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ABSTRACT

Silver- polyvinyl alcohol (Ag-PVA) nano composite dispersion have been
synthesized by facile chemical reduction method. The film obtained from
this dispersion shows to have particle size varying from 10-50 nm. This
wide range of variation is supported by broadening of UV-Vis spectraalso
by thered shift in photoluminescence (PL) peak with theincreasein excita-
tion wave length. The observed effect may be assigned to contribution of

particle size towards optical transition.
© 2011 Trade ScienceInc. - INDIA

INTRODUCTION

Synthesisof metal nanostructure has been an ac-
tive area of research because of the importance of
thesemateriasto catalyss, photography, € ectronics,
photonics, information storage, optoel ectronics, bio-
logical 1abelling, imaging and sensing™®. Sizeof the
metal nanoparticles play adominant roleastheir in-
tringc propertiescan betailored by controlling thesize
in association with the shape, crystalinity and struc-
ture™. A mgjor difficulty arisesin the process of syn-
thesis of such low dimensional particles. With the
elapse of timethese coaesceto larger sized particles
due to electrostatic interaction across the Debye
doublelayer. Therearewaysto improvethe stability
of meta nanoparticles, oneby polyol synthesis¥, other
by bi oreduction® and the most common and conve-
nient, isby dispersing them in asynthetic high polymer
matrix¥. The choiceof such polymer may bepolyvi-
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nyl acohol (PVA) polymethyl methacrylate (PMMA),
polyacryl amide (PAA) and may be many more.
Among them PVA hasthe advantage of being water
soluble, transparant and has capability of uniform dis-
persion of nanoparticles. Also, this polymer simulta-
neously acts as reducing agent to form silver
nanoparticlesfromitssalt. So that one obtains homo-
geneous, trangparent film of Ag-PVA nanocomposite.
Optical propertiesof these compositefilms, viz; UV-
Visabsorption and photol umi nescence spectradepend
strongly on the particle size of the noble
nanoparticles™13, So, it becomes of immenseimpor-
tanceto control thesize of silver nanoparticlestotai-
lor their optical propertiesfor specific need. Ina
singlecompositefilm also, the particle sizemay not be
uniform. Thein-situ sizedistribution can a so be mani-
fested in its photol uminescence behaviour®?., In the
present paper, we show this in-situ size selective
behaviour of photoluminescenceand correatethiswith
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theother studies, such asUV-Visibleabsorption, crys-
td structureand SEM micrographs. In oneof our ear-
lier paperd™®, we havereported synthesis and char-
acterization of Ag-PVA compositetaking different con-
centration of silver nitrate (AgNO,) solution. There-
sult suggested minimum sized grainsfor ImM AgNO,
concentration. Keeping that in mind, we arerestrict-
ing ourselvesto that particular concentration of AQNO,
inthe present work.

EXPERIMENTAL

Materials

PVA (1700-1800) isobtained from Sigmachemi-
ca Co. andisof very high purity (99.9%). Silver nitrate
of 99.9% purity isobtained from E. Merk, Germany.
Theseare used without any further purification.

Preparation of composite

Slver nanodispersonin PVA isachieved by chemi-
cal reduction method. To be particular, Silver nitrate
(1mM) solution isadded to PVA solution (3 wt%) with
constant stirring at 90°C. Thesolutionismaintained at
that temperatutefor 1hr. for theformation of silver nano,
indicated by thechangein colour of thesolutiontolight
yelow. Thissolutionisspin cast and dried in vacuum
for further investigations.

Sructural and optical characterization

UV-Vis spectrafor optical absorption study are
taken by Cary 300 scan UV-Visible spectrophotom-
eter. Field emission scanning electron microscope
(FESEM) imagesfor morphol ogy and particlesizede-
termination aretaken by FESEM (JSM-6700F, JEOL,,
Japan). XRD datafor structure study are collected by
Scifert XRD 3000 pd diffractometer with Cu-K
(0.15418 nm) radiation and Photoluminescence (PL)
arerecorded by F-2500FL spectrometer.

RESULTSAND DISCUSSION

Infigure 1, we show the UV-Visible absorption
spectraof silver nano dispersed in PVA. Thisshows
strong Plasmon resonance peak at 441nmwhichisa
clear consequenceof formation of nanosized particles™,
It hasbeen reported that for narrow particlesizedistri-
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Figurel: UV-Visbleabsor ption spectraof compositefilm

Figure2: SEM imageof thecompositefilm. I nset showssize
digribution histogram
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Figure3: XRD of thecompositefilm

bution of silver nanoin SO, matrix the absorption spec-
trahomogeneous broadening whereas for wide par-
ticlesizedistribution the broadening ispredicted to be
inhomogeneous®™. In our study, we noticethat theab-
sorption curve broadensmoretowardsred regionindi-
cating distribution of particlesizeof littlewiderange
and the absorption peak correspondsto thevauefor
averageparticlesize.

Thefilm morphology and particles zedistribution
of Ag-PVA nanocompositeisstudied by FESEM im-
agewhichisshowninfigure2. Thepictureshowsthe
uniform distribution of nanoparticlesthroughout thefilm.
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Figure4(a) : Photoluminescence spectraof compositefilm

Further the particlesare of varioussizesranging from
10nm to 50 nm and the particlesare nearly uniformly
spherical in shape. The size distribution frequency
(among 100 particlestaking interval of 5nm) iscal cu-
lated and plotted in ahistogram. Thisshowsthat the
frequency of occurrenceis maximum for the particle
sizeintherange 15-20 nm. In the inset of the SEM
pictureweshow thishistogram.

The structure of asprepared silver colloidisin-
vestigated by XRD analysis. The XRD pattern of the
nanocompositefilmisshowninfigure 3. Thisshows
characteristic peak of silver nano at 20= 38.02° for
(1112) crystdlineplang®®. Thebroad nature of the XRD
peak could be attributed to the nanosi ze of the par-
ticles.

Theroom temperature (300K)PL spectraof Ag-
PVA nano compositefilm for different excitation wave-
lengthsranging from 405nmto 475 nm are shownin
figureda. ThePL positionisobservedtored shiftina
regular manner withincrease of excitation wavelength.
Similar result has been reported for silver nanoin
PMMA (polymethyl methacryl ate)™ and the phenom-
enahas been considered as size sel ective excitation
effect.

Infigure4b, weplot the PL peak position vsexci-
tation wavelength and it isfound that with theincrease
inexcitaionwaveength, the PL. peak podtionincreases
linearly.It isasofound that the PL intensity isdepen-
dent on excitation wavelength. Theintensity ismaxi-
mum for excitation wave ength of 465nm. However this
islittlemorethan the peak positionin UV-Visspectra
observed by uswhichis441nm. Thisisjustified asour
surface plasmon resonance peak ismuch broader. The
changein peak position and intensity of PL can beat-
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Figure4(b) : Plot of emisson wavdength vsexcitation wavdength

tributed to variousparticle sizes so that different set of
particlesof definitesizerangeisactivefor aparticular
excitaionwavelength.

CONCLUSION

Silver-PVA nanocompositefilm fabricated chemi-
caly showsdistribution of variousparticlesizes. Silver
nano formationisfurther confirmed by UV-Visabsorp-
tion and XRD study. FESEM picturefurther confirms
the nanosized particleformation with awide range of
partideszevaiaioninthesnglefilm. Thisisinconfor-
mity with the broadening of UV-Visabsorption spectra
and subsequent shift of PL peak with gradual changein
excitaionwavelength.
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