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Abstract

Silver nanoparticles with an average size of nearlyb &= 3 nm were deposited onto the commercial silica gel matrix using aqueous
solution of silver(l) gelatin complex. Silver(l) gelatin impregnated solid silica gel matrix has been found to produce silver particles with
UV-light. The photoproduced silver nanoparticles remained very active for a long time. The surface characterization of the particles with
transmission electron microscopy (TEM), energy-dispersive X-ray analysis (EDAX) and thermal analysis corroborated the presence of
silver nanoparticles on silica surfaces. The resulting silver nanoparticles could easily be leached out from silica gel into an aqueous phase
for indirect characterization of the nanopatrticles by UV-Vis spectrophotometry. Anchoring of silver nanoparticles on silica gel helped to
obtain surface enhanced Raman scattering (SERS) spectra, which was otherwise not possible in solution phase. The solid matrix served a
a better catalyst for nitrophenol reduction than the simple silver nanoparticles in aqueous phase.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction in visible region. Several workers have demonstrated a large
number of routes for the preparation of Ag nanoparticles,
Preparation and characterization of metal nanoparticlesfor example, wet chemical methdd0], photoactivation
have been found to be active areas of research because dgfrocess[11], y-radiolysis [12], laser pulse methodl3],
their potential applications in chemistry, physics, biology, sonochemical methofiL4] and so on. It has been a dif-
medicine, catalysis and optical devices. These particles hav-ficult task for always to work with silver nanoparticle in
ing “neglected dimension” bears special properties in many comparison to gold in the nano size regime.
aspects compared to their bulk phase. They find medicinal Nowadays, it is a challenge to the scientists to stabilize
applicationg1], application in catalysif2] and due to their ~ the metal nanoparticles in solid state/matrix. Different tem-
size and shape dependent opti@jland electronic proper-  plates, matrixes, LB films, porous alumina{é$], porous
ties [4] they are being used in opto-electronic devi¢gls carbonate membrane§l6], lithographically processed
Particularly, semiconductd6] and noble metal nanoparti- masks[17], micelles[18], different ligands, organic poly-
cles[7,8] have been the areas of research due to their well mers[19] etc. are used to stabilize the metal nanoparticles.
different physical, chemical and opto-electronic properties. In the liquid phase there is a chance of their oxidation, ag-
In view of the importance of the surface structure related glomeration and precipitation. So studies have been directed
properties, much effort has been invested in order to createfor the improvement of solid matrixes. Recently Cassagneau
new class of materials through the modification of surface and Fendler have prepared layer by layer self-assembly of
structures. silver nanoparticle capped by graphite oxide nanosheets
Metallic nanoparticles, especially silver have attracted [20]. Stathatos and Lianos have deposited silver nanoparticle
maximum attention because they have shown promise inon mesoporous Ti®films [21]. Gedanken and co-workers
catalysig2] and surface enhanced Raman scattering (SERS)have presented deposition of various nanoparticles such
studieg[9]. Incidentally, they have strong optical absorption as iron/iron oxide[22], CdS [23], EwpO3 [24] and silver
nanoparticlg25] on silica spheres. The silica spheres qual-

ify as hard spherical substrates for the following reasons:
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(b) their surface silanol composition and the extent of hy-
drogen bonding can be modified by thermal treatment
to change their reactivity;

(c) silanol group can form covalent links; and

(d) the isotropic interaction in an aqueous or organic sus-

pension, which helps to form ordered arrays on sub-
strates.

In this report, we have demonstrated the deposition of sil-
ver nanoparticles on silica surface via UV-photoactivation
technique. Initially, aqueous silver—gelatin complex was im-

pregnated onto silica gel and UV-photoactivation technique
was used later on for the generation of the silver nanoparti-

cles on the silica matrix (abbreviated as SNSM). Of all the

methods developed for the preparation of metal nanopar-

ticles, the photoactivation technique offers a very simple
and reproducible way for the generation of metal parti-
cles in the nanometer size reginftel]. The formation of

silver nanoparticles were investigated by transmission elec-

tron microscopy (TEM), energy-dispersive X-ray analysis
(EDAX) study, UV-Vis spectroscopy and thermal analysis.
The novelty of these particles lies in their SERS activity
with small (~15+ 3 nm) size in the absence of any other
added electrolytd26—29] So the present work is related

with the simple and straight-forward preparation conditions
without the use of any harsh reducing agent that might

increase the local concentration of the reagent in solution

during addition. The procedure required no manipulative
skill, hence reproduciblg30], unlike the preparation of
nanoparticles by the wet chemical method.

2. Experimental
2.1. Reagents

All reagents used were of analytical reagent grade with-
out any further purification. Column chromatography silica
gel of ~100 mesh size (SRL, India), gelatin powder (Oxo,
London), AgNQG (Merck, India) and 1,2-dimethyl phenyl
isonitrile (DMPNC) (Aldrich) were used as received. Dou-
ble distilled water was used throughout the experiment.

2.2. Instruments

Photoirradiations were carried out with a photo-reactor
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ment H-9000 NAR, Hitachi, using accelerating voltage of
300KkV. Very thin epoxy-resin was used to hold the sam-
ple powder on 200 mesh copper grid. Thermal analysis was
done in Thermal Analyzer, Model DT-40, Shimadzu, Japan.
SERS spectra were recorded with a SA Inc. HR-320 spec-
trograph equipped with Princeton instrument charge coupled
device (RE-ICCD) and the measurements were done with
Kr laser (200 mW) using 30 nm entrance slit. 1,2-Dimethyl
phenyl isonitrile was used as the SERS probe.

2.3. Preparation of silver—gelatin solution and its
impregnation in silica gel

The reagent solution was prepared by dissolving 0.5¢g
gelatin powder (Oxo, London) in 100 ml of warm distilled
water (80°C) with constant stirring which was previously
boiled. Then 0.01698 g of solid AgNOwvas added so that
the final concentration of AgN§in the gelatin solution be-
comes 103 moldm 3. A few drops of 2 mol dm?® sodium
hydroxide solution (NaOH) was added to this solution for
removing turbidity if appeared in the solution. Then the so-
lution was warmed at 50—6@ for 5min and the pH of the
solution was adjusted to about 8.0 for all practical purposes
[31]. The solution was then cooled to room temperature. Sil-
ica gel (used for column chromatography) was added to this
solution under stirring condition. Now silver—gelatin com-
plex became homogeneously impregnated over the silica gel
surface. The whole mixture appeared like slurry and then
turned into a paste. The paste was dried in a vacuum des-
iccator. The dried mass was all white and remained as such
for months together in the dark.

2.4. Evolution of silver particles on silica gel

It has been reported earlier that silver(l) gelatin solu-
tion produced and stabilized silver nanoparticles in aqueous
phase[32]. Here is the first report of preparation of silver
nanoparticles onto the silica matrix by UV-photoirradiation
process. Vacuum dried 0.05g white (unexposed) silver(l)
gelatin impregnated sample were mechanically spread al-
most as monolayer on a flat glass container and was ir-
radiated in the photo-reactor under UV-light of 650 Ix for
20 min. The white solid sample turned brownish black due
to the deposition of silver onto the silica surface and was
stored in the dark in a vacuum desiccator. Longer exposure

fitted with ordinary germicidal lamps of wavelength 365 nm time did not cause any deterioration/alteration of the size
(Philips, India). The photo-reactor can produce a flux of of the silver nanopatrticles and the catalytic property did not
650Ix. The Flux was monitored using a digital Lux me- alter. The presence of Ag nanoparticles on silica gel were
ter (Model LX-101), Taiwan. The photo-reactor (intensity characterized by UV-Vis spectrophotometry after extract-
of light) was calibrated with an Ophir power meter (NOVA ing the silver particles into aqueous solution. Routine TEM,
display and 30-A-SH sensor). The number of photons ab- EDAX studies, thermal analysis were done for characteri-
sorbed per unit area of the sample per second from thezation of silver nanoparticles and the whole procedure are
photo-reactor of 100 Ix is.83x 10%°. All UV-Vis absorption shown inScheme 1In the present case SNSM sample has
spectra were recorded in a Shimadzu (Kyoto, Japan) UV-160been tested successfully as a candidate for SERS studies.
digital spectrophotometer equipped with 1 cm quartz cells. While tested silica gel or gelatin or both of them together
TEM and EDAX analysis were performed with an instru- with silver(l) complex did not show SERS activity. Even the
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Scheme 1. Schematic presentation of photo-reduction of silver(l) gelatin complex on silica gel surface to study the evolution of silver msnoparticl
silica matrix for SERS study.

aqueous extract of the silver particles obtained from silica group of gelatin may be as follows:

matrix showed no SERS activity. AG™ + HoN - - COOH+ OH~ 5 HoN - - COOAG-+ Ha0

and
3. Results and discussion

HoN - .- COOAg+ OH™ < AgHN - .. COO™ + H20
3.1. Binding of silver with gelatin alternatively

Gelatin is widely used in photographic industrjgg]. On AgHN---COO™ + OH™ = [Ag-N - -- COOJ 2 + Hz0
the other hand, gelatin stabilizes small particles very well 4
and it prevents particle coagulation. Aqueous solution of
gelatin formed a colourless, 1:1 weak complex with silver(l) [Ag—N - - - COOJ] 2 + H,O
in alkglme me@um, wh|gh has been f'ound to be very impor- = Ag* + OH™ + HN™ .. COO™
tant, inexpensive analytical reagent in recent y¢a2s34]
The interaction of silver(l) with gelatin was considerably in- where the gelatin skeleton is represented by dotted lines.
fluenced by pH. The binding of silver ions with the —p\H It is probable that the free silver ions are reduced to
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silver metal in solid gelatin like the latent image forma- time (~5 days). This effect was much pronounced when
tion in photography. The reduction takes place through a the concentration of AgN®was very high (0.1 mol drr?).
series of step$35]: the photo generation of electron—hole Therefore, the white solid complex material was stored in a
pairs; the reduction of silver cations to atoms by some frac- desiccator with carbon paper covering. Under this condition,
tion of the electrons; the subsequent build up of atoms to the material remained stable for months together.

evolve clusters. Addition of 1 ml of 0.5% gelatin solution

can effectively bind with 458.g of silver(l) ion at pH~8 3.3. Sability of SNSM sample

and was verified by the expulsion of free silver by dialy-

sis [36] at 30°C. Mild reducing agents like ascorbic acid, The blackish-brown colour of the complex (after
hydrazine, formaldehyde, carbon monoxide and hydrogen Uv-photoirradiation) has been found to remain unchanged
sulfide reduced the complex of gelatin stabilized silver(l) for a month together, but its catalytic property decreased
solution with an absorption maxima at 415 nm. This process a little bit. Therefore, it is better to irradiate the complex
of generation of silver has given birth to a good number once more before it was used as catalyst.

of analytical method$36—41]to detect different reducing

agents while present in water and air samples. It has beeng 4. UV-\is absorption study

shown that at a carefully chosen concentration gelatin moi-

ety becomes a good compromise for binding of silver ion  The UV-Vis absorption spectrunfig. 1) of the aque-

as well as stabilization of silver nanoparticles if produced g5 extract of SNSM sample demonstrates the presence of
in solution by wet chemical methdd0]. This was due to  gjlver nanoparticles. An amount of 0.05g of the dry white
slow reduction of silver(l) gelatin complex by the reducing (unexposed) sample was taken on a flat container and was
agents as mentioned. Again, agueous solution of silver(l) exposed to UV-light for about 20 mitScheme L Then the
gelatin complex can be easily impregnated onto silica gel exposed silica gel was mixed with 5ml of water and son-
matrix where silver remains as silver ion for months together jcated for about 15 min. Due to sonication Ag(0) nanopar-
while kept in the dark. The stability of the silver(l) gelatin tjcles passed into aqueous medium along with gelatin and
complex increased while present in a solid matrix unlike the cgjor of aqueous layer became yellow tinted. UV-Vis ab-
solution of silver(l) gelatin complex. After impregnation of sorption spectra of this solutiofFig. 13 exhibit an intense,
silver(l) gelatin complex and subsequent drying of the silica prgag absorption peak around 435 nm4y) due to the sur-

gel matrix it has been shown that silver nanoparticles de- face plasmon excitation of silver nanoparticles and indicates
posit onto the silica matrix upon UV-photoirradiation. From he dispersion of Ag(0) in aqueous gelatin solution. The ex-
BET analysis the pore specific volume and specific surface racted silver nanoparticles in aqueous medium showed a
area of SNSM were calculated as 0.460864339gnt and  somewhat broaden band due to aggregation of smaller par-
321.2517%10% cn¥ g1, respectively. The reductionislike ticles in gelatin moiety. This spectrum was compared with
the ‘photographic development’ procei&8] as described  he spectrum of the solution prepared in a similar procedure
above. Due to the opacity of the silica matrix, UV-light fom the unexposed silica gel impregnated silver(l) gelatin
could not pass through the solid material and hence |0ngercomplex €ig. 1. The UV-irradiation produced Ag(0) in
iradiation time (20min) was necessary for quantitative the solid silica gel matrix. But from the leached out solution
evolution of silver nanoparticles on the silica surfaces. How- gptained from the unexposed silica gel impregnated solid

nanoparticles on the silica gel matrix under UV-irradiation

with lower (<20 min) exposure time. Over exposure did not 0.6
cause any alteration of the surface structure of the nanopar-
ticle aggregates on the solid matrix unlike the aggregates of
silver in solution[42]. Evolution of highly aggregated stable
spherical silver nanoparticles (diamete25-30 nm) were
also observed from UV photoactivation of aqueous solution
of silver(l)—gelatin complex. In spite of the stability of these
aggregates, they were no way better than the SNSM sub-2
strates for SERS and catalysis. So we always used SNSM

b
samples. \

3.2. Effect of light 300 200 500 600
Wavelength (nm)

03F

Absorbance

The colour of the silver—gelatin complex after impreg- _ _ _ .
ted in silica gel was white. After UV-irradiation. it turned Fig. 1. Absorption spectra of the aqueous solution obtained after sonication
na g : ! of impregnated silica gel (a) after irradiation (plasmon band due to

blackish brown. Direct sunlight (visible light) and indoor siiver nanoparticles at 440 nm) and (b) before irradiation (silver(l) gelatin
lighting reduced the complex to some extent if kept for long complex).
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was absent. Higher amount of AgN@oncentration in the  cause EDAX is a bulk analysis, and oxygen from the silica
silica matrix and subsequent UV-irradiation, of course, dark- gel spheres also contributes to the oxygen signal. The silver,
ened the colour of the silica matrix and in that case increasedsilicon and Ag/Si ratio in all samples were identical. The
absorbance of the solution owing to the presence of highersilver content in all samples was about 6.95%. This value is
amount of silver nanoparticles was noted. close to the molar ratio of AgNégssilica gel in the starting
solution.
3.5. Energy-dispersive X-ray analysis (EDAX)
3.6. Electron microscopy studies (TEM)
The presence of silver, silicon, carbon, sodium and oxy-
gen were examined with EDAX measurement. The EDAX It has been stated that the colour of Ag—gelatin complex
spectrum was also used to obtain a quantitative estimate ofafter impregnation in silica gel was white but it turned black-
the Ag(0) and that authenticated the complete reduction of ish brown after photoirradiation. The transmission electron
Ag(l) to Ag(0) upon UV exposure. For the light elements micrographs for both the samples (irradiated and unex-
such as oxygen only a rough estimate could be done, be-posed) are shown iRig. 2a and brespectively. We observed

Particle frequency

o

3 T T T T T T
6 9 12 15 18
Diameter of the particles (nm)

(b) |

Fig. 2. Transmission electron micrograph (TEM) with histogram of (a) silver nanoparticles after 20 min irradiation and (b) before irradiatioer(no si
particles is observed).
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spherical silver nanoparticles of15 + 3nm diameters  conduction electrons oscillating up and down in phase with
(Fig. 29 for SNSM samples. But no trace of silver particles the oscillating field. If the natural frequency of oscillation of
was observed from the TEM micrograph for the unexposed the conduction electrons (the plasma oscillation frequency)
samples Fig. 2b. The size distributions of the particles matches the frequency of light, the plasma oscillation is in
are shown in the histogram. In some places the particlesresonance with light, and the induced dipole becomes prac-
were found to remain as aggregates and this was due tatically large. SERS study requires an active substrate for
presence of gelatin that glue the silica gel matrixes causingalways and the order of enhancement of SERS intensity de-
aggregation. Higher amount of gelatin (1%) increased such pends on the microstructure and proximity of the individual
aggregation. This helped us to recognise silver nanoparti- particle of the substra{é5,46] Silver is one of the best ma-
cles as dispersed material in the gelatin matrix adhering to terials for making SERS active surfaces since the behavior

the silica sphere surfaces. of its dielectric constant near the Frohlich frequency gives
rise to an intense surface plasmon absorption in the visible
3.7. Surface enhanced Raman scattering (SERS) study wave length region.

Silver aggregate of an appropriate dimension has been

Since from the discovery of surface enhanced Raman scatshown to the best-suited metal for SERS studies. Individu-
tering, exhaustive efforts have been devoted in a number ofally silica or gelatin or both of them together were no good

laboratories towards the development of practical substratesfor the same study. Even the aqueous extract of the silver
to investigate and utilize the SERS eff¢48,44] The cause  particles obtained from silica matrix showed no SERS activ-
and the theory of SERS is still a subject of much debate. ity. Therefore, the SERS activity involving SNSM particle
It is presumed that the oscillating electric field of a light was due to the presence of silver in it. It is ‘silver’ on silica

beam induces an oscillating dipole in a colloidal metal par- matrix remain active to serve the purpose of a substrate
ticle. This oscillating dipole can be thought of as the free for SERS without the need of any electrolyte for silver

7000
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Fig. 3. Surface enhanced Raman scattering (SERS) spectra of 1,2-dimethyl phenyl isonitrile (DMPNC) on the photo produced silver nanoparticles
(~15+ 3nm) anchored onto the silica gel surface in the presence of gelatin (a) just after UV-irradiation and (b)3aftemths of irradiation. In (a)

the NC-stretching band at 2181 chindicates SERS spectra due to adsorption of DMPNC on silver nanoparticle. Other small intense bands below
2181 cnm! due to background of DMPNCX-axis implies wavenumber (cm) and Y-axis implies count.



S. Kundu et al./Journal of Photochemistry and Photobiology A: Chemistry 162 (2004) 625-632 631

particle aggregatiofic6—29] In turn, it may be said that compounds. The particle prepared in this method while

SERS of DMPNC on SNSM unequivocally speaks the pres- incorporated in gelatin matrix has been observed to be a

ence of silver in the sample. better catalyst than the reported one (in aqueous phase) and
Here in our study, 1,2-dimethyl phenyl isonitrile in the whole experiment of reduction study is under progress.

methanol was used as the SERS probe. It adsorbs well on

the surface of silver nanoparticles (methanol evaporates

out) and shows good SERS intensity. When it adsorbs 4. Conclusion

NC-stretching vibration near 2125 cth shifts to about

2175cntl, so if a band near 2175 cmh is appear then it In conclusion, we have presented a new simple method of

indicates SERS of adsorbed molecule rather than normalpreparing silver nanoparticle in solid matrix under anaero-

Raman of free molecules in solution. The frequency is also bic and room temperature condition. The particles were not

dependent on which metal DMPNC is adsorbed. Spectraonly found to be stable for a month together but also acted

for the background i.e., solution of DMPNC in methanol as active SERS substrate and an efficient catalyst. The ad-

showed the NC-stretching band at 2121 ¢mAfter its addi- vantage of this method is that it is very much efficient to

tion onto the silver particle (solid) present in gelatin matrix, produce uniform anchoring of silver nanoparticles on the

the NC-stretching band shifted to 2181 ¢th(Fig. 39 and silica spheres. The method is very much reproducible and

several other bands very close to those for background one particles showed significantly greater surface enhanced Ra-

This vast shifts from 2121 to 2181 crhindicates definitely ~ man scattering signals than the surface made by conventional

it is SERS spectra, not normal Raman. Single dispersedmethod. Ongoing research is concerned with the reduction

15 nm silver particles should have typically low or no SERS of different nitro phenols using this silver particle as a cata-

enhancement. The observed strong SERS signal most likelylyst made the separation process (after the reaction) simpler.

arrows from aggregated silver particles that lead to an en-

hancemenf26-29] In Fig. 3, two spectra are shown, one

for freshly prepared silver particleFif. 39 and another  Acknowledgements

for aged (-3 months’ old) silver particlesHig. 3b. From
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