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ABSTRACT

All the physical and chemical properties are size dependent and the proper-
ties of the materials on the nanosize scale have important consequencesin
wide ranging fields. This paper reports the electrochemical synthesis of
silver nanoparticles. The size of the synthesized nanoparticleswas found to
beinfluenced by the variation in the current density aswell the nature of the
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tetraalkyl ammonium salts used as capping agents. Thussilver nanoparticles
of varying sizes could be synthesized. These are characterized using XRD,

XPSand TEM techniques.

INTRODUCTION

Theuseof slver asabactericida agentisin prac-
ticesinceages. Itsbactericida effect hasbeen shown
against organismslike Escherichiacoli and Staphylo-
coccus aureus™?. In recent years silver compounds
have also been used in the treatment of burng. Silver
invariousformssuch ascolloidd silver™™, nano silver
coated ceramic material g% and nanosilver metal ox-
idegranules™ are also used for antibacterial applica
tions. Dueto the small sizethe nanoparticles exhibit
novel material propertiesthat largely differ fromthe
bulk properties®. Nanoparticles of noble metalsare
of great interest today because of their possible appli-
cationsin microelectronicg®¥, biologica sensorg
and catalysig*?. Silver nanoparticlesplay animpor-
tant rolein the e ectronicindustry. In recent years, with
higher integrated density of thed ectronic components,
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thereisagrowing demand for thedecreasein thethick-
nessof the conductivefilmsand further narrowing of
thewidth of the printed circuit boards and the space
between thesecircuits.

Inthelast few yearsthe preparation and the char-
acterization of nanostructured materiashave become
atopic of extreme interest because of their distinc-
tive propertiesand potential usesin technol ogical ap-
plications. Nanoparticles have been synthesized by a
number of methods*%4. Of these the el ectrochemi-
cal reduction method!*® offers anumber of advan-
tages, namely high purity of the product, cost effec-
tive, easy experimental setup, reproducibleresultsand
size selective synthesis, which can beachieved by a
variation inthe current density. The processisaso
dependent upon the nature of the solvent!®®. Thehigh
surface energy of the nanoparticled”# and conse-
quently their tendency for agglomeration hinderstheir
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preparation in high concentration in an agueous sys-
tem. The use of the organi c solventsinstead of aque-
ous ones might be apromising sol ution to this prob-
lem wherethe particles suffer fewer encountersbe-
tween themselves due to the presence of giant hy-
drophobic stabilizingligands. Moreover nanoparticles
in organic mediaare becoming an interesting subj ect
with aview to study optica and other phenomenon9.
The use of tetraalkyl ammonium salts as capping
agents havedrawn an interest because of their [abile
monolayer binding properties?® that allows post
modification of the nanoparticles. Thusinthe present
study silver nanoparticles capped with different tetra
alkyl ammonium saltsand at various current density
have been synthesized by the electrochemical reduc-
tion method.

EXPERIMENTAL

The reagents used in the present study were of
AR gradeand purchased from Qualigens(India). The
sacrificial silver anode sheet and cathode platinum
sheet of samesizes (1 cmx 1 cm) were 99.9% pure
and purchased locally. The solventswereditilled be-
foreuse. Theelectrolysissolution consisted of amix-
ture of acetonitrileand tetrahydrofuran (4:1) contain-
ing 0.01 M of tetraakyl ammonium bromide. The
different salts used were tetra ethyl ammonium
(TEAB), tetrapropyl ammonium (TPAB), tetrabutyl
ammonium (TBAB) and tetra octyl ammonium
(TOAB).A 30.0ml volumeof thissolution wasplaced
inaspecialy designed electrolysiscell. Thetwo elec-
trodes were separated by 1.0 cm were dipped into
the solution. The electrolysiswas carried out for 2.0
hours using acurrent density of 6 and 10 mA/ cm?.
The product was alowed to settle overnight. The ag-
glomerated product wasthen separated by decanta-
tion and washed threetimeswith tetrahydrofuran. The
product wasthen dried and preserved under vacuum
condition. It wasthen characterized. The powder x-
ray diffraction (XRD) pattern was obtained on X-ray
powder difractometer PW 1840 using CuK o radia-
tions (A = 1.54 A%). Thex-ray photo electron (XPS)
studieswas carried out using VG Micro Tech ESCA
3000 Electron Spectrometer at apressure of 1.33 X
108 Pawith MgK a exciting radiations.
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RESULTSAND DISCUSSION

XRD analysis

Thestructureof thesynthesized sillver nanoparticles
hasbeeninvestigated by x-ray diffraction (XRD) anay-
sis. The XRD pattern of the samplesprepared at vari-
ouscurrent dengtiesand us ng different capping agents
by the e ectrochemical reduction method isshownin
Figure1land Figure2.
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Figurel: XRD pattern of silver nanoparticlessynthesized A)
at current density of 6mA/ cm?, B) at current density of 10
mA/cm?and a) capped with TEAB, b) capped with TPAB, €)
capped with TBAB, d) capped with TOAB

For theimportant peaksidentified fromthe XRD
pattern, the 20 values and the planes observed are
31.6 (111), 38.6 (111/200), 45.2 (200), 64.8 (220),
74.2 (311 and 77.0 (311). The observed 26 values
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arecompared with theASTM data. The comparison
indicates the presence of amixed phase containing
slver and silver oxidewith acubic structure. Thepres-
ence of the silver oxide may be dueto the possible
oxidation of the surface silver atoms. The average
particle sizes of the samples are calculated by using
the Scheerer formulaand presented inTABLE 1. The
averagesize of theslver nanoparticlesisfoundto be
intherangeof 7.5to 12.4 nm. The comparison of the
average size of the nanoparticlesindicatesthat irre-
spective of the capping agent it shows adecrease as
the current density increases. Thisobservation corre-
lateswell with the report™. The study of the particle
sizesalso show that asthe bulkiness or thelength of
thealkyl group of the capping agent increasesthesize
of the silver nanoparticles decreases.

TABLE 1: Particlesizeof silver nanoparticlesfrom XRD
sudy

Average particlesize (D nm)

Capping : .
agent At current density At current density

2 2

of 6mA /cm of 10mA /cm
TEAB 124 9.9
TPAB 116 9.8
TBAB 9.5 8.6
TOAB 8.6 75

XPSanalysis

The oxidation state of theAginthetetrabutyl am-
monium capped silver nanoparticlessynthesized at 10
mA/ cm? current density was determined by x-ray pho-
toelectron spectroscopy anaysis.

Theresolved X PS spectracorrespondingto O 1s
isshowninFigure 3. It showsasingle peak at 531.0
eV. Theoxygenidentified isnot apart of the capping
agent but may be attributed to the oxidation of the sur-
faces |ver atomsby atmospheric oxygen. Such results
have been reported?-23, The presence of O in the
sample hasbeen also observed in XRD analysis. The
Figure 4 shows the resolved XPS spectrafor Ag. It
showstwo peaksthat correspondstoAg 3d, , at 368.32
andAg3d,, a 374.5eV. The observed binding energy
vauesarein correlation with thereported®! valuesfor
slver andsilver oxiderespectively. Thisisalsoindica-
tiveof theoxidation of thesurfacesiiver aoms. Itisalso
seen thereisno deviation inthe observed binding ener-
giesfromthestandard vaues. Thisindicatesthat thereis
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awesk interaction between the surfaceslver aomsand
the capping agent, whichisal so stated in the report(2?,
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Figure 3 : XPS spectra of O 1s and Ag 3d in silver
nanoparticlescapped with TBAB synthesized at 10 mA /cnm?.

TEM studies
Transmission el ectron microscopy isaversatile

Figure4: 2.6.1 TEM imagesof Au nanoparticlescapped with
TEAB synthesized at A) current density of 6 mA / cm?, B)
current density of 10mA / cm?

Au Tudian Yourual



MSAIJ, 7(4) 2011

T.K.Chondhekar et al.

279

TABLE 2: Averageparticlesizeof silver nanoparticlesamples
obtained fromTEM study

Average Particle size (nm)

Capping . _
agent At current density At current density

2 2

of 6mA /cm of 10mA /cm
TEAB 60.6 46.5
TPAB 35.6 28.3
TBAB 27.1 20.0.
TOAB 13.9 40

technique used to examine the morphology and the
size of the nanoparticles. There are anumber of re-
ports?+27 that show the use of thistechniquefor the
characterization of thesiIver nanoparticles. The TEM
imagesfor theslver nanoparticlescapped with TEAB
at 6 and 10 mA/ cm? is shown in Figure 5. The
nanoparticles appear to befairly spherical in shape
with edges. Theaverage particlesize cal culated from
the TEM imagesfor the different silver nanoparticles
isshownin TABLE 1. Thesizesinthe TABLE 1re-
flectsthat irrespective of the capping agent the size of
the prepared silver nanoparticles decreases with the
increase in the current density, atrend reported ear-
lierl™], It isalso evident that as the bulkiness of the
alkyl group in the capping agent increasestheparticle
sizeof thesilver nanoparticlesdecreases.

CONCLUSION

Theresultsobtained fromthe XRD, XPSand TEM
study of the silver nanoparti clescapped with tetraakyl
ammonium satssynthesized at different current densi-
tiesindicate, The presence of amixed phaseof silver
and slver oxideinthesamples. that withtheincreasein
the current density the particle size of the samplewas
found to decrease. that with theincreasein the bulki-
nessor thelength of thealkyl chaintheparticlesize of
the samples decreased. Thereisaweak interaction
between thesurfacesver alomsand the capping agent.
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