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Abstract

Nanoshells are a novel class of optically tunaialeoparticlesthat consist of a dielectric corerainded by a
thin gold shell. Nanoshells are fabricated theaikores were made by reducing tetraethylorthasdigthe gold
colloid adsorbs onto the aminated surface and thld ghell was then grown by reacting sodium tetra
chloroaurate (gold salt) with the gold —seeded atsih particles in the presence of formaldehyde e Th
absorbance characteristics of nanoshell were maaitosing UV-Vis spectrophotometer ( at 528 nnnd the
average size of the silica core nanoparticles wee the determined by scanning prope microscop¢9 nm
).But size of gold nanoparticles (25 nm), Foutir@ansform infra-red spectroscopy (FTIR) SiO2--Autjzdes
peak 1098, 80 crll can be assigned to Si—O-Si bond and peak 947 aran be attributed to Si—~OH bond and
for functionalized silica particles peaks at 321%-d is assigned to NH bond. The present method, the
combination of citrate and borohydride method, giwaich better results and it works at room tempegaflhe
presence of gold coating was confirmed by FTIR spscopy.
Keywards. Gold nanoshells ,Silicon dioxide nanoparticld&anoparticles.

1.Introduction

Nanoshells are composed of adielectric silice amvered by a thin metal shell which is typicaliyld [1].
Nanoshells can be designed and fabricated withmRlagesonances from the visible to infrared regioihthe
spectrum [2] Although optical properties of golchnahells have already been well documented,thectafice
characteristics are not well understood and have@iobeen elucidated by experimental measurem¥ets.in
order to use gold nanoshells as an optical contigesit for scattering-based optical methods sucbfitance
spectroscopy, it is critical to characterize thiteeance behavior [3]. Surface plasmon resonaB&R] is the
term given to the collective oscillations of frdeatrons at the metallic interface surface. Thesgllations can
give rise to the intense colors of nanoparticlausohs because of their strong plasmon-derived rahisn
bands. A gold nanoshell is a layered nanopartiolesisting of a dielectric core surrounded by a gulktallic
shell; these particles exhibit a plasmon-deriveticapresonance typically shifted to much longewelangth
than the corresponding plasmon resonance of galdpaaticles [4]. Experimentally ,the first metalnoshell,
developed by zhou et al. [5], consisted of anSAdielectic core surrounded by a gold shell. Oideg et
al.developed a new nanoparticle, a silica gold eosbell nanoshell , which overcame many of thétditions of
the Au-Au2S particles [6].To synthesize these pkatim a delectric slca core s grown by the statethod [7] ,
where tetraethyl orthosilicate is reduced in ethamaler basic conditions resulting in the nucleatmd growth
of highly monodisperse and spherical silica collBatticle dimeters ranging from 50 to 500 nm can be
synthesized by this method . The surfaces of tieasiore particles are then functionalized withirrengroups
by reaction with aminopropyltriethoxysilane (APTHS8). Gold colloid adsorbs to the amine groups lem gilica
surface ,resulting in a silica particle coverednwgbld colloid as anucleating sites[9he wavelength at which
the resonance occurs depends on the core and sbell allowing nanoshells to be tailored for patac
applications[10].The ability to control both wavelength-dependerdttering and absorption of nanoshells offers
the opportunity to design nanoshells which provitiea single nanoparticle, both diagnostic andaheutic
capabilities [11].

2.Materialsand M ethods
2.1.Materials Preparation;
2.1.1. Silica Sphere Synthesis:

Tetraethyl orthosilicate (TEOS, 99%, Sigma-Ald)icammonium hydroxide (N}DH, 14.2 M, ), and ethanol
(EtOH, 99.9%) were used as reagents. Followingtidber metho@L2) a solution of TEOS:EtOH #@:NH,OH
(2:23:6:1 mL) was stirred vigorously for 3 h to aiot a white turbid suspension. The monosized sghere
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separated from the mother liquor by centrifugafied00 rpm/15 min), were washed repeatedly with miesd
water, and finally with ethanol prior to redispersin ethanol in a weight ratio of 1:4 (silica:EtpH

2.1.2. APTES-Grafted Silica Sphere Synthesis:

A stock solution of 12 mM aminopropyl triethoxysile (APTES,Sigma -Aldrich) was prepared in an
EtOH:H,O (3:1 volume ratio) solvent, to which the silicaheres were added at a 3:1 weight ratio of
APTES:silica under vigorous stirring at 70 °C foh2After being cooled to room temperature, thedpo was
collected by centrifugation (8000 rpm/10 min), dhdn washed three times with deionized water. TR RS-
grafted silica was redispersed in deionized wdted € silica:HO weight ratio).

2.1.3.Gold Seeding on APTES-Grafted Silica:

Hydrogen tetrachloroaurate(lll) (HAuEBH,O, 99.99%, Riedel-DeHaenAG), sodium hydroxide (NaOH
Fluka), potassium carbonate,(B0s, Fluka), and sodium borohydride (NaBHsigma-Aldrich) were employed
as received. A 6.0 mM gold stock solution was pregay dissolving 0.259 g of HAug£BH,O in 100 mL of
deionized water (pH 5.0). The APTES-grafted sibpheres were seeded with gold at pH 7 by addingnd. 6f

0.1 M NaOH in 20 mL of the gold stock solution tormL of dispersed silica. The suspension was stirred
vigorously and heated to 70 °C for 10 min to inéiagold nucleation. Gold-seeded silica was separhte
centrifugation and washed twice with deionized watend finally ultrasonically redispersed in 40 rof
deionized water.

2.1.4.Gold Seeding on Silica Spheres:

The optimum condition for achieving high dispersafrgold nanoparticles on silica spheres has besnribed
previously. In brief, the pH of the gold solutiorasvadjusted by adding 0.1 M NaOH (pH 7) to 20 mla&.0

mM HAuCI, solution, into which 1 mL of the uncalcined silisphere suspension was dispersed with vigorous
stirring and warmed to 70 °C for 15 min. The goddtded particles were collected using a centrif@fO¢
rpm), washed five times with deionized water, dmehtredispersed ultrasonically in 40 mL of deiodineater.

3.Results and Discussion

To preparation of gold nano shells by this methefbfowing:

OP_|5 OCHs
(CoHs)O---Si----OGHs  + GoH2sNOsSi - — H2N— (Chb ---Sli----sioz
|OC2H5 APTES OC,Hs
TEOS Gold Nanoparticle
(AUNPs)
OCHs

|
AUNPs— HN- (Chb ---?i----SiOZ

OGHs
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The size of silica nanopatrticles prepared by stobethod was studied using scanning probe micros¢sp)
.The SPM picture of silica particles in shown iguie (1). Size 340 nm while size silica particleDieepika
Kandpal et al. [13] research is 350 nm as shoguré (2) to compartion .

S000nm
160.00nm

140.00nm

120.00mm

3000nm

100.00mmn
80.00nm
AR 60.00mm

40.00nm

20.00nm

Onm Onm

P :
g g 5 =
Figure (1): SPM picture of silica nanoparticle (349 nm)

Optical absorption was recorded at various staesidition of gold nanoparticles in each methochgduV-
Vis absorption spectroscopy .Optical absorptiopufe gold solution was found at 528 nm as showfigire
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Figure (2): UV-Vis Spectrum of puregold nanoparticles at 528 nm(Absorption =1.817)

UV- Vis absorption for gold nano shells is showrfigure (2) . Gold nano shells picture is showtdigure (3)
by AFM(size = 25 nm)
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Figure (3):Picture of gold nanoparticlesby AFM (size=25nm)

The gold particles prepared by citrate method aveenstable but its reduction rate is very slownutleation
process silica react with separately prepared galtbparticles so the gold particles should be staiit in
coating the shell of gold nanoparticles were pregatirectly on the surface of functionalized anttgauclide
silica nanoparticles. These gold particles direathach with silica core and now they behave litable core-
shell particles. So for coating reducing reage@BN4) is more useful because of its high reductade.
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Figure(4): FTIR Spectrum of gold nano shells

The structure study, i.e. bonding of these cordi-glagticles was also done using Fourier transfanfra-red
spectroscopy (FTIR). The results are shown in &gu4).

This figure shows the FTIR spectrum of silica, fimealized silica and silica—gold core-shell pdet#c For SiO2
and SiO2--Au particles peak 1098, 80-cincan be assigned to Si—-O-Si bond and peak 947lctan be
attributed to Si—~OH bond and for functionalizedcsilparticles peaks at 3215 efhis assigned to NH bond.
After coating these particles with gold, the inignef Si-O-Si and Si—OH peaks has been reducedfisigntly.
This indicates the presence of gold shell in sifiagicles.
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4.CONCLUSION:

In this research we can prepared a galdoshell in new modification method.The presenthwmet
combination of citrate and boro hydride methodegimuch better results and it works at room tentpera
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