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Poly(vinylpyrrolidone), PVP is used in several potential applications, based on its 

particular chemical and physical properties. The objective of this work is to prepare 

PVP-zirconium dioxide, (PVP-ZrO2) nanocomposites. ZrO2 NPs were obtained by 

the sol-gel method. The formation of spherical ZrO2 NPs, PVP film, and PVP-ZrO2 

nanocomposites was characterized using X-ray diffraction (XRD), Fourier 

transform infrared spectroscopy (FTIR), and optical spectroscopy (UV-visible and 

Fluorescence). The XRD patterns revealed the monoclinic crystal structure of the 

ZrO2 NPs (average size of 19 nm) and the successful doping operation. The FT-IR 

spectra revealed the strong interaction between the PVP polymer and the ZrO2. The 

absorption edges of all nanocomposites shifted to the higher wavelength region 

compared to the pure polymer. The results indicate that the optical bandgap values 

decreased as the ZrO2 content increased. Additionally, from pure PVP to 

nanocomposites by different concentrations, the emission peak broadens towards 

the higher wavelength side, with offset superiority for 5% ZrO2 NPs/PVP 

nanocomposite. All these results indicate the eligibility of the ZrO2NPs/PVP blend 

nanocomposites for different optoelectronic applications.  
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1. Introduction 

Nanotechnology is an active field; it is in a phase of 

rapid progress with its applications at the nanometric 

scale. For this, the need to design new materials with 

improved properties has forced the rapid development 
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of nanomaterials. Nanoparticles possess unique 

physicochemical, optical, and biological properties that 

can be appropriately manipulated for desired 

applications in various fields such as medical and 

biomedical, optical and optoelectronic devices, and 

solar cells [1-8]. Zirconium dioxide (ZrO2), is an 

important metal oxide. Zirconium dioxide nanoparticles 

(ZrO2 NPs) have been widely used in a variety of 

applications [9-19]. The usefulness of ZrO2 

nanoparticles depends on their size and their interesting 

physical properties. ZrO2 NPs will be synthesized 

employing various methods like sol-gel [20], 

combustion [21], hydrothermal [22], co-

precipitation[23], and green [24]. Polyvinylpyrrolidone 

(PVP) is a polymer with many interesting physical 

properties. Various optoelectronic applications [25-27] 

require materials with improved structural, electrical, 

and optical properties. The development of new 

nanodevices requires the manufacture of 

nanocomposites formed by pure polymers (such as 

PVP) doped with inorganic materials having nanometric 

sizes such as nanoparticles of Zirconium dioxide (ZrO2). 

ZrO2 is a semiconductor, flexible has good moldability, 

and has interesting optical and dielectric properties. 

In the present work, ZrO2 nanoparticles (NPs) have been 

synthesized using the sol-gel method and ZrO2/PVP 

composite films with different concentrations of ZrO2 

NPs. All samples were characterized and analyzed by 

XRD, FT-IR, UV-Vis, and Fluorescence 

spectroscopies. The effect of ZrO2 NPs concentration on 

the optical properties of PVP films will also be analyzed 

and discussed. 

2. Materials and methods 

2.1. nthesis of zirconium dioxide nanoparticles 

Nanoparticles of ZrO2 were prepared using the sol-gel 

method. The proper amounts of 0.2 M zirconyl chloride 

octahydrate, (ZrOCl2.8H2O) as a metal precursor, (6.45 

 g) were dissolved in 100 ml distilled water put in a 

beaker of 250 mL and 2.0 M of ammonium hydroxide 

(NH4OH). The ammonium hydroxide was titrated drop 

by drop with zirconyl chloride solution with magnetic 

stirring for 2 h to obtain a good homogeneity. Measured 

pH ≈ 9-10. The white gel was filtered with Whitman 

No.1. filter paper by air vacuum pump with reassign 

washing the gel three times with double distilled water 

and put in the oven for dry at 110oC for about 2 h, finally 

calcined the gel at a temperature of 600 oC about 3 h to 

obtain zirconium dioxide nanoparticles [28, 29]. 

2.2. Fabrication of zirconium dioxide-loaded PVP 

nanocomposite films  

By solution casting technique, PVP/ZrO2 the 

nanocomposites were prepared. In the composition, 5%, 

10%, and 20% ZrO2 NPs were added to the aqueous 

solution of PVP. To obtain the nanocomposite films, the 

mixtures are left to dry in a clean room at room 

temperature. 

2.3. Characterization techniques 

ZrO2 NPs and PVP/(0%, 5%, 10%, 20%)ZrO2 

nanocomposites were characterized by X-ray 

diffraction, XRD, FT-IR, UV-Vis, and fluorescence 

spectroscopies                                                                       

3. Results and discussions 

3.1. Structure description 

The XRD pattern of ZrO2 powder is shown in Figure 1. 

The XRD spectrum clearly shows the crystalline 

structure of the nanoparticles and various peaks of ZrO2. 

The XRD pattern shown in Figure 1 has crystalline 

diffraction peaks at 2θ values of 29.48o, 42.58o, 51.41o, 

57.95o, 65.53o, and 70.02o corresponding to  (-111), 

(211), (101), (-221), (130), (-231), and (140) planes, 

respectively, of monoclinic ZrO2 (ICDD File No. 37-

1484). 
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Fig.1. XRD patterns of pure ZrO2 NPs 

The average crystallite size (D) of ZrO2 NPs is deducted 

from the Scherrer formula [30]. The average crystallite 

size of nanoparticles (D) is equal to 19 nm.  XRD pattern 

of functionalized PVP with ZrO2 NPs of 5, 10, or 20 wt 

% is shown in Figure 2. PVP has a peak at 2θ = 22.6°, 

this peak is characterized for PVP, and this is in good 

agreement with results reported in the literature [31]. 

The XRD pattern of PVP-ZrO2 nanocomposites films 

showed two peaks at 2θ = 28.6°, and 2θ = 49.6° 

corresponding to the ZrO2 NPs, with a shift compared 

to pure ZrO2. This is due to the effect of the interaction 

of ZrO2 NPs with the polymer PVP. The FT-IR 

spectrum of the sample of synthesized ZrO2 NPs is 

given in Figure 3. 

  

Fig.2. XRD patterns of pure PVP and ZrO2 NPs doped 

PVP (5%, 10%, and 20%) 

The band at 1432 cm-1 is due to Zr-O-Zr asymmetric 

stretching. The band at 960 cm-1  and 879 cm-1  are due 

to Zr-O stretching. This conforms to the formation of 

ZrO2. The broad peak shows that the particles have 

nanostructure. Figure 4 Illustrate the FT-IR spectrum of 

PVP/ZrO2 nanocomposites and pure PVP. The result 

confirmed the formation of PVP/ZrO2 nanocomposites. 

A wide band appeared at 3441 cm-1 due to OH stretching 

vibration. A middle peak and a weedy shoulder showed 

at 2944 cm-1 and 2888 cm-1, which correspond to 

symmetric and asymmetric stretching vibrations of CH2, 

respectively. A sharp peak attributed to C=O stretching 

vibration appeared at 1650 cm-1, followed by a medium 

peak at 1419 cm-1 which could be assigned to the 

scissoring vibration of the CH2 group. C–N stretching 

appeared at 1275 cm-1. CH2 twisting vibration appeared 

at 1068 cm-1. Comparing with PVP spectrum, and which 

may be due to the small amount of ZrO2 NPs present in 

the samples, the spectra of PVP–ZrO2 nanocomposites 

showed a medium shift. These results in good 

agreement with the results obtained from XRD. 

 

        Fig. 3. FT-IR spectrum of ZrO2 pure 
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Fig.4. FT-IR spectra of PVP pure, and ZrO2 NPs doped PVP (5%, 10%, and 20%) 

 

3.2. UV-visible absorption spectra and optical 

bandgap analysis 

The optical absorption spectrum of ZrO2 NPs is shown 

in Figure 5. As can be seen in Figure 5, the absorption 

spectrum shows one strong distinguished band, and one 

medium band centered at λ1 (306 nm) and λ2 (257  nm), 

respectively. The strong absorption band at 𝜆1 was 

attributed to an electronic transition between O (2p) 

states and the Zr (4d) states. This band confirms the 

presence of monoclinic ZrO2 NPs. This result is close to 

the values reported in the previously published literature 

[32, 33]. The weak absorption band at 𝜆2 was probable due 

to the defect states or impurities [34, 35]. The UV-visible 

absorption spectrum of pristine PVP was shown in 

Figure 6. As it can be seen the spectrum of PVP film 

reveals a strong peak centered at 305 nm. 

 

 

 

Fig.5. UV-visible absorption spectrum and energy band 

gap determination plot of pure ZrO2 NPs 

The absorption spectra for varying doping percentages 

of ZrO2 in the PVP matrix in the wavelength range of 

190 -1100 nm have been shown in Figure 6. The  
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absorption edges of all nanocomposites shifted to the 

higher wavelength region compared to the pure region. 

The nanocomposites showed a broad absorption peak at 

305-311 nm. In the UV region, the spectra show a 

systematic shift of the maximum absorption to higher 

wavelengths. The addition of ZrO2 nanoparticles to the 

composite resulted in a noticeable increase in 

absorbance values, indicating a strong interaction 

between the nanoparticle and the host polymer matrix. 

For the highest concentration of ZrO2 NPs (20%), the 

maximum absorbance wavelength starts to decrease as 

samples with high ZrO2 content reach the maximum 

absorbance values of the spectrophotometer. ZrO₂NPs 

are known for their high refractive index, and at higher 

concentrations, scattering effects can become 

prominent. This scattering can shift the apparent 

absorbance peak or reduce the intensity of light reaching 

the detector, potentially skewing the data toward lower 

wavelengths. At higher concentrations, interactions 

between the nanoparticles (such as aggregation) may 

alter their optical properties, leading to a shift in the 

maximum absorbance wavelength. 

 

Fig.6.UV-Visible absorption spectra of PVP pure, and 

doped with different % ZrO2 

By applying Beer-Lambert’s law [36], Figure 7 indicates 

that the steepness of the absorption coefficient curve  

increases with the increases of ZrO2 concentration in the 

nanocomposites from pure PVP(ZrO2)0 to 

PVP(ZrO2)20%. As can be seen in Figure 8, by increasing 

the ZrO2-dopant concentration from 0 to 10 %, the k-

values increased because the optical absorption for 

those composites is improved. While, by increasing the 

ZrO2 dopant concentration to 20%, the k-values 

decreased because the optical absorption for this 

composite is degraded. This result has been observed in 

previous works [37- 39]. 

 

Fig. 7. Optical absorption coefficient versus photons 

energy for PVP pure and doped with different %ZrO2 

 

Fig. 8. Variation of extinction coefficient as a function of 

wavelength for PVP pure, and doped with different % 

ZrO2 
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The band gap energy of the ZrO2 NPs was estimated 

from the optical absorption spectrum through Tauc plots 

(Figure 5). The direct and indirect band gap of the 

prepared ZrO2 NPs is about 3.72 eV, and 3.38 eV, 

respectively. The energy band gap of ZrO2 NPs as a 

wide band gap insulator varies between 3.0 to 5.7 eV 

[40-42]. The band gap energy values of the 

nanocomposite decreased as the ZrO2 content increased. 

This decrease is attributed to the effect of the ZrO2 on 

the PVP, particularly at 10% content (see Figure 9 (a, 

b), and Table 1). Specifically, the direct energy bandgap 

(Egd) decreased from 3.79 eV to 3.36 eV for the PVP 

ZrO2 nanocomposite films. However, there was the sale 

significant difference in the indirect energy bandgap 

(Egind), which decreased from 3.51 eV to 2.38 eV. This 

is explained by the creation of new band levels, allowing 

electronic transitions from the valence band to the 

conduction band, which reduces the width of the 

bandgap. 

 

Fig.9. Direct (a) and indirect (b) optical band gap 

energies for PVP pure, and doped with different % ZrO2 

Table .1. Direct and indirect optical bandgap for (ZrO2 , 

PVP) pure and PVP doped with different %ZrO2 

Samples 𝐄𝐠𝐝 (𝐞𝐕) 𝐄𝐠𝐢𝐧𝐝 (𝐞𝐕) 𝛌𝐦𝐚𝐱(𝐧𝐦) 

Pure ZrO2 3.72 3.38 306 

PVP(ZrO2)0 3.79 3.51 305 

PVP(ZrO2)5% 3.7 3.2 309 

PVP(ZrO2)10% 3.36 2.38 311 

PVP(ZrO2)20% 3.63 3.12 306 

3.3. Fluorescence properties 

The fluorescence spectra of ZrO2 NPs, PVP pure, and 

nanocomposites content when the excitation 

wavelength was 375 nm in the wavelength range of 400 

nm  to 750 are shown in Figures. (10, 11). As can be 

seen Figure 10, the fluorescence spectrum of ZrO2 NPs 

showed a wide fluorescence band from 400 nm to 750 

nm. The maximum fluorescence intensity was detected 

in the region [585- 690nm]. The corresponding CIE 

coordinates is (0.4350, 0.4410), which constitutes a 

triangular region in the neighborhood of the equienergy 

point of white light (0.33, 0.33) in the CIE chromaticity 

diagram. Pure PVP shows wide emission peak centered 

at 480 nm. However, the ZrO2 NPs/PVP nanocomposite 

reveals wide emission peaks from (568 nm to 710 nm) 

due to incorporating ZrO2 NPs into the PVP. From pure 

PVP to nanocomposites by different concentrations, the 

emission peak extends on the road to the higher 

wavelength side, with offset superiority for 5% ZrO2 

NPs/PVP nanocomposite. According to the CIE color 

map (Figure 11), all nanocomposites emit an orange, 

yellow, and green color, for (5%, 10%, and 20%) ZrO2 

NPs/PVP, respectively (see Table 2). According to these 

results, the prepared nanocomposites are potential 

candidates for various optoelectronic applications [43-

46]. 
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Table .2. Color coordinates, and dominant wavelength of 

the pure PVP, pure ZrO2, and PVP doped with different 

% ZrO2 

Samples CIE coordinates 
Dominant 

wavelength 

ZrO2 (0.4350,0.4410) 577 nm → Yellow 

PVP(ZrO2)0 (0.1745,0.1931) 479 nm → Blue 

PVP(ZrO2)5% (0.6538,0.3459) 606 nm → Orange 

PVP(ZrO2)10% (0.4657,0.5042) 575 nm → Yellow 

PVP(ZrO2)20% (0.3752,0.4728) 565 nm → Green 

 

 

Fig.10. Fluorescence emission spectrum and CIE 

coordinates of pure ZrO2 NPs 

 

Fig.11. Fluorescence emission spectra and CIE 

coordinates for PVP pure, and doped with different % 

ZrO2 

4. Conclusion 

The synthesis and characterization of PVP/ZrO2 

nanocomposites through the simple casting method 

reveal significant insights into their structural and 

optical properties. The monoclinic structure of 

zirconium dioxide (ZrO2) is confirmed via X-ray 

diffraction (XRD), and the incorporation of ZrO2 

nanoparticles (NPs) into the polyvinylpyrrolidone 

(PVP) matrix is verified. As the concentration of ZrO2 

increases, the optical band gap narrows from 3.79 eV to 

3.36 eV, demonstrating tunability in optical properties 

depending on ZrO2 content.                        

Moreover, the absorption and extinction coefficients, 

which are important for optoelectronic applications, rise 

with higher ZrO2 content. The study also notes that the 

prepared nanocomposites exhibit emissions in the 

orange, yellow, and green color ranges, further 

supporting their potential for use in optoelectronic 

devices. The color emission variation due to different 

ZrO2 concentrations enhances their suitability for 

applications such as light-emitting devices or sensors. 

These characteristics suggest that PVP/ZrO2 

nanocomposites hold promise in advancing the 

development of optoelectronic components where 

tunable optical properties and color emissions are 

critical. 
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