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ABSTRACT

X-ray diffraction and X-ray photoelectron spectroscopy analyses are
performed to investigate silver nanoparticles embedded in an amorphous
SiO, matrix. The different silver contents and reaction temperatures were
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investigated. silver -silicananocomposites are prepared by sol—gel method.
After the drying, the sol—gel samples are annealed in air environment.
Crystalline silver nanoparticles are identified in sol—gel samples (20-50

nmsize).  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Silver Nanoparticlesarevery promising materias
because of potentia applicationsininfrared optics, re-
versbleoptica recording, memory switching, inorganic
photo resists, optica transmissonmedia, humidity sen-
sors, antireflection coatings, and that iswhy their inves-
tigationisof great interest!*¥, Metal nanoparticlesem-
bedded in an amorphous SiO, matrix arethoroughly
investigated dueto the quantum confinement effectsand
to the poss bleapplicationsin e ectronics, optod ectron-
ics and photo voltaicd™®. The structure of silver
nanoparticlesinaS O, matrix looksdifferent, depend-
ing on the preparation method. Among various meth-
ods, the sol—gel technique!” isapromising low-tem-
peratureroutethat provides good homogeneity for the
preparation of metdlic nano-partidesinthin coaingsin
athermally stablediel ectric solid oxide matrix such as
SO, Thisprocess matchesthe demandsof industries
intermsof bulk preparation of materid swith high den-

sity, highmechanica strength and high shock resistance,
high specificarea, compogtiond purity and opticd grade
quality. Nowadays, the sol—gel chemistry provides a
meansfor preparing mixed oxidesinwhich themixing
of two or more metal oxide phasescan be controlled
on boththemol ecular and thenanoscale. Thedifferent
reectivity of individual componentshasbeenthemaor
problem of the synthesisof mixed oxides, especialyin
thealkoxidesbased sol—gel process. The problem can
be minimized by controlled pre hydrolysisof theless
reective precursor, by chemica modification of the pre-
cursors, by usngsingle-sourcehetero bimetalicakoxide
precursors or by anon-hydrolytic sol—gel routel”2,
Themicrogtructureisinvestigated by transmisson elec-
tron microscopy (TEM). For amorphous silver
nanoparticles, their interfacewiththe SO, matrix isnot
well-defined, as shown by many observations, includ-
ing TEM319, An open question that remainsistheion-
ization state of silver insidethese nanoparticles. Itis
expected that achargetransfer will occur between the
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slver aomsfrom the nanoparticles surfaceand thehost
matrix. Thisisatypica problemto beinvestigated by
X-ray photoel ectron spectroscopy (XPS)!2>2U, A pos-
sblesolutionto circumvent thisconstraint isthe XPS,
i.eby usinganexcitationlineof higher energy. Thisway
ischoseninthe present work.

Thispaper focuses on the structural investigations
of silver nanoparticlesembedded inanamorphous SO,
matrix by XRD, XPSand TEM methods. The samples
areinvestigated, prepared by sol—gel methods. In the
sol—gel samples, amorphous silver nanoparticles are ob-
served, with diameters depending on thesilver concen-
tration.

Thestem of thisstudy isintheresultsof our earlier
report’??, inwhich, we demonstrated the effect of tem-
peratureand timeon Nd,O,-S O, nanocomposites. The
anneding temperature and time dependence of thefor-
mation of Nd,O, nanocrystallitesaswell astheir distri-
butioninfused silicamatrix were observed. Wefound
that the average size of thesilver nanocrystallitesina
slicamatrix was~25 nm. The X-ray diffraction (XRD),
(XPS) techniquesand TEM datafor silver silicatesare
presented.

EXPERIMENTAL

The principleand basic technique of the solgel pro-
cessweredescribedindetal in Referance®. Silver sili-
cates were prepared by mixing high purity reagents
(CH,CH,0)S (TEQS) Tetraethoxy silane (Aldrich
99.999), ethanal (Aldrich99.9995), and deionized wa:
ter. To prepare the samples different amount of silver
wasintroducedinthepre-hydrolyzed solutionintheform
of nitrateunder hesting. Theresultant homogeneousso-
Iutionswerefilledinamold and placed indryingovenat
room temperatures. The gelation occured after some
days Thecryddlographicinterpretationswereperformed
by X-ray Diffractometer (D-8 advanced X-ray diffrac-
tion of M/s Bruker made) using Cu-Ka wavelength
(6=1.54059 A). XPS spectra were collected on Perkin-
Elmer (modd 1287) system, with agpectrometer using
Al KaX-ray source (energy 1486.6eV) with passen-
ergy 100meV for general scanand 40eV for corelevel
spectraof each element. The particlesizeand aggrega
tion state of particleswerefurther measured with trans-
mission electron micrograph (TEM, Jeol, JEM-1010,
Japan) at 80kV accd erating voltage.
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RESULTS

X-ray photo electr on spectr oscopy (XPS)

Figures 1-5 shows X PS spectrarecorded for al the
cataystsrespectively. Inthe present sudy the XPSwas
carried out in only three samples SIO,, 0.5 wt % Ag-
SO, and 5wt % Ag-SiO,. From the Figure 1 we can
seethat thevauesof bindingenergy at 458 eV and lines
a 464.03eV for SO,, whichindicatesthe presence of
S.. Thebinding energy of the0.5wt %Ag-S O, sample
andthat of 5wt %Ag-S O, isincreased ascompared to
that of SO,. ThisisbecausetheFermi level, sothat the
conduction band electrons of SO, may transfer tothe
Agdeposited onthesurfaceof SO,, whichresultsina
decreaseintheouter eectron cloud dengity of Siions.

From the Figure 2 we can seethat four O1s peaks
appear after deconvol ution, which can beattributed to
lattice oxygen (529.34 V), surface bridging oxygen
(530.09€eV), surfacehydroxyl oxygen (531.92eV) and
adsorbed oxygen (533.82€eV) inS0,.

Withsilver doping, wecan seeinFigure3and Fig-
ure 4 that the contribution of oxygen issame but an
addition peak at 530.83 eV appearsindicating thein-
teraction of Ag-O.

Thisinteractionismoreprominent a higher Ag dop-
ing of 5wt %inFigure4. Alsowecan seethat withthis
increased Ag-O interaction, the contribution from | at-
tice oxygen decreased whereasthat of surface hydroxyl
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Figure3: XPSspectraof Olsof 0.5wt % Ag-SiO,

increases, whichisattributed to thedeposited Ag en-
hancing theability to adsorb O,.

Figure 5 depictsthe XPS corelevel spectraof Ag
for the 5wt % Ag doped SIO,. The XPS spectraof Ag
indicate that there are three components after
deconvolution, attributed toAgO (366.95eV), Ag,0
(367.63 eV), and Ag(368.23 eV), respectively!". It
must benoted that for silicasamplesdoped with avery
small doping of 0.5wt% siIver, theintensity of theAg
peak is closeto the noise level, probably due to the
detectionlimit of the XPSinstrument.

Asaresult, we could not get corelevel spectraof
Agof 0.5wt%Ag-SiO,. At high concentrations, Ag
ionsand Ag coexist on the surface, but theamount of
Ag specieson thesurfaceisincreased remarkably.

—= Full Paper

Binding Energy (eV)
Figure4: XPSspectraof Olsof 5wt % Ag-SiO,
150

367.63
5
=100 36823
B
s
g |
= 0 366.95
0 I T T
364 366 368 370
Binding Energy (V)

Figure5: XPSspectraof 5wt % Ag-SiO,
X-ray diffraction (XRD)

Figure 6 showsthe powder X-ray diffraction pat-
ternsfor as-synthesized samples. The ‘d’ values and
intengties of observed diffraction pesksmatchwith the
anglecrysdlineslver formof theslver (JCPDS Card).
X-ray diffraction pattern of as-synthesized particles
showsbroad pegksindicating ultrafinenatureand smdl
crysdliteszeof theparticles. On anneding the samples
at 400°C the X-ray diffraction patterns show anim-
provement inthe sharpnessand intensity of the pesks.
Thelatticeparameterswere ca culated for dl thecom-
positions. Itisobsarved that for as-synthesized samples,
|attice parameters decreasesfrom 8.4271 A°t0 8.4093
A°withincreaseinsilver content.
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The crystallite size of each composition wasthen
determined by the Scherer relation:
D=0.891/bcosq D
where, | iswavelength of X-ray, bisfull width at half
maximum (FWHM) measured inradiansand qisthe
Bragg angle. Onannedling, thecrystallitesizeincreases
gradudly and isattributed to thegrain growth of the par-
ticlesinthenanoregion a thetemperatureswell below
themdtingtemperatureof thebulk slver slicate.

g &

g8 8 8 &

0.5wt%

Intensity (a.u.)
g

8

S104

20 degree
Figure6: X-Ray Diffraction (XRD) of (a) SO, (b) 0.5wt%
Agdoped SO, (c) 5wt% Agdoped SO,
Transmission electron microscopy (TEM)

Transmission & ectron microscopy (TEM) haspro-
vided further insight into the morphol ogiesand struc-
turedetall of theseslver-silicasamples. Figure 7 shows

-

Figure7(a)
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Figure7(b)
the TEM imageof silver-silicasamples. The observed
sizeof dlver nanoparticlesby TEM micrographiscon-
sgtent with thesize calculated by Debye-Scherrer for-
mula. The peak of XRD patternswere considered for
crystallite size study. The particlesizeincreaseswith
theincreasein meta ion concentration.

CONCLUSION

Results obtained from X RD and various support-
ing techniquesevidenced that silver ispresent in the
lattice. Also X PS evidenced that both water and hy-
droxidearepresent in crystals. XRD combined with
XPS, and TEM givesagood research suitefor humid-
ity sensing applications, anaturally grown composite
materia, characterization. Further investigation of po-
tentid of Trangition Metal sand reaction mechanismfor
substitution reaction are needed dueto complex nature
of inorganic and organic and inorganic/organicinter-
facespresent inthe structure.
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