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Abstract

A silver nanostructures prepared by using chemical reduction method. The silver
nanoparticles were prepared with diameters of about (20 nm). Numerous tech-
niques had been used to study the optical, structural like the UV-Vis absorption
spectrometer, Ttransmission Electron Microscopy (TEM), Field-Emission Scan-
ning Electron microscope (FESEM), and X-ray diffraction (XRD). The prac-
tical results exhibited the absorption spectrum of the prepared nanoparticles
at (357 nm), it was found that there is a relationship between the positions of
the optical absorption peak and the size of the silver nanoparticles. The anal-
ysis of TEM results showed the presence of nanoparticles in the range (20
nm). The analyzing of XRD results explained the crystal structure for silver
nanoparticles. It is found a cubic unit cell have a lattice constants (a = 4.0855
A), with the Miller indices were (111), (002), (002), and (113).
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1. Introduction

The nano materials are rapidly developing recently through potential applica-
tions in a wide range of technological areas such as electronics, catalysis, ce-
ramics, magnetic data storage, structural components [1]. Silver nanoparticles
(AgNPs) are very important among different metallic nanoparticles, because it
had a biomedical applications especially in cancer diagnosis and therapy. A nano
spherical silver powder prepared using a chemical reduction method. The Tur-
kevich procedure [2] used for synthesis AuNPs, it considered most probable

many reasons. The procedure is very simple and reliably to produces AuNPs
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with diameters range (5 - 150 nm). The second thing, it is nontoxic and stabi-
lized by citrate ions [3]. There is a fast nucleation in the synthesis leads to
AuNPs with narrow size distribution [3] [4]. It was achieved by increasing the
reactivity of the precursor. There are two procedure used to generate nanopar-
ticles depend on a limited amounts of a material provided. Commonly, they ap-
plied in most researches and studies to produce nanostructure materials. These
are classified as, the bottom-up and the top-down techniques, both mentioned
in Figure 1. The bottom-up is assembled atoms together to produce nanopar-
ticle or dis-assemble the bulk material producing nanostructure, the last one
represent the up-down technique. The first procedure is more complicated be-
cause it needs high technology to assemble many atoms or molecule producing
nanostructure. The second is simpler and it needs a simple equipment to per-
form laboratory because it depends on the decomposition of bulk material into
nanostructure. There many chemical and physical process used to transfer the
bulk material into nanostructure such as nanoparticles, but the reduction me-
thod is one of powerful technique used to perform nanoparticle in the procedure
top-down [5] [6].
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Figure 1. The technique of nanostructure [7].
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In this research, it is related to prepare a silver nanoparticle experimentally by
using the reduction method. It is necessary to apply in the laboratory and mak-
ing a specification on the sliver nanoparticle represented by Transmission Elec-
tron Microscope (TEM), Field-Emission Scanning Electron microscope (FESEM),
UV-VIS spectrophotometer, and X-ray diffraction. All these analysis give us a

knowledge on the characterization Ag-nanoparticle prepared experimentally.

2. Experimental Procedure

The reduction method is one of the chemical methods those were used to pre-
pare silver nanoparticles. It is considering a bottom-up procedure because the
chemical reduction tends to produce Ag-atoms which are assembled to gener-
ate nanostructures. During the synthesis process, if the reaction rate is too fast,
rapid formation of a large amount of metal nuclei will occur and result in par-
ticles that are too small. On the other hand, agglomeration of particles will
take place if the reaction rate is too slow. The principle chemicals used in the
experiment were the silver nitrate (AgNO;), glucose and polyvinyl pyrrolidone
(PVP), and sodium hydroxide. The Silver nanoparticles reduced from the sil-
ver nitrate in PVP aqueous solution. The glucose used as reducer and sodium
hydroxide apply to accelerate the reaction. Firstly, the preparation of silver ni-
trate solution prepared by adding 3.4 g of AgNO, into 20 ml distilled water,
the solution (a). The PVP solution prepared by dissolving PVP, the glucose
and sodium hydroxide in 60 ml distilled water together, producing solution
(b). Then the solution (b) heated to temperature (60°C) by magnetic stirrer.
After the temperature fixed for (15 min), the solution (a) added to (b) by
drops. Then the mixed solution was stirred for (10 - 15 min). The particles
were separated by centrifugation, and washing the products by distilled water
many times to remove the possibility NO, that might be not reacted [8]. There
are many technique used to examine the appearance of nanoparticles. A field
emission scanning electron microscopy (FESEM) and transmission electron
microscope were used to investigate the nanostructure production. Normally,
FESEM-device is giving a high resolution rather than SEM. That’s making a
fine grain in the nano size. The main difference between FESEM and TEM is
creating image by detecting reflected electrons, while TEM uses transmitted
electrons to create an image. Then TEM-results offers a valuable information
on the inner structure of the sample, while SEM provides information on the
surface morphology and its composition. X-ray diffraction technique (XRD) is
using to define the structural nature of the prepared sample. To investigate
this purpose, the application of CrysDiff software is necessary to make a simu-
lation on the XRD-pattern.

3. Results and Discussion

After the successive preparation had been done by the reduction method to
produce a silver nanoparticles. These analysis and measurements are useful to

prove the successful the preparation of silver nanoparticle experimentally. The
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absorption spectrum of silver nanoparticle by UV-visible spectrophotometer. It
had been done for all prepared samples as a function of different concentration.
The analysis of absorption spectrum state the first step of understanding the ex-
cited electronic states of molecules. It gives more information from state (S,) to
excited state (S,) for the molecules under investigation, as shown in Figure 1 &
Figure 2 for different concentration 1%, and 2% respectively. The spectrum is
depending on the concept of surface Plasmon of silver nanoparticles which had
been prepared by chemical reduction method. The surface Plasmon spectrum of
large silver nanospheres those were mentioned by the sample with concentration
(1%) as shown in Figure 2. It was clear that the maximum absorption peak oc-
curred at (357 nm) with a peak intensity about (1.82 a.u). Whereas the surface
Plasmon spectrum of silver nanostructure was denoted in Figure 3, for the con-
centration (2%). One can noted the maximum absorption peak occurred at (358
nm) with a peak intensity about (3.11 a.u).

It is clear that the maximum absorption peak of surface Plasmon absorbance
of silver nanoparticles goes toward short wavelength. That is obvious the indica-

tion for the decreasing the size of nanostructure such as particles. These results
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Figure 2. Indicate the UV-VIS spectrum for silver nanoparticle solution with 1% concen-
tration.
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Figure 3. Indicate the UV-VIS spectrum for silver nanoparticle solution with 2% concen-
tration.
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is confirmed with the results obtained from transmission electron microscope
previously [9].

The transmission electron microscopy (TEM) is a good technique to observe
the size and the shape of the silver nanostructures, as shown in Figure 4. It was
appeared as spherical shape with average particle size in the range (20 nm). The
silver nanoparticles also showed high monodispersed. The results of FESEM is
compatible with TEM-results. It was cleared the presence the nanoparticle, in
addition it gives the morphology of surface and the homogeneity of grain size
and grain boundaries, appeared in Figure 5. The results showed the presence of
silver nanoparticle in different size. In addition, the agglomeration of silver na-

noparticle is clearer through the increasing of silver nanoparticle rather than the

100 nm

Figure 4. The TEM results for silver nanoparticle.
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Figure 5. The FESEM results for silver nanoparticle with different position.
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size of nanoparticle concluded in TEM results. The agglomeration is possible
because of high conductivity of silver metal under the effect of the electron beam
of FESEM.

The crystal structure during the XRD-pattern, as shown in Figure 6. The pattern
analyzed by using specialized software to find the type of structure and the related
lattice parameters, through the simulation by CrystalDiff. Software. The simulated
results comparing with related database is the standard chart (1,100,136). The si-
mulated data showed a cubic phase with lattice constants (a = b = ¢ = 4.0855 A),
and the volume of unit cell is (68.1923 A%). The peaks are mentioned by the mil-
ler planes labeled by (111), (002), (022), and (113). It is agreement with the Lai et
al. [1] and in contradiction with Mehta et al [10].

The determination of lattice constants, and the crystal phase is related to posi-
tion of the peaks at a certain (26), which are coincidence with the data base. The
widen peaks in the X-ray pattern is considering the proof of nanoparticles ap-
pearance.

The appearance of many peaks is returning to polycrystalline structure, for
this reason there are many orientation through the grains, and a predominant
orientation is (111). Secondly, the peaks intensity is small enough comparable
with X-ray diffraction of bulk sample. That is return the low density of Miller
planes within the unit cell in comparable with bulk sample.

It is useful to determine the crystallite size inside the grains, and the elastic
strain might be exhibited in the unit cell during the axis (a, b, ¢) by applying
Williamson-Hall equation, as mentioned in Figure 7. The results showed the
crystallite size is about (155.7808 A) which is equal to (15.57 nm). That is exactly
equal to the grain size appeared. It is smaller than the particle size that was dis-
cussed by TEM-results before. The important thing that is mentioned related to
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Figure 6. XRD pattern of silver nanoparticle.
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Figure 7. Explain the application of Williamson-Hall equation.

elastic strain, which is about (0.0011). It is a small enough, that is good because it

is a function to the stability of the cubic phase produced.

4. Conclusion

The synthesis ability a metal nanoparticle is valid experimentally during the re-
duction method. The size of nanoparticle is about (20 nm), which is favor than
that imported from the external company. The output nanoparticle powder is

suitable to apply in the medical field through the obtainable results.
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