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The present study investigates how incorporating 5 wt.% coffee husk (CH) 
powder affects the structural and optical characteristics of composite 
films created from high-molecular-weight polyethylene oxide (PEO). The 
solution casting method was used to make the PEO-CH composite films. 
The XRD analysis showed that all of the produced films had a semicrystalline 
structure. The FTIR analysis confirmed the presence of multiple functional 
groups in the matrix of PEO. The observed absorption bands correspond to 
C–H stretching and bending vibrations, O–H groups, and a characteristic 
C–O–C triplet bond, indicative of the polymer’s molecular structure. 
FESEM examination demonstrated that coffee husk particles exhibited 
plate-like morphology. The EDX elemental analysis of pure PEO films 
showed that they contained 54.6% carbon and 45.4% oxygen, while the 
doped films had additional elements: 55.2% carbon, 43.7% oxygen, 0.4% 
aluminum, 0.3% silicon, 0.1% potassium, 0.1% calcium, and 0.2% nickel. 
The optical properties of the PEO-based composite films, which were 97.5 
μm and 83.5 μm thick, were studied using methods like measuring how 
much light passed through and how much was reflected and analyzing 
the refractive index and extinction coefficient. The UV-Vis absorption 
spectrum of pure PEO exhibited a single absorption peak at 240 nm. 
Incorporation of CH reduced both direct and indirect bandgap energies 
from 4.5 eV to 2.9 eV and from 3.3 eV to 1.5 eV, respectively.

INTRODUCTION 
A growing research interest has emerged in 

response to the urgent global demand for waste 
reduction and the development of sustainable 
alternatives through the utilization of novel 
renewable resources. This approach shows the 
benefits of using different types of waste biomass 
as renewable, affordable, and easily accessible 
materials, providing a practical way to lower energy 
use and raw material costs [1]. In recent decades, 
significant efforts have been directed toward the 

development of sustainable and environmentally 
friendly products aimed at reducing reliance on 
fossil fuels. In addition to the rapid expansion 
of the renewable energy sector, particularly in 
photovoltaics, growing environmental concerns 
have intensified the urgency to eliminate 
petroleum-based plastics from ecosystems. Such 
an effort has catalyzed extensive research into 
biodegradable and bio-based polymers, commonly 
referred to as biopolymers. These materials are 
derived from natural and plant-based sources, 
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including agricultural residues, forestry biomass, 
horticultural waste, and various crop by-products. 
They are now finding their day-to-day applications, 
especially polymers that are biodegradable or 
based on renewable “feedstock,” which may soon 
compete with commodity plastics [2]. Polyethylene 
oxide (PEO) is a semi-crystalline, water-soluble 
polymer with non-ionic and hydrophilic properties. 
This versatile material finds extensive applications 
in drug delivery systems, tissue engineering 
scaffolds, and biomedical device fabrication. 
For optimal performance in these applications, 
PEO must exhibit appropriate thermodynamic 
properties, controlled crystallization behavior, 
and sufficient molecular weight characteristics 
[3]. PEO films are widely researched as a type 
of polymer film because they are inexpensive, 
stable in chemical and electrical environments, 
durable during reduction processes, can easily 
dissolve metal ions, and have both solid- and 
liquid-like properties. These characteristics render 
PEO a viable material for various applications, 
including fuel cells, lithium-ion batteries, hybrid 
power supercapacitors, transistors, sensors, and 
memory technologies [4]. PEO shows no toxicity, 
antigenicity, or immunogenicity.  The features 
of PEO render it a flexible polymer with diverse 
applications, including polymer electrolytes, 
biomedical purposes, pharmaceuticals, and 
more.  Additional significant uses encompass 
batteries and cellular technologies [5]. The optical 
properties of polymers enhance understanding 
of their internal structure and the nature of their 
linkages, thereby expanding the scope of potential 
applications. To ascertain the various optical 
properties across different wavelength ranges, it is 
essential to study the absorption, reflectivity, and 
transmittance spectra of bonds, energy rays, and 
orbitals by analyzing the ultraviolet (UV) spectrum. 
Therefore, examining the visible spectrum yields 
adequate information about the material’s 
behavior for many applications, including 
electro-optic and solar energy technologies. The 
electrical phenomenon can be characterized by 
the movement of charge units, referred to as 
charge carriers, which is influenced by the effect 
of potential difference. Polymers exhibit some 
conduction processes, and numerous charge 
carriers may demonstrate low-level conduction. 
The electrical conductivity of materials can 
be classified as insulators, semiconductors, 
conductors, and superconductors. The electrical 

properties of the material are influenced by both its 
chemical composition and the atomic arrangement 
inside the solid, as well as the presence of defects 
that contribute to the electron states in the energy 
gap. This defect can be reduced through various 
processes, like the annealing process. [6]. Coffee 
represents a significant commodity product 
that originates from coffee beans. Coffee ranks 
among the most widely consumed beverages 
globally, and its commercial importance has grown 
remarkably in the last century and a half based on 
data from the International Coffee Organization 
(ICO) [7]. The use of agricultural waste, such as 
coffee husks, provides a source of renewable 
material in construction and a non-food source of 
economic development for agriculture and rural 
areas in different countries [8]. Coffee husk is a 
high-density, eco-friendly material that is cost-
effective and may potentially substitute produced 
fibers in various sectors. Coffee husk is crucial for 
the production of value-added products, although 
it is underutilized given the available resources [9]. 
Coffee husks are a plentiful and underexploited 
biomass byproduct of coffee production. Tests 
showed that coffee husks contain 39.2% cellulose, 
12.6% hemicellulose, 23.3% Klason lignin, 2.9% 
acid-soluble lignin, 8.7% extractives, and 9.5% ash. 
Additionally, researchers identified several trace 
elements, including K, Ca, Mg, Al, Fe, Ti, S, and Si 
[10]. Coffee husk flour is used in food production, 
biomedicine, and plastic wood in household items, 
automobile interior parts, and telephone closing 
boxes [11, 12, 13]. A 2023 study by AL-Akhras and 
others looked at the light and chemical properties 
of thin films made from a mix of polyethylene 
oxide (PEO) and curcumin nanoparticles. The study 
found that the refractive index values from UV-Vis 
spectroscopy were between 1.5 and 2.0 for the 
samples. Pure PEO films had an energy gap of 4.16 
eV, curcumin nanoparticles had a lower energy 
gap of 2.49 eV, and the mix of PEO and curcumin 
kept the same energy gap of 4.16 eV as the pure 
PEO. Additionally, the study found that as the film 
got thinner, it absorbed light better, showing that 
there is a reverse connection between how thick 
the film is and how well it absorbs light [14]. In 
2024, Abdali and others demonstrated the use 
of Elettaria cardamomum husk ash as a filler to 
enhance PEO polymer composites. Their study 
found that the composites had improved features 
in several areas, such as structure, light behavior, 
and electrical performance, which makes them 
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suitable for use in optoelectronic devices. The 
optical tests showed a big drop in both direct and 
indirect bandgap energies after adding the husk 
ash nanofibers; the direct bandgap went down 
from 5.85 eV to 2.85 eV, and the indirect bandgap 
fell from 3.85 eV to 2.25 eV [15]. 

The major objective of this research is to 
examine how nanofibers made from coffee husk 
ash affect the structural and optical characteristics 
of PEO polymer, rendering it suitable for diverse 
applications in optical electronics, protection from 
ultraviolet rays, food packaging, biomedicine, 
household items, telephone enclosures, and 
automotive plastic wood material technology.

MATERIALS AND METHODS
Materials 

The polymer used in this study is PEO, a white 
granular material with high water solubility. It has 
a molecular weight of 3 × 10⁶ g/mol and a purity 
of 98%. Chengdu ICXY Chemical Co., Ltd. supplies 
the PEO. Coffee husk and another material used in 
this study are obtained from an Iraqi local store.

Preparation of Coffee Husk (CH) Nanofibers
The coffee husk (CH) was prepared by collecting 

and thoroughly cleaning coffee plant husks to 
eliminate dust and impurities, as they were 
intended solely for use as a filler material. The 
cleaned husks were turned into a fine powder 
using a universal mill made of stainless steel, which 
ran at 50–60 Hz, 25,000 rpm, and 650 W, and could 
make the powder as fine as 30–300 mesh. The 
grinding process was conducted intermittently 
over a total duration of 60 minutes. Subsequently, 
the ground CH nanofibers of 0.05 g was obtained 
and employed as an eco-friendly filler throughout 
this study.

Preparation of PEO and PEO-CH Nanocomposite 
Films

At first, 1 gram of PEO was mixed into deionized 
water (H₂O) while being stirred continuously with 
a Stuart magnetic stirrer at room temperature (RT) 
(20 ± 5 °C) for 1 hour to create a homogeneous 
solution. After that, a 5 cm plastic Petri dish was 
utilized to contain the polymer solution. while it 
dried for 10 days under a chemical fume hood at 
RT to prevent contamination by dust, yielding a 
pristine PEO film. To create the nanocomposite, 
5% coffee husk (CH) nanofibers were added to 
the PEO solution, and then it was stirred with a 

magnet for 35 minutes to ensure everything 
was mixed well, followed by the same casting 
and drying steps used for the pure PEO film. The 
thickness of the PEO-CH nanocomposite films was 
measured using a digital micrometer, revealing 
values between 97.5 and 83.5  micrometers. The 
specimens are designated as (PEO with 5 wt.% CH 
nanofibers).

Materials Characterization Methods
The coffee husk was ground utilizing a powder 

grinder (provided by Chengdu Micxy Chemical 
Co., Ltd.). Structural examination was performed 
employing XRD (X-ray diffraction) on an Aeris 
diffractometer (Malvern Panalytical) with Cu-Kα 
radiation (λ = 1.54 Å), functioning at 40 kV and 
30 mA. The scan was performed within the 2θ 
range of 10° to 80°, utilizing a step size of 0.05° 
and a counting duration of 1.0 second per step. 
Fourier-transform infrared (FTIR) spectroscopy 
was carried out using a Vertex 70 spectrometer 
(Bruker, Germany) to analyze functional groups. 
Morphological and elemental composition 
analyses were conducted using field-emission 
scanning electron microscopy (FESEM) and energy-
dispersive X-ray spectroscopy (EDX) with an 
INSPECT F50 FE-SEM. The optical properties were 
checked using a Shimadzu UV-Vis spectrometer.

RESULTS AND DISCUSSION
XRD analysis

Fig. 1 presents the XRD patterns of pure PEO 
and the PEO-CH nanocomposite. The spectrum of 
pure PEO shows typical semicrystalline behavior, 
with two strong peaks at 19.4° and 23.5° (2θ), 
which indicate its crystalline structure, as shown 
in Fig. 1a. Additionally, smaller peaks appear at 
higher angles of 27.10°, 36.39°, and 39.89°, further 
supporting the concept that the polymer contains 
both crystalline and non-crystalline regions. The 
diffraction peaks observed at 19.4°, 23.5°, and 
27.1° correspond to the (112), (120), and (121) 
crystal structures of PEO, as indicated by standard 
reference patterns. The broadening of these peaks 
in the PEO diffraction pattern suggests that the 
polymer exhibits a linear semicrystalline structure. 
This structural characteristic is crucial for stabilizing 
PEO both chemically and electrochemically. The 
crystallization process in such polymers typically 
occurs through hierarchical organization across 
multiple length scales. During this process, the 
bending of polymer chains results in the formation 
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of unique folded-chain layers that exhibit a specific 
molecular pattern. This chain-folding arrangement 
permits unconstrained expansion in two lateral 
dimensions. However, there is a limitation on the 
propagation of chain extension, with most defects 
concentrated at the folding surfaces. The peaks 
seen in Fig. 1 are caused by strong interactions 
between PEO chains that are linked by hydrogen 
bonds, along with the arrangement of the 
polyether side chains. This finding is consistent 
with previous studies referenced in [16, 17, 15], 
which indicated that the crystalline peaks for 
a pure PEO sample appeared at these specific 
angles. The different shapes of the diffraction 
peaks illustrate the crystalline or semicrystalline 
nature of the PEO polymer surfaces [17]. The XRD 

pattern for the PEO-CH nanocomposite is shown in 
Fig. 1b. The XRD patterns show that the composite 
material has some crystalline structure, as seen 
by two strong peaks at 19.3° and 23.6°, which are 
common for the polyethylene oxide (PEO) polymer. 
Additionally, the composite spectrum reveals 
several low-intensity reflections at 2θ values of 
26.3°, 27.1°, 36.3°, and 39.8°. The changes seen in 
the XRD pattern indicate that adding filler material 
affects the crystal structure of PEO, which might 
change how the chains are arranged and the size 
of the crystals. The peak broadening effect shows 
that either the crystallite size has decreased or 
the polymer structure is more disordered when 
the composite is made. In summary, the XRD 
results show that adding more coffee husk (CH) 
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Fig. 1. XRD analyses of (a) PEO and (b) PEO-CH.
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nanofibers to the PEO matrix causes the peaks 
in the diffraction pattern to spread out more. 
This phenomenon can be attributed to structural 
modifications within the polymer matrix, 
which may stem from changes in the degree 
of crystallinity of PEO, shifts in polymer chain 
packing due to the incorporation of nanofibers, 
and potential interactions between the PEO and 
CH components. The size of the crystallites (D) was 

determined using the Debye-Scherrer equation, 
which correlates the broadening of the peaks to 
the size of the crystalline regions, as represented 
in Equation (1) [15].

                                                                                  (1)  D =𝐾𝐾𝐾𝐾/𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽  

  where k represents the shape factor (0.9 for 
spherical crystals), β denotes the full width at 
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Fig. 2. FTIR spectra of (a) PEO and (b) PEO-CH. 

Absorption(cm-1) Appearance Group Compound Class 

2878 medium C-H stretching alkane 

1466 medium C-H bending alkane 

1341 medium C-H bending alkane 

1278 strong C-O stretching Alkyl aryl ether 

1095 strong C-O stretching Secondary alcohol 

960 strong C=C bending alkene 

841 medium C=C bending alkene 

 

Table 1. the band allocations for the FTIR analysis of PEO and PEO-CH [20-23].
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half maximum (FWHM) of the diffraction peak 
(in radians), and θ is the Bragg diffraction angle. 
The analysis shows that as the crystallite size 
gets smaller, (cos θ) ⁻¹ gets larger, and lattice 
strain increases with tan θ. These relationships 
demonstrate how peak broadening effects 
correlate with both finite crystallite dimensions 
and structural distortions within the material. 
The crystallite size corresponding to the most 
intense peak in PEO polymer is 31 nm, while after 
the addition of coffee husks, it decreases to 27.5 
nm. Due to Coffee husks contain fibrous materials 
such as cellulose, which can act as nucleation sites 
to enhance crystallization in certain polymers. 
However, in some cases, this addition may lead to 
a reduction in the degree of crystallinity due to the 
interference of the fibers with the alignment of 
polymer chains. The peak intensities significantly 
diminished, resulting in a change in the crystalline 
size of the PEO polymer, with a reduction in the 
crystallite size of PEO upon the incorporation of 
CH nanofibers [18,19]. The nanocomposite films’ 
XRD patterns do not show any new peaks.

Fourier-Transform Infrared (FTIR) Spectroscopy 
Analysis

FTIR spectroscopy was utilized to characterize 
the functional groups present in both pure PEO 
and PEO/CH nanocomposite films. Spectra were 
recorded across the mid-infrared range (400–4000 
cm⁻¹), which enables comprehensive identification 
of molecular vibrations associated with organic 
functional groups (PEO polymer matrix) and 
potential inorganic components (from CH Nano 
fillers) [17]. The FTIR spectra of PEO and PEO-
CH are shown in Fig. 2. The stretching vibrations 
of C-H bonds were shown by a spectral band at 
2883 cm−1 in the PEO spectrum, whereas the 
bending vibrations of C-H bonds were indicated 
by bands at 1467 and 1341 cm−1. The bands of 
absorption seen from 1280 to 1100 cm⁻¹ are due 
to the stretching movements of the O-H and C-O-C 
ether bonds. The triplet at 1095 cm⁻¹ represents 
the symmetrical stretching of the C-O-C group, 
confirming the existence of a crystalline phase 
in PEO [20, 21, 22]. The C-O-C and CH rocking 
vibrational modes occur at 960 cm and 841 cm, 
respectively [22]. The band detected at 841 cm⁻¹ 
corresponds to the stretching vibration of the 
molecular bonds C-O-C and C-C [23]. These results 
reveal a significant level of crystallinity within the 
PEO structure [24]. The FTIR spectra of PEO-CH 

are displayed in Fig. 2b. No additional absorption 
bands are detected compared to pure PEO. The 
main PEO peaks show up at slightly different 
wavenumbers, and these shifts suggest physical 
interactions rather than chemical ones, which is 
expected due to intermolecular forces. Table 1 
displays the band allocations for the FTIR analysis 
of PEO and PEO-CH.

Morphological Characterization using (FESEM)
The morphological analysis was carried 

out using Field Emission Scanning Electron 
Microscopy (FESEM), a high-resolution imaging 
technique that produces a highly concentrated 
electron beam using a field emission electron 
source. This allows for the detailed visualization 
of surface structures with high clarity and depth 
[25]. FESEM is particularly valuable in fields such 
as nanotechnology and materials science, where 
accurate surface characterization and analysis at 
the nanoscale are essential [26]. Fig. 3 illustrates 
the results of the extensive investigation of the 
surface morphologies of the PEO and P-CH films. 
The FESEM micrograph of pure PEO reveals a 
rough surface morphology interspersed with 
smoother regions, as illustrated in Fig. 3a, which 
can be attributed to its semi-crystalline structure. 
In contrast, Fig. 3b shows that the incorporation 
of coffee husk nanoparticles did not result in any 
noticeable aggregation or cracking within the 
film. Plate-like structures were observed, likely 
originating from the presence of the coffee husk 
nanoparticles, which may have contributed to the 
formation of bimetallic nanoparticle structures. 
Furthermore, the coffee husk particles appeared 
to be uniformly and finely dispersed throughout 
the PEO matrix, likely due to the polymer’s 
compatibility and ability to effectively incorporate 
nanocomposite particles [27]. The imaging results 
showed that the particle was 53.26 nm in size, 
according to Energy Dispersive X-ray Spectroscopy 
(EDX), a method used to study materials and 
find out their chemical properties. This approach 
indicated that the polymer comprised both oxygen 
and carbon.  Fig. 3c shows the elemental analysis 
of the PEO film, which revealed the presence of 
carbon and oxygen at concentrations of 54.6% and 
45.4%, respectively. Fig. 3d shows the EDX analysis 
of the PEO-CH films, which contain the elements 
C, O, Al, Si, K, Ca, and Ni in the following amounts: 
55.2%, 43.7%, 0.4%, 0.3%, 0.1%, 0.1%, and 0.2%. 
The data indicate that the high-intensity element 
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is carbon, which can be attributed to the polymer 
composition.

Optical Characterization by UV-Vis Spectroscopy
A spectrophotometer recorded the UV-

Vis spectrum within the optical range of 190 
to 1100 nm. UV-Vis spectroscopy measures 
the attenuation of a light beam after it passes 
through or is reflected from a sample. Fig. 4 
presents the absorption spectra of both pure 
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Fig. 3. FESEM-EDX of (a) PEO and (b) PEO-CH, EDX of (c) PEO and (d) PEO-CH.
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PEO and the PEO-CH nanocomposite. The pure 
PEO spectrum has a noticeable absorption 
peak around 240 nm, probably due to n→π* 
electronic transitions (R-band). These transitions 
are generally linked to non-bonding electrons 
in single bonds, indicating absorption primarily 
in the far-ultraviolet region. Upon incorporation 
of coffee husk (CH) nanoparticles into the PEO 
matrix, a substantial rise in absorbance across the 
UV-Vis range is observed. This is evidenced by an 
elevated absorption coefficient and a noticeable 
red shift in the absorption edge, suggesting a 
transition toward longer wavelengths. This red 
shift is indicative of complexation between the 

coffee husk components and the polymer matrix 
and also reflects modifications in the optical 
band gap. These changes are likely related to 
alterations in the degree of crystallinity within the 
PEO structure [28]. the maximum absorption of 
PEO-CH film shifts to a longer wavelength at the 
absorption edge and exhibits a smaller band gap, 
this finding shows that there are CH nanofiber 
grains of different shapes and sizes spread out 
over the surface of the film, as shown by the 
FESEM examination [15]. Transmittance and 
reflectance spectra, as shown in Fig. 5, were used 
to analyze the optical properties. A transmittance 
value of less than 460 nm was observed for both 

 

 

 

  

Fig. 4. Absorbance spectrum of PEO (A) and PEO-CH (B).

Fig.5. Transmittance and reflectance spectra of PEO (A) and PEO-CH (B).
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PEO and PEO-CH. However, a cut-off wavelength 
of less than 360 nm was observed in the pure 
PEO membrane [14]. Transmittance curves for all 
samples show a saturation tendency; in the visible 
and near-infrared bands, the polymer films reach 
an average maximum of about 50%. Nevertheless, 
transmittance decreases with an increase in 
the concentration of CH nanofibers within the 
PEO matrix. This behavior is mostly ascribed to 
alterations in film morphology and enhanced light 
absorbance. The reduced UV transmittance of 
the PEO-CH film renders it especially appropriate 
for applications including solar energy collectors, 
ultraviolet protection, and pharmacy packaging. 
[15].

The absorption coefficient is an important 
optical parameter derived from transmittance and 
reflectance data. It is a useful tool for evaluating 
the optical bandgap of nanocomposite films. Fig. 
6 shows how the absorption coefficient changes 
with wavelength for both pure PEO and PEO-CH 
nanocomposite films. This coefficient reflects the 
probability that the material will absorb photons in 
relation to the unit length. It is notably influenced 
by the film’s thickness, typically increasing as 
the thickness decreases. Thus, analyzing the 
absorption coefficient provides important 
information regarding the optical and structural 
characteristics of the films.

The absorption coefficient (A) is frequently 
computed using the relationship specified in Eq. 

2 [12]. It serves as a sensitive physical parameter, 
providing essential information about the 
characteristics of charge carrier transitions and 
helping to determine the optical bandgap energy 
[29,30].

A = 2.303(a/t)  

  

                                                        (2)

The absorbance is denoted by “a,” and 
“t” represents the thickness of the film. The 
absorption coefficient is crucial for determining the 
type of electronic transition. Typically, absorption 
coefficient values below 10⁴ cm⁻¹ suggest an 
indirect electronic transition, whereas values 
exceeding 10⁴ cm⁻¹ indicate a direct transition.

The optical bandgap energy relates to the 
photon energy (hν) and the absorption coefficient 
according to the Tauc relation, as shown in Eq. 3.

Ah =  B (hv −  Eg
opt)    ±  Eph)n   

  

                                                                                     (3)

Where B denotes a constant related to the 
degree of structural disorder (band tailing), and n 
is an exponent that indicates the type of electronic 
transitions, with n = 0.5 representing indirect 
transitions and n = 2 denoting direct transitions. 
Plotting (αhv)1/n against photon energy (hν) 
yields the values of the direct and indirect optical 
bandgap energies, shown in Fig. 7. The optical 
bandgap was determined by extrapolating the 
linear region of the absorption curve to the photon 

Fig.6. The optical absorption coefficient spectrum for PEO (A) and PEO-CH (B).
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energy (hν) axis. The decrease in the bandgap as 
the additive concentration increases is due to the 
creation of structural defects and disorder close 
to the conduction band, which results in energy 
levels that are not evenly distributed within the 
bandgap. These states arise from interactions 
between the PEO matrix and CH nanofibers, 
enabling absorption of lower-energy photons. The 
indirect bandgap was found to be smaller than the 
direct bandgap. The direct bandgap of pure PEO 
decreased from 4.5 eV to 2.9 eV in the PEO-CH 
composite, but the indirect bandgap decreased 
from 3.3 eV to 1.5 eV. The decrease suggests that 
electronic transitions between the valence band 
maximum and conduction band minimum in the 
PEO-CH composite occur predominantly through 

indirect transitions. These findings are consistent 
with the literature [14, 15, 30].

Understanding the refractive index is crucial 
for analyzing various optical phenomena, as it is 
closely linked to ionic polarization and the internal 
electric field of optical materials. This variable 
is crucial for the advancement of systems with 
integrated optical components. The advancement 
of innovative substances in the optics and 
optoelectronic industries significantly depends on 
the optical dielectric constant. The refractive index 
can be calculated from a material’s reflectance 
and absorption under electromagnetic radiation 
by using Eq. 4.

                                                                                (4)n ∗ (λ)  =  n(λ ) + ik(λ )  

  

 

  

Fig. 7. Tauc diagram for PEO (A) and PEO-CH (B).

 

  

Fig. 8. Refractive index and Extinction coefficient spectra for PEO (A) and PEO-CH (B).
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n*= complex refractive index, n = real part 
(related to the phase velocity of light), k = 
extinction coefficient (related to light absorption). 
The extinction coefficient (k) is commonly 
calculated using the absorption coefficient (α) 
and wavelength (λ):

k = α λ /4 π      

  
                                                            

(5)
                                         

Furthermore, by using reflectance (R) and the 
extinction coefficient, the Fresnel equation can be 
calculated for the refractive indices of pure PEO 
and PEO-CH films. The analysis offers insights into 
the optical properties of these materials, which 
are essential for their application in photonic and 
optoelectronic devices. 

The refractive index n(λ) was calculated using 
Equation 6, which relates the reflectance (R) and 

extinction coefficient (K):

n(λ ) =  √ 4R
(1 − R)2 − K2 + 1 + R

1 − R                                                                                             (6)

The refractive index serves as a critical 
indicator of material transparency, where values 
approaching zero suggest high transparency, 
whereas positive values indicate the absorption 
of light. The refractive index increased from 
1.28 to 1.36 as a result of the incorporation of 
CH into PEO polymer, as demonstrated in Fig. 
8. The formation of space charges in the CH is 
likely contributing to this rise [17]. A clear trend 
toward decreasing refractive index with increasing 

wavelength was observed throughout the visible 
spectrum [10], while the enhanced refractive 
index values broaden the material’s potential 
for optoelectronic applications. The extinction 
coefficient that changes with wavelength for both 
pure PEO and PEO-CH nanocomposite films is 
displayed in Fig. 8. The nanocomposites showed 
increased extinction coefficients in the UV region, 
corresponding to strong absorption bands. This 
trend continued into the visible and near-infrared 
spectral regions, indicating enhanced light-matter 
interactions in the modified material system.

The dielectric constant consists of real (εr) 
and imaginary (εi) components that characterize 
distinct optical properties [31]. The real 
component (εr = n² - k²) measures how much light 
slows down in the material, while the imaginary 
component (εi = 2nk) shows how energy is lost 
due to dipole interactions when an electric field is 
applied [32,33].

Fig. 9 illustrates the wavelength dependence 
of the real (εr) and imaginary (εi) components 
of the dielectric constant for CH and PEO-CH 
nanocomposites. The trend of the real component 
follows that of the refractive index (n), as the 
term k² becomes negligible in comparison 
to n². The imaginary component is directly 
proportional to the extinction coefficient (k) [34]. 
The observed increase in the dielectric constant 
of PEO-CH nanocomposites is attributed to 
reduced photon scattering. The higher εi values 
correspond to enhanced absorption coefficients, 
suggesting improved dipole alignment within the 
nanocomposite structure [30, 35, 36].

 Fig. 9. Real and imaginary dielectric constant spectra for PEO (A) and PEO-CH (B).
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CONCLUSION
In conclusion, the casting technique was 

employed to successfully synthesize PEO-CH 
nanocomposite films for the first time. XRD 
analysis of the composites revealed two main 
peaks at 19.4° and 23.5°, indicating that the 
polymer has a semicrystalline structure. The 
primary diffraction peaks of the nanocomposite 
films showed a decrease in intensity along with an 
increase in broadening, the diffraction peaks of the 
PEO matrix got broader when more CH nanofibers 
were added, which suggests that adding the 
nanofibers made the PEO crystals smaller. The 
XRD data showed no further diffraction peaks, 
suggesting the absence of new crystalline phases. 
FTIR analysis revealed conjugated double bonds 
and functional groups in PEO. These include C–H 
and O–H bond stretching and bending vibrations 
and C–O–C triplet bands. Although the PEO-
CH nanocomposites’ FTIR spectra exhibited no 
new peaks, the existing bands shifted compared 
with pure PEO, indicating physical interactions 
between the polymer matrix and the CH 
nanofibers. The images obtained from the FESEM 
of the PEO film demonstrated a surface that was 
homogeneous and smooth, free from defects, 
aggregation, or cracks. The coffee husk particles 
were finely and uniformly dispersed throughout 
the PEO matrix, likely due to the polymer’s strong 
compatibility and effective integration with the 
nanocomposite particles. EDX analysis of the pure 
PEO film indicated carbon and oxygen contents at 
concentrations of 54.6% and 45.4%, respectively. 
After the doping process, additional elements such 
as Al, Si, K, Ca, and Ni were detected alongside C 
and O, with their respective weights being 55.2%, 
43.7%, 0.4%, 0.3%, 0.1%, 0.1%, and 0.2%. The high-
intensity component, attributed to the polymeric 
structure, is identified as C. The incorporation of 
coffee husks improved the optical properties. In 
the pure PEO film, an absorption peak was noted 
at approximately 240 nm, probably resulting from 
n→π* transformations (R-band) involving single 
bonds, indicating that absorption predominantly 
occurs in the far UV region. By integrating CH 
into the PEO matrix, the absorbance in the UV/
Vis region significantly increased. Furthermore, 
the PEO-CH film demonstrated the ability to 
absorb light at longer wavelengths, suggesting 
a smaller band gap and indicating that the CH 
nanofibers vary in size and shape on the surface 
film. The optical properties were examined by 

utilizing reflectance and transmittance spectra to 
evaluate key variables relevant to optoelectronic 
applications. Transmittance cut-offs below 360 
nm were observed in the PEO film, but PEO-CH 
composites and pure PEO displayed similar cut-offs 
below 460 nm. The low UV transmittance of PEO 
makes it suitable for uses including solar collectors, 
UV protection, and packaging for pharmaceuticals. 
The direct transition energy decreased from 4.5 
eV for pure PEO to 2.9 eV for PEO-CH, and the 
indirect transition energy decreased from 3.3 eV 
to 1.5 eV, respectively. The incorporation of coffee 
husks also increased the refractive index from 1.28 
to approximately 1.36, enhancing the material’s 
potential in optoelectronic devices. 
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