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ABSTRACT 
 

This research presents the effective synthesis of ferric oxide nanoparticles (Fe2O3) and α-Fe2O3 @Au hybrid structures in thin films at 
varying gold concentrations, utilizing the pulsed laser deposition (PLD) approach with a Nd:YAG laser.  The creation of a nanohybrid was 
the outcome of depositing nano α-Fe2O3 with gold.   The nanocomposite α-Fe2O3@Au, which has a hybrid structure, was the subject of 
characterization studies; XRD analysis confirmed the presence of polycrystalline nanoparticles with rhombohedral-centered hexagonal 
structures of Fe2O3, and the diffraction peaks for Au were indexed to the face-centered cubic phase of gold at orientation (64.5). The 
morphological properties were analyzed using Field Emission Scanning Electron Microscopy (FESEM), Atomic Force Microscopy (AFM), 
Energy-Dispersive X-ray Spectroscopy (EDX), as well as Ultraviolet-Visible (UV-Vis) analysis.  According to the findings, the agglomerated 
nanoparticles of Fe2O3@Au have a spherical or semi-spherical shape and a tendency to form clumps. The hybrid structure of Fe2O3@Au 
also contains a higher concentration of agglomerated particles. The results indicated that particle sizes ranged from 166 to 505 nm, with 
an increase in gold content (Fe (III), O,79Au) correlating with a maximum particle size of 505 nm for pure α-Fe2O3. EDX analysis confirmed 
the presence of Fe and O components in the thin films.  The optical analysis demonstrated that the samples possess an optical gap of 
around 2.6 eV, fluctuating with the substance's concentration variations. 
 
KeyWord: Ferric oxide (Fe2O3), Au-Fe2O3 hybridstructure, Pulse laser deposition , Structural properties, Morphological properties, Optical 
properties 
 

 
1. INTRODUCTION 
 
Iron(III) oxide (Fe₂O₃) is a significant inorganic compound 
with diverse applications in industrial and scientific fields. It 
exists in several polymorphic forms, including (α-Fe₂O₃), (β-
Fe₂O₃), (γ-Fe₂O₃), and (ε-Fe₂O₃), each possessing unique 
crystallographic structures and properties [1, 2]. The α-
phase, known as hematite, is the most stable and naturally 
abundant form, featuring a rhombohedral structure. In 
contrast, the γ-phase, or maghemite, has a cubic structure 
and is metastable, often utilized in magnetic applications. 
The less common β and ε phases exhibit distinct magnetic 
and structural characteristics, with ε-Fe₂O₃ showing 
potential for high-density recording media due to its unique 
magnetic properties [3, 4]. 
 
In addition, magnetic nanoparticles have other benefits such 
as facile synthesis and functionalization, extensive surface 
area, limited toxicity, as well as cost-effectiveness (Maleki et 
al., 2018b, 2019b).  Fe2O3 nanoparticles can be synthesized 
using various techniques, including microwave-assisted 
synthesis [5], thermal-decomposition [6, 7], chemical-
method [8, 9], hydrothermal method [10, 11], co-
precipitation method [12, 13], laser pyrolysis [14, 15], along 
with pulsed laser ablation, either in a vacuum [16, 17] or in 
a liquid environment [18, 19].  Pulsed laser ablation in liquid 

(PLAL) is an innovative technology for manufacturing 
hybrid structures.  
 
This technique employs a high-power laser to ablate a bulk 
target material in a liquid solution, enabling the creation of 
nanostructures without chemical precursors or stabilizers.  
PLAL enables the size, structure, and composition of 
nanoparticles to be controlled with precision, making it a 
green and versatile method [20, 21]. 
 
 Hybrid nanostructures have emerged as a significant area 
of research within nanotechnology, offering multifunctional 
materials with enhanced functionalities for numerous 
applications. of these, Au-Fe₂O₃ hybrid structures have 
received considerable interest due to the collective distinct 
optical, magnetic, and catalytic functionalities of their gold 
(Au) and iron oxide (Fe₂O₃) components [22, 23]. Owing to 
their relativistic effects, gold nanoparticles offer a platform 
for active metal-based nanocatalyst reactions for several 
organic transformation reactions. Gold catalysis has 
attracted huge attention after Haruta's landmark finding on 
the low-temperature oxidation of CO by Au nanoclusters 
[24, 25]. The higher stability of Au nanoparticles made them 
outperform other metal catalysts, such as Ru, Pd, Ag, and Pt, 
in their catalytic activity as well as selectivity [26-28].  
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Gold nanoparticles are known for their exceptional surface 
plasmon resonance (SPR), biocompatibility, and catalytic 
efficiency, while iron oxide exhibits remarkable magnetic 
properties and environmental remediation capabilities [29, 
30]. Gold is a highly coveted substance, and hence, 
substantial quantities are regarded as quite precious. Its 
rarity, beautiful natural beauty, and distinctive physical and 
chemical qualities, especially its resistance to oxidation and 
corrosion, render gold a captivating and precious metal for 
several applications. A recent study has shown that 
minuscule quantities of gold can possess considerable value 
due to the novel and fascinating features that arise at the 
nanoscale [31, 32]. The surface functionalization of gold 
nanoparticles using diverse ligands leads to the formation of 
nanocomposites that demonstrate optical properties 
suitable for biological or medical applications [33, 34]. This 
includes advancements in ultrasensitive detection and 
imaging techniques, as well as enhancements in physical 
properties like magnetism [35, 36] and both linear and 
nonlinear optical characteristics [37]. It was demonstrated 
that the NLO activity of small metallic nanoparticles can be 
enhanced by deviation of the shape of the nanoparticles 
from a perfect sphere.This paper focuses on the synthesis of 
Au-Fe₂O₃ hybrid structures using pulsed laser ablation, 
highlighting their unique properties and structural 
characteristics. 
 
 
2. EXPERIMENTAL WORK 
 
Synthesized α-Fe2O3 @Au thin film nanoparticles by the 
target preparation technique involved α-Fe2O3 powder 
(sourced from US Research Nanomaterials, Inc.) with a 
purity of 96%, which was mixed with a gold solution at 
varying ratios. A total volume of 25 mL was prepared in a 
flask, incorporating a determined quantity of 10 mL of 
distilled water.  The mixture of iron oxide and gold 

concentration was mixed for 24 hours.  The physical mixing 
procedure is conducted using a magnetic stirrer device, 
followed by filtering using filter paper. Subsequently, 3 mg 
of the resultant powder was subjected to a pressure of 20 
tons, yielding a cylindrical pellet with a diameter of 2 cm and 
a height of 0.5 cm, depicted in Figure 1.  
 
The gold solution was synthesized employing pulsed laser 
ablation in liquid using a Nd:YAG laser (1064 nm), extracting 
nanoparticles from a gold target in distilled water.  Various 
concentrations of gold solution were formulated under 
conditions of 500 mJ and 700 mJ, maintaining a constant 
pulse count of 450 pulses.  Sample (1) consists of pure α-
Fe2O3 nanoparticles, whereas sample (2) is α-Fe2O3@Au 
synthesized in a gold solution using a laser energy of 500 mJ. 
Sample (3) is α-Fe2O3@Au created with a gold concentration 
utilizing a laser energy of 700 mJ.    Subsequently, synthesize 
α-Fe2O3 @Au nano-thin films utilizing the pulsed laser 
deposition (PLD) technique with a Nd:YAG laser (1064 nm) 
through these samples.  Laser energy of 500 mJ per 150 
pulses under a vacuum of 2 x 10^-8 mbar and at a 
temperature of 100°C. While XRD studies were used to 
explain the structural characteristics of α-Fe2O3 thin films, 
a UV-visible spectrophotometer was used to analyze their 
optical properties.  The topographies of the films were 
investigated with AFM, and the surface morphologies were 
studied with FE-SEM.  The elemental compositions were 
also ascertained by the use of EDX analyses. The PLD method 
was used to carry out the deposition testing.   The PLD 
system uses a Q-switched Nd:YAG pulsed laser (HF-301, 
Huafei Technology, China), which can be seen in Figure 1.   A 
distance of 6 cm separated the target surface from the laser 
head.   The distance between the substrate and the target 
was around 4 cm.   A 12 cm focal length convex lens was used 
to focus the laser beam. 
 

 

 
 

Figure 1. Pulsed laser deposition (PLD) system. 
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3. RESULT AND DISCUSSION 

 
3.1 Structural Properties of Fe2O3 with Au 

 
3.1.1 X-Ray Diffraction (XRD) 
 
This technique is utilized to determine the molecular and 
atomic configuration of a crystal and to detect any 

crystalline irregularities.  This approach can be utilized on a 
diverse array of materials, including metals, 
semiconductors, salts, organic and inorganic substances, as 
well as biological molecules.  XRD was utilized to obtain 
essential information regarding average grain size, 
structural strain, along with the presence of impurities. 
 

 

 
 

Figure 2. The patterns of XRD for α-Fe2O3 and the α-Fe2O3@Au with different laser energy. 

 
Figure 2 displays the patterns of XRD diffraction patterns of 
α-Fe2O3 nanostructure and α-Fe2O3 hybrid structure 
nanocomposite.  The diffraction peaks for α-Fe2O3 are 
observed at 33.5, 35.8, 43.5, 49.7, 54.1, 57.35, and 63.1, with 
indices (104), (110), (202), (024), (116), (122), and (300). 
This pertains to a rhombohedral-centered hexagonal 
structure of corundum type, distinguished by a densely 
packed oxygen lattice with two-thirds of the octahedral sites 
filled by Fe(III) ions, under the documented XRD data (JCPDS 
File No. 87-1166).  The obtained XRD images of the α-
Fe2O3@Au nanohybrid were analyzed by comparing them 
with the resulting patterns of α-Fe2O3 and Au.  After the 
mixing process, under the conditions of 500 mJ and 450 
pulses, X-ray diffraction of the α-Fe2O3@Au target reveals 
peaks at 2θ = 33.6, 36.2, 41.5, 50.3, 54.55, 57.75, and 64.7, 
corresponding to orientations (104), (110), (113), (024), 
(116), (018), and (220), indicative of a hexagonal 
configuration for α-Fe2O3@Au (JCPDS Card No. 86–0550).  
All peaks corresponding to α-Fe2O3 were seen, including a 
notable peak at 64.7. The diffraction peak for Au in the 
nanocomposite aligns with [JCPDS File No. 89-3697]. The 
target was fabricated under circumstances of 700 mJ and 
450 pulses of Nd: YAG laser.  The diffraction peaks for the 
synthesized α-Fe2O3@Au at varying laser energies exhibited 
peaks at 2θ = 33.7, 36, 41.42, 43.65, 50.5, 54.7, 63.1, and 
64.5, corresponding to indices (104), (110), (113), (202), 
(024), (116), (300), and (220), respectively, indicating a thin 
mixture of α-Fe2O3 with gold.  All the peaks observed are 
attributed to Fe2O3, except for the peak at 64.5, which 
corresponds to Au.  According to JCPDS File No. 89-3697, the 
peak values of diffraction for Au in the nanocomposite are 
associated with the face-centered cubic phase of gold. 
Furthermore, the X-ray results can be correlated with the 
search outcomes  [38, 39].  Table 1 displays the grain sizes, 

dislocation densities, Miller indices, as well as microstrains 
of α-Fe2O3@Au nanoparticles produced using different laser 
energy levels.  Scherrer's formula was employed to ascertain 
the crystallite size (D) [40-42]. 
 
D=(0.9 λ)/(β  COS(θ))                                                                     (1) 
 
Where the constant k is presumed to be 0.94, λ represents 
the employed X-ray wavelength, thought to be 1.54 Å, and θ 
denotes the full width at half maximum of the X-ray 
diffraction pattern, equivalent to Bragg’s angle. 
 
To compute the strain (ε) as well as dislocation density (δ) 
of the Fe2O3 nanoparticle, the subsequent equations were 
employed [43-45]: 
 
δ=  1/D^2                                                                                           (2) 
 
Lattice strain arises from lattice flaws, including 
dislocations, vacancies, interstitials, along with 
substitutional defects.  This strain can be calculated using 
the equation shown below [46-48]: 
 
η=  (β )/(4 tanθ  )                                                                             (3) 
 
The incorporation of gold (Au) into iron oxide (Fe₂O₃) 
significantly affects its crystal lattice structure. Due to the 
considerable difference in atomic radii between Au (0.144 
nm) and Fe (0.124 nm), internal lattice strain is introduced, 
leading to distortions in the Fe₂O₃ lattice and shifts in the X-
ray diffraction (XRD) peaks [49, 50]. Additionally, Au 
nanoparticles act as nucleation sites during the 
crystallization process, thus modifying the grain size, often 
resulting in larger crystallite sizes depending on the 
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synthesis conditions [51, 52]. Gold also influences the phase 
stability of Fe₂O₃, favoring the stabilization of the hematite 

phase (α-Fe₂O₃) or promoting phase transitions depending 
on surface energy alterations [53, 54]. 
 

Table 1 Miller indices, crystalline size, dislocation density, and microstrains of the orthorhombic α-Fe2O3@Au  nanoparticles 
 

2θ 
FWH

M 
Miller 

indices 
Crystalline 
size(nm) 

Dislocation 
density(δ) 
lines. m-2 

Microstrains 
(η) 

33.7 0.37 
 

104 2.65 0.37 0.09 

36 0.25 110 2.48 0.40 0.06 

41.42 0.26 113 2.17 0.46 0.06 

43.65 0.22 202 2.07 0.48 0.05 

50.5 0.36 024 1.80 0.55 0.09 

54.7 0.20 116 1.68 0.59 0.05 

63.1 0.33 300 1.47 0.68 0.08 

64.5 0.27 220 1.44 0.69 0.06 

3.1.2 Energy Dispersive X-ray Spectroscopy (EDX) 
 
A method employed for the analysis of elemental 
composition of materials.  The data of EDX illustrates the 
peaks corresponding to the x-ray energy levels with the 
highest exposure.  The ionization of atoms by high-energy 
radiation, resulting in the removal of inner shell electrons, 
generates the characteristic features of X-rays [55, 56]. The 

energy-dispersive X-ray spectroscopy (EDX) results for iron 
oxide nanoparticles and the synthesis of Fe2O3 @Au were 
obtained using a 1064 nm Nd:YAG laser with an energy 
range of 500-700 mJ per 450 pulses. As demonstrated in 
Figure 3, these targets were prepared for EDX examination 
by mixing iron oxide (Fe2O3) with gold (Au) using a magnetic 
stirrer device. Table 2 represents wt% of sample elements 
and stoichiometries of Fe2O3. 
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Figure 3. EDX Spectrum of the A- pure α-Fe2O3  NPs , B- α-Fe2O3 @Au at 500 mj , C- α-Fe2O3 @Au  at 700 mj. 

 
Table 2 Weight percentages and stoichiometries of Fe2O3 nanoparticles synthesized using different laser energies. 

 

Fe2O3@Au 
Stoichiometry 

O wt% Fe wt% 
Au 

wt% 

Laser energy 
(mj) 

1.6 20.2 79.8  pure 

1.2 25.9 72.2 1.8 500mj 

1.74 18.7 76.0 5.3 700mj 

 
3.2  Synthesis Thin Films of α-Fe2O3@Au 
 
3.2.1  X-Ray Diffraction Thin Films (XRD) 
 
Pulsed laser deposition (PLD) is a physical vapor deposition 
technique that uses a Nd:YAG laser (1064 nm) with an 

energy of 500 mJ per 500 pulses to deposit a nanomaterial 
in a thin film. The X-ray diffraction patterns obtained  from 
this process were used to characterize the deposited thin 
films structurally. The films were deposited on a silicon p-
type (100) wafer. 
 

 

 
 

Figure 4. XRD diffraction patterns of α-Fe2O3 nanostructure as well as α-Fe2O3 @Au with different laser energy 
thin film nanostructure. 

 
Figure 4 displays the patterns of XRD for α-Fe2O3 as well as 
α-Fe2O3@Au (hybrid structure) thin film nanocomposite.  
The X-ray diffraction analysis revealed principal peaks 
corresponding to the diffraction planes of the α-Fe2O3@Au 
nanohybrid, identified by comparison with the patterns of α-
Fe2O3 and Au. The peaks observed at 2θ = 35.8°, 42.2°, 52.9°, 
58.9°, and 64.8° correspond to indices (110), (202), (116), 
(018), and (220), indicating that the α-Fe2O3@Au possesses 
a hexagonal configuration (JCPDS Card No. 86 0550). All of 
the peaks following for α-Fe2O3 and except the (64.8). The 
XRD patterns also confirm the presence of elemental Au and 
show peaks from the face-centered cubic phase of gold 

(JCPDS File No.89 3697) with reflections from the (220) 
planes. The peak of gold increases with the increase in gold 
concentration, and the occurrence of the gold particles can 
create lattice strain, leading to shifts in the peaks observed 
in XRD patterns for iron oxide. This is a result of changes in 
the interatomic distances due to the presence of a foreign 
element in the materials [57, 58]. 
 
 
 
 

(0
1

8
) 

*Fe2O3 
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3.2.2 Field Emission Scanning Electron Microscopy 
(FESEM) 
 
Field emission scanning electron microscopy (FESEM) was 
used to examine the structural morphology of the α-
Fe2O3@Au hybrid structure that was created using pulsed 
laser deposition (PLD).  Illustrated the FESEM picture of 
hematite nanoparticles synthesized by a hybrid structure 
incorporating iron oxide α-Fe2O3 and gold concentration 
(Au).  Figure 5-a presents FESEM observations indicating 
the presence of (α-Fe2O3) nanoparticles.  The SEM image 
reveals that the nanoparticles are uniformly dispersed, 
spherical, homogeneous, and consist of agglomerated tiny 
particles [59, 60]. The average size of the pure Fe2O3 is found 
to be about 34 nanometers and was calculated by the 
IMAGE-J software. Figure 5-b shows the surface morphology 

of the α-Fe2O3 @Au sample 1 of the particles; The typical 
particle size is 20 nanometers, and it contains small, 
clumped spherical particles. Figure 5-c shows synthesized 
α-Fe2O3@Au in sample 2. Particles agglomerate showed at 
700 mJ laser energy. NPs are discovered to be spherical and 
interconnected. As the laser fluence is further increased, 
larger spherical particle formations are generated. catalyst 
reveals that the nanoparticles increased with increasing 
laser energy [55, 61]. The average size of α-Fe2O3@Au when 
increasing the gold concentration nanoparticle was found to 
be 60 nanometers. The outcome is dependable in 
conjunction with the EDX analysis results of the prepared 
sample. The outcome is dependable in conjunction with the 
EDX analysis results of the prepared sample. 
 
 

 
 

 
Figure 5. FESEM image of (a) Fe2O3 nanoparticles, (b)&(c)Fe2O3 @Au hybrid structure prepared by different laser energy. 

 
3.2.3 Energy Dispersive X-ray Spectroscopy (EDX) 
 
EDX results for Fe2O3 nanoparticles that were prepared by 
pulsed laser deposition technique by targets from Fe2O3 and 
Fe2O3@Au with different laser energies, where the thin films 
were prepared under conditions of 500 mJ per 150 pulses 
under a vacuum using a 1064 nm Nd:YAG laser. Three 
samples of Fe2O3 and Fe2O3@Au  hybridized with gold were 
prepared on quartz glass. Figure 6 verifies the existence of 
iron, oxygen, gold, and carbon.  Table 3 illustrates the weight 
percentage of sample elements and the stoichiometries of 
Fe2O3@Au. 
 

 
 
 
 
 
 
 
 

 

 

 
Fe 

Au 
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Figure 6. EDX spectrum of the prepared thin film when a) pure α-Fe2O3  NPs b) α-Fe2O3 @Au at 500 mj  c) α-Fe2O3 @Au  at 700 mj. 

  
Table 3 Weight percentages and stoichiometries of elements in Fe2O3 thin film nanoparticles synthesized using different laser energy 

levels 
 

Laser energy 
(mJ/Pulse) 

Average particle 

size (nm) 

Roughness 
(nm) 

(RMS) (nm) 

Pure 225.5 5.710 8.284 

500 166.7 5.517 7.928 

700 505.0 5.036 6.906 

 
 
 
 
 

 
 
 
 

Fe 
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3.2.4 Atomic Force Microscopy (AFM) 
 
Atomic force microscopy (AFM) was also used to investigate 
the surface morphology and roughness of α-Fe2O3 
nanoparticles. Figure 7 shows the two-dimensional (2D), 
three-three-dimensional (3D) image spherical shape for the 
α-Fe2O3 nanoparticles prepared by samples for fig 7-a of 
pure α-Fe2O3 to sample (1) and Figure 7-b of α-Fe2O3@Au to 
sample 2 at 500 mj, and Figure 7-c of α-Fe2O3@Au at 700 mj 
sample 3, furthermore, the creation of semi-spherical 

clusters occurs with agglomeration particle sizes (aggregate 
grains). Table 4 shows that for different laser energies, the 
average particle size, surface roughness, and root mean 
square of iron oxide nanoparticles are displayed, where the 
average particle size increases and decreases in surface 
roughness and root mean square (RMS). Thin film layers are 
grown during deposition by interacting with ablation 
products in the plasma, resulting in grain size purification 
due to secondary laser deposition at elevated laser energy, 
which subsequently increases the grain size. 

 

 

Figure 7. AFM image 2D and 3D distribution topgraphical of (a)pure α-Fe2O3 (b) α-Fe2O3 @Au at 500 mj (c) α-Fe2O3 @Au at 700 mj. 

 
Table 4 Average particle size, roughness, along with RMS values of the prepared α-Fe2O3 @Au nanoparticle thin films. 

 

Fe2O3@Au 
Stoichiometry 

O wt% Fe wt% 
Au 

wt% 

Laser Energy 
mJ 

0.009 97.9 2.1  pure 

0.007 97.2 1.6 1.2 500 

0.025 92.7 5.5 1.7 700 

Figure 6 displays topographical examinations of the surface 
of α-Fe2O3@Au nanoparticles.  AFM data indicated a rise in 
the average particle size, ranging from 166 to 505 nm, while 
roughness reduced, measuring between 5.710 and 5.036. 
Similarly, the root mean square roughness ranged from 
8.284 to 6.906 nm.  These findings corroborate those of 
other previously reported studies [62, 63]. 
 
 
 
 

3.3 Optical Properties 
 
3.3.1 UV-Visible Measurements 
 
The optical absorption spectrum and characteristics of the 
α-Fe2O3 nanoparticles were observed in Figure 8 within the 
wavelength range of 190-900 nm.  The UV absorption 
efficacy of finished textiles demonstrated superior results in 
comparison to control samples. When α-Fe2O3 
nanoparticles are ablated from a larger surface area, their 
band gap energy rises. 

b 

a 

c 
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Figure 8. Absorption spectrum of α-Fe2O3@Au thin films prepared by PLD at various energies of   laser. 

 
By visually utilizing Tauc's formula [64-66], the optical band 
gap (Eg) for direct transition can be ascertained: 
 
(α hν)2=A2 (λν__ Eg)                                                                        (4) 
 
In which A is a constant, α is the absorption coefficient, hυ is 
the photon energy of incident light, and Eg represents the 
optical energy gap.  The absorption spectra and direct band 
gaps of α-Fe2O3 nanoparticles synthesized employing a 
variety of laser energies ranging from 500 to 700 mJ. The 
energy gap, illustrated in Figures 9-a, b, c and Table 5 below, 
increases with the rise in laser energy, attributed to the 
augmentation of the thin film's thickness, which results from 
the elevation of localised energy levels among the bands of 
conduction and valence.[67, 68] The figure shows that the 
absorbance spectra were red-shifted as the laser intensity 
increased, which is indicative of both a higher concentration 
of the ablated material and larger particles. The direct band 
gap values were calculated using equation 4, where A is a 
constant, h is the photon energy, and Eg is the optical band 
gap energy. Eg can be observed from the extrapolation of the 
Tauc plot when the curve (α hʋ)2 [53, 69]. The direct band 
gap of α-Fe2O3 nanoparticles prepared using different 
ranges of laser energy. Moreover, the band gap values are 
augmented with the rise in laser energy. This is because, as 
previously mentioned, the band gap value is decreased 

under a weak confinement regime, and the size of the 
nanoparticles reaches a level greater than the exciton Bohr 
radius value [62, 70]. These findings corroborate the 
findings of the XRD and FESEM analyses discussed earlier in 
this study. The Au nanoparticles significantly enhance 
absorption due to the Au plasmon absorption band. Despite 
the seeds exhibiting a feeble plasmon resonance, 
absorbance significantly escalates, accompanied by a red 
shift as Au nanoparticles aggregate on the α-Fe2O3 surface 
due to enhanced particle size and interparticle interactions 
[71, 72]. In 2013, Gobinda Gopal Khan et al. discovered that 
the photoluminescence (PL) properties of semiconductor 
nanostructures and nanowires (NWs) are significantly 
improved by surface plasmon resonance (SPR) by the 
deposition of noble metals like Au or Pd on their 
surfaces.[73-75]   Furthermore, recent findings indicate that 
the magnetism of ferromagnetic oxide nanostructures can 
be enhanced by several orders of magnitude via surface 
modification with a gold coating In this context, 
semiconductor magnetic nanostructures, enveloped by 
nonmagnetic metallic materials, may exhibit remarkable 
optical and magnetic capabilities simultaneously,  
Therefore, it is anticipated that the deposition of a noble 
metal such as Au on the surface of α-Fe2O3 NWs can 
effectively modify their luminescent and magnetic 
characteristics. [76, 77]  

 

 
 

Figure 9-c. plot of (ɑhυ)2 versus (hυ)  of S1. 
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Figure 9-c. Plot of (ɑhυ)2 versus (hυ) of S2. 

 

 
 

Figure 10-c. Plot of (ɑhυ)2 versus (hυ) of S3. 

 
Table 5 Band Gap Energy of α-Fe2O3 @Au 

 

Laser energy (mJ/Pulse) Energy gap (e.v) 

Sample 1 2.8 

Sample 2 3.9 

Sample 3 3.8 

 
4. CONCLUSION 
 
α-Fe2O3 thin film nanoparticles were effectively produced 
using the pulsed laser deposition approach at varying 
energies.  Both XRD and FESEM analyses corroborate the 
existence of α-Fe2O3 and elemental Au.  The crystallite sizes 
of the powders derived from XRD and FESEM are congruent.  
The results demonstrated that an increase in laser energy 
correlates with an increase in particle size, resulting in a 
blue shift in absorption spectra, broadening the optical 
energy gap. As the energy gap increases, the number of 
charged carriers escalates, so improving conductivity while 
reducing mobility, resistance, as well as Hall voltage.   The 
XRD measurements confirmed the high purity of the α-Fe2O3 

phase. 
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