Chemleeh

" x International Journal of ChemTech Research
RESEARCH CODEN( USA): IJCRGG  ISSN : 0974-4290
www.sphinxsai.com Vol.6, No.1, pp 450-459, Jan-March 2014

Preparation and Characterization of Silver Nanoparticles

Abdalrahim alahmad*

Higher Institute for Applied Sciences and Technology, P.O. Box31983,
Damascus, Syria.

*Corres.author: abdalrahimalahmad@hotmail.com,
Phone:+963-933031059

Abstract: Using wet chemistry method, we have synthesiZedrananoparticles, with sizes going from 16 nm
to 47 nm. Silver nanoparticles are formed in agsesmiution of silver nitrate, with dextrose as r@dg agent;
and polyvinylpyrrolidone (PVP)as a stabilizer. Iiststudy we use urea as an additive to produeenadiates
that slow the transformation of silver ions inttvei by the reducing agent. We obtain silver coldoof small
sizes and a narrow distribution using only a snaatiount of protective agent while maintaining high
conversion rates at reasonable silver concentsatibthe same time.
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1. Introduction

Building small structures for advanced materialsigie high performance nano devices and miniatdrize
electronics is one of the central goals of naners®. Inorganic nanoparticles are particularly attrseti
building blocks for such purposes, owing to theimque optical, electronic, magnetic, and catalptiopertie$

" many of which can be tailored simply by tuningesishape, and surface functionality of nanopasticl
without changing their material composition. Thas Significant progress has been made using werhisry
strategies to synthesize high-quality nanopartifies a variety of inorganic materials, includingld, silver,
iron oxide, and semiconductér's

Manipulating the synthesis conditions allows fatiaaal control of nano particle morphology and pdes a
means to tailor material properties in the proclsdhle metal nanoparticles, and specially silveraparticles,
have potential uses in many applicatfofissuch photonic circuits®’ wave-guide$™° molecular ruler$ and
chemical/biological sensdrs®

Several methods have been used in the past torpre@ao structured silver particles, including cloain
reduction of silver ions in aqueous solutions withwithout surfactant$, electrochemical reductiét® heat
evaporatiofi*® thermal decomposition in organic solvéhtpolyol proces$, chemical and photo-reduction in
reverse micelléd® and radiation chemical reductfri®. All these methods of preparation involve the
reduction of relevant metal salts in the presemca@bsence of surfactants, which is necessary itralbng the

growth of metal colloids through agglomeration.
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From a practical point of view, the method of cheathireduction from aqueous silver nitrate soluti®most
preferable for obtaining silver nanoparticles. Irtypical process, one can choose the reducing agecht
corresponding protective agent to obtain a unifalispersion of products. In an aqueous reaction umedi
when a strong reducing agent such as sodium borioleydNaBH;) or hydrazine (BH,) is used, the fast
reaction produces very small primary particles, when the precursor (i.e. AgNJOconcentration is relatively
high, it becomes difficult for the protective ageatyg. PVP molecules, to fully adsorb on the sileeltoidal
surface in time due to the diffusion limit. As au#, the conversion might prove high, but the siigtribution
of the final product is often very bro¥d® . In order to avoid too much agglomeration, thkvesiion
concentration must be kept low, which in turn coompises the productivity of the process. Howeverenvh
moderate reducing agent, such as formaldehydeeid ane can obtain silver particles with a meam of27.8
nm and standard deviation of 9.9 nm from an ingibler concentration of 0.1 M* Panigrahi et & tried a
weak reducing agent, i.e. glucose, to obtain Adiglas of about 20 nm in size, but the productsemeot
uniform enough. Nersisyan et#lalso used glucose, however their precursor wa®©Amd the Ag particles
were in the range of 10-50 nm. Hu ef?alised trisodium citrate to prepare silver nano raa$ nano wires
based on the principles of slow reduction rate montisotropic adsorption of surfactant. Silverakt obtained
fine-sized Ag particles whose size distribution vibetween 15 and36 nm by polyol reduction. Desjigsé
efforts, it remains difficult to prepare silver fiales of less than 20 nm and with a narrow distitn from an
agueous solution.

In our work we prepare silver nanoparticles fronuemps solution of silver nitrate. Our reducing dgen
dextrose; and we employ polyvinylpyrrolidone (P\&B)a stabilizer (protective agent or capping agémthis
study we use urea as an additive to produce intliates that slow the transformation of silver iims silver
by the reducing agent. We can obtain silver coi@mtismall sizes and a narrow distribution usinty @axsmall
amount of protective agent while maintaining higimeersion rates at reasonable silver concentraabrise
same time.

We should mention that this work is the first oh@ar country, in spite of the lake in charactetitza devices,
and it could be completed with SEM and TEM charndaza¢ion but we don’t have these techniques yet.

2. Experimental work
We prepare three separate solutions A, B and C:

+ Solution A contains 0.156 MAgN{Qwith variable quantities of urea (the molar ratfdUrea]/ [Ag'] was
between 0 and 12).

e Solution B contains PVP with its quantity fixedlag of PVP/1g of AQNO3, and variable quantities of
NaOH, whose concentration was from 0.2 to 1M.PVRitpymolecular weights of 10,000, 29,000,
40,000 and 55,000 are tested in this work for tbapability to stabilize the silver colloidal susp®ns.

» Solution C contains 0.334 M dextrosefz,0s). The Particular experimental conditions are tiste

Table 1.

At ambient temperature, and with stirring at 60@ygolution A is rapidly poured into solution B.ghit yellow
precipitates are formed immediately. After 10 mimeaction, solution C is poured into the mixedusioin of A
and B. When the color of the solution changes fyatfow to black, we transfer the mixture to a waiath at
70°C to accelerate the reduction reaction.

After30 min of reaction, we separate the silvetaids from the solution by robust centrifugationl@00 rpm
for 60 min, to get rid of any excess protectingragand were-disperse the obtained silver in Ddten We
repeat the previous operation at the speed of 188@0for another period of 30 min, to remove asimof the
PVP as possible, then we re-disperse the sepasiatedcolloids in D.I. water again.

Finally, we deposited the Ag colloidal suspensiongiass slides by spin-coating. For further analytie
precipitate was also separated by centrifugatiob0800 rpm for another 30 min and dewatered byiingait
10C0°C for several hours.

We characterize the deposited films by Atomic Fadwtieroscopy (AFM, NanosurfeasyScan2, Switzerland),
and the powder is characterized by X-ray diffratti¢XRD, Philips, PW3710, Netherlands), TGA
(SETARAMLABSYSOP-1A, France) was used to examine tlksidual quantity of PVP of these silver
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colloids, and Infrared (IR) spectrum was measuradaoEQUINAX55Fourier transform infrared (FTIR)
spectrometer, where the particles were grind wigBM particles together, and pressed to a circle flake.

Table 1: Experimental conditions for the synthesisf silver nanoparticles at 70°C.
In all these samples: [AgNg|=0.156 M, [dextrose]=0.334 M and PVP/AgNQO3 is 1ggl

Sample Molecular weight of  Urea/AgNO; NaOH

number PVP (molar ratio) (M)
1 10000 0 0.0125
2 29000 0 0.0125
3 40000 0 0.0125
4 55000 0 0.0125
5 10000 4 0.025
6 29000 4 0.025
7 40000 4 0.025
8 55000 4 0.025
9 10000 12 0.05
10 29000 12 0.05
11 40000 12 0.05
12 55000 12 0.05

3. Results and discussion
3.1.XRD study

XRD data were collected using a Cu+(K) radiation, with 2 in the interval [18-100], a step of 0.02 and a
scan time per step of 1 s. X-ray diffraction patteof the various componentse. pure silver, and Ag
nanoparticles, are presented in Figure 1.

Comparing these patterns with that of pure silwer,deduce that our samples are effectively contag)sand
only Ag. We see, in preference, diffraction peaksrgstalline plans (111), (200), (220), (311) #222).

We analyzed all these patterns by the Rietveld atetbising the refinement system GSAS and EXPGHI
For every pattern, we determined FWHM values of XR&rks, taking in account the instrumentation

contribution in the broadening of those peaks. ritleo to separate this instrumentation contribyjgn, we

measured an XRD pattern of a bulk sample of Sii$twed with our PW3710 XRD-PHILLIPS system, then we
refined its profile to determine the Caglioti-PabiRicci coefficients(U,V,W§°:

B... = VUtan? @ + V tan @ + W. We obtained U=0.02591, V=-0.02159 and W=0.01388§: rad).

Then crystallite sizes of our silver nanopartickese determined using Scherrer equatir= KA /(fcos8),

whereff = /B2 — B2, Bnis the FWHM of an analyzed peak at the postlioandK is a constant depending
on the shape of the crystallites (here we suppesegherical shape, o= (f) ;T—;’ﬁ ~ 1.0747%. We
deduced a crystallite sizes between 16 nm to 47asmgsumed i&rror! Reference source not found.

3.2. AFM characterization

We present in Figure 4, the AFM images of silvemapzarticles films deposited on glass slides by spating.
These images have been measured on scanning piciescope in tapping mode under ambient conditions.

In these AFM images, we see pseudo-spherical [matwith different sizes in the studied samplese kight
and width of the silver nanoparticles were measuisdg the software attached with the AFM microgcdp
order to estimate an average width and an averagghthof the imaged nanoparticles, we have arldigrar
chosen, and analyzed, about 15 particles on eaatpeinWe got the results presented in
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Figure 1: XRD patterns of all synthesised silvernaoparticles and a pure silver.

Table 2: Crystallite sizes of silver nanoparticlesamples, obtained by analyzing
XRD patterns of Figure 1

Sample Size (nm) Sample  Size (nm)
Gl 27 G7 35
G2 16 G8 21
G3 39 G9 33
G4 20 G10 47
G5 28 G1l1 42
G6 32 G12 34

Table 3: Average width and height of the silver naaparticles obtained from AFM images.

Sample Height (nm) Width (nm) Sample  Height (nm) Width (nm)
Gl 9 86 G7 14 102
G2 10 79 G8 10 90
G3 26 114 G9 13 95
G4 10 81 G10 14 103
G5 13 93 Gl1 12 116
G6 12 95 G12 11 98
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Figure 2: Comparison between silver nanoparticlessizes”
as obtained from AFM images and XRD analysis.

A first look at this table shows a small heightued compared with the corresponding width valudse T
measured height is expected to be as large asithle, \eassuming a spherical nanoparticle shapehér it is
smaller than the width. This difference is pradticaue to the fact that particles are diving irc@ntinuous
background on the substrate, and to the shape mmehsions of the tip of the cantilever used in AFM
imagind®. Because of that the height value obtained hemetis: typical characteristic of the nanopartiite s

In contrast, we see on Figure 2 that the nanopastith values, obtained from AFM images, are atiarger
than the corresponding values obtained by XRD.aket fi primary purpose of the introducing PVP was to
protect the silver nanoparticles from growing agdlamerating, but with the introduction of PVP vsil ions

or particles would coordinate with N or O in PVRdaa covered layer would generate on the surface of
nanoparticles, and this in turns is reflected greater dimension when measured by AFM. In spitéhaf, we
recognize at Figure 2 a very good agreement bettietwo results: a larger XRD-size correspondsatiffely

to a large AFM-width.
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Figure 4: AFM images of silver nanoparticles filmsdeposited on glass slides by spin coating
Scan scale: 2 umx2 um or 1 umx1 um; height scale0sm.

3.3.FTIR Analysis

Figure 5 shows FTIR spectra of the PVPs of diffenmolecular weights used in our preparation ofesilv
nanoparticles. These spectra have absorption peéadksntical wave numbers, as expettetl
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Figure 5: FTIR spectra of the used PVPs of differehmolecular weights

In order to understand the mechanism of adsormfddVP on the surface of nanopatrticles, FTIR anslgé
Ag nanoparticles within PVP matrix were carried @und the obtained data were compared to the FTIR

spectrum of the pure PVP.
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Figure 7 shows the FTIR spectra of PVP only and #xi®edded Ag nanoparticles prepared using Wet
Chemical Route. Comparing the FTIR spectra offRW® and PVP- embedded Ag nanoparticles in thigdigu
it is observed that absorption peak at 1658'¢@urves pvp10,pvp29 ,pvp40,pvp55) representsihetibnal
unit C=0 present in PVP, shift to 1628-1645 t(The remaining curves in Figure®7}2 Such a decrease in
wave number of C=0 bond may occur due to the boeakening as a result of the partial bond formatih
the surface Ag atoms which eventually passivatestitéace of Ag nanoparticles. Moreover, the peak0a3
and 1074 crt (Curves pvpl0, pvp29, pvp40, pvp55) due to C—Ndbel shift to 1024-1043 chand 1074-
1120 cm* for PVP- embedded Ag (The remaining curves in fég)®>**2 The peak shifting corresponding to
C-N bonds towards higher wave number may be atéibdue to chemical coordination of Ag nanoparsicle
with C—N bond. We also note that the peak of N-@¥rhplex (at 1288)was weakened gre#tly Changing in
optical behavior of PVP confirms the coordinatidnAg nanoparticles with N and O atoms of C=0 andNC-
bonds of this polymer.

Figure 6:
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Figure 7: FTIR spectrum for pure PVP and silver naroparticles synthesized in the presence of PVP using

4. Conclusion

dextrose as reducing agent at 7G

We presented here, how to prepare silver nanofetirsing wet chemical method, under optimized tmms.
Our method uses aqueous solution of silver nitdggirose, PVP and sodium hydroxide. We charaet@rilze
obtained nanoparticles by XRD, and we used spitirmpanethod to make thin films of silver nanopdesc
which are imaged by AFM. We deduced that we obthirgstallized silver nanoparticles of sizes betw&é
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nm and 47 nm. FTIR spectra where analyzed to stindy mechanism of adsorption of PVP on the
nanoparticles.
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