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Abstract
It has been successfully carried out the synthesis of silver nanoparticles by chemical reduction
method. Silver nitrate (AgNO3) is used as the metal precursor and trisodium citrate as the reducing agent as well as the use of polyvinyl alcohol (PVA) as a stabilizer. The formation of silver nanoparticles was observed visually with discoloration (yellow). To excite surface plasmons, attenuated total reflection (ATR) method is used with Krestchmann configuration of the prism coupling. The maximum absorption band in the UV-Vis spectrometer shows a red shift of 429.43 nm
wavelength for a colloidal solution of silver nanoparticles without PVA and 429.01 nm with PVA.
The addition of PVA sharpened absorption spectrum curve and produce a broad absorption band
which is indicative of a smaller particle size. TEM images showed that the morphology (crystallites)
silver nanoparticles have nearly spherical geometry with dispersive particle distribution. Dispersibility of nanoparticles such as this could potentially be used as an active ingredient of SPR biosensor. The observation of the SPR phenomenon shows the SPR angle shift of 0.1˚ when a thin
layer of silver as an active ingredient a biosensor coated with silver nanoparticles and 0.2˚ when
silver nanoparticles with PVA. SPR angle shift and increase the reflectance values caused by
changes in surface Plasmon, which can be a reference that the SPR phenomenon with the sensing
surface modification using an additional layer of silver nanoparticles can increase sensitivity.
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1. Introduction

Biosensor based surface plasmon resonance (SPR) is a type of optical sensor that utilizes surface plasmon polariton (SPP) waves. Utilization of SPR as biosensors to monitor and provide information about biological
processes shows very promising results especially in studying biomolecular interactions. SPR-based biosensor is
very sensitive and responsive to changes in the refractive index of the analyte, so biosensors of this type can be
used to detect the presence of biomolecules with biorecognition element which is used as the material of the
analyte in the form of DNA [1] [2], protein [3] [4], enzymes [5], antibodies [6] [7] and peptides [8]. Meanwhile,
in recent years, the noble metal nanoparticles have been the subject of research interest because of its unique
properties, such as the electronic properties, optical, mechanical, magnetic and chemical properties are significantly different from the bulk material [9]-[11]. For this reason the noble metal nanoparticles have been widely
used in many applications in different fields such as catalysis, electronic and photonic [12]-[14]. One application
of noble metal nanoparticles gives you an idea SPR-based biosensor development with the addition of nanoscale
structures are designed so that they can run a particular optical function. Based on the phenomenon that is able
to manipulate the addition of nanoparticles SPR detection parameters, then the idea of increased SPR performance with the addition of nanoparticles [15] [16].
The addition of a metal nanoparticle structure allows for very strong coupling between the electron resonances with the light coming simultaneously in metallic nanostructures [17]. Such a mechanism would produce
the amplified signal for its ability to propagate waves simultaneously. Research on added above a thin layer of
metal nanoparticles has been carried out by Singh, et al. [18]. Singh, et al. (2009) reported that the presence of
metal nanoparticles can shift ATR curve of 1.037˚ compared with conventional SPR only shifts the ATR curve
at 0.716˚ in the experimental detection of BSA (Bovine Serum Albumin). Wu and Wang (2009) also developed
a technique increased sensitivity sensing biomolecules using nanoparticles embedded in SiO2 matrix [19]. In addition, nanoparticles are selected for the ability to bind the material is very high considering that interacts with a
surface area of the material is very wide compared to its bulk phase. With the ability of absorption material is
very high, the mobility of the analyte can also be reduced, thus the accuracy and sensitivity of the biosensor will
be improved.
In this study, SPR biosensor based on the conventional SPR models will be developed by adding silver nanoparticles structure on top of a thin layer. The addition of silver nanoparticles is expected to increase the sensitivity of SPR biosensor. In this method, the addition of colloidal silver nanoparticles affects the ATR curves, i.e.
the shift of the SPR reflectance angle, extending the curve and an increase in the minimum reflectivity. On the
other hand, various methods of preparation of silver nanoparticles have also been reported, such as electrochemical synthesis, ultrasonic irradiation, radiolysis, thermal decomposition and the simplest method is the
chemical reduction of metal salts [20]-[23]. For this reason, this study proposes a new method in the synthesis of
silver nanoparticles of silver nitrate solution with a reducing agent trisodium citrate and growth of its nanoparticles
controlled using stabilizers polyvinyl alcohol. The size, structure and optical properties of the resulting nanoparticles subsequently were characterized by transmission electron microscope (TEM) and UV-Vis spectroscope.

2. Experimental Methods
2.1. Experiment
Silver nitrate (AgNO3), trisodium citrate (Na3C6H5O7∙2H2O, Naci) and polyvinyl alcohol (PVA) was purchased
from Sigma Aldrich. The colloidal silver nanoparticles (AgNPs) was prepared by using chemical reduction method. All solutions of reacting materials were prepared in aquadest. In typical experiment 100 ml of 1.10-3M
AgNO3 was heated with temperature of 90˚C for 5 minutes. To this solution 10 ml of 0.038 M Naci was added
drop by drop with constant stirring at 800 rpm for 10 minutes until it changes color (pale yellow). The solution
was heated continuously until the color changes were apparent (yellow). Then the heating is stopped and stirred
continuously until cool at room temperature. Figure 1 (inset) shows colloidal silver nanoparticles resulting from
the synthesis process. A1 shows colloidal silver nanoparticles were prepared by using Naci, while A2 with added stabilizers Polyvinyl Alcohol (PVA) with AgNO3:PVA mass ratio of 1:10.

2.2. Characterization
The reduction of metal ions was monitored by measuring the UV-Vis spectroscopy of the solution. The UV-Vis
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spectroscopy measurement of silver nanoparticle was recorded on Shimadzu dual beam spectrophotometer
(model UV-1650 PC) operated at a resolution of 1 nm. The silver nanoparticle was measured in a wavelength
ranging from 350 to 800 nm. The TEM sample was prepared by placing one droplet of the prepared colloid onto
a micro grid. A Hitachi H-800 model (voltage 200 kV) was employed for TEM observation.

2.3. A Thin Layer Growth and Observations SPR
Thin film layer of silver (Ag) on the prism surface was fabricated by a vacuum evaporator. As for the deposition
of silver nanoparticles use the spray method. To excite surface plasmons, attenuated total reflection (ATR) method is used with Krestchmann configuration the prism coupling.

3. Results and Discussion
It has been successfully carried out the synthesis of silver nanoparticles by chemical reduction method. The
formation of silver nanoparticles was observed visually with discoloration (yellowish). Yellowish color is
formed on the sample indicates that the colloidal nanoparticles produced are the synthesis process is dominated
by grains of silver nanoparticles.
UV-Vis spectrometer is spectral techniques are widely used to confirm the formation and structural characterization of silver nanoparticles in colloidal solution. Figure 1 shows the absorption spectrum of a solution of
colloidal silver nanoparticles synthesized by Naci reducing agent and with different treatment. Optical absorption spectra of silver nanoparticles is dominated by surface plasmon which shows a shift towards the red end or
blue end depends on particle size, shape, state of aggregation and the surrounding dielectric medium. Absorption
band in the visible region is characteristic of silver nanoparticles. Plasmon peak and full width half maximum
depends on the extent of aggregation of colloidal occur. Figure 1 shows the surface plasmon absorption band
with a maximum of 429.43 nm for the spectrum of colloidal silver nanoparticles were prepared by reducing Naci.
The addition of PVA stabilizers have sharpen absorption spectrum curves and occur redshift peak wavelength
absorption at a wavelength of 429.01 nm. The addition of PVA also delivers a broad absorption band which is
indicative of a smaller particle size.
The absorption spectrum (Figure 1) of the pale yellow colloidal silver nanoparticles prepared by Naci reduction showed a surface plasmon absorption band with a maximum of 429.43 nm indicating the presence of spherical or roughly spherical Silver nanoparticles [24], and TEM imaging confirmed this (Figure 2). Morphological
image in Figure 2 also show that the morphology (crystallites) silver nanoparticles have nearly spherical geometry with particle distribution is quite dispersive although there is a trend going on clotting. Dispersibility of

Figure 1. UV-Vis absorption spectra of colloidal silver nanoparticles synthesized and inserted photo synthesized silver nanoparticles.
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Figure 2. TEM image of colloidal silver nanoparticles with: (a) without stabilizers polyvinyl alcohol (PVA); and (b) with the stabilizer of PVA.

nanoparticles such as this could potentially be used as an active ingredient of SPR biosensor. TEM image also
shows that the highest population size of the diameter of the two samples of silver nanoparticles in the range of
8 to 46 nm with an average diameter of the distribution obtained for 29 nm and 21 nm.
Observations SPR phenomenon in this study using a prism/silver thin film (AgTF)/silver nanoparticles
(AgNPs) system with Attennuated Total Reflection (ATR) methods in the Kretschmann configuration. Prisms
are used in this research is the BK7 type prism with a refractive index of 1.51. Figure 3 shows the SPR reflectance curve for the prism/AgTF/AgNPs coating system. Silver thin film with the silver nanoparticles results a
shift in the SPR angle, as shown in Figure 3. Prism/AgTF coating system has SPR angle of 42.80˚ with a reflectance value of 0.445 and a surface plasmon wave number of 1.0113 × 107 m−1. After a silver thin film coated
with silver nanoparticles, the SPR angle shift as far as 0.1˚ to 42.90˚ with reflectance values sharpened be 0.320
and the surface plasmon wave number into 1.0132 × 107 m−1. Surface plasmon waves number change caused by
changes in the dielectric constant due to the addition of a layer of silver nanoparticles on the surface of a silver
thin film.
Meanwhile, the use of stabilizers PVA in the synthesis of colloidal silver nanoparticles led to a shift in the
SPR angle as far as 0.2˚ becomes 43.00˚ with reflectance values sharpened at 0.263 and surface plasmon wave
number into 1.0151 × 107 m−1. Surface plasmon waves number change also caused by changes in the dielectric
constant due to the mixing of the PVA polymer in a solution of colloidal silver nanoparticles. SPR angle shift
and increase the reflectance values caused by changes in surface plasmon waves number caused by changes in
dielectric constant. The larger the surface plasmon wave number, the greater the resulting SPR angle. The results
of these observations may be a reference to that SPR phenomenon with the sensing surface modification using
an additional layer of silver nanoparticles can increase sensitivity.

4. Conclusion
The synthesis of silver nanoparticles has been successfully carried out by chemical reduction method. The
maximum absorption band in the UV-Vis spectrometer shows a red shift wavelength of 429.43 nm for a colloidal solution of silver nanoparticles without PVA and 429.01 nm with PVA. The addition of PVA sharpen absorption spectrum curve and produce a broad absorption band which is indicative of a smaller particle size. TEM
images showed that the morphology (crystallites) silver nanoparticles have nearly spherical geometry with dispersive particle distribution. The observation of the SPR phenomenon shows the SPR angle shift of 0.1˚ when a
thin layer of silver as an active ingredient a biosensor coated with silver nanoparticles and 0.2˚ when silver nanoparticles with PVA. SPR angle shifts and increases the reflectance values caused by changes in surface Plasmon, which can be a reference that the SPR phenomenon with the sensing surface modification using an additional layer of silver nanoparticles can increase sensitivity.
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Figure 3. The reflectance curve in SPR observation.
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