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Gallium arsenide GaAs nanoparticles are prepared in water using laser
ablation method. The optical properties and energy gap of the colloidal
solution are investigated using UV-visible spectrometer; the absorption
peaks are observed between 200 and 300 nm wavelength, and the energy
gap is calculated of about 1.86 eV. Zeta potential value is of about
—22.18 mV that gives the impression of acceptable stability of the colloi-
dal solution.

Hanouactuuku apcerigy Iamito GaAs Gysio omepekaHi y BoAi MeTOZoOM Jiase-
pHOi abimArii. ONTUYHI BJIACTHUBOCTI I eHepreTUUHY 3a00pOHEeHYy 30HY KOJIOi-
JHOTO PO3UYMHY OYJIO HOCHiAMKEHO 3a AOIMOMOroio ¥ P-OITHYHOI'O CIEKTPOMe-
Tpa; MmMiKM BOUpPAHHS OYJIO CIIOCTEPE)KEHO B MiAMA30HI MOBXKUH XBWJIL Bif
200 mo 300 uM, a eHepreTUuHy 3aO0OpPOHEHY 30HY OYJIO pPO3paxoBaHO IIPUO-
ausao y 1,86 eB. 3maueHHA [g3eTa-MOTEHIIIANY CTAHOBUJIO IIPUOJIHU3HO
—22,18 MB, 110 CTBOpPIOE BpasKeHHS NPUAHATHOI CTA0iIBHOCTH KOJOITHOTO
po3uuHY.
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1. INTRODUCTION

Studying the optical properties of the semiconductors gives a clear
indication to determine the nature of the use of a substance semi-
conductor, and to understand the mechanism of electronic transfers
between energy bands by measuring the absorption of radiation by
the semiconductor and its transmittance. All semiconducting mate-
rials share an important and distinctive feature in a scheme of ab-
sorption, which is the increase in absorbance when the absorbed ra-
diation energy becomes equal to the gap energy and this point has
been called the fundamental absorption edge [1].

Progress in solid-state physics has been characterized by a shift
in dealing with large crystals to dealing with small crystals that are
characterized by the length of at least one of their dimensions being
within the range (100—1 nm). The change in dimensions affects the
properties of the electron in the semiconductor, such as the Broglie
wavelength and the wave behaviour of the particle; particles behave
wave-like. In addition, the decrease in the size of the crystals leads
to a greater separation of the energy levels and an increase in the
effective energy gap, which leads to the appearance new physical
properties due to quantum effects such as quantum Hall effects,
quantum conductance oscillations [2, 3].

Nanotechnology is any technology that is accomplished on a
nanometer scale and has many applications. Nanotechnology in-
cludes the production and application of physical, chemical, and life
(biological) systems on a scale that extends from a single atom or
molecules to dimensions of a fraction of a micron, as well as the in-
tegration of the resulting nanostructures into systems [4].

The process of manufacturing materials on the nanoscale can be
done in two ways, the first is self-assembly, or called a bottom-up
approach, in which nanomaterial are built atom by atom (atom-by-
atom), the second method is called top-down approach, in which ma-
terials are sculpted to obtain their nanosize [5, 6].

The concept of the assembly method was derived from natural
biological processes where molecules combine to form a more com-
plex compound with nanoscopic dimensions. In this method, the
secondary units assemble and organize into a final structure charac-
terized by the lowest possible free energy, and this process is di-
rected according to the properties of the secondary units. The
nanostructure or microstructure can be obtained from one or more
building components. For example, the superlattice resulting from
the assembly of magnetic and semiconducting nanoparticles, in
which the nanocrystal contains two construction components and is
characterized by specifications, which differ from the properties of
separate universes, as seen in Fig. 1 [3, 7].
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2. EXPERIMENTAL METHOD

Laser ablation method has been used to prepare GaAs nanoparticles.
The nanoparticles have been extracted from GaAs plate immersed in
water and using Nd:YAG laser with 1064-nm wavelength, 1.32
J/cm?, 8-cm lens’ length and 5-min. ablation time.

The extracted GaAs nanoparticles were predicated in the water as
shown in Fig. 2.

The water colour was changed to a light brown colloidal solution
of GaAs nanoparticles as shown in Fig. 3.
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Fig. 1. Manufacturing materials on the nanoscale methods.

!4———Plano-convex lens

—Nd:Yag laser

GaAs nanoparticles
GaAs plate

Fig. 2. Laser ablation method.

Fig. 3. Light brown colloidal solution of GaAs nanoparticles.
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3. RESULTS AND DISCUSSION

The transmittance of GaAs has been examined using UV-visible
spectroscopy.

The transmittance of the particles increases with wavelength and
stabilizes approximately between 60% and 75% over the wave-
length range 800—1000 nm (Fig. 4). The absorbance and reflectance
spectrums are determined using Ref. [8] as follow:

A=1In(1/T), (1)
R+A+T=1. (2)

The absorbance show several peaks within the range 200-300 nm,
which belong to the GaAs nanoparticles [9]. The reflectance also
varied with wavelength as shown in Fig. 4, c.

The optical constants n, k, and absorption coefficient have been
deduced from the optical properties using Egs. (3), (4) and (5), re-
spectively, and showed a clear variation with wavelength as shown
in Fig. 5 [10-12]:
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Fig. 4. Transmittance, absorbance, and reflectance of GaAs nanoparticles
versus wavelength.

4.0 140- 120
33 120 100
30 100 w“
g 27 80+ p
g 20 = = 60
315 601 ] 40
1.0 407
0.5 20- 20
0.0

r , T v T ) 0 T T 0 . T v )
0 200 400 600 800 10001200 300 500 700 900 1100 1300 200 400 600 800 1000 120C

A, nm A, IIM A, nmM

Fig. 5. Absorption coefficient, refractive index, and extinction coefficient
of GaAs nanoparticles versus wavelength.
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n, =(1+R)/(1- R)+\|4R/1 - R}’ - K, (3)
k, = ol/(4m), (4)
o=2.3034/t. (5)

where o is the absorption coefficient, A is the absorbance and ¢ is
the film thickness.

The energy gap of GaAs nanoparticles was also investigated by
drawing the relation between the square of the absorption coeffi-
cient multiplied by the energy (ahv)® [(eV/cm)?] and the photon en-
ergy E [eV], where the tangent to the curve showed that the energy
gap of the GaAs nanoparticles of about 1.86 eV (Fig. 6).

One of the most important properties of colloidal solutions is sta-
bility, and this property is measured by examining the zeta poten-
tial. The stability of the colloidal solutions increases with the in-
creases in the zeta potential. Figure 7 shows that the zeta potential
value is of around —22.01 mV that reflects acceptable stability for
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Fig. 6. The energy gap of GaAs nanoparticles versus wavelength.
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Fig. 7. Zeta potential of GaAs nanoparticles.
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the colloidal solution of GaAs nanoparticles [13].

4. CONCLUSION

Gallium arsenide GaAs nanoparticles have been prepared in water
using Laser ablation method, the transmittance of the particles
show good transmittance of about 60-75% over the wavelength
range 800—1000 nm. The absorbance, reflectance, refractive index
and extinction coefficient were varied with wavelength. The energy
gap was calculated of about 1.86 eV; finally, the zeta potential
value was of —22.18 mV.
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