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ABSTRACT

Gold nanoparticles were prepared in different solvents of different polari-
ties by laser-induced breakdown of the gold metal plate. The results showed
that the position of the surface plasmon bands depends on the optical
dielectric constant (¢, ) and dielectric permittivity (e ) with respect to the
polarity of the medium. In polar solvents a blue shift was observed when
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wegofromwater (e =1.77,Z=94.6,¢ =78.3) tobutanol (¢, =1.97,2=77.7,
g,= 17.5) whilein nonpolar solvents the blue shifts are observed when we
gofromTHF (¢, =1.98,Z=58.8, ¢ = 7.5) to cyclohexane (g, =2.03,Z=60.1,
g, = 2.02). The Particle sizes were determined by using transmission elec-

tron microscope(TEM).

INTRODUCTION

Ultrafine noblemetd particleshavebeen prepared
by various methods and studies of their physicochemi-
cal propertieshavebeen avery activefield of research
duetotheir potentid applicationsnot only inthefield of
catalystsbut alsointhe devel opment of efficient sen-
sors, drug deliverers, optoel ectronics, and magnetic
devices™l. They exhibit new optical properties® which
arenether observed inmoleculesnor inbulk metas. In
particular, optical propertiesof metallic nanoparticles
have been extensively studied sincethey strongly ab-
sorb light inthevisibleregion, caused by the surface
plasmon oscillation modes of conduction electronsthat
are coupled through the surfaceto external electromag-
netic field. In fact, the color of the noble metal
nanoparticlesisknownto depend on boththesizesand
shapesof theparticlesaswell asontherefractiveindex
of the surrounding mediumi*”°, Thewavelength and
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absorbance of the spectrum are also reported to de-
pend on the nature and the concentration of the spe-
ciedo1l Mot of theearly studiesin theareaof metal
clusters havefocused on the preparation of gold col-
loidsinagueousmedia Colloidd gold preparedin ague-
ousmedium, by chemica reduction, areusudly capped
with anions (e.g., citrate), and the negative surface
charges providetherepulsiveforce between the par-
ticles, which preventsthem from agglomeration*2.

Thestudy of nanoparticlesin varioussolventswere
carried out to extend their gpplication capabilitiesupon
derivativeswith organic moleculest*34, For instance
akanethiolization of metal nanoparticlesoccursby form-
ing a covalent bond between the sulfur atom of
akanethiol and the surface of particlesor with chemi-
sorbingtothemetal particle by donating e ectron cloud
tothethiolatefunctional group!*3.

In the present study, we report the experimental
observations of gold nanoparticles by laser ablation of
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agoldmetd plateindifferent solventsof different physicd
properties.

EXPERIMENTAL

Gold nanoparticleswereprepared by laser abla-
tion of ametal gold platein aqueousmicellar solution of
cetyltrimethyl ammonium bromide(CTAB), (Huka) and
indifferent solvents, (Fluka). The solventsused were
of spectroscopic quality. Doubledistilled water was
used. Thesolventsparametersweretakenfromthelit-
erature?>2, As shown in figure (1), the gold plate
(>99.9%) was placed on thewall of aglasstubefilled
with 3mL of asolvent. Laser pulses(t=8nsat 10HZ)
fromaNd-YAG laser (continuum SLI-10) at A = 1064
nm werefocused onto the surface of agold plateusing
afused silicacylindrical lense (p = 100nm). Thefo-
cused region onthegold plate hasarectangular shape
of 6nmlengand 0.5 nmwide. Thepostion of thelaser
beam on the surface of the pre polished metal plate
could bevaried, to obtain afresh surfaceand helpto
provide~ homogeneous nanoparticles. Theenergy of
Nd-YAG laser was 100 mJ/pul se measured by power
energy meter (molectron-EPM 2000: Tar5). The col-
ored solution was measured by Perkin Elmer Lmbda-
40 spectrophotometer after irradiation with the laser
beam. Transmission e ectron microscopy (TEM) of the
produced sampleswasformed by drying adrop of the
solution onacarbon-coated copper grid. Particlessizes
weredetermined from themicrographsof the Joel-100S
transmission el ectron microscope, of resolution of 0.3
nm.

RESULTSAND DISCUSSION

The spherica gold nanoparticleswereprepared fol -
lowing amethod introduced by Turkevichi®, Itiswell
known that, the optical absorption spectra of gold
nanoparticlesisdueto of the surfaceplasmon (SP) reso-
nance band(s) and the nanoparticles of 5-50 nm showed
asharp band in the 520-530 nm region*9. Asthe par-
ticlesgrow bigger or agglomerated, the absorption band
broadensand coversthewholevisiblerange™™. Figure
(248) showesthat, the spherical gold nanoparticlespre-
pared by thechemica method™ haveonly oneplasmon
absorptionband 2, = 524 nm without a detectable
broad band a |onger wave ength of thevisibleregion.
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Figurel: Schematicdiagram of theexperimental set up
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TABLE 1: Thedifferent solvent parameters

Solvents Amax(nmMm) Z & €m
1. Water 522 94.6 783 177
2. Methanol 524 83.6 327 176
3. | sopropanol 537 76.3 216 1.89
4. Butanol 538 777 175 197
5. Dmso 539 702 466 218
6. Acetone 534 65.7 20.75 184
7. Chloroform 555 632 481 2.08
8. Cyclohexane 550 60.1 203 2.03
0. Thf 591 58.8 7.58 198

Z = Solvent polarity, & = dielectric permittivity, & = optical
dielectric constant

1. Effect of optical dielectric constant (go,¢_)

Theabsorption spectraof gold nanoparticlespre-
pared by laser ablationin different solventsare charac-
terized by different position of themaximum absorption
bands depending on the coll ection bands of the gold
nanoparticlesandtheoptical didectric constant of the
surrounding medium(ew,g, ) asshownin TABLE 1,
figure (2b). Thefigure showesonly oneabsorption band
for water smilar tothat prepared by Turkevich™. Itis
documented that, the plasmon absorption of thegold
nanoparticlesis sensitiveto both diel ectric constants
and refractiveindexesof the surrounding solventg*7.
In addition the surface plasmon position may depend
on the polarity aswell asthe ability of the solvent to
donate or accept el ectrons. Thegreater thevaueof the
solvent polarity, thesmaller theisinteraction between
theparticles. Thismight bedueto thefact that theinter-
action between the particlesand the polar solvent is
more favorablethan particle-particleinteraction. The
shape and size of the nanoparticles are affected and
accordingly the absorption band broadens*®. The po-
sition of the plasmon absorption band can bediscussed
withintheframework of Drudemodd ¥, Accordingto
Drudemodd, the surface plasmon peak positionfor a

e Tnian el e —



NSNTAIJ, 2(2-3) December 2008

Al-Sayed Abdel-Majied Al-Sherbini

101

spherical particledependson therefractiveindex of the
surrounding mediumi719,

A= 7 (g0 +2¢ ) (@)
snce
E, =hc/A =2.859x 10%v )

where E. isthe observed transition energy inkilocaories, vis
the wave number in cm %29, So, the equation could be calcu-

lated depending on the transition energy as follow:
E2=E,?(e0+25 )" ©)
WhereE_istheenergy of the surface plasmon band, E .
istheenergy of the bulk plasmaband, e isthe high-
frequency dieectric constant dueto inter-band and core
trangitions, and¢_istheoptical dielectric constant (me-
dium dielectric constant, n= (g_)"?). Thereciprocal of
both didlectric constantsillustrate the sensitivity of the
maximum absorption position toward the observed en-
ergy of the surface plasmon resonance of the
nanoparticles. Figure 3 shown the Pl ot of the square of
the observed energy of the maximum position of the
surface plasmon bands of the gold nanoparticlesin dif-
ferent solventsasafunction of reciproca of thedouble
optical dielectric constants. A remarkablered shiftis
observed showingthat theoptical die ectric congtant of
the medium influencesthe energy of the surface plas-
mon of the nanoparticlesaccordingtoeq.(3). There-
sultsobserved inthefigureillustrated that the solvents
could bedivided to two categories depending on the
refractiveindex and accordingly on thehigh frequency
diel ectric congtantsand the sol vent pol arity with respect
to the hydrogen bond donor(protic) and
acceptor(aprotic) solvents. In case of protic solvents,
the nanoparticles showed red shifts~33 nmwithin-
creasing theoptical diglectric constant and decreasing
the solvent polarity. Thered shiftsobserved when we
gofromwater, A __ =522nm (g =1.77,Z=94.6)to
butanol (¢, =1.97,Z=77.7) and CHCI (g = 2.085,
Z=63.2). Itisof interest toillustrate that the solvents
which contain OH group ismorefavorableto interact
with the nanoparti clesthan nonoparticles-nanoparticles
interaction preventing them from the aggregation, figure
(2b). Incontrary to chloroform, which haslow polarity
and remainsinert, with no noticeablechemical interac-
tionswith the gold surface, such aggregation was ob-
served. In caseof aprotic solventsthefigureshowsred
shiftsof ~ 52 nm with decreasing both the optical di-
€lectric congtant and the solvent pol arity. Thisshiftswas

—= Fyl] Paper

Energy(K cal/mol)
1388 1748 TR 4475 1m.71
~ @
O
e
2
s
o
o o
8
a
o
[l T T
a0 00 el
Waveenght(nm)
Micelles EtOH ButOH IsopropOH
Energy(K cal/mol)
. lT-Im !W.I'-D 14-1.55 !T!II.'-‘_ 14498
a 1 ®)
o Ty
\; UREE 3 RWATERIZZ M
S - . il o
5 e
D o ETH 2N
8
B e
O
Waveenght(nm)

Figure?2: (a) Optical absor ption spectra of the spherical
nanoparticles prepared by sodium citrate, (b) : Optical
absor ption spectraof the nanoparticlesprepar ed by laser
ablation in different solvents
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Figure3 : Normalized surfaceenergy of thesurfacePlas-
mon absor ption bandsof thegold nanoparticlesin differ-
ent solventsasafunction of reciprocal of thedoubleof the
optical dilectric congtant.
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Figure4 : Absor ption bandsof thegold nanoparticlesin
(a) miceller solution and in (b) water at different irradia-
tion time(1/2 hour)

MeOH Water

THF

Figuer 5: TEM of the gold nanoparticles in different
solvents

observed when we go from DMSO (g =2.18,Z =
70.2),cyclohexane (e, =2.03,Z2=60.1) to THF (¢ _=
1.98, Z =58.8). Asshown in the figure (2b) the ab-
sorption spectraof nanoparticlesin tetrahydrofuran,
cyclohexane and DM SO showed broad absorption
spectra extended to 900 nm region. The absorption
maximum wasat 591nm, 550 and 539 nm respectively
and the half-height width of the band was~100 nm.
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The broadening of the spectral line may bedueto the
particle-particleinteraction sincein gprotic solvent the
ability of the aggregation of the nanoparticlesismore
favorablethan theinteraction between the sol vent mol -
eculesand the nanoparticles. Someresults(17) illus-
trated that thereisinteraction between nanoparticles
and nopaolar solvent molecules preventing the
nanoparticlesfrom aggregations. Thismay bedueto
the differences between the two methods of the pre-
pared nanoparticles. In case of the chemica method,
the capping material sprevent the nanoparticlesfrom
aggregation suchresultsillugtrated that thenanoparticles
changed from metallic stateto ionic statein somesol -
ventsor with raising thetemperatures?!. Whileincase
of laser ablation the metallic nanoparticlesare stable
under theobserved conditions. In addition, featuresstudy
on the effect of UV-light on the gold nanoparticles
showed that no changesintheoptica density in caseof
the chemica method whilean aggregationisobserved
in case of laser ablation method as clear from figure
4(ab).

Figure 5 showed asignificant aggregationin case
of metdlic nanoparticlesafter irradiating with UV-light
inagueoussolution,

Thesameresultswere observedin case of cyclo-
hexanewhich hasapoor hydrogen bond donor accep-
tor with low polarity (Z=60.1). Particles aggregation
wereseeninthe TEM, figure5 wherethe nanoparticles
appear asrods or clusters compared with water and
MeOH which appear as sphericalswithadight aggre-
gationin case of MeOH, the aggregation appeared as
ashoulder at around 650 nmin the absorption spectra
Indeed the aggregati on of the nanoparticlesin nonpolar
solvents(THF, CHCI,,, Cycloheane) was observed due
to sedimentation within severd daysafter the prepara-
tion.

2. Effect of dielectric permittivity (e )

Itisof interest to consider the effect of dielectric
permittivity (¢ ) of themedium on thespectral position
of thegold nanoparticles. Thisisbecausethe surface
plasmon resonance depends on the pol arity of the sol-
vent. Since, the most common measure of solvent po-
|larity isthelow frequency dielectric congtant ¢ (dielec-
tric permittivity). The greater the value of the solvent
polarity, the greater the interaction between the par-
ticlesand the polar solvent. The Plot of the square of
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Figure6: Normalized surfaceener gy of thesurfacePlas-
mon absor ption bandsof thegold nanoparticlesin differ -
ent solventsasafunction of reciprocal of thedoubleme-
dium dielectric per mittivity (g )

the observed energy of the maximum position of the
surface plasmon bands of thegold nanoparticlesin dif-
ferent solventsasafunction of reciproca of thedouble
of thedielectric permittivity (¢ )isshowninfigure6.
Theresultsshowed that the position of thesurfaceplas-
mon band depends on the surrounding medium and the
polarity. In polar solventsred shiftswere observed ac-
companying the decrease of thediel ectric permittivity
(e,) wherethe spectral bands show aslight aggrega-
tion. Thered shift of about 16 nm when we go from
water (A =522nmande_=78.3) tobutanol (A, _ =
538nm and ¢, = 17.5) can be ascribed to theinterac-
tion between the gold nanoparticles and the polar sol-
vents. DM SO showed some aggregati on which may
be dueto that DM SO iaan aprotic solvent. In nonpo-
lar solvent such asTHF, CHCI,, and cyclohexanethe
normalized curve showsared shift with increasing the
dielectric permittivity (e ) on the contrary of polar sol-
vents. The changesindicate that the surface plasmon
position band of the gold nanoparticlesdependson both
the static and the dynamic diel ectric constantg?2. Al-
sherbini studied the effect dielectric constantsof binary
solventsat different ratio volume/volume (v/v) onthe
gold nanorodsand the results showed that thelongitu-
dinal plasmon band depends on the both e and
dielectric congtants®.

In conclusionthe surface plasmon bandsof thegold
nanoparticlesdepends on both didlectric properties (s
and¢_) aswell ason ¢_dielectric constants and the
polarity.
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