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INTRODUCTION 

  

 Bio nanocomposites form a fascinating interdisciplinary area that brings together biology, materials science, and 

nanotechnology. New bio nanocomposites are impacting diverse areas, in particular, biomedical science. Generally, polymer 

nanocomposites are the result of the combination of polymers and inorganic/organic fillers at the nanometer scale. The 

extraordinary versatility of these new materials springs from the large selection of biopolymers and fillers available to researchers. 

Existing biopolymers include, but are not limited to, polysaccharides, aliphatic polyesters, polypeptides and proteins, and 

polynucleic acids, whereas fillers include clays, hydroxyapatite, and metal nanoparticles. The interaction between filler 

components of nanocomposites at the nanometer scale enables them to act as molecular bridges in the polymer matrix. This is the 

basis for enhanced mechanical properties of the nanocomposite as compared to conventional micro composites. Bio 

nanocomposites add a new dimension to these enhanced properties in that they are biocompatible and/or biodegradable materials 

[1]. Along with the existing synthetic polymeric materials, poly (vinyl alcohol) (PVA) has been intensively researched in a myriad 

of studies ranging from conventional to advanced prospective applications. PVA as a thermoplastic and biocompatible petroleum-

based polymer is a water-soluble polymer with many hydroxyl groups pendant in the side chains. It has been studied intensively 

because it has high hydrophilicity, processability, biocompatibility, good physical and mechanical properties, complete 

biodegradability, excellent chemical resistance, and a favorable capacity to form a film. These properties have led to its broad 

industrial use in, for example, medical wrapping membranes, drug delivery, adhesive and thickener materials, filtration 
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Bionanocomposites of polyvinyl alcohol (PVA) and tantalum carbide nanoparticles (TaC NPs) and 
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applications, and gas barrier applications. However, PVA has relatively low strength and thermal stability for some applications 

[2]. The characteristic properties of metal nanoparticles and nanocomposites have been the subject of study for a long time 

because of their unique optical, thermal, mechanical, electronic and electrical properties. Owing to interesting optical properties of 

nanocomposites which are different from the ones of individual metals, these materials have drawn much attention. Combining 

metal and polymer together enhances the optical properties of nanometals and also alter the mechanical behavior of the polymer. 

The former is of prime importance due to its possible application in polarizers, light stable colour filters, solar cells and optical 

sensors. If the properties of polymer can also be tuned in correct direction with enhanced optical properties of metals, these 

materials could be best candidates for space application. The size dependent structural, optical, thermal and electronic properties 

can be tailored to be suitable for device applications by varying the particle size. Small changes of the configuration of the 

composite concerning the metal fraction as well as the size and shape of the nanoparticles can lead to dramatic changes in the 

electrical and optical properties. In the last few decades, the study of optical properties of nanocomposites has been stimulated by 

promising applications. Significant changes in thermal as well as optical properties can be observed in properties of such materials 

even for very small fraction of the nanoparticles [3]. Polymer nanocomposites have recently attracted the great attention of 

scientists. The composites have been widely used in the various fields such as military equipment, safety, protective garments, 

automotive, aerospace, electronics, and optical devices. However, these application areas continuously demand additional 

properties and functions such as high mechanical properties, flame retardation, chemical resistance, UV resistance, electric 

conductivity, environmental stability, water repellency, magnetic field resistance, radar absorption [4-7]. The nanocomposites are 

used in fields such as: humidity sensors [8-10], pressure sensors and piezoelectric applications [11-14], antibacterial [15-20], 

thermal energy storage and release [21-22] and radiation shielding [23-24]. Carbides have been broadly used in numerous fields, 

for instance composite ceramic materials, aerospace materials and wear resistance, because it has high melting temperature, high 

hardness, oxidation resistant, high thermal shock resistance and high abrasion resistance [25]. In this paper, UV-absorption for 

biological application of (polymer- carbide) nanocomposites has been investigated.  

 

 

 

MATERIALS AND METHODS 

 

       The bio nanocomposites of polyvinyl alcohol with tantalum carbide nanoparticles prepared by using casting method with 

different concentrations of TaC nanoparticles. Films of bio nanocompositeswere prepared by dissolving 1gm of PVA in 20 ml of 

distilled water by using magnetic stirrer for 1 hour. The TaCnanoparticles were added to biopolymer solution with concentrations 

(1, 2, 3 and 4) wt.%.The samples of bio nanocomposites are prepared with thickness range (110-93) μm. The optical properties of 

bio nanocompositesmeasured by using the double beam spectrophotometer (shimadzu, UV -1800
0
A) in wavelength (220-800) nm.  

   The absorption coefficient (α) of bio nanocomposites was calculated by the equation
26

: 

    α=2.303A/t                               ………. (1) 

Where A: is the absorbance and t: the sample thickness. The electronic transition model for amorphous semiconductors given by 

following equation
27

:  
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Where B is a constant, hυ is the energy of photon, Eg is the optical energy band gap, r=2,or3 for allowed and forbidden indirect 

transition.       

The optical conductivity is defined by the following equation
27

: 
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RESULTS AND DISCUSSION 

 

        Figure 1 shows the variation of optical absorbance for (PVA-TaC) nanocomposites with wavelength of the incident light for 

different concentration of tantalum carbide nanoparticles. As shown in figure, the nanocomposites have high absorption at UV 

region, this is due to the excitations of donor level electrons to the conduction band at UV energies which are may be used for UV 

shielding. The high absorbance of nanocomposites samples in the UV region attributed to the energy of photon enough to interact 

with atoms; the electron excites from a lower to higher energy level by absorbing a photon of known energy. The changes in the 

absorbed and transmitted radiation can decide the types of possible electron transitions.  At visible and near infrared regions, the 

absorbance has low values, this behavior attributed to the energy of incident photons doesn’t enough energy to interact with 

atoms, thus the photons will be transmitted when the wavelength increases, thus the transmittance increases at visible and near 

infrared regions[28-30], as shown in Figure 2 which is show that the variation of transmittance with wavelength of the incident 

light. The figure shows the transmittance decreases with increase in tantalum carbide nanoparticles concentrations, this is due to 

the agglomeration of tantalum nanoparticles with increasing of the tantalum carbide concentration and increase in the number of 

charge carriers [28], as shown in Figure 3. The nanocomposites have low transmittance for high photon energy which are may 

used as radiation shielding [31-36]. The effect of tantalum carbide nanoparticles concentrations on the absorption coefficient of 
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polyvinyl alcohol with different of photon energy of the incident light is shown in Figure 4. The figure shows that the absorption 

coefficient is high at high energies. This means that the electron transition has high possibility; i.e., the energy of incident photon 

is enough to transit the electron from the valence band to the conduction band which due to the energy of the incident photon is 

greater than the energy band gap. The absorption coefficient of PVA increases with increase in TaC nanoparticles concentrations, 

this is attributed to the increase of the number of charge carriers [37]. The energies gaps of nanocomposites for allowed and 

forbidden indirect transitions are shown in Figure 5 and Figure 6. As shown the figures, the energies gaps for allowed and 

forbidden indirect transitions of polymer decrease with increase in TaC nanoparticles concentrations which is due to the creation 

of levels in the energy gap; the transition of electron in this case is conducted in two stages that involve the transition from the 

valence band to the local levels in energy gap and to the conduction band as a result of increasing the tantalum nanoparticles 

concentrations; the electronic conduction depends on nanoparticles concentrations [37].  Figure 7 shows the variation of optical 

conductivity with the wavelength for nanocomposites. As shown in figure, the optical conductivity of polyvinyl alcohol 

increaseswith increase of tantalum nanoparticles concentrations which is related to the creation of localized levels in the energy 

gap; the increase of TaC nanoparticles concentrations cause the increase in the density of localized stages in the band structure, 

hence, increase of the absorption coefficient consequently increase the optical conductivity of nanocomposites [38]. 

 

 

 

 

 

 

 

 

 

 

Fig.1. Variation of optical absorbance for (PVA-TaC) nanocomposites with wavelength of the incident light for different 

concentration of tantalum carbide nanoparticles. 

 

 

 

 

 

 

 

 

 

Fig.2. Variation of transmittance with wavelength of the incident light. 
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Fig.3. Microscope images (10x) for (PVA-TaC) nanocomposites: (A) for PVA  (B) for 1 wt.% TaC, (C) for 2 wt.%TaC, (D) for 3 

wt.%TaC, (E) for 4 wt.% TaC. 
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Fig.4. Effect of tantalum carbide nanoparticles concentrations on the absorption coefficient of polyvinyl alcohol with different of 

photon energy of the incident light. 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. values of energies band gap for allowed indirect transition with different concentration of tantalum carbide nanoparticles. 
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Fig. 6. Values of energies band gap for forbidden indirect transition with different concentration of tantalum carbide nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Variation of optical conductivity with the wavelength for nanocomposites. 

 

 



12 
Citation: Ahmed Hashim and Noor Hamid. 2018.UV-Absorption for Biological Application of (Polymer- Carbide) Nanocomposites.Research Journal of 

Agriculture and Biological Sciences, 13(2): 6-13.DOI: 10.22587/rjabs.2018.13.2.2 

 

 

 

CONCLUSION 

         The absorbance, absorption coefficient and optical conductivity of polyvinyl alcohol are increased with increase in tantalum 

carbide nanoparticles concentrations. The transmittance and energy band gap for allowed and forbidden indirect transitions are 

decreased with increase in weight percentages of tantalum carbide nanoparticles. The nanocomposites have high absorbance 

values at UV region which are may be used as a UV shielding.  
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