
J Nanostruct 15(1): 168-179, Winter 2025

 RESEARCH PAPER

The Impact of Gallium Dopant on the Structure, Surface 
Morphology, Optical Band Gap and Photoluminescence Properties 
of ZnO-Polystyrene Nanocomposites
Sajjad Ali Ameen 1, Mahmood Salim Karim 1, Adel H. Omran Alkhayatt 2,3* 

1 College of Education, Mustansiriyah University, Baghdad, Iraq
2 Faculty of Science, University of Kufa, Najaf, Iraq
3 College of Health and Medical Technology, University of Alkafeel, Najaf, Iraq

* Corresponding Author Email: adilh.alkhayat@uokufa.edu.iqadilh.alkhayat@uokufa.edu.iq

ARTICLE  INFO 

Article History:
Received 21 September 2024
Accepted 28 December 2024
Published 01 January 2025

Keywords:
Ga dopant
Hydrothermal
Photoluminescence
PS composites
ZnO:Ga NPs

ABSTRACT

How to cite this article
Ameen S., Karim M., Alkhayatt A. The Impact of Gallium Dopant on the Structure, Surface Morphology, Optical Band Gap 
and Photoluminescence Properties of ZnO-Polystyrene Nanocomposites. J Nanostruct, 2025; 15(1):168-179. DOI: 10.22052/
JNS.2025.01.016

                           This work is licensed under the Creative Commons Attribution 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

The study details the synthesis of un-doped and gallium-doped zinc ox-
ide (GZO) (2, 4 and 6) wt% nanoparticles (NPs) via the hydrothermal ap-
proaches at a reaction temperature and time of 160 °C and 5 hours respec-
tively. Furthermore, ZnO-polystyrene (PS) and GZO-PS nanocomposite 
(NCs) films were fabricated using the casting method. The results of X-ray 
diffraction revealed that both ZnO-PS and GZO-PS nanocomposite films 
exhibit polycrystalline structures of the ZnO hexagonal wurtzite phase. A 
broad and low-intensity peak was observed at diffraction angles of approx-
imately (15-23)° related to the noncrystalline peak of polystyrene polymer. 
The crystalline size and the microstrain were determined utilize the Scher-
rer and Williamson-Hall methods, showing an increase (26-34) nm and 
variation with the rise in Ga content. The presence of functional groups 
in polymer systems was confirmed through (FTIR) spectral analysis. The 
topographical characteristics of the prepared nanocomposite films indi-
cated that both the roughness and root mean square (r.m.s) roughness in-
creased from 1.89 to 2.31 nm and from 1.54 to 1.87 nm, respectively, with 
an increase in Ga dopant content. The surface morphology of Zn-PS and 
GZO-PS nanocomposites revealed nanostructured grains formed by ag-
glomerated particles in the samples. Additionally, varying Ga dopant con-
tent altered the density and shape of these unstructured grains. The particle 
sizes were determined from the corresponding FESEM images, which were 
about 42 and 46 nm for ZnO-PS and GZO-PS nanocomposites respective-
ly. The GZO-PS nanocomposite clearly demonstrated that the particles are 
well dispersed within the PS polymeric compounds. The optical absorp-
tion edge of ZnO-PS red-shifted and the forbidden direct energy band gap 
reduced from 4.4 eV to 3.74 eV at a Ga content of 6 wt %. Furthermore, 
photoluminescence studies of the produced nanocomposite films demon-
strated bright blue light emission. The incorporation of GZO nanoparticles 
into a polystyrene (PS) matrix led to the formation of a nanocomposite 
exhibiting continuous and intense blue emissions. The integration of GZO 
nanoparticles into a PS matrix resulted in the creation of a nanocomposite 
that displays continuous and vibrant blue emissions.
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INTRODUCTION 
Zinc oxide (ZnO) is a fascinating semiconductor 

recognized for its excellent electrical conductivity 
and high transmittance in the visible spectrum, 
demonstrating potential as a material for diverse 
applications across fields, including lasers, light-
emitting diodes (LEDs), solar cells, and sensors 
[1,2]. Recently, there has been considerable 
interest in oxide-based semiconducting materials 
owing to their practical implementations in 
light-emitting diodes, displays, and scintillators. 
The first radiation detectors with various uses 
were scintillators, luminous materials. They 
were fundamentally depended on in several 
fields, including inspection, medical radiography,  
geophysical exploration, clear medicine, 
diagnostics, and dosimetry [1]. ZnO is a wide direct 
energy gap (3.37 eV) semiconductor with a high 
density and bright light at room temperature. It is 
usually found in the shape of a hexagonal crystal 
(wurtzite). When used as a radiation detector, it 
will glow and perhaps boost light production, 
particularly when doped with an activator. Gallium 
doped the hexagonal ZnO lattice creates a cluster 
of unsteady electrons and substrates around the 
minimum band gap conduction states. This makes 
the scintillation qualities of the host structure 
better [3, 4, 5]. Because the majority of scintillators 
are available in brittle crystal or granular form, 
which restricts their applications, polymer-based 
scintillator composites comprised of scintillator 
nanoparticles and polymer have been developed. 
For instance, Polystyrene is a noteworthy polymer 
that finds extensive application as a transparent 
matrix due to its cost-effectiveness, flexibility, 
stability as a binder matrix, and resistance 
to thermal, radiation, and light degradation. 
Therefore, great focus is paid to the development 
of polymer scintillation composites, which are 
inexpensive and simpler to create than single-
crystal growth techniques [6]. The comparatively 
low deposition temperatures during manufacture, 
along with cheap material prices, have drawn 
interest in gallium-doped zincoxide (ZnO:Ga) films 
[7].

S. Alamdari et al. [8] synthesized ZnO 
and Ga-doped ZnO (GZO)/polystyrene (PS) 
nanocomposite films, along with luminescent 
nanoparticles produced via the sol–gel method. 
Photoluminescence and ionoluminescence studies 
of the prepared nanoparticles demonstrated a 
blue emission. The combination of GZO NPs into 

a PS molecules series leads to the producing of a 
nanocomposite exhibiting intense blue emission. 
The findings suggested that GZO/PS NCs could 
serve as a worthy scintillation material for 
radiation detection applications. Many studies 
showed that the GZO/polystyrene nanocomposite 
is significant for radiation detection. H. Buresova, 
[9] investigated the ZnO:Ga-PS nanocomposite 
for its ultrafast subnanosecond decay. The 
nanocomposite was created by integrating the 
ZnO:Ga NPs into the PS matrix. Additionally, the 
ZnO:Ga NPs was synthesized through photo-
induced precipitation, followed by annealing in 
air and Ar/H2 atmospheres. The ZnO:Ga-PS NCs 
was produced by mixing the NPs powder of a 10 
wt% fraction with polystyrene and compressing 
the mixture using a press to form a particle with 
a thickness of 1 mm. These flexible, user-friendly 
plastic foils enhance fast timing capabilities 
when paired with an additional rapid, high-yield 
inorganic light burst. Concerning further studies 
in this field, R. M. Sahani et al. [10] revealed 
that by employing ZnO:Ga vertically aligned 
nanorods on glass substrate with diameter of 
about 150 ± 10 nm was successfully detected as 
yielded by UV-Vis spectroscopy, band gap value 
of around 3.22 eV, which is in agreement with 
the photoluminescence near band emission 
observation of 393 nm. Q. Li et al. [11] conducted 
another investigation in which it was discussed 
that a ZnO:Ga microds - epoxy (ZnO:Ga-EP) 
composite was required for high energy physics 
experimental facilities’ ultra-fast and hard X-ray 
imaging and detection. Accordingly, for successful 
production ZnO:Ga-EP composite  by using 
hydrothermal polymerization procedure. Shiyi He 
and et al. [12] made a significant advancement 
in enhancing the luminescence intensity of 
hydrothermally grown Ga-doped ZnO single 
crystals. This breakthrough was accomplished by 
applying CsPbBr3-dodecyl benzene sulfonic acid 
(DBSA) quantum dots to the surface of the GZO 
crystal. By coating CsPbBr3 QD films on both sides, 
the photoluminescence intensity was enhanced 
to 2.43 times that of GZO. Notably, the ratio of 
emitted light from GZO was found to be fewer than 
6%. This innovative approach holds promise for 
further advancements in the field of luminescent 
materials and their applications. To investigate 
the potential employments and implications 
of ZnO-PS and ZnO:Ga-PS thin scintillators, it is 
essential to produce them employing an easy and 
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flexible method to guarantee a thickness of less 
than 1 mm. Numerous experimental attempts 
to produce ZnO film have been documented to 
date, including pulsed laser deposition (PLD) 
[13], M. sputtering [14], atomic layer deposition 
(ALD) [15], thermal evaporation in vacuum [16], 
and plasma-enhanced molecular beam epitaxy 
[17], chemical bath deposition (CBD) [18] and 
by plasma-enhanced chemical vapor deposition 
(PECVD) [19]. In the present work, Ga-doped 
ZnO nanoparticles are novel synthesized by 
hydrothermal method at low reaction time and 
low reaction temperature, as well as the ZnO: 
Ga-PS nanocomposites synthesized by casting 
approach. The impact of Ga dopant content on 
the crystal structure, surface topography, surface 
morphology, photoluminescence and optical 
characterization was investigated for different 
sensing and radiation detection applications.

MATERIALS AND METHODS
ZnO and GZO powder nanoparticles were 

synthesized using the hydrothermal method. 
Zinc acetate dihydrate Zn(CH3COO)2·2H2O and 
gallium nitrate Ga(NO3)3·xH2O served as precursor 
materials. Three grams of zinc acetate were 
dissolved in 75 ml of distilled water (DW) while 
stirring for 15 minutes; 2.4 g of sodium hydroxide 
NaOH was dissolved in 75 ml of DW and stirred 
for another 15 minutes. Then the NaOH solution 
gradually added to the Zn acetate solution. After 
30 minutes of constant stirring, a white gelatinous 
solution was generated. The prepared solution 
was transferred it in to the Teflon-lined stainless 
steel autoclave (40 ml) and heated 160 oC for 5 
hours after in an oven. White precipitated was 
found, centrifuged three times at 5000 rpm for 15 
minutes. Finally the obtained with zinc oxide (ZnO) 
powder was dried at heated at 90 oC for 1 hour. 
The same procedure was repeated after adding Ga 
dopant (2, 4 and 6) wt % for synthesis of ZnO:Ga 
nanoparticles. In the second step, 2 g of polystyrene 
was dissolved in 30 ml of toluene with stirring for 3 
hours. Un-doped and Ga-doped ZnO nanoparticles 
were efficiently pulverized before their addition to 
the polymer solution; 0.5 g of the prepared NPs 
was dissolved in 5 ml of toluene and stirred at an 
elevated rotational speed for three more hours. 
An appropriate amount of pre-prepared ZnO-PS 
and GZO-PS solutions were drop casting on glass 
substrates and left to dry at room temperature. 
The polymer mixture films separated readily 

after 24 hours. The structural characteristics, 
FTIR analysis, topographical, morphological, 
optical and photoluminescence characterization 
of the synthesized nanocomposite materials 
were performed by X-ray diffraction (XRD), using 
a PANalytical PW3050/60 diffractometer, Fourier 
transform infrared spectrophotometer (FT-IR) 
Alpha-Brukar (Germany), Atomic force microscopy 
(AFM), (TT-2 AFM Workshop, USA/ SPM), field 
emission scanning electron microscope (FESEM-
TESCAN MIRA3), double beam Mega 2100 Sinco. 
UV-Vis spectrophotometer and PerkinElmer LS-5 
Fluorescence Spectrometer respectively.

RESULTS AND DISCUSSION
Structure analysis 

The synthesized ZnO-PS and GZO-PS 
nanocomposites crystal structure were analyzed 
using X-ray diffraction from their diffraction 
patterns as in Fig. 1. The diffraction patterns 
exhibits polycrystalline structure of the hexagonal 
wurtzite phase of ZnO lattice structure. The 
diffraction peaks were observed at diffraction 
angles 30.8°, 33.4°, 35.2°, 46.6°,55.6°, 61.8°, 65.4°, 
67.0°, 68.0°, 71.6° and 76.2°, which correspond 
to the (100), (002), (101) ,(102), (110), (103), 
(200), (112), (201), (004) and (202) diffraction 
respectively. The preferred orientation is along 
(101) plane at 2θ = 35. A board peak was observed 
at about (15-23)o attribute to polystyrene indicate 
to the semicrystalline of polystyrene polymer, the 
result is consistent with [20, 21]. The diffraction 
patterns of the ZnO-PS nanocomposite approve 
the successful integration of ZnO NPs into 
polystyrene structure [22, 23]. It was observed 
that in the presence of polystyrene, the ZnO peaks 
shift towards the lower angles as compared with 
the standard pattern. The obtained results are 
consistent with the results of S. Alamdari et al. 
[8], M. Yilmaz et al. [24] and Q. Li et al. [11]. The 
diffraction peaks intensity decreased after ZnO 
NPs doped by Ga at different content (2, 4 and 6) 
wt% which can be attributed to the replacement 
of Zn+2 ions of radius 0.074 nm by smaller Ga+3 
ions of radius 0.047nm [8, 13]. Any further peaks 
for strange cluster or impurity peaks were not 
detected in ZnO-PS and GZO-PS samples which 
confirm the formation of a single phase hexagonal 
wurzite ZnO structure. As well as any shift in the 
diffraction peaks was not observed at different 
angle with presence and increase of Ga dopant 
content as shown in Fig. 2. a and c constants of 
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ZnO hexagonal lattice were determined using the 
dhkl spacing relation for the (hkl) Miller indices 
plane [22, 25]: 

                                                                                                                                     (1)1
dhkl

2 = 4
3 (h2+hk+k2

a2 ) + l2

c2                       

The lattice constant a was found to be about 
3.341 to 3.355 Å for ZnO-PS and GZO-PS and the 
lattice contant c was found to be about 5.361 to 
5.363 Å for ZnO-PS and GZO-PS composites as 
illustrated in Table 1, which well matched with 

standard values. The crystallite size D of the 
prepared nanocomposites ZnO-PS and GZO-PS 
was calculated using Debye Scherrer’s equation 
[24]:

                                                                                      (2)(D = 0.9λ
βcosθ)            

  
The average crystallite size be approximately 

21.4-21.5 nm, respectively, when θ represents the 
diffraction angle, λ the wavelength of the used 
x-ray = 1.5406 Å, β denotes the intensity of the 

 

  

 

  
Fig. 2. The (101) diffraction peak as a consequence of ZnO/PS GZO/PS 

nanocomposites.

Fig. 1. X-ray diffraction patterns of ZnO/PS and ZnO:Ga/PS nanocomposites.
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full width at half maximum ascribed to the (101) 
plane. 

The micro strain ε was calculated depending on 
Shererre equation using the relation [8]:

                                                                                     (3)ε = β cosθ
4                                            

  
The lattice strain of ZnO-PS nanocomposite 

is 1.60×10-3 indicating the presence of lattice 
deformation and this strain increases as the Ga 

dopant content increased to about 1.617×10-3 at 
6% of Ga content GZO-PS nanocomposite. The 
increase in Ga dopant concentration creates more 
defects and more imperfections in the ZnO lattice. 
From Fig. 2, the (101) peak position fixed without 
any shift, so one can conclude that the GZO lattice 
strain is a nonuniform strain,  where the strain 
affect the peak position, the peak broadening 
and intensity which were called uniform and 
nonuniform strain respectively [26, 27]. 

 The dislocation density δ was determined using 
the following equation [28]:

 

  

 

  

εW-H εsh 

𝛿𝛿𝑊𝑊−𝐻𝐻 
×1015 

Line/m2 

𝛿𝛿𝑠𝑠ℎ×1015 

Line/m2 DW-H Dsherrer (nm) c (Å) a (Å) dJCPDS  (Å) d xrd  (Å) ZnO:Ga-PS 
% Sample 

0.0024 
 

0.001608 
 

1.461 
 

2.153 
 26.1611 21.5512 5.361 

 
3.341 

 2.4759 2.544 
 0 

0.003 
 

0.001537 
 

1.198 
 

1.967 
 

28.8862 
 22.5489 5.361 

 
3.352 

 2.4759 2.5443 2 

0.0038 
 

0.001617 
 

0.832 
 

2.176 
 

34.6635 
 

21.4383 
 

5.33 
 

3.349 
 2.4759 2.5436 

 4 

0.0039 
 

0.001617 
 

1.053 
 

2.176 
 

30.812 
 

21.43582 
 

5.363 
 

3.355 
 2.4759 2.5466 

 6 

Table 1. Structure parameters of ZnO-PS and GZO-PS nanocomposites.

Fig. 3. W-H plot of βcosθ versus 4sinθ for a. ZnO-PS and b.2%, c.4% and d. 6% GZO-PS.
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                                                                                      (4)

 

 

 

 δ = 1
D2  

  
The dislocation density of ZnO lattice is about 

2.153×1015 line/m2 and increased to 1.79×1015 line/
m2  at Ga dopant content of 6% as illustrated in Table 
1. These results explain and confirm the effects of 
lattice dislocations in the crystallite boundaries 
which produced from the integration of G+3 ions 
in ZnO lattice [11, 16, 21]. The diffraction peak 
widening is a result of the effect of the size and 
the strain which can be offered from XRD analysis. 
Williamson-Hall (W–H) method can differentiate 
clearly between the broadening effects from the 
size of the crystal and the micro-strain [26]. So, 
the total peak widening according to the lattice 
strain and the particles or the crystallite size of hkl 

values, can be pointed out as [26, 28]:     
   

βhkl =  βsize + βstrain   
                                            

(5)

                                                                                     (6)βhkl = kλ
D . 1

cosθ + 4ε. tanθ         

From Eq. 6 we get: 

     
                                                                                       (7)βhkl. cosθ = kλ

D + 4ϵ. sinθ      

The plotting of equation (7), with (βhkl.cosθ) 
versus (4Sinθ) for each diffraction peak of ZnO-PS 
and GZO-PS NCs illustrated in Fig. 3. The intrinsic 

 

  

 

  

ZnO:Ga-PS 
Ga content % 

vibration bands of aromatic 
C=C (cm-1) 

asymmetric and symmetric 
stretching vibrations of –CH2 

(cm-1) 
aromatic C-H stretching vibration (cm-1) 

0 1525.82 , 1482.41 , 1440.33 3023.74 , 2852.39 3617.24 
2 1596.25 , 1540.07 , 1447.28 3024.15 , 2851.21 3741.30 
4 1596.25 , 1526.51 , 1491.07 3024.19 , 2851.32 3616.91 
6 1606.84 , 1525.84 , 1482.18 3024.08 , 2851.85 3616.91 

Table 2. FTIR analysis report results.

Fig.4. FT-IR transmission spectra of a. ZnO-PS and b. ZnO:Ga2%-PS c. ZnO:Ga4%-PS and d. ZnO:Ga6%-PS nanocomposites.
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strain value was found from slope of the straight 
line, whereas the crystallite size of the prepared 
samples was determined from the intercept. 
Equation (7) represents the Uniform Deformation 
Model (UDM), which assumes that the strain is 
distributed across the crystal lattice. The obtained 
value of the lattice strain is positive (Table 1) and 
rises (2.4-3.9) ×10-3   as Ga content increases to 
6 wt%. Where the positive and negative strain 
represents a tensile and a compressive stress 
respectively. The ZnO-PS and GZO-PS NCs exhibit 
positive strain, indicating tensile stress in our NC 
samples. As Ga is integrated into the ZnO lattice, 
the observed strain increases, consistent with 
the results obtained from Scherer’s equation, as 
shown in Table 1.

Investigations of FT-IR spectroscopic
The ZnO-PS nanocomposite FT-IR spectra are 

depicted in Fig. 4 and Table 2. The FT-IR spectra 

exhibit absorption at (1750 - 1350) cm-1, indicative 
of aromatic C=C vibration bands from styrene 
molecules. The symmetric and asymmetric 
stretching vibrations of the –CH2 group result in 
absorption maxima at 3030 and 2860 cm-1. The 
absorption bands observed in the range of 3750 
to 3030 cm-1 are associated with the stretching 
vibration of aromatic C-H bonds. More Over, The 
spectrum showed many high intensity peaks in 
the range 400–780 cm-1, related to the hexagonal 
ZnO and GZO confirms the consistences of ZnO 
nanoparticles where the main peak of GZO 
nanoparticles in GZO-PS nanocomposites film 
was observed at 419-762 cm-1. The results were 
consistent with previous studies [8, 12, 14, 24-29].

Surface topography
The topographical properties of the prepared 

ZnO-PS and GZO-PS nanocomposite films was 
examined using atomic force microscopy (AFM) 

 

  

 

Average roughness (nm) Root maen square 
(nm) ZnO:Ga% Sample 

1.54 1.89 O% 
2.90 3.51 2% 
2.73 3.39 4% 
1.87 2.31 6% 

Table 3. The AFM data of the ZnO-PS and ZnO:Ga-PS nanocomposite films deposited at 
different Ga dopant content.

Fig. 5.  AFM images of ZnO-polystyrene films at different concentration: (b) ZnO:2%-PS,  c. ZnO:Ga4%-PS  and d.  
ZnO:Ga6%-PS.
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technique, which is essential for studying the 
crystal growth mechanization, shape, and the 
grain size. The AFM images revealed a consistent 
granular surface with columnar-like grain growth 
in ZnO-PS and ZnO:Ga-PS films with varying Ga 
dopant content, as depicted in Fig. 5. An increase 
in the surface roughness (1.89-2.31) and the 
root-mean-square (RMS) roughness (1.54-1.87) 
was observed in the Ga-doped ZnO-PS with (2-
6)% dopant content as in Table 3. The surface 
topography for different dopant content reveals 
dense surface and the images do not show any 
changes.  The smooth surface was observed for 
ZnO-PS and an increasing in the Ga content (2 and 
4%) to ZnO-PS film appeared with a relatively high 
surface roughness. Moreover, the RMS surface 
roughness values indicated a rough surface 
with an RMS roughness exceeding 1 nm. These 
results were consistent with the XRD findings. 
Additionally, AFM analysis demonstrated a good 
distribution of ZnO nanoparticles within the 
polymer film. Furthermore, a significant quantity 

of nanoparticles was observed on the surface of 
the polystyrene film [12, 30].

Surface morphology
The surface morphology of ZnO-PS and GZO-

PS nanocomposites was characterized by field 
emission scanning electron microscope FESEM as 
shown Fig. 6. The surface images revealed that this 
implies nanostructured grains of agglomeration 
particles in the samples. Additionally, Ga doping 
concentrations change nanostructured grain 
density and shape. GZO-PS nanocomposite clearly 
showed that the NPs are well sparse between PS 
polymeric molecules. Nanorod-like films formed 
as Ga doping increased from 2%  mol% [31].

Optical properties
The films optical transmittance spectra as 

shown in Fig. 4 display that the transmittance is 
towards the long wavelengths, as the absorption 
edge is in the ultraviolet region. When doped with 
Ga, we notice that the absorption edge creeps 

 
Fig. 6. FESEM images of ZnO:Ga thin films (a) 0 mol% Ga doped, (b)2mol% Ga doped, 

(c) 4 mol% Ga doped and (d) 6 mol% Ga doped.



176

S. Ameen et al. / The Impact of Ga Dopant on the Properties of ZnO-Polystyrene Nanocomposites

J Nanostruct 15(1): 168-179, Winter 2025

towards the long wavelengths (lower energies) 
because Ga generated morphological defects and 
found local levels that made the absorption edges 
shifted towards the low energies, as the absorption 
increased with the increase in the Ga doping ratio. 
So that the polystyrene (PS) is suitable material as 
the host matrix for ZnO:Ga, [14, 15].

From Fig.8, the energy gap was decreased after  
Ga doping, because Ga generated localized energy 
levels within the gap, and the energy gap values 
were found using Tauc plot about  4.44 eV for un-
doped ZnO-PS, and 3.91 eV, 3.81 eV , and 3.74 eV 
for Ga (2, 4and 6)% doped ZnO-PS nanocomposites 

respectively [15].

Photoluminescence analysis
The PL spectra for ZnO-PS and Ga-doped ZnO-

PS nanocomposites are depicted in Fig. 9. The 
emission of ZnO-PS NC is prominently located at 
433 nm, corresponding to the near band edge 
(NBE) peak, while the band in the visible light region 
(590 nm) originates from inter-band defects. In 
Ga-doped ZnO-PS NCs, the blue-green and orange-
red emissions diminish with increasing Ga dopant 
content. The observed UV-blue emission is linked 
to the recombination of electron-hole carriers. 

 

  

 

  
Fig. 8. Energy gap of ZnO:Ga-PS nanocomposites films.

Fig. 7. A. Transmittance and B. absorbance spectrum of ZnO:Ga films.
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The emission peaks in the green-yellow region are 
associated with the presence of oxygen vacancies 
and interstitial oxygen states on the surface of the 
ZnO lattice. For Ga-doped ZnO-PS NCs, both the 
blue-green and orange-red emissions decrease 
with higher Ga dopant content. Ga-doping results 
in a reduction of the emission peaks at 404, 399, 
and 367 nm for Ga concentrations of 2%, 4%, 
and 6%, respectively, along with a decline in the 
green-yellow region emission. This is attributed to 
the incorporation of Ga atoms into Zn vacancies, 
which increases the rate of donor-related defects 
in the ZnO-PS structure. The UV emission peak 
significantly enhances in GZO, which displays the 
largest grain size. These findings are consistent 
with previous studies [8, 14, 15, 31-36]. The 
observed visible green emissions are primarily 
due to the oxygen vacancies (Vo), representing a 
transition between radiation defects associated 
with interface traps excited at grain boundaries 
and the valence band. The observed red emissions 
likely originate from interstitial oxygen (Oi), 
generated from the conduction band to Oi [8, 28, 
34]. Nevertheless, for ZnO:Ga-PS composites, the 
intensities of all emissions decreased with the 
presence of the Ga dopant, indicating a reduction 
in defect states. Thus, the tensile lattice strain 
observed with Ga doping, as shown by XRD results, 
does not depend on defect production; it is likely 
due to the decrease in crystallite size resulting 

from the growth of ZnO:Ga and the replacement 
of Ga2+ with Zn2+, which have different ionic radii. 
Similar trends have also been reported in various 
types of materials [30, 31, 36].

CONCLUSION
Un-doped and Ga (2, 4, and 6) wt% doped ZnO 

(GZO) nanoparticles were successfully synthesized 
using the hydrothermal method at 160 °C for 5 
hours. Additionally, ZnO-Polystyrene (ZnO-PS) 
and GZO-PS nanocomposite films were created 
by drop casting onto a glass plate and drying at 
room temperature. The structural and surface 
morphology characterization was conducted 
based on Ga dopant content. Hexagonal wurtzite 
ZnO nanoparticle phase was obtained, and the Ga 
dopant reduced the crystallinity of the prepared 
nanoparticles while introducing nonuniform strain 
in the ZnO lattice. The crystallite size and lattice 
strain were calculated using the Debye-Scherrer 
equation and W-H methods. The lattice constants 
a and c were calculated and found to align with 
standard values. The crystallite size increased with 
higher Ga content, while the strain also increased 
with Ga doping, indicating a positive tensile strain. 
The FESEM images of the prepared ZnO-PS and 
GZO-PS NCs revealed nanostructured grains of 
agglomerated particles in the samples. The FTIR 
spectra exhibited several strong peaks around 
400–780 cm⁻¹, corresponding to hexagonal ZnO, 

 
Fig. 9. Photoluminescence spectrum of ZnO-PS and ZnO:Ga-PS nanocomposites for (2, 

4 and 6) % Ga dopant content. 
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confirming the formation of ZnO nanoparticles, 
with the main peak of GZO nanoparticles in the 
GZO-PS nanocomposite film observed at 419-
762 cm⁻¹. The AFM images showed a consistent 
granular surface with columnar-like grain growth 
in ZnO-PS and ZnO:Ga-PS films with varying Ga 
dopant content, as depicted in Fig. 5. An increase 
in surface roughness (1.89-2.31) and root-mean-
square (RMS) roughness (1.54-1.87) was observed 
in the Ga-doped ZnO-PS with (2-6)% dopant 
content. The energy gap values were determined 
using the Tauc plot, yielding approximately 
4.44 eV for un-doped ZnO-PS, and 3.91 eV, 3.81 
eV, and 3.74 eV for Ga (2, 4, and 6)% doped 
ZnO-PS nanocomposites. The emission of ZnO-
PS NC is primarily observed at 433 nm, which 
corresponds to the near band edge (NBE) peak, 
while the band in the visible light range (around 
590 nm) originates from inter-band defects. 
In the case of Ga-doped ZnO-PS NCs, both the 
blue-green and orange-red emissions decrease 
with increasing Ga dopant content. ZNO-PS and 
GZO-PS nanocomposites with varying Ga dopant 
levels, considering structural, surface topography, 
surface morphology, photoluminescence, and 
optical results, can be suitable for various sensing 
and radiation detection applications.
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