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Study the Effect of Molarity on the Synthesis
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Abstract— This work was focused on the studying tifeet of
molarity on the producing ZnO nanoparticles byduid —Phase
Pulsed Laser Ablation (LP-PLA) of Zn metal plate the aqueous
environment of cetyl trimethyl ammonium bromide (CTAB$ing
femtosecond laser (Ti-Sapharie has wavelength= 800, rep.
rate= 1K Hz, Pulse duration =130 fs and laser eneqmylse 0.5
mJ. The effect of molarity on the optical and struce of ZnO was
studied is characterized by UV-visible absorptiodV-visible
absorption spectrum has three peaks at 220, 21®,2m for
different values of molarity (18, 10° and 10% respectively, our
results show that UV-visible spectra show a blueftstvith
decrease the molarity of CTAB solution because théads to
decrease the concentration of ZnO NPs and decrsate the
aggregate of surfactant molecules dispersed in Idjgollide ,and
blue shift indicated to get smaller size of nanofiales. The blue
shift in the absorption edge indicates the quanturonfinement
property of nanoparticles. Also FTIR transmittance spm of
Zn0O, nanopatrticles prepared in these states show a chagastic
ZnOabsorption at 435—-455cmh.

Keywords—Ablation time, CTAB solution, pulsed laser alfbat
technique, Zinc oxide nanoparticles.

[. INTRODUCTION

The properties of nanoparticles show great diffeesnin
electric, optical, magnetic and chemical properfies the
bulk material of which they are made [1].

There are many physical and chemical routes to ymed
nanomaterial .[2].

Those processes involve the nucleation and phassition
of nanocrystals [3]. During these steps, nucleatbrthe
target atoms takes place and, as a result, thenfiokei stick
together, in other words the mechanisms involvedhm
nucleation and phase transition of nanocrystals$}]

Due to their size and shape dependent properties,
nanodimensional semiconductor materials have sttbein
great interest in optoelectronics, electronicssse energy
storing and harvesting applications.

The concept of producing oxide using laser irradiatof
metal targets in water was demonstrated in 198#avinen
and tantalum oxides were formed on target surfacester
using a Q-switched ruby pulsed laser by using adthi
harmonic of a pulsed Nd:YAG laser PLAL of Ti in watand
SDS solution [6]. Sasaki et al [7] have synthesiZ&d?2 in
both deionized water and sodium dodecyl sulfate SED
solutions and they have explained crystallinity thie
nanoparticles strongly depended on the SDS corat@ntrin
the solution. The metal oxide nanoparticles havenyma
applications in nonlinear optics, optoelectronizi®medical
engineering, electro-optical devices and chemiediblgsts
[8].

Zinc oxide is promising semiconductor material withique
properties of UV emission, optical transparencyecelc
conductivity, and piezo electricity due to a widend gap
(3.37 eV) and large exciton binding energy (60 maMpom

Pulsed Laser Ablation in liquid environments (PLAL)}temperature even compared with other semiconducting

represents one of the most important techniquesrégparing
various kinds of nanomaterial. This technique hagnb
proven an effective and simple technique for prieggametal,
metal oxide, metal peroxide nanoparticles and & imany
advantages compared to the other conventional qdiyand
chemical methods are as follows: (1) inexpensiv@pgent
for controlling the ablation atmosphere, (2) simiyi of the

nanoparticles [2]. Its potential for advanced aaplons in

lasers, as bio-imaging agent, in biosensors andirag

delivery vehicles, in ointments, coatings, alss iransparent
to most of the solar spectrum; therefore, widelgdugs
window material in solar cells, optical waveguidéight

modulators and optical sensors [8].

Zinc oxide nanoparticles can be synthesized inyaaah of

procedure, and (3) the minimum amount chemical ispec ways, including physical vapor deposition, an ongaetallic

required for synthesis compared to the conventiohainical
process [1-3].

precursor method, via precipitation solvothermald an
hydrothermal methods, and sol-gel methods suclolaged

Generating NPs through PLAL technique passes tfrougombustion However pulsed laser ablation of solids

three fundamental steps. Firstly plasma generates td
extreme heating during the interaction of lasehwiiatter.
Secondly the ultrasonic adiabatic plasma expandslda
quick cooling of the plume region and hence toftimmation
of nanoparticles clusters. Finally after plasmangxtishing
the formed nanoparticles clusters encounter amddot with
the solvent and surfactant molecules in the sudimgn
solution.
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solution (PLAL) has been shown to be an effectflexible
and efficient technique for preparing ZnO nanophs with
high purity and without surface contamination legidual
anions and reducing agents. Many reports in tlegalitire
show that significant effort is put into adaptimisttechnique
in such a way that particle size and shape cacieffly and
accurately be controlled. Such as li. Fojtik andnglein
(1993) and Cotton et al (1993, 1996) have usedrakve
liquids as ablation media to produce colloidal solu of
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size and stability of generated ZnO NPs in CTABusoh.
ZnO-NPs were characterized by FTIR, UV-vis spectupy,
UV-visible in order to evaluate absorption specparticle
size and size distribution, and overall compoditecture.

II. EXPERIMENTAL WORK

Zinc nanoparticles were produced by pulsed laskatiah of
a piece of zinc metal (fello Co., Inc.; 99.9%) im aqueous
solution of CTAB using distilled water as a solyeftzinc
metal plate was placed on the bottom of an opessglassel
filled with 10 mL of aqueous solution.

Fig. 1 shows a schematic diagram of the laser bsestedp for
synthesis of nanoparticles using a pulsed Ti/Sappliser
beam (Quadronix IntenC laser) .This laser operatdskHz
repetition rate with a pulse width g.30 fs at 2.5 mJ/pulse
maximum laser beam output, it is focused via arh@®focal
length focusing lens to a minimum spot size at Kdtica
University Laser Technologies Research and Apptioat
Center (LATARUM)) was vertically irradiated onto zn
plate placed in the aqueous solution. The collichéieam at
800 nm is tightly focused on the target samplegiaigonvex
lens in order to get sufficient laser fluence fog aiblation.
Cetyl trimethyl ammonium bromide (CTAB) solution sva
added to the solution to control the size and/@vent the
aggregation of the products. The ablation was pedd at
different values of molarity (10-2, 10-3 and 10@study the
effect of the molarity on the properties of the paeed
nanoparticles.

After using different values of concentration aygcolloidal
solution of oxide-based nanomaterials was obtaingd.
magnetic stirrer rotator was placed in the solutiotates at
600 rpm to ensure uniform irradiation on target dhd
movement of water that can enhance ablated padiifiesion
also to disperse the produced NPs. Laser powemgasured
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Fig. 1 The set up experiment of femtosecond laser

ablation

In the experiments of this research work, laseatan of the
zinc target in CTAB solution at different molarity
(concentration) was investigated, this process rapemied
by the production of a plasma plume, visible toglge, near
the target surface also the change of color of Zoibidal
solution to grey wish color indicates that nanadizelloidal
particles have produced. The Shape and the sizédisons
of ZnO nanoparticles in different concentrationadiation
were characterized by many inspections such as\(sitle
and FTIR). The Effect of molarity of aqueous salntion
UV-visible absorption peak are presented in Table |
according to this table a blue shift in the preseotCTAB
with decrease the molarity and blue shift indidate get
smaller size of nanoparticles .

RESULTS AND DISCUSSION

via a power meter type Newport 841-PE, the measemem Fig. 2 displays the absorption spectra of ZnO peeduin

was obtained at two locations very near to thel fitage of
the laser apparatus and before the focusing lemaioate the
losses of the power in the beam delivery unit. Befiarting
the experiment the zinc target was cleaned by adtriz

cleaning device type EMAG 50 HC then wiped withtace

and ethanol solvents.

The prepared ZnO-NPs were initially characterizethg a
number of tests were done to characterize the pestiainc
oxide NPs, UV-visible extinction spectrum of thallgidal

solutions was recorded using a spectrophotometpe ty

spectrophotometer type Varian Cary-50 UV-Visiblehad
cm optical path cell
absorption/transmission properties of nanoparticpersed
suspensions, NPs Size, Other analytical technigueb as
(FTIR) spectroscopy (The PerkinElmer Spectrum 160eS
FT-IR spectrometer) are also used to study therptisn of
organic species on the ZnO nanoparticles. FTIRtsp&®Ere
measured at room temperature with the spectrorasiteg the
KBr Pellet technique [10]. Samples were lyophilizgdntly
mixed with 300 mg of KBr powder and compressed dists
at a pressure of 40 MPa for 5min, range of 40040001 to
know the chemical bonding of the produced nanogla#ti

in order to study the optical

three values of molarity (10-2, 10-3, 10-4). It wswious that
colors of liquids were changed differently withiretprocess.
During the laser ablation in (samples S1), prepaatbid
became opaque slowly, and finally, it tended toygrelor
after 5 min of ablation, after that the sampledb8@ame grey
faster than the first sample, in sample S3 , itléehto milky
color after ablation for 10 min.

TABLE |
EFFECT OF DIFFERENT MOLARITY ON UV-VISIBLE
ABSORPTION PEAK (4= 800 nm, E= 0,5 mJ/pulse )
UV-vis.absorption

Sample code ""o'a”Fy of peak wave
solution
length(nm)
s1 10° 220
S2 10° 210
S3 10* 204

On the other hand, fine bobbles were formed intfodtarget
S3 after first 15 min of ablation.

These bobbles apparently prohibited the laser grierge
absorbed by target, which could easily be realibgd
extremely diminished noises of impacts. The abgsuompt
bands centered at(220, 210, 204 nm) about peaHer at
molarity (10% 10° and 10%) respectively.
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According to the fig. 2 the Plasmon band of théatdhl ZnO  surfactants. There are also other bands at 1040eh®¥

is shifted to blue shift (smaller wavelength) wdgcreases the present in the spectra which may arise from the ®afs,
molarity (concentration) , These observations otflthe the absorption peaks at 3408 and 2924 'are attributed to
formation of small ZnO particles, but by increasithe O-H stretching vibration from ZnOH species and C-H
concentration , the optical absorption reveals @atirband stretching vibration, respectively. The free O-lretsthing
with a long tail toward the longer wavelengths,idating the bond at 3408 criarises due to reaction of ZnO nanoparticles
formation of inhomogeneous sizes, because wherfactant and hydroxyl groupthese results are consistent with that
concentration is small (<CMC Critical Micellesreported in the literature [2], [9].

Concentration ), the aqueous oxidation effect vk
dominant. At lower laser irradiance and smaller ancof BN
surfactant, this leads to vapor small number ofratwhich i
gets aqueous oxidized and form ZnO clusters of 1m®0 :
diameter. In contrast at large laser irradiand¢ana high b \ A T ree——

surfactant concentration large number of atomsgeorized, 2y \ / | b PV AL TN
which form larger metal clusters of 100 nm diametét =\ | AT Rl ™
higher surfactant concentration and strong cappinghe - |\ VoL

surface of the nanoparticles is achieved by CTABemdes, " .
which prevents it for aqueous oxidation and synghefpure |
zinc nanoparticles is done. L I i I
In other words when surfactant concentration is ©MC,

surfaces of the nanoparticles with large diameteraeakly ' am’
capped by CTAB which gets oxidized to form Zn cofe  Fig. 3 FTIR spectra of ZnO nanoparticles preparedn
large diameter with small thickness of ZnO shelinéans that CTAB Media (A = 800 nm, E = 0,5 mJ/pulse)
mostly large sized particles synthesized by laséati@n in

near CMC of surfactant have Zn core and ZnO shdlile IV. CONCLUSION

those of small sized ones are completely of ziridexas in
the case of present investigation [11].

In summary, this research work has successfullgyred
ZnO nanoparticles by pulsed laser ablation of Zarget in
different values of CTAB molarity, the study of eft
molarity was carried out for 1) 10° and 10" in constant
conditions (wavelength= 800 nm, rep. rate= 1K Hals@
duration =130 fs and laser energy pulse 0.5 mdY/)visible
absorption spectrum has different peaks at 220, 204 nm
for different molarity (1G, 10° and 1) respectively, our
results show that UV-vis spectra show a blue shifthe
presence of CTAB with decrease the concentratiahbédune
shift indicated to get smaller size of nanopartidtevas seen
that the decrease of concentration ZnO NPs leads t
decreases the aggregate of surfactant moleculpsrded in
liquid collide ,and blue shift indicated to get dlmasize of
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AT S I T R T} nanoparticles. The blue shift in the absorptionecitiglicates
wavelength {nm] the quantum confinement property of nanoparticles.
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