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Abstract: Using the spin coating technique, polyethylene oxide (PEO)-Curcumin nanocomposite thin 

films have been deposited on a quartz substrate. The film thickness role on the optical properties was 

investigated. SEM investigated the morphology of the thin films and revealed that curcumin NPs have 

a spherical shape with an average size of less than 100 nm. FTIR bands observed at 1023 and 1120 cm–

1 correspond to C–O stretching vibration. New bands observed for the thin films at 804, 1237, 1280, 

and 1340 cm–1 correspond to C–H, C–O, and O-H bending. The thin films’ optical properties with 

thickness 250, 500, and 750 nm were acquired from transmittance, reflectance, Tauc plot, extinction 

coefficient, and reflective index. The refractive index obtained from UV-Vis data falls between 1.5 and 

2. Bandgap energy obtained for PEO thin film is 4.16 eV, while for both curcumin NPs and PEO-

Curcumin nanocomposite thin films, the bandgap energy is 2.49 eV. Our results indicate that the optical 

absorption coefficient increases with decreasing film thickness. The obtained results are in good 

agreement with the existing reports. 
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1. Introduction 

Curcumin is commonly used as an active ingredient in ancient herbal remedies, 

cosmetics, and food flavoring; it also promises a natural medicinal product in therapy [1–4]. It 

is often considered one of the most popular plants worldwide as an herbal medicinal product 

and reduction agent [5]. Curcumin (Curcuma longa) is a bright yellow chemical product found 

in a solid or powder form. Chemically, curcumin is a diarylheptanoid organic material that 

belongs to the category of curcuminoids that are natural phenols responsible for the gold color 

of turmeric. As a keto, it occurs as an enolic compound in organic solvents and water [6]. 

Curcumin is used to understand the light absorption behavior, with wide absorption band-
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groups [7]. Laboratory and clinical research have noticed important medical treatment uses as 

anti-cancer such as skin, breast, liver, and colon cancer [6,8–10]. Curcumin’s therapeutic 

potential is still debated despite its safety and efficacy due to poor water solubility and 

relatively poor bioavailability in humans, even when administrated at a high dosage of 12 g/da 

[11,12]. Medicinal chemistry has shown curcumin to be an unstable, reactive, non-bioavailable 

compound [13]. Many curcumin applications include flavoring foods and industrial products 

in southeast Asia [5]. Chemical structure of curcumin (C18H20FN3O4) enol form is 1E, 6E-1,7-

Bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione. The molecular structure of 

curcumin is shown in Figure 1.  

 
Figure 1. Curcumin (C18H20FN3O4-Enol form) molecular structure. 

The curcumin structure (C18H20FN3O4) consists of aromatic phenolic rings threaded by 

two α, β-unsaturated carbonyl groups. Polyoxyethylene (PEO) has several industrial and 

biomedical applications. The molecular structure of the PEG is usually referred to as  

H−(O−CH2−CH2)n−OH [13]. PEO membranes are extensively studied for biomedical 

applications; PEO-nanoparticle membrane composite possesses improved properties over the 

individual components. PEO is used as a host polymer because of its high refractive index, 

absorption coefficients, and low bandgap energy compared to other hosts [9,14–16]. PEO is 

often used in clinical applications because of its physical properties, flexibility, ease of 

handling, processing, and low cost [13]. Polyethylene glycol and electrolytes are usually used 

for spontaneous bowel preparation before surgery or colonoscopy [17]. The chemical 

compound of polyethylene oxide (PEO) is shown in Figure 2. The study presented here mainly 

focuses on the optical and chemical properties of PEO-Curcumin nanocomposites. The role of 

film thickness on the optical properties is revealed. 

 
Figure 2. Molecular structure of polyethylene oxide (PEO). 

2. Materials and Methods 

PEO-curcumin nanocomposite thin films were prepared using the spin-casting 

technique. Additionally, a set of samples with different thicknesses 250, 500, and 700 nm were 

prepared. Oxygen plasma was used to clean and activate the quartz substrate surfaces. 

2.1. Substrate activation.  

The Quartz substrate was cleaned from the oxidization and adhesive layers before thin-

film depositions of PEO-Curcumin to prevent contamination from the substrate. Then, distilled 
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water and ethanol were used to activate the substrates; the coated thin films were heated and 

dried in an oven at 30oC. 

2.2. Preparation of PEO-Curcumin.  

Curcumin NPs (C18H20FN3O4-Enol form-1E,6E-1,7-Bis(4-hydroxy-3-methoxyphenyl) 

hepta-1,6-diene-3,5-dione) were obtained from Sigma-Aldrich. Curcumin with a molar mass 

of 368.38 g/mol was used as received from Sigma-Aldrich. 0.5 g of PEO obtained from Sigma-

Aldrich is dissolved in 500 mL of deionized water, then 100 mL of this solution is taken in a 

beaker along with 4.1 mg of curcumin nanoparticles. This solution dispersion is used as a stock 

solution for further thin-film fabrication. The mixture was heated and homogenized using an 

ultrasonic bath for more than 24 hours at 60°C. Suspended and large particles were excluded 

from the solution by centrifuging the solution repeatedly for 15 minutes per cycle. An ultra-

fine ceramic filter was used to enhance the clarity of the solution. The mixture solution was 

heated and homogenized using an ultrasonic homogenizer at 25 °C for a few hours. The spin-

casting technique used the PEO-Curcumin solution to prepare thin films with thicknesses 250, 

500, and 750 nm. 

3. Results and Discussion 

3.1. SEM micrograph for curcumin NPs. 

SEM images of the thin films were obtained under an operating voltage of 10 kV; the 

SEM micrographs are shown in Figure 3. The SEM images confirm the presence of curcumin 

NPs distributed over the membrane randomly. The curcumin particles are spherical, and the 

average particle sizes are less than 100 nm with significant size distribution. The curcumin NPs 

are arranged as clusters over the PEO films; this can be attributed to the low solubility of 

curcumin in the water medium. 

 
Figure 3. SEM micrograph of curcumin NPs. 
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3.2. FTIR spectroscopy. 

Fourier Transform Infrared spectra of PEO and PEO-composite membranes are shown 

in Figure 4, representing the PEO-Curcumin nanoparticle composite’s vibrational bands. The 

FTIR spectra consist of the characteristic peaks of both PEO and curcumin. The spectrum 

exhibits typical vibrational bands of PEO at 1023 and 1120 cm–1, which correspond to the 

stretching of C–O bond, a peak at 1453 cm–1 corresponds to the –CH2 bending vibration, the 

peak obtained in the 2950–2,700 cm–1 range is attributed to the symmetric and asymmetric 

stretching modes of the CH2 group. PEO-Curcumin nanoparticles have additional peaks at 804, 

1237, and 1280 cm–1, which correspond to curcumin structure, i.e., vibrational bands at cm–1 

that is assigned to bending of C–H, a band at 1237 and 1280 cm–1 that could be related to the 

C–O bending vibration and bands appearing in the 1340 cm–1 could be related to O-H bending. 

It is shown that there are significant changes observed in width and the intensity of the 

vibrational bands of PEO upon the formation of curcumin nanoparticle composite film. Such 

conformation shifts, referring to infrared active vibrational bands with ether oxygen, indicate 

alkali metal ions’ complexation to ether oxygen [18–20]. 

 
Figure 4. FTIR spectrum of PEO and PEO-Curcumin nanocomposite thin film. 

3.3. UV-Vis spectroscopy. 

UV-Visible spectra of PEO and PEO-Curcumin nanocomposite thin films were 

obtained in the range of 250-700 nm (T% and reflectance R% spectra). Transmittance and 

reflectance spectra were used to investigate all-optical properties to obtain the relevant 

parameters for optoelectronic applications. The UV-Visible transmittance spectra of PEO, 

curcumin, and PEO-Curcumin with an average thickness of 500 nm are shown in Figure 5. 

Comparable transmittance values were noticed between curcumin and PEO-Curcumin with 

cut-off below 600 nm, while PEO membrane has the transmittance cut-off start below 340 nm. 

This significant difference between these two cut-offs is due to the high absorption around the 

curcumin’s maximum absorption peak. 
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Furthermore, it has been observed that PEO thin film exhibits high transmittance above 

300 nm, while curcumin thin film exhibits high transmittance above 600 nm. PEO-Curcumin 

nanocomposite thin film also has high transmittance above 600 nm. This emphasizes that the 

bandgap energy for curcumin is less than PEO. The absorption region’s edge was shifted into 

a red region with lower energy upon forming PEO-Curcumin nanocomposite thin film. This is 

attributed to the high electron transition from valence band and conduction band for curcumin 

using which band gap is obtained.  

The reflectance spectra of PEO, curcumin, and PEO-Curcumin nanocomposite thin film 

with an average thickness of 500 nm are shown in Fig. 6. PEO thin films’ reflectance values 

were found to be in the range of 11- 6% when the wavelength gradually decreased from 700 to 

336 nm. On the other hand, the reflectance values of curcumin and PEO-Curcumin ranged from 

15-3.5 % as the wavelength decreased rapidly from 800 to 560 nm, while the reflectance values 

sharply increased in the UV region from 360 to 250 nm. Thus, the reflectance values of PEO-

Curcumin are significantly higher than PEO and curcumin, whereas the reflectance values are 

comparable for curcumin and PEO-Curcumin in the range of 336 – 530 nm.    

Bandgap energy is obtained by the Tauc plot, which is the most acceptable method. It 

is defined by the absorption coefficient with the incident photon energy 𝒉𝒗 as (𝜶𝒉𝒗)𝟏/𝒏 =

𝜷(𝒉𝒗 − 𝑬𝒈) [21,22], where: α is absorption coefficient,  β is constant called band tailing 

parameter, E_g is the bandgap energy, were estimated from Tauc’s plot by extrapolating a 

tangential line to hυ axis, and n is a factor of the power of the transition mode (for direct allowed 

transitions of PEO thin films, n = 0.5), which corresponds to the nature of the material [23]. 

Tauc plot has been used by plotting the incident energy of the photon (𝒉𝒗) in eV against 

 (𝜶𝒉𝝊)𝟐. Figure 7 illustrates the Tauc plot for PEO, curcumin, and PEO-Curcumin samples, 

the linear part of incident photon energy was plotted to determine the bandgap energy. Bandgap 

energy (𝑬𝒈) is the intercept with the x-axis (incident photon energy). PEO thin film’s bandgap 

energy was found to be 4.16 eV, while curcumin and PEO-Curcumin nanocomposite thin film 

has a bandgap energy of about 2.49 eV.  

 
Figure 5. Transmittance spectra of PEO, curcumin, and PEO-Curcumin thin films with an average thickness of 

500 nm. 

These results could be significantly contributed to improving the efficiency 

transformation between the PEO and the curcumin NPs. Our results are in good agreement with 

the similar report of a decrease in the optical gap energy from 4.6 eV to 2.7 eV with increasing 
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polyaniline content from 0.5 to 5 wt.% [24]. In the literature, a similar reduction was also found 

in the value of the absorption edge from 6.2 eV in the case of pure PEO to 2.9 eV in PEO with 

Ag NPs [25]. To compare the different thicknesses of PEO-Curcumin composites, the value of 

the energy band gap evaluated (𝒉𝒗) is 2.56 eV for the thin film of 250 nm thickness and 2.48 

eV for both thin films of 500 and 750 nm. The results reveal that these comparable absorption 

coefficient values with no significant differences between curcumin and PEO-Curcumin and 

between 500 and 750 nm film thickness indicate that the absorption coefficient spectra had 

similar spectral variations Curcumin and PEO-Curcumin as well as 500 and 750 nm thickness. 

 
Figure 6. Reflectance spectra of PEO, curcumin, and PEO-Curcumin thin films with an average thickness of 

500 nm. 
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Figure 7. Tauc optical bandgap energy of pure PEO, curcumin NPs, PEO-Curcumin nanocomposite thin films. 

Nanocomposite thin films with thicknesses 250, 500, and 700 nm were investigated to 

obtain the effect of film thickness on PEO-Curcumin nanocomposite’s optical properties. The 

transmittance spectra for PEO-Curcumin nanocomposite thin films with thicknesses 250, 500, 

and 750 nm are shown in Fig. 8. It can be seen that PEO-Curcumin nanocomposites thin film 
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with a thickness of 250 nm exhibits high transmittance above 500 nm. The absorption region’s 

edge was shifted into a red region with lower energy as film thickness increased to 750 nm. 

This can relate to the high electron transition from the valence band to the curcumin’s 

conduction band. The transmittance values for PEO-Curcumin decreased when the film 

thickness increased to 750 nm with no significant changes between 500 and 750 nm. This 

decrease in transmittance, in turn, enhanced the absorption of light due to the increase of the 

film thickness. This is because of higher thickness; the films became more saturated with 

curcumin, decreasing transmittance. 

 
Figure 8. Transmittance spectra of PEO-Curcumin thin films with thicknesses 250, 500, and 750 nm. 

 
Figure 9. Reflectance spectra of PEO-Curcumin thin films with thicknesses 250, 500, and 750 nm. 

Interestingly, the peak of lower film thickness around 330 nm in Figure 8 with a 

transmittance of about 50 % could be used as a bandpass filter for these regions. Figure 9 shows 

the reflectance spectra for PEO-Curcumin nanocomposites thin films with 250, 500, and 750 

nm thicknesses. The reflectance for all samples has the same values on average due to the 

surface of these films having the exact nature for PEO-Curcumin nanocomposites thin films. 
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Fig. 10 is the film thickness-dependent Tauc plot for PEO-Curcumin thin films. The samples 

consist of a fixed concentration of PEO and variable concentrations of curcumin. The bandgap 

energy of PEO-Curcumin nanocomposites thin films with a thickness of 250 nm was found to 

be 2.56 eV, this value comparable to the values of 500 and 700 nm (2.48 eV). Bandgap energy 

decreases with increasing film thicknesses due to a higher concentration of curcumin NPs 

added to the PEO compound. No significant changes in the optical bandgap energy were 

noticed between 500 and 750 nm. 

 
Figure 10. Tauc optical band gap energy of PEO-Curcumin thin films with film thickness 250, 500, and 750 

nm. 

The amount of light energy dissipated by absorption and scattering in the thin films is 

represented as the extinction coefficient. The extinction coefficient values are dependent on the 

density of free electrons and the structural distortion in the thin films. The curves of extinction 

coefficient, ε, are calculated from the equation 𝛆 = 𝜶𝝀 𝟒𝝅 ⁄ [26,27] where: α is the optical 

absorption coefficient defined by α = (1/t)Ln((1-R)2/T), where t is the coated film thickness 

(500 nm), T, the transmittance of the light through the sample, and R is the reflectance of the 

light from the surface of the sample [28]. Thus, the study of optical absorption coefficient (α) 

spectra for nanocomposite thin films provides essential information about the optical band gap 

energy (E_g) and determines the material capacity for absorbing light [29–32]. Extinction 

coefficient (ε) values of PEO-Curcumin thin films with thicknesses 250, 500, and 750 nm are 

shown in Figure 11. The extinction coefficient values rapidly decrease after reaching the 

maximum value of ε and approaching zero in the wavelength of 550 nm and above. This 

indicates that these film materials allow electromagnetic photons to pass through the material 

without any damping or decay in the wavelength’s visible region. For example, the extinction 

coefficient for PEO-Curcumin nanocomposite thin film at 250 nm has the highest value of ε = 

0.42 around the wavelength 431 nm. This value decreased to 0.40 and 0.25 for the 500 and 750 

nm thicknesses, respectively. 

Furthermore, we noticed a significant shift in the maximum peak of the 250 nm film 

from 431 to around 473 nm for both thicknesses of 500 and 750 nm. This indicates that the 

samples have a higher amount of light energy loss by scattering and absorption. No significant 

changes in the ε values after 470 nm; the ε -values were changed slightly, which means that the 

absorption and scattering loss of energy per unit distance has small values when light 

propagates through nanocomposite thin films [33,34]. 

https://doi.org/10.33263/BRIAC132.143
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC132.143  

 https://biointerfaceresearch.com/ 9 of 13 

 

 
Figure 11. Extinction coefficient spectra of PEO-Curcumin thin films with thicknesses 250, 500, and 750 nm. 

The absorption coefficient is one of the inherent optical properties determined by 

transmittance and reflectance measurements. Knowledge of the optical absorption coefficient 

is another approach to understanding the bandgap energy of nanocomposite films. Figure 12 

represents the typical optical absorption coefficient (α) versus the wavelength for 

nanocomposite films of PEO, curcumin, and PEO-Curcumin with 500 nm thickness. The light 

propagation through the three sets of samples slab each of 500 nm thickness, depends not 

merely on the thickness but also the composite concentration. The absorption coefficient is 

usually measured to represent the probability per infinitesimal path length photons absorbs. We 

have found that the optical absorption coefficients in Figure 12 are independent of wavelength 

greater than 500 nm and strongly dependent below this wavelength. The absorption coefficient 

is calculated for the three sets of the samples at the thickness of 250, 500, and 750 nm, 

respectively. As shown in Figure 13, it is evident that the optical absorption coefficient is 

strongly dependent on the film thickness and increases with decreasing the film thicknesses 

[35]. The absorption coefficient at a wavelength greater than 500 nm slightly increases at the 

thickness of 250 nm and remains constant at 500 and 750 nm.   

 
Figure 12. Optical absorption coefficient (α) spectra of nanocomposite films with a thickness 500 nm were 

obtained for PEO, curcumin, and PEO-Curcumin nanocomposite. 
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Figure 13. Optical absorption coefficient (α) spectra for nanocomposite films of PEO-Curcumin with 

thicknesses 250, 500, and 750 nm. 

The study of refractive index behavior is essential in many optical phenomena. The 

Refractive index, n, is closely related to ions' electronic polarization and the local field inside 

the optical materials[39]. The refractive index curves, n, shown in Figure 14, are calculated 

from the equation 𝒏 = (
𝟏+𝑹

𝟏−𝑹
) + √(𝟒𝑹 (𝟏 − 𝑹)𝟐⁄ ) − 𝜺 𝟐  [26,36,37].The refractive index (n) 

curves are for PEO-Curcumin thin films with thicknesses 250, 500, and 750 nm as a function 

of incident light wavelength. 

 
Figure 14. Refractive index spectra of PEO-Curcumin thin films with thicknesses 250, 500, and 750 nm. 

From Fig.14, it is observed that the refractive index is divided into two regions; at 

λ<350 nm, which represents anomalous behavior, and at λ>350 nm, which represents a normal 

dispersion. Furthermore, it was also seen that in the vital absorption region (λ<350 nm), the 

incident photon frequency becomes almost equal to the plasma frequency and owing to the 
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refractive index of higher values in this region [38]. Therefore, a resonance effect will arise 

between the incident EM photons and the electron polarization. This led to the coupling of 

electrons in nanocomposite thin films to the oscillating electric field. By that, EM radiation 

propagation through thin films will be constricted, but it may prevent these EM waves' 

propagation [39]. The refractive index sharply decreases in the visible region as the wavelength 

increases and shows significant normal dispersion. The Refractive index for all thin films 

exhibits the same values ranging between 1.5 and 2.0. 

4. Conclusions 

PEO-Curcumin thin films were prepared by a simple spin-coating technique. The films 

obtained were characterized using SEM, FTIR, and UV-reflectance spectroscopy. The 

curcumin nanoparticles are spherical with an average size of less than 100 nm, with a 

significant agglomeration of nanoparticles upon forming the composite membrane. The 

particles’ size distribution should have been originated from the large specific surface area and 

high surface energy of curcumin NPs. FTIR vibrational bands observed at 1023 and 1120 cm–

1 are attributed to stretching of C–O stretching vibration; a band at 1453 cm–1 could be ascribed 

to the –CH2 bending vibration, while bands appearing in 2950–2700 could be ascribed to the 

symmetric and asymmetric C–H stretching modes of the CH2 group. At the same time, PEO-

Curcumin nanoparticle thin films have additional peaks which correspond to curcumin 

structure. The vibrational band at 804 cm–1 is assigned to bending C–H, a band at 1237 and 

1280 cm–1 is attributed to the C–O bending vibration, and a band appearing at 1340 cm–1 could 

be ascribed to O-H bending. Thus, there are significant changes observed in width and the 

intensity of the vibrational bands of PEO upon formation of PEO-Curcumin thin films. 

The transmittance spectra for PEO, Curcumin, and PEO-Curcumin thin films with an 

average thickness of 500 nm are obtained. PEO thin film exhibits high transmittance above 300 

nm, while curcumin thin film exhibits high transparent above 600 nm. This confirms that the 

bandgap energy for curcumin is less than PEO. PEO-Curcumin thin film has high transmittance 

above 600 nm; the edge of the absorption region is found to be shifted into the red region for 

the curcumin NPs in PEO film. This leads to high electron transition through the energy 

bandgap performed by transition electrons between the valence and conduction bands for 

curcumin. The reflectance of the thin films decreases with the increase in curcumin NPs 

concentration. Refraction index (n) had values between 1.5 and 2 for PEO-Curcumin, which 

increases with an increase in thicknesses. Optical bandgap energy of PEO thin film was found 

to be 4.16 eV, while Curcumin NPs and PEO-Curcumin NPs thin films have less bandgap 

energy of 2.49 eV, optical band gap energy decreases with increasing film thicknesses. 
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