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Abstract 

The present work describes design and preparation of novel PVA nanocomposite films using CuO 

NTs and Asp by solution casting method. The required CuO NTs prepared by novel biogenic 

method using Robinia Pseudoacacia Leaf Extract. The prepared CuO NTs and nanocomposite 

films are characterized by various spectroscopy techniques. The adsorption and photocatalytic 

efficiencies of PVA nanocomposite films were compared with pristine CuO NTs. The adsorption 

capacity of PVA nanocomposite films showed higher due to functional groups, presence of active 

sites, high surface activity and semiconducting nature of CuO NTs and Asp embedded in PVA 

matrix. The adsorption behavior of the nanocomposite shows that adsorption isotherms and 

kinetics are in good agreement with Langmuir equation, Freundlich equation and pseudo-second-

order, respectively. The comparative photocatalytic activities of the CuO NTs other 

nanocomposite films are examined methylene blue (MB) as a substrate degradation, and film 

PVA/CuO NTs/Asp showed highest (up to 77%) degradation compared to other films and CuO 

NTs in 50 min time duration. The improved photocatalytic behavior of PVA nanocomposite film 

attributed to its narrower band gap reduces the recombination rate of exited electron-hole, 

enhanced UV-Vis absorption intensity, improved utilization of sunlight and enhanced adsorption 

of dye due to functional groups, surface wettability, hydrophilic surface and self-cleaning nature.   

Keywords: Polyvinyl alcohol, nanocomposite films, Aspartic acid, adsorption, photocatalysis, 

optical property. 

Introduction 

As industry and the economy have advanced, environmental pollution is also increased, it is 

directly threatening to human health and the environment [1]. Water pollution has to be one of the 

most serious environmental problems on the planet [2]. There is a significant increased wastewater 

containing dye disposed into natural water supplies, mainly produced in the textile industry [3]. 
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Among the dyes used in textile, methylene blue (MB) is the most commonly used dye for cotton, 

wood, and silk; it is a cationic dye that can cause breathing problems, as well as permanent eye 

damage, burning sensations, nausea, excessive sweating, mental confusion, and 

methemoglobinemia if inhaled directly [4]. Hence, the expulsion of this organic dyes from the 

wastewater is of the great significance to environmental safety [5]. Photocatalysis is the promising 

method for conversion organic dyes into not-toxic simple molecules such as CO2 and H2O [6,7]. 

However, there are a number of drawbacks of using powder photocatalysts in wastewater 

treatment.; difficult separation of the catalyst from the suspension, higher catalyst loading on the 

suspension aggregation of its particles [8,9]. Hence, heterogeneous semiconductor photocatalyst 

nanocomposites have great potential for converting solar energy into chemical energy and for 

decomposing organic dyes [10,11]. The present work reported, PVA/CuO NTs/Asp 

nanocomposites are better materials for the pollutant MB dye removal because of its high; 

photocatalytic activity [12], optical transparency [13], refractive index [14], optical absorption 

[15], photovoltaic performance of low-bandgap [16,17], adsorption [18], hydrophilic surface [19] 

and self-cleaning [20,21] 

Polyvinyl alcohol (PVA) is hydrophilic synthetic polymer which has now received a lot of 

attention from researchers due to its excellent film-forming properties, nontoxicity, 

biodegradability and optical transparency [22,23].  Adsorption of Dyes Using Poly (vinyl alcohol) 

(PVA) and PVA‑Based Polymer Composite adsorbents are well studied in the literature [24]. PVA 

has been widely investigated as a host matrix for various types of dopants such as nanofillers and 

bioorganic molecules to modulate the effective photocatalytic properties [25,26]. PVA along with 

semiconducting material composite films are demonstrated efficient dye degradation [27,28]. 

Researchers reported that some of the nanofiller doped PVA composites, and biopolymer blend 

PVA showed efficient removal of MB dye [29-32]. researchers also have reported that nanofiller 

and biomolecule doped PVA composites show excellent optical properties [33,34]. 

Low dimensional CuO nanomaterials, particularly 1D CuO nanomaterials have received great 

attention because of their huge surface area, narrow bandgap with p-type semiconductor, high 

refractive index, enhanced optical property, ability to spread uniformly in polymers and potential 

application in converting solar energy through photocatalysis for the degradation of organic 

pollutants in water [35-37]. In particular CuO NTs belong to one dimensional nanomaterial, it also 

act as a electrode performed as both a P-type semiconductor for generating the cathodic photo 



current signal and a biomimetic catalyst to synergize the biological catalyst XOD to constitute the 

dual catalysis system [38]. In another paper reported CuO NTs, having better bonding strength 

and, hence, a longer lifetime [39]. Researcher investigated many applications of CuO NTs and its 

doped films used for photocatalysis, optoelectronic properties [40-43]. The strong hydrogen 

bonding between CuO and PVA reported [44]. The physical properties and application of CuO 

NPs with PVA composite films for optical properties is well documented [45]. 

Amino acid is a fundamental component of protein and has a series of potential attributes for 

effective dye removal [46-49], due to the following properties such as presence of amine (–NH2) 

and carboxyl (–COOH) functional groups [50,51], surface adsorption [52,53], complexation 

(coordination) [54,55], ion exchange [56], pI value [57], hydrophobicity, hydrophilicity [58,59] 

and exhibits dielectric and high refractive index [60,61]. Among the twenty amino acids Asp is 

unique properties, due to the presence of side chain containing additional carboxyl group resulted 

negative charge. Researcher demonstrated the strong formation of complex between CuO NPs and 

Asp is documented [62]. Literature reported semiconducting properties of Asp is alone 5.02 eV 

and also exhibit very good hydrophilic property which helps potential removal dye is established 

[63-65].  

To reach our purpose, we first synthesized CuO NTs by using biogenic method, which is then 

loaded onto PVA polymer to obtain film F2 (PVA/CuO NTs) and F3 (PVA/CuO NTs/Asp) 

nanocomposite using solution casting technique. The effect of structural, morphological and 

optical properties of the prepared films is investigated. Moreover, the adsorption and 

photocatalytic activities of the prepared transparent nanocomposite films have been evaluated for 

the degradation of methylene blue (MB) dye because of its stability under visible light irradiation. 

The Use of Asp allows the CuO NTs to form complex layer on the surface of PVA film, which 

can enhance both the crystallinity and optical properties of the prepared nanocomposite, and also 

grow-up pore volume and diameter. Thus, the adsorption process enhanced by PVA/CuO NTs/Asp 

nanocomposite, which showed high performance of the photocatalytic degradation of the MB dye 

in a short time at visible light. Further, the MB dye degradation was confirmed by LC-MS analysis. 

The optical properties of nanofiller doped PVA composite film (absorption, transmittance, direct 

bandgap, indirect bandgap, extinction coefficient, refractive index) are the evidence for the 

effective photocatalytic activity, further the complex formation between CuO NTs and Asp in the 



film F3 is confirmed by the FT-IR spectra, UV-Vis absorption intensity and the blue color 

appearance of the prepared film. 

 

Materials and Methods 

Materials 

Polyvinyl alcohol (Av. Mol. Wt. 60,000 to 1,25,000) (HIMEDIA) completely hydrolyzed, copper 

nitrate and Aspartic acid (Sigma-Aldrich, India) were utilized as received. Robinia pseudoacacia 

Leaves (RPL) were collected from the nearby rural area Balaganur (Sindhanur), Karnataka, India. 

Double distilled water used throughout the work. The preparation of the PVA and blend 

nanocomposite films is prepared using casting method. Water contact angle properties of the 

prepared films were measured by contact angle instrument by sessile drop method employing a 

contact angle meter model DMs-401 (Kyowa Interface Science Co. Ltd., Tokyo). The biogenic 

nanoparticle preparation was monitored, and optical properties measured (for prepared films) 

using UV-Vis-1800 Shimadzu spectrophotometer with wavelength range of 200-800nm. ATR-FT-

IR analysis employed to determine prominent chemical bonding and interaction between the films. 

FT-IR spectra of prepared nanocomposite films were recorded in ATR mode (Thermo scientific) 

between the wavelength 400–4000cm−1 at room temperature. The morphology of the CuO NTs 

and films prepared were obtained using VEGA3, TESCAN (CZECH REPUBLIC) equipment 

followed by EDX data of CuO NTs by BRUKER nano, GmbH, D-12489 (Germany) with 

accelerating voltage ranging from 0 to 30 kV. The powder X-ray diffraction (XRD) analysis was 

carried out using a Rigaku miniflex, the reflection mode with Cu Kα radiation at 30 kV, 10 mA a 

scan rate of 2%/min and a scan range of 10o to 90o (2θ). The ultrasonic cleaner of power 33 kHz, 

make Leela Sonic used.  

2.2. Preparation of Robinia Pseudoacacia Leaf Extract 

Freshly Robinia Pseudoacacia Leaves are collected from the local and washed with tap water to 

expel dust and other particles. The washed leaves are dried in shade for four days, and powdered 

using electric processor. The leaf extraction carried out, briefly 40 g of powder soaked in 100 mL 

deionized water and boiled for 50 min until the color of the watery solution to light yellow. The 

mixture was filtered using Whatman filter paper to get aqueous leaf extract and solution was stored 

at 4 °C until further use [66]. 

 Preparation of CuO NTs 



The above RPL leaf extract (100 mL) was taken and boiled to 60-80 oC with stirring, to this added 

copper nitrate trihydrate in 100 mL double distilled water under vigorous stirring until black 

precipitate separated out from the solution. After the formation of black precipitate, stirring was 

stopped and left for the settle, and filtered, repeatedly washed with double distilled water and 

ethanol for several times till the pH reached neutral. Subsequently material was dried at 80 °C for 

16h at oven followed by calcination at 500 °C for 4 h [67]. 

Preparation of PVA films  

The PVA/CuO NTs/Asp (F3) composite film was prepared by solution casting method by reported 

procedure [68], briefly 2.00 g, 0.01 g, 0.02 g respectively taken ingredients in 100 mL distilled 

water. The solution was prepared by dissolving PVA in 100 mL double distilled water mixing 

vigorously about 60 min at 70 °C. The CuO NTs dispersed in sonication was added to the PVA 

solution, next Aspartic acid dissolved in water, was added (after addition blue color appeared due 

to the formation of CuO NTs with Asp complex) to the PVA solution. After adding all the 

composition, the transparent solution homogenized by applying vacuum to remove bubbles, and 

casted using petri dish, dried over 30 °C. The other films PVA/CuO NTs (F2) and PVA (F1) are 

also prepared by the above method with respective additive/s and final films picture shown in the 

Figure 1.   

 

 Fig. 1 Image of prepared PVA and its composite films 

 



Characterization 

The absorption spectra of CuO NTs, copper nitrate and plant extract are measured by UV-Vis 

spectroscopy. Fourier-transform infrared spectroscopy (FT-IR) was taken for CuO NTs, F1, F2, 

F3 and F4 composite films. The surface morphology and EDX of the CuO NTs were observed by 

scanning electron microscopy. The X-ray diffraction (XRD) of the CuO NTs, F1, F2 and F3 

composite films performed using an X-ray diffractometer.  

Thickness of the films 

The physical thickness of the prepared films is an important tool for the determination of optical 

properties and was measured using a screw gauge. The thickness was calculated by considering at 

least three reading of the different position of the film and are averaged.  

Water contact angle (WCA) 

Water contact angle of the prepared films were carried out to study surface wettability properties 

measured using reported procedure [66]. Briefly, the film (2 cm × 2 cm) placed on a sample holder 

and double distilled water is dropped on the surface of the film, followed by the immediate capture 

of the image. Each contact angle value is the average of four different position of the same film. 

Optical properties evaluation 

The optoelectronic properties of the prepared films were examined in UV-Vis-1800 Shimadzu 

spectrophotometer wavelength range 200-800 nm. The optical absorption, direct and indirect 

optical band gap, extinction coefficient and refractive index properties are studied for the prepared 

films using reported procedure method [45]. 

Photodegradation assessment, setup and sorption 

Photocatalytic properties of the prepared films were determined on MB dye as a model example. 

The films F1, F2, F3 and F4 with a size of 2 x 2 cm was dipped into 50 mL of MB aqueous solution 

(10 mg/L) taken in 250 mL beaker, simultaneously the pH value would be monitored. The solution 

of MB dye and CuO NTs, Pure PVA and PVA composite photocatalyst was subjected to vigorous 

stirring in a reactor under darkness for 15 min to attain the equilibrium and then transferred to the 

photocatalytic reactor.  The MB dye degradation experiments were carried out in the presence of 

sunlight. During photocatalytic reaction 1 mL of MB solution was drawn at initial and different 

time interval to examine MB concentration in UV-Vis spectrophotometer [69].  

The photodegradation rate for each time interval is calculated by using following equation (1). 



% 𝑃𝑃ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =
(𝐶𝐶0 − 𝐶𝐶𝑖𝑖) × 100𝐶𝐶0   −−−−− 1           

 

 

 

Results and Discussion  

UV-Visible spectroscopy  

The absorption spectra is used to monitor the formation of CuO NTs and other sample used for the 

preparation of CuO NTs. The absorption spectra of the plant extract, copper nitrate and CuO NTs 

are presented in Figure 2. The absorbance of the NTs depends on the particle size, shape, spacing 

between the NTs and media used. At room temperature, spectra exhibited λmax absorption peak at 

298 nm for the plant extract contains many phytochemicals, 293 nm for the copper nitrate and 295 

nm for the CuO NTs prepared are observed [70].  

 

Fig. 2 UV-Vis spectra of: A) plant extract, B) Cu (NO3)2.3H2O and C) CuO NTs 

Structural morphology  

The SEM-EDX image was obtained for the prepared CuO NTs and was appended in Figures 3 and 

4. It is observed that, the CuO NTs prepared have a well-defined morphology and are nanotube 

shape. The EDX spectrum of the synthesized CuO NTs is presented in Figure 3 it revealed the 

 purity and formation CuO NTs. Figure 4 shows the surface morphology of the prepared films 

(confirm the formation of CuO NTs and CuO NTs/Asp-complex) observed nanotube network 



connection between CuO NTs and Asp. XRD Measurements is depicted in Figure 5, the XRD 

patterns of prepared CuO NTs is similar to the CuO nanowires reported by Dahai Zhu et al [35]. 

The average crystallite size of CuO NTs was calculated using Scherrer formula, and was found to 

be about 10.03 nm indicating nano crystalline natures. The distinctive peaks located at 2𝜃𝜃=32.49°, 

35.47°, 38.77°, 48.74°, 53.45°, 58.23°, 61.12°, 66.21° and 68.10° are assigned to (110), (002), 

(111), (-202), (020), (202), (-113), (-311) and (220) plane orientation of CuO (JCPDS 80- 1268). 

It clearly revealed that nanosized CuO was successfully prepared by biogenic method. 

The X-ray diffraction measurement was performed to examine the nature of the crystallinity of the 

PVA composite polymer films prepared [71]. It is well documented the PVA polymer films 

exhibited a semi-crystalline structure with peaks at the 2θ angles of 19.5°.  But it was also clearly 

observed that the peak intensity of the PVA composite films slightly reduced when CuO NTs and 

Asp fillers were added indicates changes occurs in the F2 and F3 films as compared to F1 film. In 

the F2 film 2θ peaks observed at 35° and 39° indicates the presence of CuO NTs. And in the F3 

film 2θ peaks observed at 53° indicates the formation of complex between CuO NTs and Asp. 

 

 Fig. 3 EDX spectrum of CuO NTs 

FT-IR   

Further to check the important functional group and bonding frequencies, the prepared films were 

subjected to ATR-FT-IR (F1 to F3) and FT-IR for CuO NTs. Figure 6a corresponds to the CuO 

NTs peak at 3500 cm-1 due to the OH group present on the phytochemicals of leaf extract phenolic 



group, peak at 1700 cm-1 attributed to the presence of carbonyl group, and the peak at 509 cm-1 

confirm the formation of CuO NTs [72]. Figure 6b corresponds to PVA composite films (F1, F2 

and F3), all the films show peak at almost same position at 3300 cm-1 due to the OH stretching, 

peak at 2700 cm−1 and 2900 cm−1 due to C-H stretching of alkyl group, peak at 1769 cm-1 due to 

C=O bond of PVA acetate group, peak at 1437 cm-1 due to O-H symmetric bending, peak at 1272 

cm-1 due to C-O stretching, in film F2 and F3 peak at 532 cm-1 due to the presence of Cu-O bond. 

In film F3, the strong broad peak at 1690 cm-1 due to the carboxylic group of Asp, this group 

involved formation of the complex reported in the literature [62]. 

 

 

  Fig. 4 SEM images, a) CuO NTs, b) F1, F2 and F3 



 

 

            Fig. 5 XRD pattern of CuO NTs, F1, F2 and F3 films 

 

 

             Fig. 6 a) FT-IR spectrum of CuO NTs and b) ATR-FT-IR of F1-F3 films 

Thickness of the film 

The thickness of the prepared films is measured using digital micrometer, and all films have an 

average thickness of 0.07 mm. Among the three films, the film F1 having a lower thickness and 

F3 shows small increase in the thickness. The small increase in the thickness of the films from F1 

to F3 observed due to the incorporation of the additive take part in the total composition.  



 

Water contact angle (WCA) 

The surface wettability of the prepared composite films was analyzed by static contact angle 

measurement and summarized in Figure 7. The hydrophilic, hydrophobic, surface energy and self-

cleaning nature of the prepared films F1, F2 and F3 were explained on the bases of WCA. The 

WCA of F1 film was found to be 69.5±4.1°, which indicate that, the film has hydrophilic surface. 

The author Salunkhe reported that Contact angle less than 90° is hydrophilic, greater than 90° is 

the hydrophobic and contact angles less than 90° correspond to high wettability, while contact 

angles greater than 90° correspond to low wettability [73]. The WCA of F2 & F3 films were found 

to be 50.1±6.3° and 39.8±2.9° respectively, it shows that, the incorporation of CuO NTs and Asp 

onto a PVA enhances the hydrophilicity, surface wettability, surface energy and self-cleaning 

nature of the film surface. Relationship between photocatalytic activity, hydrophilicity, self-

cleaning effect reported in the literature [74]. 

 

 Fig. 7 Water Contact Angle of films; F1= 69.5±4.1, F2 = 50.3±16.3 and F3= 39.8± 2.9  

Optical properties 

Optical absorption and transmission 

Figure 8a shows the UV–Vis absorption spectra of the PVA nanocomposite films. An absorption 

band of pure PVA is observed at 260 nm, and it is assigned to π-π* electronic transition which 

may due to the acetate group in the PVA back bone or the semicrystalline nature of PVA. F2 film 

shows the large and broad absorbance peak at 264 nm due very good interaction between the –OH 



group of PVA and CuO NT. F3 film shows the large and broad two absorbance bands in range of 

300 nm and 460 nm (n-π* transition indicates the presence of carbonyl group) due to the complex 

formation between CuO NTs and Asp, and it was confirmed by the formation of blue color of the 

film. The absorbance of the polymer prepared films increases with the addition of CuO NTs and 

Asp to the PVA, the absorption edge shifts towards higher wavelengths (red shift) [45]. The 

redshift of absorption edge of the composite films indicated hydrogen bonding between molecules 

of CuO NTs, PVA (–OH groups), Asp (–NH2, –COOH groups), red shift is also for the increase 

in the crystallinity films with addition of CuO NTs and Asp to the PVA. 

Figure 8b shows the transmission spectra of PVA nanocomposite films. It is clear that, the 

transmission slight changes with the addition of CuO NTs and Asp to the PVA. This indicates very 

good transmission spectra in the UV region (200–250 nm) related to the PVA bandgap [75]. The 

practically good transmittance of the polymer films in the visible region (400–800 nm) is due to 

the normal dispersion of the light. This good result in the transmittance helpful in the photocatalytic 

degradation of MB dye. 

 

 Fig. 8 a) UV-Vis absorption spectra for PVA nanocomposite films F1-F3. 8b) Transmittance 

spectra v/s Wavelength for PVA nanocomposite films F1-F3.  

3.6.2. Optical energy bandgap  

The optical absorption coefficient was investigated via photon energy to identify the band structure 

and the type of electron transition take place for the polymer nanocomposites using Tauc's power 

law (eq.2): 𝛼𝛼ℎ𝑣𝑣 =  B (hv−  Eg)𝑛𝑛 −−−−2 



where α is the absorption coefficient (α = 2.303×A/d), A is the absorbance, d is the polymer film 

thickness, hυ is the incident photon energy, B is constant, Eg is the optical bandgap of the material, 

type of transitions allowed direct, allowed indirect, forbidden direct and forbidden indirect 

transitions and their exponent n can be equal to 1/2, 2, 3/2 or 3 respectively [45]. The direct optical 

band gap obtained by (αhυ)2 v/s (hυ) plot illustrated in Figure 9a, it can be seen from the figure 9a, 

the optical band gap for pure F1 is equal to 5.6 eV, which decreases to 3.0 eV for F2 and 2.3 eV 

for F3. The indirect optical band gap obtained by (αhυ)1/2 v/s (hυ) plot is illustrated in Figure 9b, 

it can be seen from the figure 9b that, the optical band gap for pure F1 is equal to 5.3 eV, which 

decreases to 2.7 eV for F2 and 2.1 eV for F3. In both direct and indirect band gaps, the decrease 

in the optical band gap from F1-F3 is an indicator of the change in the structure of the polymer 

matrix and is associated with the creation of localized state in the bandgap [76]. This decreased 

bandgap is very much necessary to enhance the photocatalytic activity of the film. 

 

 Fig. 9 The plots of (a) direct [(αhυ)2 vs. (hυ)] and (b) indirect [(αhυ)1/2 vs. (hυ)] optical band 

gaps polymer nanocomposite films F1-F3 

3.6.3. Extinction coefficient and refractive index 

The most important parameters of optical application are the refractive index (n) and the extinction 

coefficient (k). These optical parameters were determined from the reflectance and absorption 

coefficient (α) data according to the following equations 3, 4 and 5: 𝑘𝑘 =
𝛼𝛼𝛼𝛼
4𝜋𝜋 − − −− − 3 

𝑜𝑜 =
1 + √𝑅𝑅
1− √𝑅𝑅 − − − −4 



𝑅𝑅 = 1 − (�𝑇𝑇 ∗ exp(𝐴𝐴)------5 

Where R is the reflectance calculated from the transmission (T) and absorption (A) data. Soliman, 

et al., reported the extinction coefficient decreases with increase of wavelength in the UV region, 

the incident photon has high energy in the UV region and this energy is enough to excite electrons 

to overcome the band gap to transfer electron from the valence band to the conduction band. While, 

in the visible region (400–800 nm), the k value increases with the increase in the wavelength of 

the incident light, this can be because of the photon energy is unable to excite electron from one 

state to another state, and this energy can be lost due to scattering or reflection by polymer films 

[77]. But in our present work (Figure 10a), the extinction coefficient decreases continued in the 

visible region also (extinction coefficient of film F2 decreases up to 430 nm, film F3 decreases up 

to 600nm of the visible region), due to this, incident photon have enough energy in the visible 

region and this energy is enough to excite electrons to overcome the band gap (to transfer electrons 

from the valence band to the conduction band), due to this reason, the prepared films showed 

effective photocatalytic degradation of MB in the visible light. 

 

 Fig. 10, a) Extinction coefficient vs. the wavelength of the PVA nanocomposite films F1-F3. b) 

Refractive index vs. the wavelength of the PVA nanocomposite films F1-F3. 

Figure 10b. shows the dependences of the refractive index on the wavelength for PVA polymer 

nanocomposite films. It is evident that n values increase (F1=0.1, F2=1.15 and F3=1.6) as the 

addition of CuO NTs and Asp. This is associated with the high density with which CuO NTs and 

ASP are packed in the polymer matrix. The increase in refractive index (n) is assigning the material 

optical systems and electronic features [78]. 



Sorption and photocatalytic degradation of MB dye 

The prepared composite films and CuO NTs were evaluated for their photocatalytic performance 

of the dye MB degradation by exposure to sunlight shown in the Figures 12a-12e. There was no 

MB degradation observed in the absence of the catalysts, which indicated the stability of the MB 

under self-photolysis [79]. The prepared film F3 have a negatively charged surface with carboxylic 

and amine groups, as well as a pH of 7-9 (based on individual substrate pH), which enhances the 

adsorption of cation species due to electrostatic attraction between the composite film negative 

charge surface and the positive charge on the MB dye. The net sunlight irradiation time was 

exposed up to 70 min, and the absorption intensity measured at 664 nm, and the absorption 

intensity was monitored for every 10 min interval. The results revealed that, the bare CuO NTs 

and F1 film shows low photocatalytic activity against degradation of the MB for 70 min and 50 

min was 52% and 20% respectively. Meanwhile F2 and F3 nanocomposite films gave much higher 

degradation of 74.99% and 77.15% respectively compared to PVA and CuO NTs alone (Figure 

11). The experimental data revealed that, the photocatalytic activity of F1 boosts with the addition 

of CuO NTs and Asp. The film F3 composite degraded dye 77.15% in 50 min and F2 took 74.99% 

in 70 min dye degradation. This is because of strong interaction and complex formation between 

the CuO NTs and Asp in film F3 (confirmed by the color change to blue in the film and FTIR 

spectra), which enhanced photocatalytic activity. 

 

Fig. 11 Percentage degradation of MB; catalyst free, and in the presence of CuO NTs, F1, F2 and 

F3 

 



 

Fig. 12 Changes in the UV-Vis absorption spectra of MB aqueous solution in the presence of (a) 

Without catalyst, (b) CuO NTs, (c) PVA, (d) PVA−CuO NTs, and (e) PVA−CuO NTs-Asp 

composite films. 

Adsorption isotherms and kinetic model 

Langmuir, Freundlich, and pseudo-second-order reaction [13] with well-fitted models for the dye 

degradation studies are shown in Figures 13a-13c and results data is given in Table 1. A detailed 

explanation of adsorption isotherm and kinetic model studies are given below. 

 

 



Adsorption isotherms: 

 Several models have been reported in the literature to describe the equilibrium adsorption systems. 

However, in this present study, the two classical models of Langmuir and Freundlich were tested. 

Langmuir isotherm model: 

It is proper for monolayer adsorption on a surface and is expressed as 𝑞𝑞𝑒𝑒 = 𝑞𝑞𝑚𝑚 𝐾𝐾𝐿𝐿 .
𝐶𝐶𝑒𝑒

1 + 𝐾𝐾𝐿𝐿 𝐶𝐶𝑒𝑒 −−−−− 6 

 𝑞𝑞𝑚𝑚 and 𝐾𝐾𝐿𝐿 are the constants of Langmuir equation, 

The linear form of Langmuir isotherm is  

1𝑞𝑞𝑒𝑒 =
1𝑞𝑞𝑚𝑚 +

1𝑞𝑞𝑚𝑚 𝐾𝐾𝐿𝐿 𝐶𝐶𝑒𝑒 −−−−− 7 

Where Ce is the equilibrium concentration (mg/L), qe the amount of MB adsorbed (mg/g), qm is 

the maximum quantity of adsorption (mg/g), KL is sorption equilibrium constant (L/mg). The 

values of qm and KL were calculated from slope and intercept of Langmuir plot of 1/qe versus 1/Ce. 

as shown in Table 1. 

A dimensionless constant separation factor (RL) of Langmuir isotherm was used to determine the 

favorability of the adsorption process. RL is defined in eq. 8, the values of RL indicate the type of 

isotherm to be irreversible (RL = 0), favorable (0 < RL < 1), linear (RL = 1) or unfavorable (RL > 

1). 𝑅𝑅𝑅𝑅 =
1

1 +  𝐾𝐾𝐿𝐿𝐶𝐶0  −−−−− 8 

From the data calculated in Table 1, all the calculated RL values are greater than 0 but less than 1 

indicating that Langmuir isotherm is favorable. 

Freundlich isotherm model:  𝑞𝑞𝑒𝑒 = 𝐾𝐾𝐹𝐹 𝐶𝐶𝑒𝑒1/𝑛𝑛 −−−−− 9 

where KF = Freundlich isotherm constant (mg/g), n = adsorption intensity, Ce = the equilibrium 

concentration of adsorbate (mg/L), qe = the amount of metal adsorbed per gram of the adsorbent 

at equilibrium (mg/g). 

The linear form of Freundlich isotherm is 

ln 𝑞𝑞𝑒𝑒 = ln𝐾𝐾𝐹𝐹 +
1𝑜𝑜 ln𝐶𝐶𝑒𝑒 −−−−− 10 



The values of n and KF calculated from plot of lnqe versus ln Ce as shown in Table 1. 1/n are 

Freundlich constants related to the multilayer adsorption capacity and the surface heterogeneity 

respectively. When (1/n >1) the adsorption is unfavorable, (1/n=1) the adsorption is homogeneous 

and (0 <1/n<1) the adsorption is favorable. From the data in table 1, all the calculated values of 

1/n are less than 1, indicating that the sorption of MB onto CuO NTs is favorable. 

Adsorption kinetics 

Pseudo-second-order model is represented as: 𝑑𝑑𝑞𝑞𝑡𝑡𝑑𝑑𝑡𝑡 
= 𝐾𝐾 (𝑞𝑞𝑒𝑒 − 𝑞𝑞𝑡𝑡)2   −−−−− 11  

Where qe is the amount of ion sorbed at equilibrium (mg/g), qt is the amount of ion sorbed at time 

t (mg/g), and k is the rate constant of the pseudo-second order kinetic model of adsorption (g/mg 

min). In Fig. 13c the plot of 𝑜𝑜/𝑞𝑞𝑜𝑜 versus t is straight line, from which qe and k can be determined 

from the slope and the intercept of the line as shown in Table 1. In the Table 1 all the calculated 

R2 value is 0.999 proving that the sorption data fitted well to the pseudo-second-order model.  

 

 Fig. 13 a) Langmuir model, b) Freundlich model and c) Pseudo second order model for the 

different photocatalysts 



Table 1.  Adsorption isotherm models and kinetic model data. 

 

Photocatalytic mechanism 

The superior photocatalytic activity of the PVA/CuO NTs/Asp composite film under Sun light may 

be ascribed due to its by: (i) strong interaction between the CuO NTs and Asp, (ii) reducing the 

band gap by creation of localized state in the bandgap, (iii) enhance the efficiency of 

photogenerated electron-hole pair separation, (iv) very good adsorption ability, (v) decreased 

extinction coefficient in the visible region due to this, incident photon have enough energy in the 

visible region and this energy is enough to excite electrons to overcome the band gap, (vi) optically 

transparent.  

CuO NTs + hν → h+ + e− (CuO NTs pristine) 

And 

CuO NTs-Asp + hν → h+ + e− (Composites)     

The possible mechanisms can be put forward for the degradation of MB by the prepared 

composites and CuO NTs under visible light irradiation (Figure 14) which may proceed through 

dye sensitization and CuO NTs-Asp sensitization. During sensitization, MB must be adsorbed onto 

the surface of the composite film. The adsorbed MB and CuO NTs-Asp will absorb visible light 

and get excited from its ground state to its excited state and migrated to the conduction band (CB) 

generating holes on the VB (Figure. 14). The generated holes in the VB react directly with the 

organic dye (MB) or with the surrounding water molecules to generate hydroxyl radicals (•OH). 

The electrons collected on the CB react with the surrounding water and oxygen molecules to 

generate hydroxyl (•OH) and superoxide radicals (•O2
−). In such a way, produced radicals and 

holes are able to contribute essentially to the degradation of the color MB and other natural toxins, 

within the extreme response of the photodegradation of the MB, the final products of the response 

are CO2 and H2O [80]. 



 

 

 Fig. 14 Representation of photodegradation pathway of the dye MB. 

Degraded product characterization by LC-MS  

After sun light degradation of the MB, sample was concentrated to reduce the volume and resulted 

sample subjected to liquid chromatography-mass spectrometry (LC-MS) [81]. The standard dye 

sample and degraded sample of the MB mass spectra, and possible mechanism is shown in Figure 

15a. It is clear that, the prominent peak at 319.9 Da, which is molecular weight of the MB dye. 

But the spectrum (Figure 15b) obtained after 50 min introduction to sunlight of the MB with film 

F3 revealed, the degradation of MB takes into molecules. From this consideration, it is cleared 

that, the intensity of MB peak is decreased with regard to time and form a degraded product as 

compared to standard MB peak intensity and plausible degradation pathways is laid out in Scheme 

1. 

 

 



 

 Figure 15. LC-MS product of: a) before degradation of the dye MB and b) after degradation of 

dye MB. 

 

 

Scheme 1. Possible degradation pathway of MB (LC-MS model). 

 



Conclusion 

In this work, we have demonstrated biogenic synthesis of CuO NTs and preparation of PVA 

nanocomposite films by means of solution casting method and structural aspects, physical 

morphology and water contact angle properties of PVA nanocomposite films were studied using 

various techniques. The prepared films show good optical property, adsorption and photocatalytic 

degradation of MB dye. The adsorption behavior of the PVA nanocomposite films studied by 

Langmuir, Freundlich and pseudo second order kinetics. The photocatalytic activities of the CuO 

NTs, PVA and PVA nanocomposite films are examined for the methylene blue (MB) degradation, 

and film PVA/CuO NTs/Asp showed highest (up to 77%) degradation compared to other films in 

50 min time duration. The improved photocatalytic attributed to its narrow band gap, improved 

utilization of sunlight and enhanced adsorption of dye due to the functional groups, greater active 

sites, high surface activity and semiconducting nature of CuO NTs and Asp embedded in PVA 

matrix. The photocatalytic degradation of MB by the PVA nanocomposite film was found to be 

influenced by hydroxyl radicals (•OH) and superoxide radicals (•O2
−). The prepared PVA 

nanocomposite films could find use in photocatalytic removal of toxic organic contaminants from 

wastewater due to its simplicity, self-cleaning nature and low cost. 
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Figures

Figure 1

Image of prepared PVA and its composite �lms



Figure 2

UV-Vis spectra of: A) plant extract, B) Cu (NO3)2.3H2O and C) CuO NTs

Figure 3

EDX spectrum of CuO NTs



Figure 4

SEM images, a) CuO NTs, b) F1, F2 and F3



Figure 5

XRD pattern of CuO NTs, F1, F2 and F3 �lms

Figure 6

a) FT-IR spectrum of CuO NTs and b) ATR-FT-IR of F1-F3 �lms



Figure 7

Water Contact Angle of �lms; F1= 69.5±4.1, F2 = 50.3±16.3 and F3= 39.8± 2.9

Figure 8

a) UV-Vis absorption spectra for PVA nanocomposite �lms F1-F3. 8b) Transmittance spectra v/s
Wavelength for PVA nanocomposite �lms F1-F3.



Figure 9

The plots of (a) direct [(αhυ)2 vs. (hυ)] and (b) indirect [(αhυ)1/2 vs. (hυ)] optical band gaps polymer
nanocomposite �lms F1-F3

Figure 10

a) Extinction coe�cient vs. the wavelength of the PVA nanocomposite �lms F1-F3. b) Refractive index vs.
the wavelength of the PVA nanocomposite �lms F1-F3.



Figure 11

Percentage degradation of MB; catalyst free, and in the presence of CuO NTs, F1, F2 and F3



Figure 12

Changes in the UV-Vis absorption spectra of MB aqueous solution in the presence of (a) Without catalyst,
(b) CuO NTs, (c) PVA, (d) PVA−CuO NTs, and (e) PVA−CuO NTs-Asp composite �lms.



Figure 13

a) Langmuir model, b) Freundlich model and c) Pseudo second order model for the different
photocatalysts



Figure 15

LC-MS product of: a) before degradation of the dye MB and b) after degradation of dye MB.
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