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ABSTRACT

Colloidal silver nanoparticles were obtained by chemical reduction of sil-
ver nitrate in water with sodium borohydride (NaBH,) in the presence of
sodium dodecy! sulfate (SDS) as a stabilizer. The obtained nanoparticles
were characterized by their UV-VIS-NIR absorption spectra, Transmission
electron micrograph (TEM) and Scanning electron micrograph (SEM) im-
ages. The UV-VIS-NIR absorption spectrashowed that NaBH, served not
only as areducing agent but also as a stabilizer, which protects the aggre-
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gation of silver nanoparticles. The TEM and SEM images showed that the
particles were dispersed better with increasing the NaBH, concentration.
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INTRODUCTION

During the past few decades, silver nanoparticles
have attracted considerableinterest from thechemical
industry and medicine dueto unique properties, such
ashighthermal conductivity, high resistance of oxida
tion, and antibacterid activityS. Recently, variousin-
organic antibacterial materialscontaining silver have
been developed and some arein commercial use®?.
Theantibacterid activity of Slver nanoparticlesisinflu-
enced by the size of the particles, contrary to bacteri-
cideeffectsof ionicslvet™19, Thus, slver nanoparticles
with small size and without aggregation between par-
ticlesarepreferablein thisapplication.

Different methods have been used to synthesize
metal oxidesdoped glasses/silicain powder and thin

filmform®-14, Among thesemethods, the chemical re-
duction method hasbeen widely studied, dueto itsad-
vantagesof yielding nanoparticleswithout aggregation,
highyield and low preparation cost™. Thechemical
reduction method involvesthereduction of AGNO, by
areducing agent in the presence of asuitable stabilizer,
whichisnecessary in protecting the growth of silver
particlesthrough aggregation. Intheformation of slver
nanoparticlesby the chemical reduction method, the
particleszeand aggregeation state of Slver nanoparticles
aredfected by variousparameters, suchasinitid AGQNO,
concentrations, reducing agent/AgNO, molar ratios, and
stabilizer concentrations.

Researcherd'>" have pointed out that the forma-
tion of metal oxides/slicatesinsideor at the surface of
amorphous SO, matrix dependsmainly on the precur-
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Sor used, preparation method and thermal treatment.

The problem of high processing temperature and
low solubility of metalsby conventiona techniquecan
be overcome by using chemical method™.. In generdl,
chemica method matchesthedemandsof industriesin
term of preparation of materia swith high dengity, high
mechanica and thermal shock resi stance, high specific
surface area, compositional purity and optical grade
quality*®. Kepinski and Wolcyrz™ prepared Nd-
doped SO, with different molar ratio by theimpregna:
tion method and shown that the heat trestment playsan
important rolein developing different phasesof thebi-
nary oxides. Dimitrev et. d .1*¥ investigated the micro-
structure of thermally treated Nd-doped silicagel sby
complementary techniques and found that
microheterogenity with amorphous phase occurred at
low temperature. However, theincrease of tempera-
ture leadsto theincrease of crystallinity and the de-
creaseof four-foldrings.

For proper utilization of binary oxidesystems, es-
pecially nanocrystallineAgNO, doped SIO,,, inscien-
tific and technol ogical applicationsrequireabetter un-
derstanding of the phase evol ution of binary oxides.
Phaseevolutionisdeeply involved in thefundamental
physicsof metal oxides, host matrix, heat treatment
conditionsand ambient aimosphere. A detailed and sys-
temati c study has been made on theinfluence of pro-
longed high temperature sintering on themicrostructure
of slver oxidedoped silicapowder and found that pro-
longed sintering at high temperaturemainly supportsthe
development of silver phase of AQNO, withwell de-
fined morphology. The UV-VIS-NIR spectroscopy,
Scanning electron microscopy (SEM) and Transmis-
sion electron microscopy (TEM) data of the prepared
samplesare provided.

EXPERIMENTAL

Silver nitrate (AgNQ,, 99.5%) wasused asthe pre-
cursor to prepare silver nanoparticles. Sodium boro-
hydride (NaBH4, 98%) and sodium dodecyl sulphate
(SDS, 98%) wereused asthe reducing agent and sta-
bilizer for thesilver nanoparticles, respectively. AQNO,
solution wasprepared by dissolving therequired amount
of AgNO, in 50 ml distilled water. Separately, the
NaBH, solution was prepared by dissolving NaBH,
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and SDSin 50 ml distilled water for half an hour to-
gether. Silver nanoparticleswere produced by drop-
pingtheAgNQ, solutionintotheNaBH, solution with
SDSdowly. After dl solutionswere added, themixed
solutionsweredtirredfor 2 hours. To preparethestable
silver nanoparticlesviathe chemicd reduction method,
itisimportant to choose appropriate stabilizer and re-
ducing agent. Inthiswork, awater soluble stabilizer
SDSand astrong reducing agent NaBH ,, were used.
Silver nitrateisreduced by sodium borohydrideinthe
presence of stabilizer (SDS), resulting in silver
nanoparticles, according to thefollowing eg. (1)19.

Ag+BH, +3H,0 —>AgO+B(OH),+35H, @A)

Intheformation of slver nanoparticlesby thechemi-
cal reduction method, the order of reactant addition,
droppingsilver nitratesolutioninto NaBH, solutionwith
stabilizer, is important to obtain stable silver
nanoparticles??, Thereverse order of reactant addi-
tion causes the immediate precipitation of silver
nanoparticles.

Theaggregation saeof partideswasobserved with
aUV-VIS-NIR spectrometer (UV-2450, Shimadzu,
Japan). Theparticle size and aggregation state of par-
ticleswerefurther measured with transmi ssion e ectron
micrograph (TEM, Jeol, JEM-1010, Japan) at 80 kV
accelerating voltage. SEM studiesof thesampleswere
carried out by scanning el ectron microscope (JEOL -
JSMT330- A 35 CF) at an accelerating voltage of
20K V.

RESULTSAND DISCUSSION

Effect of initial AQNO, concentration
Absor ption spectra

Figure 1 showsthe UV-VIS-NIR spectraof col-
loiddl slver nanoparticlesprepared with different initial
AgNQ, concentrations (0.0001 M, 0.0002 M, 0.0005
M and 0.001M). The nanoparticleswere synthesized
at the conditions of NaBH,/AgNO, molar ratio of 10
and SDS/AgNO, weight ratio of 2. The color of the
solutions depended on the concentration of added
AgNQ, solutions. Withincreasingtheinitia AGQNO, con-
centration, thecolor of solution changed fromyellow to
brown. The absorption peak at around 400 nminfig-
ure 1isattributed to the surface plasmon excitation of
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Figure 1 : UV-VISNIR absorption spectra of the silver
nanoparticlesprepared viareduction of AgNO, with different
initial concentrations

Figure3a: TEM imagesof silver nanoparticlesprepar ed with
different NaBH /AgNO, molar ratios=2

Figureda: SEM imagesof silver nanoparticlesprepar ed with
NaBH /AgNO, molar ratios=2

silver nanospheres, indicating the formation of silver
nanoparticles. Atlow AgNO, concentrations (0.0001
M, 0.0002 M), aweak absorption maximum of sur-
face Plasmon peakswas observed at 400 nm, showing
that silver nanoparticleswere produced at ardatively
low concentration. Withincreasing theAgNO, concen-
tration, theintensity of the maximum Plasmon pegk in-
creased, indicating that higher concentrations of silver
nanoparticleswereformed.
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Figure 2 : UV-VIS-NIR absorption spectra of the silver

nanoparticlesprepared with different NaBH /AgNO, molar
ratios

Figure3b: TEM imagesof silver nanoparticlesprepar ed with
different NaBH ,/AgNO,_ molar ratios=10

Figuredb: SEM imagesof slver nanoparticlesprepared with
different NaBH /AgNO,_ molar ratios=10

Effect of NaBH , concentrations

To understand therole of NaBH, concentrations,
thereduction reaction wascarried out by varyingmolar
ratiosof NaBH,/AgNO, (0.5-15) at the conditions of
initial AgNQ, concentration (0.001 M) and SDS/
AgNO, weight ratio of 2.

UV-VIS-NIR spectraof different molar ratios of
NaBH,/AgNO, areshowninfigure2. Whensmall molar
ratio of NaBH /AgNOQ, (0.5) was used, aweak plas-

PR -



NSNTAIJ, 5(1) 2011

Surender Duhan 31

SDS/AgNO, 0.5
SDS/AgNO, 2

5 U PR SDS/AGNO, 5
SDSIAGNO, 20

Absorbance

200 300 400 500 600 700 800
Wavelength (nm)

Figure 5 : UV-VISNIR absorption spectra of the silver
nanoparticlespr epar ed with different SDSAgNO, weight ratios

mon peak centered at 400 nm was observed, indicat-
ingthat slver nanopartidesof ardatively low concentra:
tion were produced, dueto i nsufficient reduction reac-
tion. Itiswell known that the UV-VIS-NIR absorption
peak can giveinformation onthedegreeof dispersion
of silver nanoparticles?2¥, The narrower the absorp-
tion peak, the better the degree of dispersion of
nanoparticles. IntheNaBH /AgNO, molar ratiosof 2
and 5 theintensity of the absorption peak at 400 nm
increased, and the absorption peak becamebroad, in-
dicating the aggregation of silver nanoparticles. How-
ever, whenthe NaBH,/AgNO, molar ratios were 10
and 15, narrow absorption peaks were obtained,
suggesting that the silver nanoparticleswerewel| dis-
persed. Theseresultsarewell consistent with Liu et
a 1?1221, Accordingto them, asmall amount of NaBH,
was used; the boron hydroxide produced through hy-
drolysisof NaBH, by the above eq. (1) was absorbed
to thesilver nanoparticles, reducing the el ectron den-
sity of surfacesand causing profound aggregation of
silver nanoparticles. On the other hand, when excess
amount of NaBH, wasused, thick BH, |ayer prevented
the boron hydroxidefrom absorbing to the surfaces of
silver nanoparticles, resulting in well-dispersed
nanoparticles. Theseresultsindicatethat NaBH, served
not only as areducing agent but also as a stabilizer,
which protectsthe aggregation of slver nanoparticles.
Fgure 3showsthe TEM imagesof slver nanoparticles
prepared with different NaBH /AgNO, molar ratios (2,
10). With increasing the NaBH,, concentrations, the
particle size had no obvious changes (the particle di-
ameter rangesfrom 30to 40 nm). However, theaggre-
gation state of nanoparticles depended on different
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NaBH /AgNO, molar ratios. WhenNaBH /AgNO,=2,
profound aggregation of silver nanoparticleswas ob-
servedinfigure 3a. On the other hand, in the case of
NaBH,/AgNO,=10infigure 3b, theaggregation was
reduced, and the dispersion becamefar better. Figure
4aand 4b shows SEM images of NaBH /AgNO, mo-
lar ratio (2, 10). From thefigureswe can seethat con-
centration of AgNO, led to somestructurd refinement.
Ag revealed some faceted nanostructures with de-
creased crystallitesizein low concentration of AQNO,
andincreasein crystalinesizein further AGNO, con-
centrationincreaseswhich hasbeen dready confirmed
by TEM andysis. Aswe seefrom micrographwith con-
centration AgNO, incorporated on the surface. Ag
seems somewhat porousin nature. Theseresultsare
well consistent withthe TEM and UV-VIS-NIR spec-
trainfigure2.

Effect of SDS concentrations

Themain purposeof introducing SDSto the solu-
tionwasto prevent thesilver nanoparticlesfrom growth
and aggregation. Figure 5 shows the UV-VIS-NIR
spectraof colloida silver nanoparticleswith different
SDS/AgNQO, weight ratios (0.5, 2, 5 and 20). The
nanoparticlesweresynthesi zed at the conditionsof ini-
tial AgNQ, concentration (0.001 M) and theNaBH,/
AgNO, molar ratio of 4. As the SDS concentration
increased, the color of solutions changed from brown
toyellow. At high SDSAgNO, weight ratios (5, 20),
narrow surface plasmon absorption peaksat 400 nm
were observed, confirming the nanocrystaline charac-
ter and well-dispersed sate of thesIver particles. How-
ever, when the SDSAgNO, weight ratios were low
(0.5, 2), the absorption peaks became broad, indicat-
ing that silver nanoparticleswere aggregated. These
results mean that when adequate amount of SDSwas
used, SDS absorbed on the surface of silver
nanoparticles, and protected thes lver nanoparticlesfrom
growth and aggregation asaresult of itssteric effect.

CONCLUSIONS

Silver nanoparticleswere successfully prepared by
reducing AgNO, with sodium borohydridein the pres-
enceof SDSasastabilizer. The UV-VIS-NIR absorp-
tion spectrashowed that when excessNaBH , was used,
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thethick BH, layer prevented theboron hydroxidefrom
absorbing tothe surfacesof silver nanoparticles, result-
inginwell-dispersed silver nanoparticles. The TEM
images showed that the degree of particleaggregation
depended on different NaBH /AgNO, molar ratios.
When small amount of NaBH, was used (NaBH,/
AgNO,=2), profound aggregation of silver nanoparticles
was observed. However, withincreasingthe NaBH,
concentration, the aggregation was reduced, and the
degreeof dispersionimproved considerably.
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