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ABSTRACT 
     In this work ZnO Nps were fabricated by liquid phase pulse laser ablation (LP-
PLA) technique. The experiments were carried out by using the radiation of the 
pulsed Nd:YAG laser operating at the 1060 nm wavelength, 9 ns pulse duration and 1 
Hz repetition rate of  Zn plate immersed  in DIW water, the effect of laser pulses on  
the amount of ablated materials, structural, optical and morphology of ZnO Nps has 
been studied. The atomic absorption result shows that the amount of the ablated 
material is directly proportional to the number of laser pulses and the atomic force 
microscope show that the grain size of the obtained NPs are decrease with the  
number of laser pulses. 
  The UV-Visible show a blue shift was recognized with a larger number of laser 
pulses while the photoluminescence result gives a blue shift with the decrease in 
number of laser pulses  
 

 جسیماتلالبصریة  الخصائص التركیبیة و تأثیر نبضات اللیزر على
ZnO اللیزریة في الماء زالةالإالمحضرة بواسطة  النانویة 

 
 الخلاصة

باستخدام تقنیة الاستئصال باللیزر ف�ي النانویة  اوكسید الزنك جسیماتتحضیر تمت في ھذا البحث 
وام�د nm 1060 ی�اك یعم�ل بط�ول م�وجي–تمت التقنیة بواس�طة التش�عیع لی�زر الن�دمیوم  .الوسط السائل

ت��أثیر وتم دراس��ة ،بالم��اء المقط��رلمع��دن الزن��ك مغم��ور   1Hzومع��دل تك��رار النبض��ة nsec  9نبض��ة
 المستأص��لة والخص��ائص التركیبی��ة و البص��ریة وطبوغرافی��ة الس��طح كمی��ة الم��واد عل��ىاللیزرنبض��ات 

تتناس��ب  مستأص��لةأظھ��رت نت��ائج الامتص��اص ال��ذري أن كمی��ة الم��ادة حی��ث  ,النانوی��ة ZnOلجس��یمات 
الحجم الحبیبي للجس�یمات النانوی�ة  أنبینت  نتائج مجھر القوى الذریة و,اللیزر مباشرة مع عدد النبضات

 تقل مع زیادة عدد النبضات.   
نتائج الخصائص البصریة حدوث إزاحة نحو اللون الأزرق مع زیادة عدد النبضات بینم�ا واظھرت 

  .أظھرت نتائج الانبعاثیة الطیفیة إزاحة نحو اللون الأزرق مع النقصان في عدد النبضات اللیزریة 
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aINTRODUCTION 

aser ablation is a typical example of top-down approach in fabrication of 
nanoparticles [1]. Pulsed laser ablation in liquid media (PLAL) is a promising 
technique for the controlled fabrication of nonmaterial via rapid reactive 

quenching of ablated species at the interface between the plasma and liquid. PLAL is 
a versatile technique for preparing various kinds of Nanoparticles (NPs) such as noble 
metals, alloys, oxides and semiconductors. The advantages of the PLAL technique 
are Inexpensive equipment for controlling the ablation atmosphere [2]. Well 
crystallized NPs can easily be obtained in one –step procedures without subsequent 
heat treatment, because of the high energetic state of ablated species [3]. 
     Three main steps contribute in laser ablation synthesis method and formation of 
nanoparticles from a target immersed in liquid. Only in a short period of time, 
typically about a few microseconds, all these steps take place and nanoparticles are 
synthesized. Laser pulse, first, heats up the target surface to the boiling point, and 
thus, plasma plume containing vapor atoms of target is generated. Then, plasma 
expands adiabatically; and finally, nanoparticles will be generated when condensation 
occurs. During the condensation step, first, nucleation takes place; then fine nuclei 
either collide or stick to each other or new materials precipitate on them which result 
in growth. Nanosized hard agglomerates can form as a result of strong covalent or 
ionic bonds between nuclei [4]. 
      Nanostructures ZnO materials have received broad attention due to their 
distinguished performance in electronics, optics and photonics.  With reduction in 
size, novel electrical, mechanical, chemical and optical properties are introduced, 
which are largely believed to be result of surface and quantum confinement effects 
[5], Recently, special attention has been devoted to the morphology, as ZnO can form 
different nanostructures, such as nanobelts, nanoribbons, nanowires, nanotubes, 
nanohelixes, nanorods [6] and Nanoparticles [7].  
     ZnO  nanoparticles do not only have the merits of ZnO semiconductor such as a 
large exciton binding energy of 60 meV and excellent stability, but also have some 
novel characteristics because of the particularity of nanostructure, it is well known 
that small particles have the large surface-to-volume ratio and surface defect [8], Zinc 
oxide is also a semiconductor and fluoresces in both the UV and visible regions. The 
peak in fluorescence shifts as a function of particle broken size [9]  
   Transition metal oxides with nanostructure have attracted considerable interest in 
many areas of chemistry, physics and material science, thus Zinc oxide Nanoparticles 
are used in a variety of applications such as UV absorption, photo catalyst, 
biochemical engineering. It is also used in the fabrication of solar cells, gas sensors, 
luminescent materials, transparent conductors, heat mirrors and coatings [10]. 
 
EXPERIMENTAL WORK 
     ZnO Nan particles in solution were synthesized by combination of pulsed laser 
ablation of high purity zinc metal in an aqueous media in DIW at room temperature. 
A (1×1cm²) high purity (99.99%) Zn plate from (Fluke) was used as a target and 
fixed at the bottom of open a plastic cell containing 10 ml DIW whose conductivity 
2×10-6 (Ω cm)-1,  the cell holder rotates to avoid a deep ablation traces or crusts. The 
pure metal target was irradiated with the pulsed Q-switched ND-YAG laser system 
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type (HUAFEI), providing pulses of 1064nm wavelength was used for ablation of 
target, the effective beam diameter of (0.72mm) for 1.06 µm were used for laser 
ablation at constant laser fluence (25 J/cm²) for 1064 nm wavelength focused using a 
convex lens with a focal length of (11 cm) to create a spark or breakdown in the 
sample. Figure (1) illustrates typical experimental set up for laser ablation of Zn 
immersed in DIW. 

 
Figure (1) Experimental setup for Nanoparticles synthesis, 

by laser ablation technique. 
 
The colloidal solution  becomes slightly turbid after ablation (smoky like), 

showing the formation of metal colloidal  Nanoparticles, the rapid reactive quenching 
and aqueous oxidation of highly active Zn clusters in deionized water is responsible 
for the formation of ZnO Nanoparticles. In this process the initial oxidation product 
Zn (OH)2 rapidly decomposes to ZnO cluster (milky like)[11] . 
   The products were characterized by a double-beam UIR-210A spectrophotometer 
from Shimadzu, and room temperature photoluminescence (PL, LABRM-HR PL 
spectrophotometer), Fourier Transform-Infrared Spectroscopy (FTIR) from 
(Shimadzo Iraffinity) and atomic force microscope (AFM AA3000) 
 
RESULTS AND DISCUSSION  
     The effect of the number of laser pulses on the concentration of ZnO NPs at laser 
fluence (25 J/cm²) for 1.06 µm laser wavelength is shown in Figure (2). 
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Figure (2) Amount of ablated materials as a function of number of pulses 
for 1.064 µm laser wavelength at 25 J/cm² laser fluence. 

 
          As a result efficiency of laser ablation can be quantified both by the amount of 
Zn transferred from the Zn target into the liquid ambient, and transferred to ZnO NPs, 
concentration of  ZnO NPs can be varied at given wavelength by factors depend on 
the value of laser fluence (up to saturation ) and by number of pulses. 
     It has been found that by increasing the number of laser pulses, the amount of the 
ablated NPs increase, due to the target ablation followed by plasma formation took 
place mainly during the rising part of laser pulse, in particular for the tight focusing 
on the target. The situation marks as an onset of nucleation process to form metal 
oxide Nanoparticles, so that there is a specific number of laser pulses beyond which 
the amount of the ablated material becomes constant since the increase in the number 
of laser pulse leads to the formation of dense plasma that itself prevent the laser pulse 
to reach the target or limited the energy that reaches the target surface.  
     Figure (3) gives the FTIR result for ZnO NPs prepared at 1.06 µm laser 
wavelength and  different number of pulses (30, 50 pulse)  with constant laser fluence 
of (25J/cm2).In this figure we could recognize the absorption peaks at (439.77, 
516.92, 594.08,408. 91,516.92) cm-1 wave number which are related to the stretching 
vibrations mode of the  Zn-O band [12]. At the same time, we could notice the 
increase in the intensity of the absorption peak by increasing the number of laser 
pulses. This is related to the larger amount of the ablated material produced from the 
target surface, mainly during the arising part of each laser pulse, and then increase in 
the concentration of ZnO NPs at higher number of laser pulses. Absorption peaks at 
(3000, 3564.45, 3865.35, 1481.33) cm-1 are related to the harmonics of H–OH 
stretching modes, while those at (1435.04, 1458.18) cm-1 are related to the C-O 
vibration modes referring to little contribution of CO2 dissolution from air content 
[14]. 
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(b) 

 
Figure (3)Fourier transform infrared spectrum of ZnO Nanoparticles in DIW 
as a thin film on the glass substrate prepared at 1.06 µm laser wavelength with 

constant laser fluence 25 J/cm2 (a) 30 pulses (b) 50pulses. 
      

The surface morphology of ZnO Nan particles colloidal prepared by LP-PLA at 
different conditions was obtained using atomic force microscopic images. One drop 
of the colloidal suspension was dried out on glass substrate at 60 Co. Figure (4) shows 
the particle size distribution and Nanoparticles topography of dried colloids prepared 
at different laser pulses (20 and 60) and constant laser fluence. The surface 
morphology, and hence particles size distribution are recognized. 
     Larger number of laser pulses lead to a smaller particle size as shown in Figure (4) 
where (60) laser pulses was used to prepare ZnO NPs at (25 J/cm2) laser fluence 
average particle size was found to be about (31.75 nm) while average particle size 
was found to be about (39.11 nm) at 20 pulses because of the longer ablation time 
leads to a narrowing of the nanoparticle size distribution due to the interaction of the 
ablating laser beam with the produced Nanoparticles [13],and The decrease in the 
particle size appear because of laser fragmentation effect. Since laser pulse causes 
larger particles to participate to smaller and smaller one [15]. 
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Average particle size 39.11nm 

(a) 
 

  

 
Average particle size 31.75(nm) 

(b) 
Figure (4) Surface morphology of ZnO NPs prepared at 1.06 mm laser 

wavelength 25 J/cm2 (a) at 20 laser pulses (b) at 60 laser pulses. 
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    The UV-VIS transmission and absorbance as a function of wavelength at different 
laser pulses at 1.06 µm laser wavelength and constant laser fluence (25 J/cm²), Figure 
(5). Show the overall transmission as a function of ablating laser pulses of Zn metal 
in colloidal suspension a lower transmittance value due to larger amount of ablated 
Zn material, while the absorbance of ZnO nanoparticles increased with the number of 
laser pulses, and a blue shift could be recognized in the absorbance of ZnO colloidal 
resulted from smaller particle size (larger energy gap). 

This result is in consistence with the relationship between the band gap energy and 
the size of the particles considered as spherical particles can be given by the 
following equation  
 

Eg
* = E g + 𝒉

𝟐

𝟖µ𝑹² + 𝟏.𝟖𝒆²

𝟒𝝅𝜺˳𝜺∞ 𝑹
 

 
where, Eg is the bulk band gap of the semiconductor material, µ the effective mass 

of the exciton given by 1/µ = 1/me
*/ +1/ mh

* (me
*is the electron effective mass and 

mh
* is the hole effective mass), R the radius of the particle, 𝜺˳ is the vacuum 

permittivity and 𝜺∞ is the relative permittivity [14], this equation is an approximate 
equation and valid for value of grain size less than or equal an exciton bohr radius.   
And from AFM microscope in Figure (4) the particle size of ZnO nps were larger 
than the dimension of an exciton bohr radius (1.4-2.3nm).     
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(b) 
Figure (5)(a)Optical transmission and absorption as a function of wavelength for 

ZnO NPs prepared by LP-PLA  at different number of pulses at 1.06 µm laser 
wavelength with constant laser fluence of 25 J/cm² , (b) (ah𝜈𝜈)2 as a function of 

incident photon energy at 40 and 60 pulses. 
 

The optical band gap of the nanoparticles was estimated from an extrapolation of 
a plot of (αhν) as a function of the photon energy in the absorption spectra. This is 
possible because the absorption coefficient (α) can be expressed as αhν ∞ (hν-Eg) 1/2 

and the intercept provides a good approximation to the band gap (Eg) [16]. From 
Figure (5 b) It has been found that energy band gap 3.425ev and 3.44 ev for 60 and 
40 pulses respectively.  
  Figure (6) shows the effect of the number of laser pulses on Photoluminescence 
properties and intensity of the ZnO Nanoparticles colloidal.  
 

 
Figure (6) PL spectra of ZnO nanoparticle solutions prepared with laser 

fluence 25 J/cm2 at different number of pulses at 1.06 µm laser wavelength. 

0

5

10

15

20

25

30

35

3.3 3.35 3.4 3.45 3.5 3.55

(α
hv

)²
 

hv(ev) 

40 pulses

60 pulses

0

5000

10000

15000

20000

25000

30000

35000

200 300 400 500 600 700

ph
ot

ol
um

in
ce

s i
nt

en
si

ty
 

wavelength (nm) 

10 pulses

30 pulses

205 
 



Eng. & Tech. Journal , Vol.32,Part (B), No.2, 2014                      Laser Pulses Effect on The Structural    
                                                                                               and Optical Properties of ZnO Nan   

                                                                                               Particles Prepared By Laser Ablation 
                                                                                               in Water 

 
     
   This Figure indicates that photoluminescence intensity of the UV near band edge 
emission peaks located at 381, 384nm increases with the increase of number of 
pulses, whiles the broad small band at green region, presumably is associated with the 
intrinsic defects in ZnO and with oxygen vacancies on the surface of Nanoparticles. 
     
CONCLUSIONS 
     This method provides an alternative, pollution free, way for the synthesis of oxides 
nanoparticles of metals. In summary, we have demonstrated that laser pulses is an 
effective parameter to adjust the amount of ablated materials, structure, morphology 
and optical properties of ZnO Nanoparticles prepared by laser ablation in DIW. 
Efficiency of laser ablation increased with larger number of laser pulses, The Fourier 
transform infrared spectroscopy result shows that the intensity of the Zn-O bond 
vibrational mode is proportional directly to the number of  laser pulses, and the AFM 
results show decrease in particle size with increase in number of laser pulses.  
The UV-Vis result show a lower transmittance  value due to larger amount of ablated 
Zn material but in other hand a blue shift could be recognized in the absorbance of 
ZnO colloidal resulted from smaller particle size (larger energy gap) that appear 
because of laser fragmentation effect. Finally the photoluminescence intensity of the 
UV near band edge emission peaks increases with the increase of number of pulses, 
we could notice the increase in the intensity of the absorption peak by increasing the 
number of laser pulses. 
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