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ABSTRACT

Silver nanoparticles using different concentrations of AgNO, precursor
were successfully synthesized using sodium borohydride as the reducing
and capping agent. This study investigated the stability of silver
nanoparticles at two different silver nitrate concentrations using asimple
UV-Vis Spectroscopic technique. The UV-Vis spectroscopy confirmed the
formation of silver nanoparticles by exhibiting thetypical surface plasmon
absorption maxima ranging from 390-408 nm for higher (10°M) AgNO,
concentration, whereas for lower (10“M) AgNO, concentrations, we ob-
served variation in the SPR band which can be attributed to aggregation
of Ag NPs. During this study, we concluded that nanoparticles at lower
AgNO, concentration were much more stable than nanoparticles at higher
AgNO, concentration. The synthesized Ag NPs may have many potential
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applications such as antibacterial, antifungal, catalyst and sensor etc.
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INTRODUCTION

During past few decades, noblemeta nanoparticles
have been the subjects of focused research dueto their
unique el ectronic, optical, mechanical, magnetic and
chemicd propertieswhich differ sgnificantly fromtheir
bulk counter partd*2. These special and unique prop-
erties of themetal nanoparticles could beattributed to
their small sizesand large specific surfacearea. Metd-
lic nanoparticlesfind gpplicationsinmany fidldssuch as
catdyss, dectronics, photonics, etc. Widerangeof syn-
thesistechniques have been reported for the prepara-
tion of metallic nanoparticles®¥: Reversemicelespro-
cess®l, Sdlt reductiont®, Ultrasonicirradiation”, Radi-

olysis¥, Solvothermd synthesis¥, El ectrochemica syn-
thesig'%, Microwave diel ectric heating reductioni*Y,
etc.

Silver nanoparticles (AgNPs) possessunique prop-
erties, suchashightherma conductivity, high resistance
of oxidation henceisbeing usedin chemical industry
and medicing®23, Recently, Ag NPsexhibiting antimi-
crobial activity have been synthesized4. Silver con-
taining materiascan be employed to € iminate micro-
organismson textile fabricg'®™ or they can be used
for water treetment!®. Many synthesistechniqueshave
been used in the past to synthesize Ag NPs such as,
chemicd reduction of silver ionsin aqueous solutions
with or without stabilizing agents”%8, thermal de-
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compositionin organic solvents'¥, chemical and photo
reductioninreverse micelles®, radiation chemical re-
duction22, spray pyrolysigZ. Out of which thechemi-
cal reduction method hasbeen widely studied, dueto
itsadvantagesover other techniquessuch as, yielding
nanoparticleswithout aggregation, highyield and low
preparation cost®, Theformation of Ag NPsby chemi-
cal reduction method involvesthereduction of AGNO,
by areducing agent in the presence of asuitable stabi-
lizer which protectsthegrowth of slver particlesthrough
aggregation. The particleszeand theaggregation state
of theAg NPsduring the synthes stechnique depends
on many parameterswhichincludesinitiad AQNO, con-
centration, stabilizer concentrationsand reducing agent/
AgNO, molar ratio*4.

SincetheAgNPsstrongly absorbinthevisiblere-
giondueto surface plasmon resonance, it hasbeenfound
that inthe case of Ag NPs, the UV-Visabsorption spec-
traarevery sensitiveto the particlesizeand their ag-
gregation state?2, |n this study we havefocused on
the preparation of Ag NPsfrom agueous sol ution of
slver nitrate, we empl oyed sodium borohydrideasthe
reducing agent. The aggregation period of Ag NPswere
investigated by UV-Visabsorption spectra, prepared
by varying theexperimenta parametersof initid AGNO,
concentrations and reducing agent/AgNO, molar ra-
tios. The aggregation state of Ag NPswas observed
with a UV-Vis Spectrophotometer (UV-1800,
Shimadzu, Japan).

EXPERIMENTAL

Silver nitrate (AgNO,, 99%) purchased from
MERCK specialities Pvt. Ltd. Mumbai was used as
the precursor to prepare silver nanoparticles. Sodium
borohydride (NaBH,, 98% assay) purchased from
RANKEM wasused asreducing and astabilizing agent.
Milli-Qwater wasused to prepareal the solutions. Al
the glasswareswere cleaned by aquaregiafollowed
by washing with Milli-Q water.

Sodium borohydride solution wastaken in abea
ker and was cooled using an ice-bath. Then silver ni-
trate was added to the pre-cooled NaBH, solution (at
therateof 1 drop/sec). Thereaction mixturewastirred
vigorously and color changeswere observed ill the
completeaddition of AgNO, solution. Different setsof
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reaction were carried out to check the stability of Ag
NPsat different AQNO, concentration whose details
aregiveninTABLE 1.

TABLE 1: Detailsof AQNO, concentration

Sr. AgNO; 2.2mM Conc. of
No. (ml) NaBH,4(ml) AgNO; (mM)
1 10 20 3.30

2 10 30 2.50

3. 10 40 2.00

4, 1 20 0.33

5 1 30 0.25

6 1 40 0.20

UV-Visabsorption spectraof Ag NPswere mea-
suredinoptical quartz cuvetts using a Shimadzu 1800
UV-Vis Spectrophotometer. The measurementswere
carried out at room temperature.

RESULTSAND DISCUSSION

Silver nanoparticleswere synthes zed according to
the method described inthe previoussection. Thedis-
tinct colorsof Ag NPs are observed dueto aphenom-
enon known as plasmon absorbance. The conduction
electronsonthesurface of nanoparticleundergo oscilla
tionsoninteractionwith theincident light which results
into the absorption of dectromagnetic radiation?. Dur-
ingthesynthesisof Ag NPsat different AQNO, concen-
trationsthecolloidd solutionturnedfromcolorlesstopde
yellow to brown. Figure 1 shows the photographs of
samplesobtained a different AQNO, concentrations.

To prepare stable Ag NPsthe sel ection of appro-
priate reducing agent isvery essential. In the present
work sodium borohydrideisused asthe reducing and
stabilizing agent. It has been observed that the adsorp-
tionof borohydrideon thesilver ionssurfaceplaysa
key rolein stabilizing growing silver nanoparticlesby
providing aparticlesurface charge. Thereduction of
thesilver nitrate by sodium borohydride can berepre-
sented according the equation asshownin Figure 227,

UV-Visabsorption resultsconfirmed theformation
of Ag NPs prepared in liquid by chemical reduction
method (AgNO, reduced by NaBH,). We have mea-
sured UV-Visibleabsorption characteristicsof al the
synthes zed sampleswhichareshowninfiguresof UV-
Visspectra
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Figurel: Slver nanoparticles(light yellow (A)) obtained beforeaggregation from lower AGNO, concentr ations (X=0.0001M)
and (dark brown (B)) obtained from higher AGNO, concentr ations(10X=0.001M ) and after aggregation (colorless(A) to
light grey (B)) with aggregated particlessettled at the bottom of theglassvials(B).

AgNO3 + NH.BH4 > Ag + 12 Hg +2 B2H6 + NRNO3
BHQ' BH_.J'
Ag Ag
- BH.-
nAg" NaBH, BH,- Bh BH,- '
— BH,- BH,-
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BHiI-- BH_I'
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BH,- BH,-
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Figure 2 : Electrostatic repulsive forces between negatively charged adsorbed borohydride layers separate Ag

nanoparticleg?.

For structurd characterization of AQNPs, UV-Vis
Spectroscopy isoneof themost widdy used techniques.
Figures3A, 4A and 5A show variationin the absor-
bance with respect to time for 3.3mM, 2.5mM and
2.0mM AgNO, solutionsrespectively, whereasFigures
3B, 4B and 5B showsthevariationin the absorbance
withtimefor 0.33mM, 0.25mM and 0.20mM AgNO,
solutionsrespectively.

Theabsorption spectrumfor brownish silver col-
loid synthesized by reduction of AQNO, using NaBH,

as reductor showed a surface plasmon absorption
bandswith amaximum of 390 nm, 384 nm and 408
nm (Figures3A, 4A and 5A respectively). Whereas
the absorption maxima observed for 0.33mM,
0.25mM and 0.20mM AgNO, concentrations are
listedinthe TABLE 2.

It can be observed that for 0.33mM AgNO, as
the aggregation period varied from45minto 312 hrs
the absorption maximawasfluctuating from 369-391
nm (Figure 3B), for 0.25mM for aggregation period
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from 1 hr to 263 hrsthe absorption maximawas 386-
391 nm (Figure 4B) and for 0.20mM the absorption
maximawas fluctuating from 384-390nm for aggre-
gation period ranging from 4 hrs 35 minto 143 hrs
(Figure5B). These vauesfor absorption maximain-

dicate the presence of spherical or roughly spherical
Ag NPshowever the variations observed in the val-
ues of absorption band can be attributed to the oc-
currence of aggregation of Ag NPswith increasein
thetime.

TABLE 2: Showing detailsof SPR bandsat different AQNO,concentrations.

AgNO;Conc. (0.33mM)

AgNO;Conc. (0.25mM)

AgNO;Conc. (0.20mM)

Sro.' Time Absorbance Maxima Time Absorbance Maxima Time Absorbance Maxima
(SPR) (nm) (SPR) (nm) (SPR) (nm)

1 45 min 369 1h 371 lhr 378

2. lhr 371 5hrs 386 4 hrs35 min 384

3. 15hrs 376 6hrs 385 47 hrs 35 min 387

4, 4hrs 381 23 hrs 391 93 hrs 389

5. 6 hrs 384 29 hrs 386 143 hrs 390

6. 7 hrs 383 48 hrs 391

7. 205hrs 384 110 hrs 389

8. 73hrs 390 111 hrs 388

9. 291hrs 389 189 hrs 389

10. 312hrs 391 263 hrs 389

From UV-Vis spectrait can be clearly observed
that with increasein thetime the absorbance maxima
decreases and then reachesto aminimum valueindi-
cating the aggregation of Ag NPs. At lower AgNO,
concentrations (0.33-0.20mM), narrow surface plas-
mon peskswereobserved, confirming thewe | dispersed
state of silver nanoparticles (Figures 3B, 4B and 5B).
However at higher AgNO, concentrations (3.3-
2.0mM), the absorption peaks become broad, indicat-
ing theaggregation of AgNPs (Figure3A, 4A and 5A).
The aggregation period observed for higher AgNO,
concentration was much | essthan the aggregation pe-
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riod observed for lower AgNO, concentration which
supportsthefact that theAg NPsat |lower AgNO, con-
centrationsare highly stable compared totheAg NPs
at higher AgNO, concentrations. Indeed, anal ogous
effectswere previously reported by Sobczak-Kupiec
et a.? wherethey have prepared nanosilver suspen-
sionusing PVP asstabilizer and NaBH, asareducing
agent. They have synthesized Ag NPswhichweresta-
bilized by the polymer, whereasin our work we have
utilized NaBH , asreducingaswell asthestabilizing agent
and sudied their stability using different precursor con-
centrations.
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Figure3: Thekinetic study and the comparison on the stability of silver nanoparticlesat higher concentration of AgNO,
3.3mM (A) and at lower concentration of AQNO, 0.33mM (B) using UV-Vis Spectrophotometer.
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Figure4: Thekinetic study and the comparison on thestability of silver nanoparticlesat higher concentration of AgNO,
2.5mM (A) and at lower concentration of AQNO, 0.25mM (B) using UV-Vis Spectrophotometer.
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Figure5: Thekinetic study and the comparison on thestability of silver nanoparticlesat higher concentration of AgNO,
2.0mM (A) and at lower concentration of AQNO, 0.20mM (B) using UV-Vis Spectrophotometer.

Figure 6 showsthe aggregation periods observed
for different AQNO, concentrations, itisself explana-
tory and givesaclear ideaabout kinetic study and the
comparison of the stability of Ag NPsat higher con-
centrationrange of AgNO, (3.3-2.0mM) and at | ower
concentration range of AGNQ, (0.33-0.20mM). How-
ever it was even observed that at higher AgNO, con-
centration (10X), theaggregation period increaseswith
increasein theAgNO, concentration, i.e. AgNPssyn-
thesized at 2.0mM aggregatesfaster than 3.3mM and
similar resultswere observed for lower AgNO, con-
centration (X) asshowninFigure6.

With respect to the above noted observation the
gap between aggregation periods for the successive
AgNO, concentrationsshoul dincrease, however it was
observed that asthe concentrationisincreasing thegap
between the aggregation periodsisdecreasingi.e. the

L ]
s 3} | Con.(10X) Aggregation period
= ) 33mM 22 hrs.
£ ., 25mM 19 hrs.
- / 2.0mM 15 hrs. = Conc. 0.0007M: X
g 3 —a—Conc. 0.001: 10X
s
-
g Inference: X is more stable than 10X
c
[ 1] Con.(X) Aggregation Period
g 1} 033mM 312 hrs.
o 025mM 263 hrs.
O 020mM 143 hrs.
I
-
o 1 1 1 K 1 1 1 L
40 80 120 160 200 240 280 320

Time (Hours)
Figure6: Graphical summary of thekinetic study and the
comparison of thestability of silver nanoparticlesat higher
concentration range of AgNO, (3.3-2.0mM) and at lower
concentration rangeof AgNO, (0.33-0.20mM ) using UV-Vis
Spectrophotometer.
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gap between 3.3mM and 2.5mM AgNO,should have
been much greater than the gap observed between
2.5mM and 2.0mM. Similar resultswere observed at
lower AgNO, concentration (X) also.

CONCLUSION

Silver nanoparticlesweresynthes zed using sodium
borohydride as reducing and capping agent. In order
to check the stability of silver nanoparticlesat various
AgNQ, concentrations, wecarried out preliminary ex-
perimentsat two higher concentrations 1x10'M - 1x10
2M and two lower concentrations 1x10°M - 1x10°M,
however we observed too fast reaction at higher con-
centrationsand too slow reaction at lower concentra-
tions, hence we el ected optimum range of concentra-
tion 10*M and 10*M as the working range for our
study. Thereaction kineticswere studied at different
AgNO, concentrations and observed that the stability
of Ag NPsdependsupon theinitial AgNO, concentra-
tion and reducing agent. It was concluded that A NPs
synthesized a lower AgNO, concentrationswerehighly
stable compared to theAg NPsat higher AGNO, con-
centrations. Asthe selection of initial AgNO, concen-
trationiscrucia step for synthesizing stableAgNPs,
thisexperiment can be proved asauseful study for se-
lection of gppropriate AgNO, concentration.
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