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Stability of Silver Nanoparticles as Imaging Materials
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ABSTRACT

Determining the stability of silver nanoparticles is a very important process. It was
associated with unwanted metal charge and materials properties. Therefore, we studied
to synthesis and stability of silver nanoparticles (AgNPs). The synthesis was performed

by reduction method used sodium borohydride (NaBHy). Silver nitrate solution 0.0005

M in 1 mL was reduced using 1 mL 0.002 M of NaBHy. Then a 40.0 pL of
polyvinylpyrrolidone 0.3% and 20 pL of 1.5 N NaCl was added to the mixture.
Characterization of silver nanoparticles is undertaken using spectrophotometer UV-Vis,
transmission electron microscopy, particle size analyzer and zeta potential. The stability
of products is observed for 5 times using spectrophotometer UV-Vis. The product was
characterized by determining its surface plasmon resonance (SPR) of AgNPs and the
result was obtained at 403 nm. The size of AgNPs was 20 nm using tomography
emission microscopy analysis and the particle size distribution give 5.8 nm. The
dielectric charge was 53 mV. The stable AgNPs showed no significant SPR shift at
402+0.89 nm wavelength during 5 days observation. Based on the size and stability, it
was suitable for imaging materials.
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INTRODUCTION

Nanoparticle is one of advance technology at this time. One of metal nanoparticles
which can be used for imaging material is silver nanoparticles labeled with radioactive like
Iodium-125 [1,2]. Ag NPs showed good stability, biocompatibility and cheap [3]. There are
many synthesis methods, such as photochemical [4], UV-irradiation [5], and reduction [6].
The size of nanoparticles depends on the selection of an appropriate reducing agent and
stabilizer. Some of them such as sodium borohydride [7], trisodium citrate [8], and plant
extract [9]. Sodium borohydride as reduction agent control Ag NPs size at range 5-20 nm
[10]. Moreover, stability of Ag NPs depended on the properties and stability of the capping
agent [11], that prevent from aggregation. The stabilizing agent which can be used includes
PVP [12], polyhexamethylene biguanide (PHMB) [13], and gallic acid [14]. The stabilizer is
used to prevent Ag nanoparticles agglomeration by capping the metal. The existence of
stabilized ionic solution stabilized by coating with negatively or positively charged small
molecules. The molecules can induce electrostatic stabilization [15]. Various methods of
synthesis are done to generate Ag nanoparticles with the distribution of different sizes and
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shapes. The characteristic of Ag NPs formation can be determined by surface plasmon
resonance (SPR) absorption at about 406 nm using UV-Vis spectrophotometer [16]. In
addition, zeta potential analysis refers to measuring the stability of the nanoparticles
systems. Its value can be negative or positive indicates the repulsion between adjacent or
charged particles in the system which can give impact to nanoparticles stability [17].

In the present study, the synthesis of silver nanoparticles by NaBH4 reduction method
was carried out. It was characterized by UV-Vis spectra, TEM, PSA and zeta potential
analysis. The aims were to synthesis silver nanoparticles below 50 nm and stable during
storage.

EXPERIMENT
Chemicals and instrumentation

The chemicals used were silver nitrate (AgNO3), sodium chloride (NaCl) and pH
universal indicator (pH 1-14) which were obtained from Merck. Sodium borohydride

(NaBH4) and polyvinylpyrrolidone (PVP) were obtained from Sigma Aldrich.
Demineralized water was used as solvent from Center for Radioisotope and
Radiopharmaceutical Technology. It also used aluminum foil to seal the vial samples. The
tools used include glassware, micropipette, disposable cuvette and vials. Some instruments
operated for analysis were Acculab analytical balance, UV-Vis spectrophotometer
(Jasco32), TEM (JEOL) of Gadjah Mada University, particle size analyzer and zeta potential
(Nanoplus) of PT Nanotech Herbal Indonesia.

Procedure reaction
Silver Nanoparticle Synthesis

Synthesis of Ag NPs made by reduction method following Chrastina and Schnitzer
(2010) [1] using sodium borohydride (NaBHy). Silver nitrate solution was 0.0005 M in 1

mL was reduced by adding dropwise 1 mL of 0.002 M sodium borohydride (NaBHy)

without stirring. Then, 40 uL of polyvinylpyrrolidone 0.3% (w/v) and 20 pL of 1.5 M NaCl
were added to the mixture. The color changes and pH value of the solution were observed.
Samples were stored in sealed bottles by aluminum foil and stored in the refrigerator. The
Ag NPs characterization was performed using UV-Vis spectrophotometer, transmission
electron microscopy (TEM), particle size analyzer (PSA) and zeta potential.

Stability of Silver Nanoparticles

The stability testing was carried out by measuring the SPR used a UV-Vis
spectrophotometer for 5 days and also visual observation.

RESULT AND DISCUSSION

Silver nanoparticles were successfully prepared by the reduction method. Stabilizer and
reducing agent played an important role on synthesis. This research used sodium
borohydride as a strong reducing agent, PVP as polymeric stabilizer and NaCl as an ionic

stabilizer. Silver nanoparticle was reduced by NaBHy4 as reaction below:
AgNO3 + NaBH, + 3H,0 >Ag" + B(OH); + NaNO3 + 3.5 Hy

The reduction process of ion Ag' to Ag” showed a clear yellow solution shown in Figure 1.b

and without aggregation at room temperature when NaBHy4 solution was added. The
addition of PVP and NaCl gave no color change. The pH value of silver nanoparticles was 9.

The journal homepage www.jpacr.ub.ac.id 174
p-ISSN : 2302 — 4690 | e-ISSN : 2541 — 0733



J. Pure App. Chem. Res., 2016, 5 (3), 173-177 .

17 October 2016

‘ / |I ' HaBH,
o
!

Mumber Distribution

Diffarential Nambar (%)

et ()

(d)

Figure. 1 UV-Vis spectra of Ag NPs and raw materials (a), Ag NPs solution
(b) TEM of Ag NPs (c), particle size analyzer result of Ag NPs (d)

UV - Vis spectrophotometer analysis also can be used to predict the size and shape of
the nanoparticles. Moreover, this analysis is also the quickest and easiest type of analysis to
determine whether the nanoparticles have been formed. Identification of silver nanoparticles
formation based on the position of surface plasmon resonance in the UV-Vis spectrum

shown in Figure 1.a. From the UV-Vis spectra show there is no evidence of AgNO3, NaBHy
and PVP absorption in the range of 400-800 nm but Ag NPs show a distinct absorption at
around 403 nm which corresponds to SPR band of silver nanoparticles. The SPR band
position is dependent on nanoparticles size. Particles size was analyzed using TEM shown in
Figure 1.c, their size was 20 nm formed with a round shape. Distribution of particles was
measured using PSA, and the result of PVP-capped Ag NPs have average diameters 5.8 +
1.5 nm and polydispersity index was 0.504 shown in Figure 1.d. It means the uniformity of
nanoparticles size. Besides nanoparticles size, we also analyzed zeta potential. Zeta potential
value of this Ag NPs in demineralized water was -53.77 mV. Silver nanoparticles in
demineralized water gave negative zeta potential means the adsorption of various anions
onto the Ag NPs surface. High zeta value means there is probability to aggregate. The higher
of zeta value was showed the higher chance to aggregate.

Stability of Silver Nanoparticles

As raw material for imaging the stability of Ag NPs are very important. The selection of
a reducing agent and stabilizer plays an important role in the synthesis. On the other side,
the composition of each material also affects the stability of the silver nanoparticles.
Demineralized water as the solvent can reduce the ions in Ag NPs which does not interfere
with the nanoparticles formed. The existence of ions can affect the stability and influence
the physicochemical properties of Ag NPs. The capping agent also plays an important role in
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stabilizing Ag NPs. The stability of silver nanoparticles was measured using
Spectrophotometer UV-Vis for 5 days. The measurement data are shown in Table 1.

Table 1. Silver nanoparticle data measurements

Sample AgNPs A max (nm)  Absorbance = FWHM (nm)
1" day (18-01-2016) 403 1.51 89.1258
2" day (19-01-2016) 401 1.92 76.8949
3'“ day (20-01-2016) 403 1.24 86.2404
4" day (21-01-2016) 403 2.02 74.1463
5" day (22-01-2016) 402 2.45 74.1224

Wavelength maximum measurements over 5 times did not show significant changes
shown in Figure 2. The retrieved wavelength of maximum was average 402+0.89 nm. As
UV—vis surface plasmon resonance band showed significant changes, Figure 2 indicated
good stability of Ag NPs in demineralized water. The absorbance showed increasing over 5
times observation mean the silver reaction still on the process but full width at half
maximum decreases. The full width at half maximum (FWHM) corresponding peaks
determines dispersity of the nanoparticles, where a large FWHM is attributed to peak
broadening and hence, polydispersity. The average of FWHM is 80.1059 nm as the size of
Ag NPs were 20 nm. The Full width at half maximum gives information about the particle
size distribution. The position of the peak depends on the size of nanoparticles directly. The
SPR band position shifts to longer wavelengths as the particle size increases. Aggregation of
nanoparticles can change the physical and chemical properties of nanoparticles. Moreover, it
also can reduce the ratio of the surface area of the nanoparticles. To overcome this, a
stabilizer used to get the size of the nanoparticles stable because of uncontrolled aggregation
process. Poly Vinyl pyrrolidone (PVP) is used as a stabilizer polymer and NaCl as stabilizer
that serves as a deterrent ionic interaction of charged so as to avoid the aggregation process.
The observation of the day to 5 showed still clear yellow solution without sediment.
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Figure 2. UV-Vis Spectra on AgNPs stability measurement

Based on Figure 2, the SPRs are no meaningful peak shifted 402,4 = 0,89 nm. It means
stable for 5 times observation. Synthesis of Ag NPs was performed using reduction method,
and the result of particles size was obtained at 20 nm and stable, accordingly this synthesis
method can be used for the synthesis Ag nanoparticles as imaging materials.
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CONCLUSION

Silver nanoparticles were very stable in demineralized water at pH 9. Nanoparticles
sizes were 20 nm and spherical shapes. The SPR of silver nanoparticles exhibited at 403 nm
wavelength. The average diameters were 5.8 + 1.5 nm and polydispersity Index was 0.504.
The dielectric charge was -53 mV. The stable Ag NPs showed there was no significant SPR
shift at 402 = 0.89 nm wavelengths during 5 days observation. Based on the size and
stability, it was suitable for imaging material.
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