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ABSTRACT

Gold nanoparticles prepared vialaser ablation in aqueous micellar solution
and by chemical method was studied under UV-light. The results showed
that, no effect of light was observed on the nanosphere in micellar solu-
tions. While in case of nanoparticles prepared by laser ablationin distilled
water, the aggregations was observed. This may be due that the capping
micelles prevent the nanoparticles from aggregation during the irradiation
time courses. On the other hand the gold nanorods (Nds) of aspect ratios
of L/d(length divided width)=~2.6, 3.1,3.6, and 3.8 with absorption maxima
at 700, 730, 760 and 780nm, respectively, have been found to change their
shape after irradiation. The rat of photodecomposition decreases with de-
creasing the aspect ratios. The critical photodecomposition was at aspect
ratio of 2.3. The decreasing was explained in the dissolution of the surfac-
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tant around the gold nanorods. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Ultrafinenoblemetd particleshavebeen prepared
by various methods and the studies of their physico-
chemical properties have been avery active field of
research dueto their potentia applicationsin optics,
electronics, and catalysis. In particular, optica proper-
tiesof gold, silver, and copper have been extensively
studied sincethey strongly absorb light inthevisible
region dueto the surface plasmon resonance*.

The preparation of anisotropic metal particleshas
been reported; they show unique optical propertie®.
Anisotropic gold® have been prepared by using cat-
ionicmicellesand microemulsonswhicharecaled ““soft
templates”. On the other hand the preparation of gold
nanoparticlesby UV-irradiation werecarried out in mi-
cellesand theresults obtained illustrated that the for-

mation depends on the concentration of Auionsand
thecationic surfactantsaswell asUV-irradiationtime®7.

The study of reshaping of gold nanorods by thermal

effect and under femtosecond laser pul ses can cause
fragmentation of thegold nanorodsinto smaller spheri-
cal particles®. Furthermore, it wasreported by Chang
et a.¥ that after irradiation with low power nanosec-
ond pulses a high abundance of spherical shaped
nanoparticleswas produced which were suggested to
be an early stage of the shape transformation from a
rod to a sphere'?. The effect of temperature on the
gold nanorods encapsul ated in micellesd™ with an av-
erage aspect ratio 3.3 was carried out. Theresultsob-
tained showed that the mean aspect ratio of thenanorods
inthe solution decreaseswith increasing temperature
whilethe average width remains approximately con-
stant. Theresults showed also differencesinthether-
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mal stability of micelesof different lengths. Thekinetic
study of thethermal reshaping iscarried out. Theacti-
vation energy of the nanorods reshaping (micellesde-
composition) isfound to be 21.0k cal mol ™. Themost
stablerods shaped micellesisfound to have an aspect
ratio 2.0 gold nanorodswith different aspect ratio of
L/d (length divided width) =4, 3.5, 2.8 werestudied in
binary solvents of aqueous glycerol water ratio (25-
75%) and different temperatures (35-100 C°). There-
sultsshowed that, thelongitudind surface plasmon reso-
nance (SP, ) isstrongly dependent on thetemperatures,
Theactivation energy wasfoundtobe12.9+1.0K cd
mol"3,

Inthe present study we reported the effect of UV-
light on the shaping of gold nanoparticles and gold
nanorodswith different aspect ratios.

EXPERIMENTAL

Gold nanoparticleswereprepared by laser abla-
tion of ametal gold platein aqueousmicellar solution of
cetyltrimethylammonium bromide (CTAB),
(puress,Fluka). Doubledistilled water wasused. As
showninfigurel, thegold plate (>99.9%) was placed
onthewall of aglasstubefilled with 3mL of asolvent.
Laser pulses(t=8nsat 10HZ) fromaNd-YAG laser
(continuum SL1-10) at A = 1064nm werefocused onto
thesurfaceof agold plateusingafused silicacylindricd
lens(p=100nm). Thefocused region onthegold plate
hasarectangular shape of 6 nm length and 0.5nmwide.
The position of thelaser beam on the surface of the pre
polished meta platecould bevaried, to obtain afresh
surface and help to provide ~homogeneous nano
particles. The energy of Nd-YAG laser was 100 mJ/
pul se measured by power energy meter (molectron-
EPM 2000: Tar5). The colored solution was measured
by Perkin Elmer Lmbda-40 spectrophotometer after
irradiation courses.

Gold nanosphere were prepared by borohydride
reduction of thegold salt inthe presence of citrate as
capping agent™. Thedifferent sizes of gold nanorods
were prepared by variation theratio of the seed medi-
ated growth according to Nikoobakat and El-Sayed!*®.
The samplesprepared by laser ablation technique or
by the chemical method wereirradiated by using UV-
light source (Analamp mod. 81-105-7-01,230 nm,
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Figurel: Schematicdiagram of theexperimental set up
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Figure2: Dependence of the absor ption spectra of gold
nanoparticles prepared by chemical method in CTAB
micellar solution on UV-irradiation: interval times(1-5)
20 minutes

USA) 3ml colloida solution of thenanoparticleswere
put at 5cm under the UV-light sourceand exposed to
differentirradiationtime.

RESULTSAND DISCUSSION

Itiswell knownthat, the optical absorption spec-
trum of gold nanoparticlesisdueto the surface plas-
mon (SP) resonance(s) and the nanopariclesof sizesof
5-50 nm showed asharp band in the 520-530 nm re-
gions™ andisknown transverse band. Withincreasing
thelength of the nanoparticles, the absorption spectra
are characterized by two bands. Thefirst bandisan
intense band at longer wavel ength and corresponding
to thelongitudinal resonance band and theotherisa
muchweak transverseresonancebandat ca. A, =528
nmi*617, The position of thelongitudinal band under-
goesred shift with increasing the gold nanorods aspect
ratio. Themean transverse diameter of Au nanorodsis
typicaly equd toca 10 nm, whileitsmeanlongitudina
lengthisvariable,
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Effect of irradiation by UV-light

By irradiation thespherical nanoparticlesthat pre-
pared by chemical method or by laser ablation tech-
niqueinmice lar solution asafunction of time, theopti-
ca density showed avery dlightly decreasing without
any remarkableshiftsin the corresponding wavel engths
of each nanoparticles, figures2 and 3. Thismay bedue
that the capping micellesprevent thenanoparticlesfrom
aggregation duringtheirradiation timecourses. Onthe
other side, thestudy of the effect of theirradiation on
the gold nanorods encapsulated in micelleswith an av-
erage aspect ratios of (L/d=2.6, 3.1,3.6,3.8) with the
absorption maximaat 700, 730, 760 and 780 nm, re-
spectively was carried out. Figure (4-a,b) showsthe
absorption spectraof the changes of gold nanorods of
(L/d=~2.6) beforeand after irradiation by UV-light.
Theoptical density at both longitudina and transverse
plasmon bands decreaseswith increasing theirradia-
tion time and the absorption maximawas gradually
shifted to shorter wavelengths (A =700-672nm),
figure (4a). It isclearly observed from the absorption
spectrathat no significant changesin thewidth of the
nanorods. Theoptical density at 2. =533 nmwasde-
creaseswithout changesin theband widthintherange
511-550 nm. Therefore, the decreasing in the absorp-
tion spectraand the blue shiftsin SP, are caused by
decreasesin the length of the nanorods. Figure (4b)
illustratethat thenormalized absorpti on spectrachanges
inlinear way. Thismay be dueto theregular reshaping
of the nanorodsinside the capping micelleswith the
decompaoses of micellesaround the gold nanoparticles
and accordingally the decomposes of the gold
nanoparticlesinregular way and preci pitatein the sol u-
tion. Thetherma stability of gold nanorodsin agqueous
micellar solutionand in binary glycerol/water micellar
solutionswas studied™*3, Theresultsshowed that such
changein configuration requiresthe breaking of bond
between themicelesand thegold surface, which could
lead to either the breaking of the micellesaround the
long rods or the annealing of the micellesaround the
shorter rods. At this point the long rods break faster
than the shorter oneasthetemperatureincreases. The
activation energy in case of micellar solution was
21.0+1k cal/mol™, whilein case of binary glycerol/
water micellar solutionsit wasfound to be 12.9+1k
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Figure 3: Dependence of the absor ption spectra of gold
nanoparticlesproduced by laser ablation in micdlar solu-
tion on UV-irradiation: interval times(1-5) 20 minutes
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Figure4: (a) Dependenceof theabsor ption spectraof gold
nanorodson UV-irradiation: interval times(1-13) 20 min-
utes, (b) Dependanceof thenor malized of gold nanorodsat
A=700nm. on theirradiation time
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Figure5: Dependence of the absor ption spectra of gold
nanorodson UV-irradiation, A=730nm

ca/mol ™3, Thelowering of the activation energy may
result from thelowering of the dielectric constant of
agueousglycerol/water micdlar co-solvent. Thesmdler
thedie ectric constant of the organi c solvent, themore
easily it can break themicellesby loweringtheoveral
dielectric constant of medium(*®., Itisworthwhileto
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Figure6: Dependence of the absor ption spectra of gold
nanorodson UV-irradiation, A = 760nm
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Figure7: Dependence of the absor ption spectra of gold
nanorodson UV-irradiation, A = 780nm
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Figure 8 : Normalized absorption spectra of gold
nanparticlesat different irradiation time

mentioned that with increasing theirradiation time of
gold nanorods, therate of decomposition decreasing
with decreasingthelength, figures(5-7). Figure8illus-
trate the normalized absorption spectra of the gold
nanparticlesat different aspect ratiosand different irra-
diation time courses. Thefigure showed that therate of
photodecomposition depend on the aspect ratio. As
observed fromthefigureadightly decreasingintherate
in case of nanosphereand high increasesin linear way
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Figure9: Rateof photodecompasition of gold nanparticles
at differentratioL/d

Rate (nanparticles/sec.)

g

SR

irradiation Time=112 Howr, o

OPTICAL DENSITY (Cn.0)

WAVELENGTH {nm)
Figure10: Dependence of theabsor ption spectraof gold
nanoparticlesprepared by laser ablation techniquein dis-
tilled water on UV-irradiation

with increasing the aspect ratios. The effect of the as-
pect ration on the photodecomposition rate was cal cu-
lated from thed opeof different aspect ratiosin figure
8. Thereation between therate of photodecomposi-
tion and thedifferent aspect ratiosinfigure9, could be
cal culated according thefollowing equation.
R=x+B*X )
R=-23+11*X

Where R is the rate of photodecomposition, x is the critical

photodecomposition of gold nanorods ratio given by inter-
section of thelinear curve with the x axis, B isthe slope of the

linear curve and X isthe aspect ratio.

The figure showed that at aspect ratio 2.3 the
nanorods may bedifficult to decomposesby light. Itis
also showed that, the rate of photodecompositionin-
creasesby 1.14 withincreasing theL/d by 0.1. Figure
10 Showed the absorption spectraof gold nanoparticles
prepared by laser ablationtechniqueindistilled water
on UV-irradiation. By irradiation the nanoparticlesasa
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function of time, the absorption maximum of the sur-
face plasmon resonance (SP) shows ared shift and
accompanied with adecreasinginthe optical density
and abroadening of theabsorption spectrafrom ~600-
850nm. Thebroadening my be duetothelight scatter-
ing. Theobservedred shiftsfromi _ =521nmtoA _ =
540 nmwiththedecreasingintheoptica dendty of the
absorption maximum can be ascribed to the aggrega-
tion of thegold nanoparticles. Itisworthwhileto main-
tain that the capping micelles prevent the spherical
nanoparticlesfrom aggregationduringtheirradiationtime
COUrses.
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