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Synthesis and characterization of ZnO nanoparticles prepared by pulsed laser ablation
in different liquid medium
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Abstract

Zinc oxide nanoparticles were prepared by pulsed laser ablation of zinc metal target using different liquid
medium, distilled water and 2-propanol. Ablation was carried out using 532 nm and 1064 nm output from a
pulsed (10 ns, 10 Hz) Nd:YAG, separately. Analysis of the morphology, crystalline phase, elemental
composition and optical properties were done using Transmission Electron Microscopy (TEM), X-Ray
Photoelectron Spectroscopy (XPS) and UV-Visible absorption. TEM analysis showed that a change in liquid
medium and laser wavelength resulted in ZnO and Zn(OH)2 nanoparticles with different sizes and
morphologies. XPS results confirmed the compositions and chemical states of these nanoparticles. The
results of this work demonstrated that by varying the liquid medium, the structure, composition, morphology
and optical properties of the nanomaterials could be modified during pulsed laser ablation in liquid.
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1. Introduction

Zinc oxide is a semiconducting material with
optical energy band gap of 3.3 eV, also it is
considered as an important material due its optical
properties, electrical conductivity  and
piezoelectricity (Djurisic & Leung, 2006; Singh,
Swarnkar, & Gopal, 2010). ZnO have been
investiged due its applications in photovoltaics,
photonics, light emitting devices, photo detectors,
transparent conductive films, etc. (Francis B.
Dejene, 2011). Nanostructures of ZnO have been
synthesized by different chemical methods, such
as solvothermal (Dev, Kar, Chakrabarti, &
Chaudhuri, 2006), thermal evaporation (Pan, Dai,
& Wang, 2001), sol-gel synthesis (Haase, Weller,
& Henglein, 1988), chemical vapor deposition
(Gorla et al., 1999; Song et al., 2013).

However, chemical methods involve the
generation of chemical by-products, so, an
alternative synthesis method to produce NPs
colloids without impurities is Pulsed Laser
Ablation in Liquid (PLAL) (Amendola &
Meneghetti, 2009). In PLAL, a solid target is
submerged into liquid medium; a high energy
laser beam interacts with the solid target surface
forming a plasma plume.

The chemical species inside of plasma
plume are subjected to a nucleation and
condensation processes which occur in the
expanding plasma plume allowing nanoparticles
growth in the liquid (Zeng et al., 2012). Nanorings
of SiC have been synthesized by PLAL irradiating
a Si target in ethanol. The proposed growth
mechanisms are based on the plasma formation
following by the reaction between the high active
species and the carbon species from ethanol
molecules allowing the nucleation and growth of
SiC rings nanostructures (Yang et al., 2012).
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However, the proposed mechanisms are
under investigation because they are strongly
depend of the experimental conditions, target and
liquid medium properties, such as pulse duration,
laser beam energy pulse, laser beam focusing,
repetition rate, the presence of surfactant
molecules in the liquid medium, the optical
properties of the target, etc. (Itina, 2011).

Therefore, the present work takes into
account the pulsed laser ablation of a Zn target in
distilled water and 2-propanol using two laser
wavelength from a Nd: YAG output to study the
effect of liquid as well as laser wavelength on the
size, morphology and structure of the laser
ablation products. TEM analysis showed that a
change in the liquid medium resulted in different
morphologies and sizes of the zinc nanomaterials.
XPS results confirmed that the NPs obtained were
that of ZnO and Zn(OH)> for the laser ablation.

1.1 Justification

The advantages of using PLAL as synthesis
method for semiconductor nanomaterials are that
it is a simple experimental technique without the
use of toxic chemical precursors to control the
growth of the colloids and it can be applied in pure
water or in a biologically compatible aqueous
solution. However, the are some limitations such
as controlling the average size distribution and the
rate of ablation, also, the start-up costs due to the
laser equipment, materials and optics supplies can
be excessive.

Therefore, considering that the high costs
are presented at the initial step, and the laser
device, optical and raw materials supplies are
available, the synthesis of nanomaterials by PLAL
could be improved by the systematic studies on the
effect of the adjustment of laser processing and
experimental ablation parameters, resulting in an
affordable synthesis method.
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1.2 Problem —  To investigate the behavior of different

Up to date, there have been substantial interests in
the preparation, characterization and application
of semiconductor materials at the nanometer
scale. As a consequence, the physical and
chemical properties of  semiconductor
nanomaterials are intensively studied looking for
their application in new technologies, such as
photovoltaics, optoelectronics, sensors, light
emitting devices, etc.

There are chemical methods which are
reliable and cost effective, allowing better control
on the shape and size of the semiconductor
nanoparticles by functionalization with different
organic capping ligands. However, a huge
disadvantage is the use of toxic chemical
precursors, because the disposal of them implies
that chemical methods represent an eco-
undfriendly synthesis route. So, it is needed
simpler and clean technologies for the preparation
of nanostructures of metals, metallic alloys,
semiconductors and polymers.

1.3 Hypothesis

The pulsed laser ablation of zinc metal target in
distilled water and 2-propanol allows the
production of ZnO nanomaterials having different
size and properties.

1.4 Objectives
1.4.1 General Objecitve

The main objective is to synthesize and
characterize nanomaterials of ZnO using pulsed
laser ablation in liquid.

1.4.2 Specific Objectives

— To study the effects of laser ablation
parameters (fluence and wavelength) on the
formation and  properties of the
nanomaterials of ZnO by PLAL.
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liquid media (distilled water and 2-
propanol) on the production of the
nanomaterials as well as their structure, size
distribution and morphology.

—  To characterize the structure, morphology,
composition and chemical states of these
nanomaterials using various
characterization techniques.

—  Toevaluate the optical absorption properties
of these nanomaterial colloids.

2. Background

An alternative to synthesize ZnO nanostructures
with different morphology, size, structure and
optical  properties is PLAL, a simple
environmental friendly method. It is possible to
vary some ablation conditions, such as liquid
medium, pulse width and energy fluence in order
to study the final properties of the as-prepared
ZnO nanomaterials.

Zn metal and ZnO powders targets have
been ablated in different liquid media, SDS,
distilled water and 2-propanol (Hu et al., 2011;
Liang, Tian, Tsuruoka, Cai, & Koshizaki, 2011;
Shoutarou et al., 2010; Singh et al., 2010; Thareja
& Shukla, 2007; Zeng, Cai, Li, Hu, & Liu, 2005;
Zeng et al., 2010; Zeng et al., 2007) synthesizing
ZnO nanomaterials with different morphologies.

Rods and flakes shaped ZnO nanoparticles,
were formed by ablation of Zn metal and ZnO
pellet in distilled water, respectively, showing
both UV and visible emissions (Hu et al., 2011).
Also, ZnO spherical nanoparticles have been
obtained by ablation with 355 nm laser beam in
distilled water and 2-propanol (Thareja & Shukila,
2007) and by ablation of ZnO chemical precursors
in 2-propanol with a continuous laser (Shoutarou
etal., 2010).
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Zn/ZnO nanoparticles were synthesized by
ablation of Zn metal target in tetrahydrofuran
using a high-power (25 W) picosecond-pulsed
laser system, to achieve a control in their size and
in the ablation efficiency by varying the repetition
rate and laser fluence (Wagener, Faramarzi,
Schwenke, Rosenfeld, & Barcikowski, 2011;
Wagener, Schwenke, Chichkov, & Barcikowski,
2010). Moreover, a wavelength of 248 nm from a
KrF excimer laser was used to irradiate a ZnO
target in distilled water resulting in ZnO
nanoparticles with ferromagnetic properties
(Zhao, Huang, & Abiade, 2012).

ZnO quantum dots (1-8 nm) were
synthesized through the size reduction by laser
irradiation of ZnO hollow nanospheres (30 nm)
originally prepared by PLAL and dispersed in
distilled water. As the laser irradiation time was
increased, the size of the ZnO hollow nanospheres
was decreased, due to the laser fragmentation
mechanism (Hu et al., 2012).

Laser parameters such as the laser
wavelength, output power and fluence can be
varied in order to study their effects on the size,
morphology, structure and optical properties of
the as-prepared ZnO nanostructures. In this way,
w-ZnO and &-Zn(OH)2 composite nanoparticles
(500 nm) with spherical and hexagonal shapes
synthesized by pulsed laser ablation in water at
different laser power outputs (800 mJ/pulse of
1064 nm and 400 mJ/pulse of 532 nm Nd:YAG),
possessed an optical band gap of 3.1 eV (Lin,
Shen, & Chen, 2011). Also ZnO nanoparticles
were synthesized by PLAL in distilled water
using the 1064 nm and 532 nm outputs from a
Nd:YAG laser system at different fluences
(Dorranian, Solati, & Dejam, 2012), where ZnO
nanoparticles with smaller sizes by ablation with
532 nm and photoluminescence emissions at 335
nm and 375-377 nm.
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3. Experimental Methodology

PLAL was the experimental technique used for the
synthesis of ZnO nanomaterials. As described
earlier, it is based on the pulsed laser ablation of a
solid target in a liquid medium. In this study
Nd:YAG pulsed laser system (Model LQ 929,
Solar Laser System) having 10 ns of pulse width
and 10 Hz of repetition rate, was used to irradiate
a highly pure (99.99%) zinc metal plate as is
shown in Figure 1.

3.1 Experimental design

The experimental parameters varied for the pulsed
laser ablation were the energy per unit of area
(energy fluence) and the liquid medium. The laser
beam was focused using a convergent lens of
suitable focal length. The energy fluence was
estimated at different focusing conditions. Also,
the liquid medium was changed in the presente
work.

Nd:YAG Laser System

Figure 1 Nd:YAG laser and the Zn target used of the PLAL

Colloidal solutions of ZnO nanomaterials
were synthesized through pulsed laser ablation of
a highly pure (99.99%) zinc metal target, first in
distilled water and after that in 2-propanol. The
target was kept at the bottom of a glass vessel
filled with 15 ml of liquid medium, 3 cm below
the solution surface and was ablated during 5
minutes by the second harmonic (532 nm), and
after, fundamental (1064 nm) of a Nd:YAG laser
operated at 10 Hz with a pulse width of 10 ns.
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A laser energy meter (Model PM100D,
Thorlabs Inc.) was used to monitor the output
energy of the 532 and 1064 nm laser; they were
230 and 300 mJ/pulse, respectively. The laser
beam was focused on the metal plate using a lens
with a focal length of 20 cm and the estimated
fluences were 3.9 J/cm? (532 nm) and 6.1 J/cm?
(1064 nm).

3.2 Characterization

Drops of all of the coloidal solutions prepared at
different ablation conditions were dried
separately on carbon-copper grids to characterize
their morphology, size and structure using
Transmission Electron Microscopy (TEM, Model
FEI Tital G2 80-300). All the samples were dried
on conducting copper tapes to perform X-ray
photoelectron (XPS) analysis (Thermo Scientific
Inc. Model K-Alpha).

The analysis  was done  with
monochromatized Al Ka radiation (E=1486.68
eV). The colloidal NPs solutions were subejectd
to UV-Visible absorption analysis by a UV-
Visible Spectrophotometer (Shimadzu UV-1800)
in the wavelength range of 250-1000 nm. The
results on morphology, structure, chemical
composition and  optical  properties  of
nanomaterials obtained by pulsed laser ablation of
zinc metal in different liquid medium were
analyzed.

4. Results and Discussion
4.1 TEM Analysis

TEM images of the nanomaterials obtained by
ablation using 532 nm and 1064 nm, at 3.9 and 6.1
Jlem?, are shown in Figure 2 and Figure 3,
respectively.
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(b) PDF 04-015-5833 m

Figure 2 (a, b) TEM images and (c) SAED of ZnO colloids
obtained by ablation in distilled water (532 nm, 3.9 J/cm?).
(d) TEM images, (¢) HRTEM image and (c) SAED of ZnO
colloids prepared by ablation in 2-propanol (532 nm, 3.9
Jicm?)

Spherical and quasi-spherical nanoparticles
which are linked as a chain (Figure 2a and 2b)
were prepared in disitilled water at 3.9 J/cm?.
These nanoparticles do not follow a normal size
distribution and their average size is 31 + 13 nm
(inset of Figure a ). By ablation in 2-propanol at
3.9 J/cm? smaller spherical nanoparticles (17 + 13
nm) are obtained which are agglomerated, as
shown in Figure 2d.

The morphology of the products from the
ablation at 6.1 J/cm? in distilled water is quasi
spherical (Figure 3a and 3b) and they are smaller
than those synthesized by ablation using 532 nm
(10 + 5 nm). Larger spherical nanoparticles were
produced by ablation in 2-propanol using 1064
nm, as observed in Figure 3d and 3e.
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Figure 3 (a,b) TEM images and (c) SAED of Zn/Zn(OH),
nanoparticles obtained by ablation in distilled water (1064
nm, 6.1 Jcm?). (d,e) TEM images and (c) SAED of
Zn(OH), nanoparticles obtained by ablation in 2-propanol
(1064 nm, 6.1 J/cm?).

The SAED (Selected Area Electron
Diffraction) patterns of spherical nanoparticles
prepared at 3.9 J/cm? are included in Figure 2c
and 2f; the electron diffraction spots were indexed
and the estimated lattice parameters ‘d’ are in
agreement with the diffraction planes of ZnO
Hexagonal phase (PDF #04-015-5833 and 79-
2205, respectively). Zn(OH), crystal phase was
identified in the products from ablation at 6.1
Jlem? in distilled water and 2-propanol, as shown
in Figure 3c and 3f. Also, the indexed diffraction
rings of the nanoparticles obtained in distilled
water correspond to Zn Hexagonal (PDF # 04-
0831).

For both laser ablation products an EDX
(Engergy Dispersive X-Ray) analysis was done.
A spherical nanoparticle from the ablation in
distilled water at 3.9 J/cm? is composed of 56.7 %
and 43.3 % of zinc and oxygen, respectively
(Figure 4a). Similarly, Figure 4b, shows that
spherical nanoparticles in 2-propanol are
composed of 37.6% zinc and 60.8 % oxygen.
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Figure 4 EDX analysis of ZnO colloids obtained by
ablation in (a) distilled water and (b,c) 2-propanol (3.9
Jiem?, 532 nm)

Figure 5a and 5b show that spherical
nanoparticles obtained by the ablation using 1064
nm in distilled water were composed of 44.2% of
zinc and 55.8% of oxygen.
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Figure 5 EDX analysis of Zn/Zn(OH), nanoparticles
prepared by ablation in distilled water at 1064 nm (6.1
Jicm?)

The proposed laser ablation mechanism is
thermal evaporation and the liquid media has an
important role in determining the size or shape of
the synthesized ablated particles.
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Due to the temperature gradient on both
sides of the plasma-liquid interface, the highly
active zinc clusters reacts with distilled water,
leading to the nucleation and condensation of
initial Zn(OH)2, which can be decomposed to
ZnO on the basis of the reactions (Liang et al.,
2011; Zeng et al., 2005):

Zn(cluster9 +2H,0 — Zn(OH), + H, (1)
Zn(OH), »>ZnO+H,0 (2)

As 2-propanol, (CH3),CHOH, has an
alcohol carbon atom and —(OH) functional group,
attached to two other carbon atoms, it also tends
to oxidize the highly reactive zinc ablated
clusters. So, Zn(OH)2 and ZnO nanomaterials can
be produced by ablation of Zn metal target in both
liqguid media. Moreover, when the zinc clusters
mix with the surrounding the initial parameters of
the medium such as zinc cluster concentration
chemical and physical properties, determine its
following evolution.

As the distilled water has higher dipole
moment than 2-propanol, their molecules tend to
form a layer on the charged nanospheres, inducing
an electrostatic repulsive force, which can prevent
the aggregation of the as-produced nanoparticles
(Lin et al., 2011; Rao, Podagatlapalli, & Hamad,
2014; Thareja & Shukla, 2007). Hence less
agglomerated ZnO nanopaticles are produced by
ablation of Zn target with 532 nm in distilled
water.

Perhaps, the morphology, size and structure
of ablated products also depend on the laser
ablation wavelength and energy. The higher
power density (6.11 x 108 W/cm? — 1064 nm at
300 mJ) promotes the formation of smaller and
agglomerated  quasi-spherical ~ Zn-Zn(OH)>
nanoparticles and at low power density (4.02 x
108 W/cm? — 532 nm at 230 mJ) larger spherical
ZnO nanoparticles.
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It was reported that an increase in the laser
energy lead to increase in the kinetic energy of
ablated particles, in the plasma plume generated
on the surface of target during ablation, to form
smaller particles (Solati, Dejam, & Dorranian,
2014). Also, ZnO and &-Zn(OH). nanomaterials
with different size and morphology were obtained
by changing the laser ablation wavelength from
1064 nm to 532 nm (Lin et al., 2011).

4.2 XPS Analysis

Figure 6 shows the survey XPS spectra from the
spherical ZnO nanoparticles prepared by ablation
in 2-propanol using the 532 nm output laser beam
(3.9 J/cm?), indicating the presence Zn, O and
adventitious C. No contaminants were detected on
the sample surface. The high intensity showed by
the C1s peak is due to the liquid media, which are
composed of carbon other than from the
environmental contamination when the samples
were dried.

Survey 2-propancl 532 nm

Cis

Intensity (arb. units)

T T T T T T T T T T
1300 1200 1100 1000 900 800 700 600 500 400 300 200 100 O
Binding energy (eV)

Figure 6 Survey analysis of the ZnO nanoparticles synthesis
by ablation in 2-propanol (532 nm, 3.9 J/cm?), made by XPS

Figure 7a shows the high resolution core
level spectra Zn2p for the bulk zinc metal target
and for the ZnO/Zn(OH)> nanomaterials obtained
by ablation in distilled water and 2-propanol using
the 532 and the 1064 nm output laser beam at 3.9
and 6.1 J/lcm?, respectively. Also, the O1s high
resolution spectra of the as-synthesized
nanomaterials by ablation are presented in Figure
7b.

GARCIA-GUILLEN, Grisel, GARCIA-QUINONEZ, Linda V.,
GONZALEZ-GARZA, Jorge Oswaldo and SHAJI, Sadasivan. Synthesis
and characterization of ZnO nanoparticles prepared by pulsed laser ablation
in different liquid médium. ECORFAN Journal-Ecuador. 2017



25

Article ECORFAN-Ecuador Journal
June 2017 Vol.4 No.6 18-29
znzp Peak | Binding Energy (eV) | Compound
J A 1021.8 Zn°
N coriodios LS B oo a 1044.8 Zn°
= - _ B 1022.1 ZnO
£ N o o / A E b | 10451 Zn0
s H C 1022.1 ZnO
A c 10452 Zno
»\‘ D 1023.4 Zn(OH)2
it S A i d 1046.6 Zn(OH)2
i } E 1022.1 ZnO
N mme L e 1045.3 Zno
e e o "™ e e s o e F 1023.5 Zn(OH)2
S S 0 f 1046.7 Zn(OH)2
G 1022.1 Zn0O
Figure 7 Zn2p and O1s high resolution core level spectra of g 1045.3 Zn0
the as-synthesized zinc nanomaterials by ablation in H 1023.2 Zn(OH)2
distilled water and 2-propanol using the 532 nm and 1064 h 1046.4 Zn(OH):

nm output laser beam (3.9 and 6.1 J/cm2, respectively)

All the recorded binding energy data were
corrected using C1ls binding energy from
adventitious carbon at 284.6 eV. Background
(using Shirley method) and deconvolution of the
spectra was done in the software of the XPS
equipment (Avantage). All the recorded Zn2p and
O1s binding energies are described in the Table 1
and Table 2, respectively.

The reported binding energy of elemental
Zn is 1021.8 eV for Zn2ps2 and the doublet
separation (AE) is 22.97 eV (Moulder, Stickle,
Sobol, & Bomben, 1992). The Zn2ps> peaks
located at the binding energy of 1022.1 and
1023.4 eV, are reported for Zn*? in ZnO and
Zn(OH)2 phases, respectively.

The ZnO and Zn(OH). nanoparticles are
produced by ablation in distilled water and 2-
propanol using the both laser wavelengths, and
this is in agreement with the SAED pattern
reported in . Figure 2 and Figure 3.

The O1s spectra were deconvoluted in 2-3
peaks as shown in Figure b, binding energies
530.8 eV and 532.0 eV correspond to O2 in ZnO
and in Zn(OH): respectively.
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Table 1 Binding energies of the Zn2p core level spectra for
the zinc nanomaterials synthesized by ablation in distilled
water and 2-propanol, using the 532 nm and 1064 nm.

Peak | Binding Energy (eV) | Compound
A 530.8 ZnO

B 532.0 Zn(OH)2

C 530.8 ZnO

D 532.3 Zn(OH)2

E 530.7 ZnO

F 532.1 Zn(OH),

G 530.8 ZnO

H 532.3 Zn(OH)2

Table 2 Binding energies of the O1s core level spectra for
the zinc nanomaterials synthesized by ablation in distilled
water and 2-propanol, using the 532 nm and 1064 nm

Hilon Hu et al. (Hu et al., 2011) reported the
binding energy at 530.6 eV which was attributed
to O% ions in wurtzite structure of hexagonal Zn?*
ion array. Also, they reported a peak at the binding
energy of 531.2 eV and it was associated with O%
ions in the oxygen-deficient regions within the
matrix of ZnO. Fazio et al. (Fazio, Patane, D'Urso,
Compagnini, & Neri, 2012) reported XPS
spectrum for a ZnO film on a silicon substrate
obtained by spraying a colloidal solution of ZnO
NPs prepared at two laser energies (20 and 150
mJ) of the second harmonic (532 nm) of a
Nd:YAG laser operating at 10 Hz repetition rate
with a pulse with of 5 ns.
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They reported the core line Zn2ps. at
1021.8 eV for zinc in ZnO. The O1s structures for
the two energies showed the presence of two
distinct components at 530.3 eV (0% on normal
wurtzite structure of ZnO single crystal) and
531.9 eV (O-H bonds). XPS spectral analysis
confirmed that the ablation in both liquid
mediums resulted in ZnO and Zn(OH). phases.

4.3 UV-Visible Spectroscopy analysis

The different optical behavior of the samples is
identified by the change in the slope of their
optical absorbance in the visible region. The
optical band gap is evaluated by extrapolating the
Tauc plot for direct band gap materials. The
influence of nanocrystal size on the electronic
structure  of semiconducting material is
represented by the band gap increasing with
decreasing of the particle size, which is attributed
to the so-called quantum confinement effect
(Dorranian & Eskandari, 2015; Kuncser & Miu,
2014; YU & Cardona, 2010). The optical
absorbance spectra and the estimated optical band
gap for the colloids prepared by ablation in
distilled water and 2-propanol using the 532 nm
and 1064 nm output laser beam are shown in
Figure 8

1.0

Zn0O-Zn(OH),

o
©
1

—e&— DW 532 nm 2 0.6+
—&— 2-propanol 532 nm %

+— DW 1064 nm .
(¢—=— 2-propanol 1064 nm 2 g4

o
@»
1

Absorbance (a.u.)
o
T

024E

o
¥
1

0.0
21 24 27 30 33 36 39

hv (eV)

T T T T T T T TEREe
300 400 500 600 700 800 900 1000
Wavelength (nm)

Figure 8 Absorption spectra and optical band gap (inset) of
the Zn nanomaterials obtained by ablation in distilled water
and 2-propanol (532 nm — 3.9 J/cm? and 1064 nm — 6.1
Jicm?)
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All the absorption edges and band gap
energies are included in Table 3. There is a change
in the optical band gap value to higher energies
when the ablation is done with the 1064 nm output
laser beam. By ablation in distilled water, smaller
nanoparticles are synthesized and well dispersed
spherical nanoparticles are prepared by ablation in
2-propanol, as shown in Figure 3

However, these optical band gaps are lower
than the reported value for ZnO bulk
semiconductor (3.3 eV) (Rodnyi & Khodyuk,
2011), and represent a red shift in the absorption
spectra, which can be due to the presence of a
broad size distribution of ZnO nanoparticles, or by
the observed agglomeration (Kumar,
Venkateswarlu, Rao, & Rao, 2013). An absorption
edge at 380 nm and a broad absorption edge from
400 to 600 nm have been observed for ZnO
nanoparticles prepared by PLALM of Zn metal
target in distilled water and SDS, respectively.
The absorption edges were indicative of the
presence of a broad size distribution or relatively
severe aggregation of the as-prepared ZnO
nanoparticles (Hu et al., 2011).

5. Conclusions

ZnO and Zn(OH). nanomaterials having different
morphologies were synthesized by PLALM,
changing the liquid medium and the laser ablation
wavelength (532 nm, 1064 nm). The morphology,
size, size distribution, crystalline structure and
elemental composition of the zinc nanomaterials
were analyzed using TEM, SAED and EDX. The
elemental composition and chemical states of all
the as-synthesized ZnO and Zn(OH):
nanomaterials were confirmed by XPS analysis. It
was synthesized ZnO spherical nanoparticles (31
+ 13 nm) by ablation in distilled water using 532
nm, however, by changing the laser ablation
wavelength to 1064 nm, more agglomerated and
smaller Zn(OH)2 nanoparticles (10 = 5 nm) were
obtained. Their size was dependant of the optical
and chemical liquid medium properties and the
laser wavelength used.
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