidrofobik keatas partikel nano emas.Spektrum 
EDXRF membuktikan bahawa sampel nanopartikel teras-cangkerang 197Au-Si02 mengandungi partikel 
emas dan silika yang tulen.
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mailto:syafiq@nuclearmalaysia.gov.my


1. Introduction

Radiotracer technology is a unique tool in many cases for extracting valuable information about 
industrial processes, thereby contributing significantly to improving and optimizing their 
performance. Radiotracers have distinct advantages for providing reliable data which, at present, 
cannot be obtained by any other technique. Nowadays, research and development are focus on 
specific aspects of the technology to amplify and complement material from other sources. 
Though radioisotopes have been applied to the solution of problems in industry for over 50 years, 
research and development of the technology continues unabated. The main reasons for the 
continuing interest is industry driven. Because of their unique properties, radioactive isotopes can 
be used to obtain information about plants and processes that cannot be obtained in any other 
way. Often, the information is obtained with the plant on-stream and without disrupting the 
process in any way. This can lead to substantial economic benefits, from shutdown avoidance to 
process optimization [1],

The selection of a suitable radiotracer is of prime importance for a radiotracer experiment. 
The tracer should represent the stream it is tracing. Often, it is possible to select a representative 
tracer on the basis of experience, from published references or from a physical and chemical 
evaluation of its compatibility with the stream to be traced. If necessary, however, the suitability 
of the tracer must be confirmed by validation tests in the laboratory [2]. The use of radiotracer 
techniques in the process industries is increasing. For example, refinery and petrochemical 
industries would be the biggest beneficiary of this technology. But, the problem will occur when 
the environment of these industries is not friendly to radiotracers because of very high 
temperature and pressure in the plants [3].

Recent developments in the field of nanotechnology have opened up opportunities for 
tackling problems that are truly “multidisciplinary” in nature, both in terms of research and 
application. Nanoparticles have been extensively investigated during the last few decades 
because of their unique properties and application potential. Nanoparticles can be considered as 
intermediate between molecules and solids. However, both molecules and solids have definite 
dimension and well-defined properties and the properties are not size-dependent [4]. 
Nanoparticles, on the other hand, are characterized by size-dependent properties. For 
nanoparticles, both size and surface effects are important. Although the inherent nature of 
core/shell nanoparticles makes them potentially very useful in many areas, it is the industrial 
applications that are getting the most attention.

Most of the gold nanoparticle applications require the nanoparticles to be chemically 
stable, uniform in size, and well-dispersed in liquid media. The core-shell nanostructure where 
silica were coated on the gold nanoparticles is good to prevent the particles from getting 
conglomerate resulting in a big mass and improve the chemical stability. The silica shell 
overlapping the gold nanoparticle not only can provide greatly enhanced colloidal stability in 
water or ethanol, but also can be used to control the distance between gold core nanoparticles 
within assemblies through shell thickness [5]. If a gold nanoparticles uncoated, it may react 
chemically with surroundings material. In addition, silica surface offer very good chances that 
make the hydrophobicity behavior on the gold nanoparticles. Our research focused on 
development core-shell gold-silica nanoparticles as a neutron target material in order to consume 
it as an industrial radiotracer for investigating multiphase system in process industries.



2. Experimental

2.1. Materials
Gold (III) Chloride Hydrate (HA11CI4 XH2O, >49%, Sigma-Aldrich), Tri-Sodium Citrate 

(Na3C6Hs07, 99%, Univar) and Ethanol Absolute (Sigma-Aldrich) were used to prepare gold 
nanoparticles. Tetraethyl Orthosilicate (TEOS, 98%, Aldrich), and Ammonia solution were used 
for the silica coating and functionalization of Au-Si02 nanoparticles.

2.2. Seeded growth o f 30 nm gold nanoparticles
Gold nanoparticles of 30 nm diameter were prepared referenced to Jian Xu et.al 2007 [5]. 

Briefly, a seed solution of 30 nm diameter gold nanoparticles was prepared by adding 2 mL,
0.01% aqueous HAUCI4XH2O solution into 40 mL of Deionized water and stir for about 10 
minutes. Then 150 mL boiled Deionized water and 20 mL, 1% aqueous Tri-Sodium Citrate 
solution was added immediately with vigorous stirring with constant heating at 100°C. The 
solution went through a slow color change from purple to pink. The mixture was then boiled for 
one hour until the color of the solution maintain at dark red color.

2.3. Preparation o f gold silica core-shell nanoparticles
As-prepared 30 nm-diameters gold nanoparticle colloid 20 mL was mixed with 100 mL 

Ethanol Absolute in a 500 mL conical tube. Under vigorous whirlpool mixing, 10 mL ammonia 
was added to the mixed solution, followed by the addition of TEOS from (0.1 to 0.5 mL) 
depending on required silica shell thickness on the gold nanoparticles surface. After the 12 hours 
coating process at room temperature, the mixture then centrifuged and washed with ethanol for 
three times. The yield of Au-Si02 nanoparticles with nanometers thick silica shells were 
redispersed into deionized water [10].

2.4. Characterization o f gold silica core-shell nanoparticles
The size distribution and shape of the metal nanoparticles were obtained from 

Transmission Electron Microscopy (TEM) measurement photographs that performed on JEOL 
JEM model 2010A instrument operated at an accelerating voltage 160 kV. The samples for TEM 
studies were prepared by placing one drop of Au-Si02 nanoparticles solution on a copper grid 
and allowed to dry for several hours before running the measurements. In order to ensure the 
purity of the samples, the energy spectrum of the samples was measured by Energy Dispersive X- 
Ray Fluorescence (EDXRF). The gold-silica core-shell nanoparticles under study have been 
investigated by delayed gamma-ray measurements following activation by thermal neutron 
capture. The samples were irradiated for 5 hours with about 1.2x10'2 thermal neutrons per cm2/s 
at the core of the only one Malaysia Nuclear Agency TRIGA-MARK II reactor (RR).The 
gamma-ray counting of the samples and standards was carried out with a hyperpure germanium 
(HPGe) detector of resolution 1.69 keV FWHM at the 1.332 MeV line of 60Co, peak-to-Compton 
ratio 55:1 and 14.5% relative efficiency. The detector was connected to an ORTEC computerized 
16K multichannel analyzer. The sample to detector distance was about 12 cm.



3. Result and discussion

Using conventional citrate reduction method, we manage to prepare gold nanoparticles 
colloids from their respective gold salts solution at various concentrations. Reduction of gold 
nanoparticles in particular, are using tri-sodium citrate which is employed as a reducing agent for 
chemical reduction because citrate reduction is the most widely used method and also acts as a 
stabilizer for the gold nanoparticle colloid to preventing their rapid aggregation [5], Fig.l. shows 
that the procedure for the preparation of gold-silica core-shell structure nanoparticles radiotracer 
beginning with gold nanoparticles colloid were coated by silica shell using sol-gel reaction.

Sol-Gel Method Neutron Irradiation

197A u  Nanoparticles l97Au-Si02 Nanoparticles Radioisotope
Prepared by citrate reduction ,98Au-Si02 Nanoparticles

Fig. 1. Procedure for preparation of gold-silica core-shell structure nanoparticles radiotracer.

Fig. 2. TEM images of gold nanoparticles coated with a) 0.05 ml b) 0.10 ml c) 0.50 ml and d)
1.0 ml of TEOS.



From the TEM images showed in Fig. 2. it is possible to observe clearly that the gold silica core
shell spheres with one gold nanoparticle at the centre. The silica shell could be varied by 
controlling the TEOS volumes from 0.05 ml, 0.10 ml, 0.50 ml and 1.00 ml respectively. The total 
particles size did not show the linear increasing in silica shell against the TEOS volumes due to 
concentration of water or ammonia factors but the obtained gold silica nanoparticles are quite 
well dispersed in liquid media. Fig. 3. shows that the EDXRF spectrum of gold-silica core-shell 
nanoparticles. From the EDXRF analysis, there is only two obvious elements occur which is Au 
and Si with concentration value is 99.42% for Si and 0.2156% of Au. It is due to more silica 
thickness produced when adding the TEOS for sol-gel reaction with gold nanoparticle.

Fig. 3. Energy Dispersive X-Ray Fluorescence (EDXRF) spectrum for gold-silica core-shell
nanoparticles.
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Fig. 4. UV-Vis spectra of gold nanoparticles and gold silica core-shell nanoparticles.



The UV-vis spectra measured for Au nanoparticles before and after coated with silica are 
illustrated in Fig. 4. The intensity of the absorption increased when the Au nanoparticles were 
coated with the silica. This is due to the fact that the increases of the local refractive index after 
the formation of silica shells. By controlling the thickness of the silica shell, the absorbance and 
the position of the maximum absorption of Au-SiCh nanoparticles can be adjustable. These 
phenomena have been investigated in details by Liz-Marzan [9].
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Fig. 5. Gamma energy spectrum for 198Au-SiC>2 core-shell nanoparticles.

Fig. 5. shows that the energy spectrum for neutron activation analysis of gold-silica core-shell 
nanoparticles. After irradiated the samples, it was examined with gamma spectrometer in order to 
indentify the peaks with their characteristics energy intensity and assigned as a possible 
radionuclide respectively. Besides Au-198 radioactive isotope, there is another radionuclide 
observed in the spectrum belongs to Na-24 (T1/2 = 15 hrs) and Bi-214 (T1/2 = 19.9 mins). But the 
EDXRF results in Fig. 3. shows that the Au-Si02 was purely produced without impurities 
absence. It is due to another factors which is can resulted Na-24 and Bi-214 could be come from 
container used and the efficiency of the detector.



4. Conclusions

This study showed that the -30 nm uniform diameter gold nanoparticles colloids have 
been produced by using citrate-reduction method. The core-shell structured Au-Si02 spheres with 
one gold nanoparticle at the center has been synthesized when gold nanoparticle were coated with 
amorphous silica shell using a sol-gel method. As a neutron target material, core-shell structured 
Au-Si02 is a potential approach to obtain an optimum industrial radioactive tracer material by 
means of nanotechnology. Further study is needed to apply the core-shell structured Au-SiCh as 
tracers while executing case studies and the eligibilities of radiotracers will be estimated in terms 
of the stability and efficiency in industrial applications.
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