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Abstract In this paper, zinc oxide (ZnO) nanoparticles were

prepared by laser ablation of Zinc (purity of 99/99 %) target.

The effect of solvents, methanol and distilled water on the

characterization of ZnO has been investigated. The beam of a

Q-switched Nd: Yag laser with the length wave of 1064 nm

and pulse duration of 6 ns was used. ZnO nanoparticles which

were produced in distilled water and methanol were charac-

terized by transmission electron microscopy, X-ray diffrac-

tion (XRD) and the optical absorption spectroscopy–

ultraviolet (UV–VIS-IR). The XRD results showed that the

ZnO nanoparticles have a hexagonal crystal structure. Dif-

ferent size of ZnO nanoparticles were formed because of

different environment of laser pulse generated.
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Introduction

Nanoparticles are of great interest for many technological

applications and fundamental research due to their size-

dependent physical properties [1–4]. Nanostructured ZnO

materials have received broad attention due to their dis-

tinguished performance in electronics, optics and photon-

ics. Zinc oxide is a unique material that exhibits

semiconducting and piezoelectric dual properties. From the

1960s, synthesis of ZnO thin films has been an active field

because of their applications as sensors, transducers and

catalysts and in properties [5]. ZnO is an interesting

chemically and thermally stable-type semiconductor, wide

direct band gap of 3.37 eV at room temperature and high

sensitivity to toxic and combustible gases [6]. Compared

with other semiconductor materials, ZnO has higher exci-

tation binding energy (60 meV) and has been studied as an

optoelectronic, transparent conducting, and piezoelectric

material. In the past few years, numerous studies have been

conducted on both production as well as electronic and

optoelectronic applications of nanostructured ZnO [7, 8]. A

wide variety of techniques have been exploited to fabricate

ZnO nanostructures. Most well-defined ZnO nanostructures

with an abundant variety of shapes, such as nanorods,

nanoneedles, nanotubes, Nano belts, flower-, spindle-, and

tower-like structures, have been synthesized by traditional

methods based on the high-temperature vapor-based tech-

niques or the chemical solution route [9]. Recently, pulsed

laser ablation (PLA) in liquid media of a solid target has

been proven to provide an efficient approach for preparing

various nanoscale materials [10]. The PLA technique for

synthesis of nanostructured materials from a solid target in

liquid media has many advantages. The first advantage of

the PLA technique is inexpensive equipment for control-

ling the ablation atmosphere. Most importantly, it has been

demonstrated that size of synthesized material can be

controlled by changing different parameters such as laser

wavelength, laser fluence, pulse laser duration, changing

the pH of the solution, adding surfactants and changing the

temperature of solution [11–13]. The purpose of this work
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is to investigate the effect of solvents on the properties of

Zno nanoparticles that were produced using the first har-

monics of Nd-YAG laser.

Experimental

Zn and Zno nanoparticles were synthesized by PLA of zinc

target (10 9 10 mm2 and thickness of 1 mm, 99.99 %

purity). Two zinc metal plates were placed on the bottom

of open glass vessel filled with 30 mL of deionized water

and methanol, respectively. The Zn plates had a smooth

surface and were first cleaned ultrasonically in acetone and

methanol baths consecutively and then rinsed with distilled

water for 10 min before the experiment to remove all

contaminants. The Zn targets were ablated vertically by a

Q-switched, Nd–Yag laser (first harmonic) from spectrum

A.N.T. ltd operated at 1064 nm with pulse duration of 6 ns

and 10 Hz repetition rate. The laser beam of 6 mm in

diameter was loosely focused using a lens with a focal

length of 80 mm. The ablation fluency was about of 1 J/

cm2 at a repetition rate when 1000 pulses were used. Fig-

ure 1 shows Zn and ZnO nanoparticles solution generated

by 1064 nm laser pulse wavelength in methanol and water.

It is clear that the color of solutions has been changed after

ablation. Different analytical methods were applied for the

characterization of produced nanoparticles. The solution of

Zn–Zno nanoparticles was dried on silicon substrates and

then XRD was performed. The crystal structure of the

samples was analyzed by X-ray diffraction (XRD) with Cu-

Ka radiation (k� 1.54060 Å) (STADIMP: STOE,

v = 40 kv, i = 40 Ma) was applied. The optical properties

of the nanoparticle solution were examined at room tem-

perature by a UV–VIS-IR absorption Spectrophotometer

(model: CARY500 scan, company: Varian, 175–3300 nm).

The size and distribution of nanoparticles was performed

by transmission electron microscopy (TEM) (Zeiss-

EM10c–80 kv) after the solution has dried on the grid.

Results and discussion

Structural properties

Figure 2 shows a broad absorption spectrum in the Ultraviolet

region of the nanoparticles produced by laser ablation of Zn

target in methanol and distilled water solution. The absorption

spectroscopy system is capable of absorbing solution in the

region (175–3300 nm) wavelength range with a resolution of

1 nm. The absorption spectra have peaks centered at 300 nm

(methanol) and 335 nm (distilled water) which are assigned to

Zn–Zno nanoparticles. The most dramatic property of semi-

conductor nanoparticles is the size evolution of the optical

absorption spectra. Hence, UV–visible absorption spec-

troscopy is an efficient technique to monitor the optical

properties of quantum size particles [14]. When the size of

semiconductor nanoparticles is comparable to or below their

exciton Bohr radius, they have distinctive electronic and

optical behaviors due to exciton quantum confinement phe-

nomena [15]. It is clear that the absorption edge systematically

shifts to the lower wavelength with decreasing size of the

nanoparticle. This pronounced and systematic shift in the

absorption edge is due to the quantum size effect. The blue

shift of absorption peak due to quantum confinement effect

can be observed in the spectra. Absorption peak intensity

increases by changing the type of solution, which could be due

to their smaller size and greater number of particles in

methanol as compared to distilled water.

XRD studies of nanoparticles

Synthesis of zinc nanoparticles is also verified using X-ray

diffraction (XRD). XRD spectrum of samples is presented

Fig. 1 Zn and ZnO nanoparticles solution generated by 1064 nm

laser pulse wavelength in methanol and water after production Fig. 2 Absorption spectrum of zinc nanoparticles
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in Figs. 3 and 4. X-ray diffraction measurement was per-

formed for the dried nanoparticles on silicon substrate. The

XRD spectrum clearly shows the crystalline structure of

the various peaks of Zn and ZnO nanoparticles. The XRD

pattern of the nanoparticles formed by 1064 nm wave-

length laser beam in deionized water and methanol at room

temperature reveals that they are crystalline and possess the

hexagonal Wurtzite structure [16]. The average crystallite

size from XRD has been estimated using Scherer formula

[17, 18];

Crystallite size ¼ kk= FWHMð Þ cos h

where k = constant (0.89\ k[1), k = wavelength of the

X-ray, b = full width at half maximum (FWHM) of the

diffraction peak, and h = diffraction angle.

It has been observed from Fig. 3 that the peaks of 34.29�,
47.64�, 56.26� and 61.62� are the characteristic of zinc oxide

phase with the crystal size of 20.6, 19.1, 16.3 and 15.1 nm,

respectively, and the peak of 54.47� is the characteristic of Zn

phase with the crystal size of 16.8 nm for distilled water.

Fig. 3 X-ray diffraction of ZnO nanoparticles prepared by pulsed laser ablation in distilled water

Fig. 4 X-ray diffraction of ZnO nanoparticle speared by pulsed laser ablation in methanol
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According to Fig. 4 the peak of 36.34� with crystal size

of 2.47 nm is the characteristic of zinc oxide phase and the

peak of 43.28� with crystal size of 2.08 nm is the charac-

teristic of Zn phase in methanol. X-ray diffraction analysis

showed that both samples have a hexagonal crystal

structure.

It is clear that the grain size of the nanoparticles

decreases by changing the type of solution (of distilled

water to the methanol). The pattern reference number (PDF

file number) for Zn is 00-004-0831 and for ZnO is 00-021-

1486.

Size of nanoparticles

TEM images of the nanoparticles are displayed in Fig. 5.

As can be seen, the ZnO nanoparticles are almost spherical

in all samples and the particle sizes and size distribution

are related to the environment of laser ablation. Figure 6

demonstrates the size distribution graphs of ZnO

nanoparticles. It can be seen that with changing solution of

target from distilled water to methanol the sizes of

nanoparticle decrease. Nanoparticles generated in solution

of distilled water are between 1 and 30 nm, but as it is clear

in Fig. 6 their size decreases with changing the solution to

methanol. We have more uniform nanoparticles in metha-

nol solution.

Conclusion

Zno nanoparticles were successfully fabricated by pulsed

laser ablation on a Zn target in methanol and distilled water

in a glass vessel. In this work, the effect of laser environ-

ment on the structure, morphology and optical properties of

ZnO nanoparticles has been investigated. XRD data

revealed that these nanoparticles possessed the hexagonal

Wurtzite structure. The size distribution of ZnO nanopar-

ticles decreased with changing the solution from distilled

Fig. 5 TEM micrographs of ZnO nanoparticles: a distilled water and b methanol

Fig. 6 Size distribution of nanoparticles extracted from TEM images
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water to methanol. The blue shift in the absorption edge

indicates the quantum confinement property of

nanoparticles.
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