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Abstract Article Info. 

An electrospinning approach was used to synthesize composite nanofibers of 

polyvinyl alcohol (PVA) doped with different concentrations (2.5, 5, and 10 wt%) 

of Yttrium Oxide (Y2O3). The XRD diffraction pattern revealed a cubic structure of 

the prepared nanocomposite. The optical characteristics of pure PVA films and 

PVA/Y2O3 at different ratios were studied, where the energy gap decreases with 

the increase of Y2O3 concentration. The prepared samples' morphology and 

functional groups were characterized using field emission scanning electron 

microscopy (FESEM) and Fourier transform infrared (FTIR) spectrophotometry. 

FESEM images confirm the formation of well-defined nanofibers with variations 

in fibre diameter as the Y₂O₃ content increases, while FTIR spectra reveal 

characteristic functional groups associated with both PVA and Y₂O₃. Finally, the 

current-voltage (I-V) characterization of PVA and PVA/ Y2O3 was measured at 

room temperature showing the non-Ohmic behaviors. The result indicates potential 

applications in electronic and sensing devices. 
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1. Introduction 
The synthesis of polymers has drawn a lot of attention in recent years [1]. The 

development of photovoltaic devices through new technologies, materials, and 

processes has attracted much attention lately as the potential for cost savings and 

increased efficiency. One such processing technique is synthesizing different 

semiconductor nanocrystalline layers for device application using polymer matrices as a 

capping agent. Polymer-capped semiconductor layers could adjust their physical 

characteristics, especially optical and electrical ones [2]. Water-soluble synthetic 

polymer PVA is widely known for its advantageous attributes, which include low cost, 

non-toxicity, ease of manufacture, high optical transparency, strong chemical stability, 

good biocompatibility, and outstanding mechanical qualities [3]. Nanotechnology is a 

fast-advancing and expanding field that has garnered increasing media attention and 

public interest over the past decade. It has wide-ranging applications in various research 

areas, development, and industrial. The focal point of all these programs is the 

advancement of novel nanomaterials. It is well-established that adding inorganic 

substances to polyvinyl alcohol (PVA) alters its characteristics. It is very important to 

the field of science [4]. Polymer composite materials are widely used in several 

industries due to their superior mechanical properties to granular or ceramic composites. 

These properties include enhanced tensile strength, elastic modulus, and flexibility. 

Composites possess remarkable qualities such as high hardness, high melting point, low 

density, low coefficient of thermal expansion, high thermal conductivity, excellent 

chemical stability, and improved mechanical properties, including high specific 

strength, enhanced wear resistance, and specific modulus. These exceptional 

characteristics make composites highly suitable for various industrial applications. 

Composites are employed in producing solar cells, laser diodes, light-emitting diodes 

(LEDs), and optoelectronic device components [5]. 
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Metal-oxide nanomaterials are emerging prospects in various fields, such as 

chemistry, materials science, physics, and biotechnology, and the specific electrical 

configuration dictates the conductive, semiconductive, and insulative characteristics of 

nanomaterials. Transition metal ions generally have partially filled d-shells, which 

enables them to undergo reactive electronic transitions. This property also contributes to 

their broad band gaps, outstanding electrical properties, and high dielectric constant [6]. 

The properties of surface-dependent nanomaterials, such as optics, mechanics, 

electricity, magnetism, and catalysis, are primarily influenced by the nanostructured 

metal oxides' dimensions and shape. The deliberate modification of nanostructures for 

MOx design and enabling adjustable features has garnered significant interest in 

pursuing an expanded range of effectiveness in biomedicine, industries, and other 

domains. It has stimulated research endeavors to modify nanomaterials with 

morphologically controlled structures and uniformly sized pores to achieve specific 

functionalities [7]. Yttrium oxide (Y2O3) is highly significant in several technical 

applications due to its ability to remain stable under light exposure, its capacity for 

redox reactions, and its electromagnetic properties. Y2O3 nanoparticles, with their small 

size, strong luminescence, and exceptional physical-chemical stability, have found 

applications in removing organic contaminants, biological activities, supercapacitors, 

and biomedical and live-cell imaging. In addition, Y2O3 nanoparticles can undergo a 

reaction with the organic framework, resulting in the formation of surface 

organometallic fragments. This process enhances the photoelectrical activity in light 

emitters [8]. 

This study presents a novel application of electrospinning technique to produce 

composite nanofibers of PVA mixed with different amounts of Y₂O₃. The study 

primarily examines the optical characteristics of these films, specifically the effect of 

elevated Y₂O₃ concentration on the energy gap. Advanced characterisation techniques, 

such as field emission scanning electron microscopy (FESEM) and Fourier transform 

infrared spectroscopy (FTIR), were utilized to examine the morphology and content of 

the nanofibers. Although extensive research has concentrated on improving the 

mechanical and chemical properties of analogous materials, limited studies examine 

their electrical properties, including rectification behaviour, in optoelectronic 

applications. This study focuses to address this gap by investigating the impact of Y₂O₃ 

nanoparticle integration on the optoelectronic properties of PVA nanofibers, 

highlighting their potential for advanced device applications. 
 

2. Experimental Work 
2. 1. Materials 

4 gm of PVA was added to a beaker filled with 4 ml of distilled water under 

magnetic stirring for 7 h and heated to about 70 °C. Next, different weight percentages 

of Y2O3 (2.5, 5, and 10 Wt.%) of average particle size of 100nm were added to the PVA 

solution to produce PVA/Y2O3 composite. 
 

2. 2. Thin Film Preparation 

The electrospinning process was employed to obtain clean and doped samples 

under the following ideal conditions: a direct current (D.C) voltage of 15kV, a flow rate 

of 0.1 ml/h, and a distance of 16cm between the collector and tip needle. 
 

3. Results and Discussion 
3. 1.  X-Ray Diffraction 

The XRD patterns of Y2O3 nanoparticles, as depicted in Fig. 1, closely match 

those on the JCPD card 00-041-1105 and are consistent with the data provided in the 

literature [3, 9]. This indicates that the synthesized Y₂O₃ nanoparticles have a cubic 
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lattice structure. The crystallite size was determined using the Scherrer formula, where 

D= 78.7nm for pure Y2O3. 

Fig. 2 displays the X-ray diffraction (XRD) patterns of the pure PVA and PVA-

Y2O3 composite of different weight percentages of Y2O3. The XRD pattern closely 

matches that on the ICSD card no 00-041-1105, confirming the cubic lattice structure of 

the composite. These findings agree with previous research [9, 10]. The X-ray 

diffraction (XRD) pattern of 4wt.%PVA/2.5wt.%Y2O3 displays peaks corresponding to 

(200), (332), (440), (311), (800). The 4wt.%PVA/5wt.%Y2O3 XRD pattern peaks 

corresponds to (211), (440), (600), (611), (642), (811). While those of 

4wt.%PVA/10wt.% Y2O3 corresponds to (211), (440), (600), (611), (642), (811). The 

exact locations of the peaks and their accompanying Miller indices for the diffracting 

planes, along with the Full Width at Half Maximum (FWHM) measurements, were 

determined and analyzed to characterize the crystal structure. The average crystalline’ s 

size decreased from 36.11 nm to 15.2 nm when Y2O3 concentration increased from 

2.5wt% to 10wt%. 

Figure 1: X-ray diffraction pattern of Y2O3. 

 

The undoped and doped PVA patterns exhibit no differences, suggesting a 

uniform nano PVA/Y2O3 distribution. The absence of prominent peaks indicates that the 

PVA nanofibers are primarily amorphous [9, 11]. 

The pure PVA diffraction pattern exhibited a diffraction band at an angle of 24˚; 

the peaks observed are attributed to the crystalline structure of the PVA polymer 

molecules. These peaks may result from strong hydrogen bonding between the PVA 

chains within and between the molecules [3, 12]. Figs. 1 and 2 show the exact locations 

of the peaks and their accompanying Miller indices for the diffracting planes. 

The crystallite size can be determined using the Scherrer formula [13]: 

  
  

      
                                                                                                                                        

where λ represents the wavelength of X-rays, θ represents the diffraction angle, and β 

represents the adjusted full width at half maximum. The average crystalline size value 

of the nanoparticles was determined in the range (36.11-15.2) nm [2]. 

Average crystallite size decreased with the increase of the weight percentage of 

Y2O3. The Y2O3 concentration increase may result in crystallite dispersion or disturb the 

crystalline arrangement. Dopants can introduce defects in the polymer crystalline lattice 
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or impede full crystallite development, leading to reduced crystallite sizes and 

heightened lattice inhomogeneity. 

The decrease of crystallite size with different Y₂O₃ doping increases surface area, 

hence improving humidity sensitivity, optical tunability, and perhaps flexibility. These 

modifications enhance the material's appropriateness for sensors, optoelectronics, and 

applications requiring significant surface interactions. 

Figure 2: XRD patterns of PVA and PVA/Y2O3 nanocomposites with varying Y2O3 

concentrations. 

 

3. 2. The Optical Characteristics 

Fig. 3 displays the absorption spectra of pure PVA and Y2O3 composite nanofiber 

samples fabricated using electrospinning. When the amount of additional Y2O3 

nanoparticles in (PVA/Y2O3) nanocomposites increased, an increase in the absorption 

coefficient was noted. This increase is attributed to the increased Y2O3 nanoparticle 

carrying charges, which raises absorbance. 

Figure 3: The absorption spectra of pure PVA and PVA/Y2O3 composite. 

 

The optical absorption coefficient (α), according to the Beer-Lambert law, can be 

determined: 
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where (t) is the sample thickness and (A) is the optical absorbance (A) [14, 15]. Tauc's 

formula was used to determine the optical bandgap:  

             
                                                                                                                         

where hν is the energy of the input photon, Eg is the optical energy band, and C is a 

constant that varies with the material structure. The exponent     defines the electronic 

transition; it equals 0.5 for direct transition [16, 17]. 

Fig. 4 illustrates Tauc plots for the pure PVA and the three created PVA/Y2O3 

nanocomposite films, from which the band gap can be obtained. Y2O3 dispersion in the 

PVA matrix reduces the optical band gap, going from 2.65 eV for pure PVA to 2.3 eV 

for 10 Wt.% Y2O3-PVA. When the concentration of the Y2O3 nanoparticle was 

increased the optical band gap of the films decreased [18]. This result agrees with that 

of Alrowaili et al. [9] and El-Sayed et al. [19]. 

Figure 4: The relationship between (αhυ)
2
 and the energy (hυ) for (a) pure PVA, (b) 2.5wt%, 

(c) 5wt%, and (d) 10 wt%  of PVA/Y2O3 nanocomposites. 

The band gap energy of the B band remains consistently stable regardless of the 

varying percentages of Y2O3 doping, showing only minimal increases or no changes. 

The stability of the B band suggests that it exhibits a lower level of responsiveness to 

doping compared to the Q band. 

Any change in the band gap values of the nano-Y2O3 loaded PVA composite films 

could result from a complex formed when the polar (hydroxyl) groups of PVA interact 

with Y2O3 NPs. PVA chains become rigid due to this complicated development, which 

may result in cross-linking [20]. 

Decrease in optical band gap induces a doping effect in the overall structure of the 

PVA material, generating new energy levels inside the initial band gap. This results in a 

diminished optical band gap since photons may now promote electrons to these lower-

energy states, reducing the energy necessary for electronic transitions. 

 

 

 

PVA/2.5wt.% 

Y2O3 

PVA/5wt.% 

Y2O3 PVA/10Wt.

%Y2O3 
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Figure 5: FESEM image of (a) pure PVA, (b) 2.5wt%, and (c) 10 wt% of 

PVA/Y2O3 nanocomposites. 

(a) PVA 

(b) PVA/2.5 Wt.%Y2O3 

(c) PVA/10 Wt.%Y2O3 

3. 3. Field Emission Scanning Electron Microscopy 

The morphology of electrospinning nanofibers is shown in Fig. 5. An FESEM 

images of pure PVA, PVA/2.5wt.%Y2O3, and PVA/10wt.%Y2O3 shows nanofibers of 

a regular average diameter of about 131 nm, indicating a homogenous and smooth 

shape. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4. Fourier-Transform Infrared Spectroscopy 

FTIR spectroscopy is a necessary method for examining the band structure of 

materials, which varies according to their composition. It has the potential to unveil the 

intricacy and interplay of different constituents, such as polymers, ions, and cations 

[21]. Fig. 6 displays the FTIR spectra for pure PVA and PVA/Y2O3 nanofiber. The data 

reveals distinct absorption bands that indicate the presence of hydrophobic (CH-) and 
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hydrophilic (CO-) functional groups [22]. The samples exhibited a wide spectral range 

between 3554 cm
−1

 and 3600 cm
−1

, attributed to the stretching vibration of O-H in the 

hydroxyl groups. The C-H bands were observed in the 3050–3255/cm
-1

 range [23]. 

Whereas the C-O wide bands were observed in the range of 1000-1500/cm
-1

. A triple 

bond region 2000-2500 cm
-1

 was identified, suggesting the presence of a     bond in 

the material [24]. The spectra obtained exhibit an absorbed band at around 580-650cm
-1

, 

which indicates the distinctive band associated with the monoclinic phase of pure 

Y2O3(metal oxygen) [25]. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: FTIR spectra for (a) pure PVA, (b) 2.5wt%, (c) 5wt%, and (d) 10 wt% of PVA/Y2O3 

nanocomposites.  

3. 5. Current-Voltage (I-V) Characteristics 

Photoconductivity is a significant technique for examining how materials conduct 

electricity in response to light and obtaining valuable insights into photo-excitation 

characteristics. It also heavily relies on carrier density and carrier production, trapping, 

and recombination processes [26]. The built-in potential between PVA-Y2O3 and 

aluminum allowed the PVA-Y2O3 nanocomposite to observe the electrical transport 

property. The following equation was used to determine the barrier high    [8]: 

   
  

 
 
     

  
                                                                                                               (4) 

where K is Boltzmann constant, T is the absolute temperature, A is the effective area, 

A* Richardson’s constant, q is the electron charge, and Is is the saturation current. 

Fig. 7 shows the current-voltage (I–V) characteristic curves for the sandwich 

structure of PVA-Y2O3/Al under dark and light (with white light of an intensity of 105 

mW/cm
2
,132 mW/cm

2
, and 183 mW/cm

2
) conditions. It illustrates the rectifying 

behavior of the characteristic curves, which suggests the Schottky nature. The I-V of 

pure PVA curves showed a degree of symmetry between the applied voltage's positive 
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and negative. The lowest current occurs in the dark, whereas the maximum current was 

measured at 183 mW/Cm
2
.  

Fig. 8 and Table 1 provide the Ln J vs. V curves for the samples under study.           

Fig. 8 demonstrates that each feature has two different zones. The linear behavior is 

caused by a conduction process similar to an electronic one. Heat activation across the 

potential barrier releases the charge carriers in this case [27]. From Table 1, it can be 

noted that the potential barrier (Φb) decreased with the increase in the Y2O3 

concentration. There are two explanations for the physical characteristics of such a 

potential barrier. It might be the charge carriers' passage between the dielectric and 

cathode barriers (Schottky emission). Alternatively, the charge carriers can be freed into 

the dielectric from traps (The Poole-Frenkel effect) [28]. Usually, better nonlinear 

characteristics correspond with higher values of Φb. Concurrently, the probabilities of 

the interface state density vary [29]. Regarding the pure PVA sample, the photocurrent 

measurements, which generally increase as the irradiance level increases, demonstrating 

a positive correlation between irradiance and photocurrent. As the concentration of 

Y2O3 doping was increased, photocurrent increased significantly at all irradiation 

intensities. This suggests that Y2O3 doping enhances the photocurrent responsiveness of 

PVA nanofibers. However, at the highest irradiation level (183 mW/cm
2
), the 

photocurrent of the PVA/ 10wt.% Y2O3 sample was notably more considerable than that 

of the other samples. It may indicate that this is the optimal doping concentration to 

optimize photocurrent in high-irradiance environments. 
 

 

Figure 7: Current I (A) vs. voltage V (V) characteristics under dark and light at the 

different densities of energy for (a)pure PVA, (b) 2.5wt%, (c) 5wt%, and (d) 10 wt%  of 

PVA/Y2O3 nanocomposites.. 

a b 

c 
d 
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a b 

c 
d 

Figure 8: Ln(J) vs. bias voltage (V) for (a) pure PVA, (b) 2.5wt%, (c) 5wt%, and (d) 10 

wt%  for PVA/Y2O3 nanocomposites. 

 

Table 1: The values of built-in voltage (Φb) 2.5, 5, and 10 wt% of PVA/ Y2O3 nanocomposite.  

Sample built-in voltage (  ) (V) 

PUR PVA 0.91 

PVA/2.5 Wt.% Y2O3 0.88 

PVA/ 5 Wt.% Y2O3 0.87 

PVA/ 10Wt.% Y2O3 0.86 

 

4. Conclusions 

XRD diffraction, scanning electron microscopy, Fourier transform infrared 

spectroscopy, optical absorption spectroscopy, and current-voltage (I_V) studies have 

all been used to investigate the impact of Y2O3 nanoparticles on ordinary PVA films. 

The Y2O3 nanoparticles have a cubic crystal structure with the average size of the 

crystals between 36 and 17.7 nm. The dispersion of Y2O3 nanoparticles indicates the 

uniform and smooth morphology of the PVA polymer surface. The FTIR spectra 

showed potential interactions between the host PVA sheets and Y2O3 nanoparticles. As 

the concentration of Y₂O₃ in the PVA/Y2O3 nanocomposite thin film increased, the 

optical energy gaps decreased at different concentrations. Adding Y₂O₀ nanoparticles 

makes the average diameter of PVA bigger, probably because the structure of the matrix 

changes. There was some symmetry between the positive and negative voltages in the I-

V curves of pure PVA-only curves. In the future, researchers may focus on using Y₂O₀-

doped PVA films in humidity sensors or optoelectronic devices to make them more 

useful in real life. Subsequent research may also investigate their stability and 

scalability. 
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 PVA/Y2O3 دراسة حول خصائص التقويم لألياف النانو
 

حمذ جمعة نوريا
0

على محمود وافتخار 
0 

 قسى انفُسَاء، كهُح انعهىو، جايعح تغذاد، تغذاد، انعراق 1

 

 الخلاصة
( Y₂O₃( انًشىب تأكسُذ الإَررَىو )PVAاسرخذاو ذقُُح انغسل انكهرتائٍ نرصُُع أنُاف َاَىَح يركثح يٍ تىنٍ فُُُم انكحىل )ذى 

( عٍ تُُح يكعثح نهًركة انُاَىٌ انًحضر. ذى دراسح XRDوزٌ٪(. وكشف ًَظ حُىد الأشعح انسُُُح ) 01، و2، 5.2ترركُساخ يخرهفح )

. كًا Y₂O₃تُسة يخرهفح، حُث وُجذ أٌ فجىج انطاقح ذُخفض يع زَادج ذركُس  PVA/Y₂O₃انُقُح و PVAانخصائص انثصرَح لأغشُح 

( FESEMذى ذحهُم انثُُح انًىرفىنىجُح وانًجًىعاخ انىظُفُح نهعُُاخ انًحضرج تاسرخذاو يجهر انًسح الإنكرروٍَ تالإصذار انًُذاٍَ )

ذكىٍَ أنُاف َاَىَح يحذدج جُذاً يع ذثاٍَ  FESEMعهً انرىانٍ. أكذخ صىر  (،FTIRويطُاف الأشعح ذحد انحًراء ترحىَم فىرَُه )

. Y₂O₃و PVAعٍ انًجًىعاخ انىظُفُح انًًُسج نكم يٍ  FTIR، تًُُا كشفد أطُاف Y₂O₃فٍ قطر الأنُاف عُذ زَادج يحرىي 

، حُث غرفح تاسرخذاو يقُاش كهرتائٍج انعُذ درجح حرار PVA/Y₂O₃و PVA( لأغشُح I-Vانجهذ )-وأخُرًا، ذى قُاش خصائص انرُار

 أظهرخ انُرائج سهىكًا غُر أويٍ، يًا َشُر إنً إيكاَُح اسرخذايها فٍ انرطثُقاخ الإنكرروَُح وأجهسج الاسرشعار.

 

 .، أكسُذ الإَررَىو، الأنُاف انُاَىَح، انًىاد انًركثح، انًقىوتىنٍ فاَُُم انكحىلانغسل انكهرتائٍ،  :المفتاحيةالكلمات 


