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Abstract 
This paper demonstrates the optical band gap and optical constants of 

Gallium arsenide  GaAs nanoparticles through laser ablation into 

liquids LAL technique from a solid GaAs target immersed in acetone 

by irradiating using Nd Pulsed: YAG laser works at 64 = 1064  nm 

(HUAFEI type), 7ns pulse width and 10Hz frequency. The laser flow 

used for ablation was fixed at 1.32 J/ cm2 and the ablation time was 

5min. The band gap energy is calculated by generating GaAs particles 

immersed in the acetone via the touch method to be 3.8EV, which is 

greater than the band gap energy of bulk GaAs. The optical constants 

of the GaAs submerged in acetone were made in the UV/ Visible 

region (300-1200nm). It has been found that transmission spectra are 

increasing by increasing wavelength, while optical absorption 

coefficients,  extinction coefficient and refractive coefficient decrease. 

The stability of acetone was studied using the Z-Scan Brookhaven 

Instruments Corporation Holtsville, NY 11742 US to measure the 

potential of the Z for GaAs particles drilled in acetone. The Z-

potential was calculated using an approximation such as the 

Smoluchowski formula. 

         
Keywords: laser ablation, GaAs nanoparticles, band-gap energy, 

optical constants, Zeta potential. 
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 لصستخالم

يوضح هذا البحث فجوة النطاق البصري والثوابت البصرية لجزيئات زرنيخيد الغاليوم 
زرنيخيد الغاليوم الصلب المغمور في هو دف واله السوائل في بالليزر  لقشطاتقنية من خلال 

الذي طوله الموجي النبضي  ياك -النيوديميوم ليزريتون عن طريق التشعيع باستخدام الأس
هيرتز. تدفق الليزر المستخدم في 10 ترددنانوثانية وعند 7ة ، وعرض النبضنانومتر 1064

على  دقيقة 5زمن التشعيع المستخدم في القشط وكان  تيمتر مربعجول/سن1.32القشط كان 
الغاليوم المغمورة في الأقل. تم حساب طاقة فجوة النطاق عن طريق توليد جزيئات زرنيخيد 

لتكون أكبر من طاقة فجوة النطاق الكتروفولت  3.8وسجلت اللمس  الأسيتون عن طريق
ة لزرنيخيد الغاليوم المغمور في الأسيتون في الثوابت البصري قياسلزرنيخيد الغاليوم. تم 

وجد أن أطياف الإرسال تتزايد بزيادة الطول  للاشعة فوق البنفسجية. المنطقة المرئية
الموجي ، بينما تنخفض معاملات الامتصاص البصري ومعامل الانقراض ومعامل الانكسار. 

كانات جسيمات زرنيخيد ، لقياس إمZ  المسحجهاز تمت دراسة ثبات الأسيتون باستخدام 
 تقريب صيغة الالغاليوم المحفورة في الأسيتون. تم حساب الإمكانات باستخدام 

Smoluchowski. 
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Introduction 
Semiconductor quantum points and nanoparticles (NPs) have 

attracted wide interest through past decennium especially 

because of their optoelectronic implementations. The size-

dependent band-gap energy and constructs of these NPs make it 

possible to styling a composite material with tunable optical and 

electrical characteristics.  Different semiconductors, like GaAs 

have obtained a large significant due to its broad area from 

applicability in apparatus physics [1][2].    

The most interesting dot regarding the semiconductor NPs is 

displayed for novel optical, structural and electrical properties so 

several of selfsame of their bulk counterparts. Especially, when 

the bulk of the NCs is near to or least than the exciton Bohr 

radius within the congruent bulk material, they are named 

quantum points and display very particular natural and 

alchemical effects. Between the different methods for 

preparation of GaAs NCs, laser ablation has been used via 

different interrogators to synthesize this semiconductor 

component, either in the gas or in liquid mediums [3][4]. 

Solid state lasers need less maintenance, but they usually 

work at longer wavelengths that are not absorbed as efficiently. 

The most commonly used solid state laser material is Nd: YAG, 

which emits a wavelength of 1064 nm. To improve absorption, 

nonlinear crystals are used to reduce the wavelength of the laser 

by a second or third coordinated configuration [4][5]. 

PLAL is a versatile and versatile method of use for the 

installation of nanoparticles. Particles produced are clear, 

excellent and suitable for further operation and can be easily 

incorporated into polymer matrices [6]. The process can be run 

continuously, and has recently been showing average production 

of several grams per hour. The interaction of the laser pulses was 

studied in a liquid steel medium to modify the iron to create a 

surface layer of metastatic oxide phases [7]. PLAL was 



 

  

described for the generation of nanoparticles in the early 1990s. 

The first report was to monitor the diamond particles after 

irradiation of a pulsed laser ruby for a sample of graphite in 

gasoline [8]. 

 PLAL tests are usually performed under ambient conditions 

(room temperature, atmospheric pressure) with a sample 

immersed in a constant liquid or which is transparent in the laser 

wavelength used [9]. Zeta-potential ZP is a surface charging 

indicator that improves when any material is placed in a liquid. It 

is a precise indicator of the amount of electrical repellent 

interaction between particles. ZP is usually applied to predict and 

control scatter stability. The liquid liquid interface property may 

also affect, inter alia, adhesion and buoyancy and in more 

concentrated systems, in a theological manner. Therefore, 

reliable ZP decisions are a practical concern for many 

manufacturers, including ceramic preparation, processing and 

application [10][11]. 

Interest in the synthesis, description and application of 

quantum point materials for semiconductors has increased 

significantly since these studies lead to space dares through solid 

atoms. This growing interest reflects both the strong dependence 

on the size of the optical and electronic properties of these 

materials, and the fact that materials make it relatively easy 

thanks to good particle size control [12]. 

In this paper optical property deduced from optical 

transmittance, optical absorption coefficients, extinction 

coefficient and the refractive coefficient at room temperature 

were studied. The absorption index was applied to obtain an 

optical band gap for GaAs dispersed in acetone and acetone 

stability was studied. 

Material and Methods  

Diagram of laser ablation in a liquid system for nanoparticles 

appears in Fig.1. The GaAs nanoparticles pressed pellet having 



 

  

diameter of 1cm2 Located at the bottom of a glass container, 

filled with acetone so the solution is 0.5 cm on GaAs 

nanoparticles. GaAs nanoparticles is ablated using Nd: YAG 

laser worked at λ=1064nm (type HUAFEI), Focused by a Plano 

convex lens length of 8 cm on the surface GaAs nanoparticles. 

The laser flow used for ablation was fixed at 1.32 J / cm2 and the 

ablation time was 5min.The GaAs nanoparticles are an optical 

good  to explain the quantitative influence inside chemistry, 

since their transition energies can be demonstrated as a “particle 

in a box,” where the delocalized electron is a particle and 

nanoparticle is a square. The band - gap energy of producing 

GaAs nanoparticles was calculated which greater than the band 

gap energy of bulk GaAs. Absorption spectra for colloid soil 

were measured using UV-Visible. The stability of the acetone 

was studied using a Z-scan Brookhaven Instruments Corporation 

Holtsville, NY 11742 US for measurement zeta-potential of the 

GaAs nanoparticles immersed in Acetone Zeta-potential was 

calculated by using an approximation such as the Smoluchowski 

formula. 

 
 

 

 

 

Results and Discussion  

Fig. 1:  Schematic diagram of laser ablation in liquid system for 

nanoparticles which are prepared with 1.32 J/cm2 laser fluence 



 

  

Optical properties of GaAs nanoparticles immersed in 

acetone have been investigated by UV–VIS spectrometer at 

room temperature, the transmission spectra of GaAs 

nanoparticles immersed in acetone as the function for the 

wavelength appears in Fig.2. These nanoparticles showed good 

transparency (between 75% and 95%) in the visible and infrared 

regions (600-1100) nm. The sharp decrease in the direction of 

the ultraviolet (less than 350 nm) area is due to the primary 

absorption of light caused by the excitation of electrons from the 

range of the valence range. Optical absorption index α of 

samples are estimated from their transmittance spectrum use 

following relation [13]. 

 
α = 1/t [ln (1/T)] 

Where t is the thickness and transfer of T. The energy gap 

was estimated for example from GaAs nanoparticles using a 

touch relationship see Fig.3 [14]. The results obtained are given 

in Fig.4 indicating the difference in the absorption coefficient as 

a function of wavelength. It has seen the absorption coefficient 

decrease when the wavelength increases. 

 
 Fig. 2:  Transmittance spectra of GaAs nanoparticles immersed in 

Acetone as a function of wave length   



 

  

 
 

 
 

 

 

 

Visual absorption was analyzed using the following equation 

[15][16]. 

𝛼ℎ𝑣 =A (ℎ𝑣 − )1 /2 

Where A is constant, hv is the photon force. The band gap of 

Figure 5, which shows that a plot of αhv 2 vs. hv of the GaAs 

submerged in acetone, is linear in the wide range of photon 

energies that indicate a direct type of transitions. The 

intersections of these plots reflect the energy axis of the energy 

bar gaps; give the junction of the rectangle with the high voltage 

Fig. 3 Schematic diagram drop molding method experimental set up 

Fig. 4: Absorption coefficient versus wavelength for GaAs 

nanoparticles immersed in Acetone 



 

  

axis gap in the range (Eg) 3.8 volts due to the retention of the 

quantum. 

 

 
 

 

 

 

 
 

Fig. 5: Variation of ( α h ν )2 vs. h ν of the GaAs 

nanoparticles immersed in Acetone 

 

Fig. 6:   Extinction coefficient kex for GaAs nanoparticles 

immersed in Acetone as a function of wavelength 



 

  

To complete the calculation of optical constants, the kex 

extinction index is evaluated from the values of the α and λ 

wavelength using the formula: 

kex= αλ / 4π [17]. 

Figure (6) shows Dependence on the Kex extinction 

coefficient versus wavelength of GaAs nanoparticles immersed 

in acetone. This absorption of the electromagnetic wave factor is 

characterized by the propagation of the wave across the material. 

The effects of dispersion and lighting are also taken into 

consideration. 

The refractive index (n) of GaAs is determined in different 

combinations of GaAs nanoparticle. The GaAs reflects the peaks 

in transitions between the bands. The value of the spectral 

refractive index curves (n) determines the next use of the 

relationship [18][19]. 

 

 

 

 

Where R is the reflectance. The dependence of the refractive 

index (n) of GaAs nanoparticles immersed in Acetone on the 

wavelength λ is shown in the Fig. 7. Difference in refractive 

index (n) with the wavelength in the range 850–1100 NM, 

refractive index has been found to decrease with increase the 

wavelength. The Zeta-potential of the samples for acetone was 

prepared measured to be −0.69 mV.  
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The stability of the acetone was studied using a Z-scan to 

measure the zeta-potential of the GaAs nanoparticles immersed 

in Acetone. The figures (8, 9, 10, 11) A typical ELS spectrum 

was obtained with a 1064nm wave length. The central peak is 

called the reference peak without an applied electric field. 

Sample peak frequency is -0.14 Hz that corresponds to electrical 

mobility equal -0.01 volts / m and Zeta - potential -0.69 mV 

assuming the Smolchovsky boundary, then peak of GaAs 

nanoparticles immersed in Acetone is wider than the reference 

peak indicating the range of zeta potential within the sample 

rather than the single value. 

Fig. 7:  Refractive index (n) for GaAs nanoparticles 

immersed in Acetone as a function of wavelength 



 

  

 
  

 

 

  

 
 

 

 

 

Fig. 8: The power spectrum as a function of frequency 

(249.86 Hz) peak 
 

Fig. 9: The power spectrum as a function of the 

frequency ship (-0.14) Hz 



 

  

 

 
 

 

 

 

 
 

 

 

Fig. 10: The power spectrum as a function of the 

Mobility (-0.01) v/cm peak 
 

Fig. 11: The Power spectrum as a function of Zeta potential 

(-0.69mv) peak 
 



 

  

Conclusion 

Optical absorption measurements for GaAs nanoparticles 

immersed in Acetone Conducted in the UV / visible area (300-

1200 nm). The transmission spectra were found to increase by 

wavelength, while optical absorption, extinction and refractive 

index decreased. The visual transport type responsible for optical 

absorption was indirect. On the basis of the visible investigations 

of molecules, the following results were obtained according to 

the Tauc capacitor gap energy, and the band gap energy in the 

nanoparticles generating 3.8eV is greater than the band gap 

energy of bulk GaAs which is about 1.42eV [20][21]. 

The power spectrum obtained for 1064nm wavelength is 

reference peak with   frequency shifted -0.14Hz that is 

compatible with electric mobility of -0.01v/m and zeta-potential 

of -0.69 mV. The peak of the sample is wider than the reference 

peak indicating the range of zeta-potential in the sample rather 

than the single value. When nanoparticles move vertically on a 

laser beam, the scattered light frequency is shifted. This shifted 

frequency contains the facts on the electrophoretic mobility. 

Since frequency is inherently positive, it is necessary to add a 

reference beam to separate positive and negative 

transformations. Frequency shifts greater than the local oscillator 

frequency grows from positively charged particles.  Frequency 

Transitions less than the frequency of the local oscillator arise 

from the negatively charged particles of the local oscillator 

frequency in Zeta-potential is 250 Hz. Frequency shifts are 

generally less than 100 Hz [22]. 
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