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Abstract: In the present work, the polyvinylidene fluoride (PVDF) and PVDF/Curcuma longa Linn (PVDF/CLL) were 
prepared in five different concentrations. The FT-IR technique was used to analyze the incorporation of CLL in the PVDF 
matrix. The CLL introduction in the PVDF matrix increases de relative percentage of ! phase. The optical properties of 
PVDF/CLL were studied using UV-Vis spectroscopy. The incorporation of CLL into the PVDF matrix changes the optical 
absorption in the UV-Vis region and shifts the optical absorption edge to higher wavelengths. The optical transmittance 
of pure PVDF exceeds 70% from 270 nm to 1400 nm. The addition of 5% CLL reduces optical transmittance by 50%, 
and at concentrations above 20%, the reduction approaches 100%. The extinction coefficient of PVDF/CLL 10% 
presents two peaks, one at 234 nm and the other at 421 nm. However, higher concentrations of CLL change the first 
peak from 234 nm to 247 nm. The skin depth decreases with increasing photon energy. The CLL addition in the PVDF 
matrix shifts the indirect and direct optical bandgaps towards lower energies. The observed decrease in the bandgap is 
consistent with the optical absorption edge results. Finally, these results show that PVDF/CLL composites are potential 
candidates for optical and photonic applications. 
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1. INTRODUCTION 

In the last decades, the scientific community has 
increased its interest in natural materials with 
multifunctional behavior for different types of 
applications. Vegetable, pigments and phenolic 
compounds have been widely studied as sustainable 
alternatives to conventional additives, especially for 
their combination of biocompatibility, chemical stability, 
and lower environmental impact. Among these 
materials, the curcuma (Curcuma longa Linn), 
popularly known as turmeric or Indian saffron, 
belonging to the Zingiberaceae family, is noted as a 
rich source of bioactive compounds, such as 
curcuminoids, with curcumin being the most studied 
component [1]. Curcumin is a polyphenolic pigment 
with a yellow-orange color, with antioxidant, 
anti-inflammatory, and antimicrobial activity [1, 2]. Due 
to its thermal stability, optical properties and 
conjugated structure by a system π–π*, some studies 
have highlighted curcumin as an efficient 
photosensitizer for Dye-Sensitized Solar Cells 
(DSSCs). These conjugated structures promote 
electron injection into the conduction band of TiO2, 
thereby inducing charge recombination and increasing 
the system's quantum efficiency [3]. Curcumin provides 
a firm anchorage on semiconductor and polymeric 
surfaces, thereby improving electronic stability and 
photoelectric performance [4-5]. Among the polymeric 
matrices used in solar cells, polyvinylidene fluoride  
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(PVDF) has emerged as one of the best materials for 
backsheet applications in modern solar panels. 
Because of its weather and chemical resistance, 
mechanical strength, temperature, low surface energy, 
and exceptional dielectric properties [6]. PVDF is a 
semi-crystalline ferroelectric polymer, which presents 
five crystalline phases, being the most studied phases 
α’ and β, because of its elasticity, processability, and 
ferroelectric response [7-10]. PVDF matrix is easily 
processable and can be prepared with different fillers to 
enhance its physical properties, such as electrical, 
dielectric, and optical properties [11-13]. Making this 
polymeric matrix suitable for optoelectronic 
applications such as solar cells, light-emitting diodes, 
optical switches, optical waveguides, nonlinear optical 
devices, photonic devices, and others [14]. As 
previously described, both Curcuma longa and PVDF 
have been studied for optical and photonic applications. 
Therefore, the objective of this work was to synthesize 
and characterize the optical properties of PVDF 
samples doped with curcuma (CLL) or PVDF/CLL at 
five different concentrations (m/m) via the UV-Vis 
technique. This technique is a powerful tool for 
studying the optical properties of many materials. 
Providing results of optical transmittance, optical 
absorption coefficient, skin depth, extinction coefficient 
and optical bandgap. 

MATERIALS AND METHODS 

PVDF powder used in this work was donated by 
Arkema of Brazil (Kynar™) without any purification. 
Vetec™ DMF (99.8% purity) was used as the solvent. 
Curcuma L. Linn was purchased at a local market. To 
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prepare the filler, CLL roots were washed in a water 
flow, peeled, sliced, and dried in an oven for 48 h at 
50 °C. After this procedure, the material was ground 
using a knife mill Britania™ BMX400P. The powder 
particles were sieved through a common sieve 
purchased at a regular supermarket with an opening of 
0.71 mm (25 mesh) to control the size of particles. In 
brief, to prepare pure PVDF samples, 120 mg of PVDF 
powder was dissolved in DMF at room temperature. 
For the PVDF/CLL composites, the CLL loadings were 
5%, 10%, 20%, and 30% by mass relative to PVDF. 
Both PVDF and CLL were dissolved separately in DMF 
at room temperature to prepare stock solutions. Then, 
the dissolved PVDF and CLL solutions were mixed, 
stirred, and placed in glass Petri dishes in their relative 
proportions. Subsequently, the samples were dried in 
an oven at 50 °C for 16 h to remove the solvent and 
form the films. A UV-Vis spectrophotometer, Shimadzu 
model UV-2700i with Diffuse Reflectance, in the 
wavelength range of 200–1400 nm, was used to 
perform UV–Vis measurements, and the LabSolutions 
acquisition program provided diffuse transmittance and 
absorbance results. FT-IR/ATR analysis was 
performed using a Bruker Invenio R spectrometer, 
equipped with a diamond ATR unit. The scan was 
performed over 4000-100 cm⁻¹ with 64 scans at a 
resolution of 1 cm⁻¹. Background spectra were 
automatically recorded and subtracted, and the 
resulting spectra were saved in OPUS software. 

RESULTS AND DISCUSSIONS 

The obtained samples had thicknesses of 0,007 ± 
0,002 mm, 0,009 ± 0,002 mm, 0,05 ± 0,004 mm, 
0,070± 0,001 mm, and 0,048 ± 0,001 mm for PVDF, 
PVDF/CLL 5%, PVDF/CLL 10%, PVDF/CLL 20%, and 
PVDF/CLL 30%, respectively. These results are the 
average of measurements taken at six points on the 
sample. 

In Figure 1, the FT-IR spectra for pure PVDF and 
PVDF/CLL composites are represented. Pure PVDF 
samples exhibit the characteristic absorption peaks of 
the α’ phase at 530, 615, 761, 795, 855, 976, and 1402 
cm⁻¹ [15]. The β-phase is characterized by peaks at 
511, 840 and 1275−1279 cm⁻¹, and the γ phase is 
characterized by peaks at 778, 812 and 834 cm⁻¹ [15]. 
Pure PVDF also exhibits a characteristic peak between 
1242 cm⁻¹ and 1064 cm⁻¹ due to C–F stretching [15]. 
The FTIR spectrum of the CLL sample showed 
characteristic vibrational features consistent with the 
known spectral profile of curcumin. The band at 
approximately 1627 cm⁻¹ corresponds to the 
conjugated C=O/C=C stretching of the β-diketone 
system, a structural signature of the stabilized enolic 

form of curcumin [16]. In the 1500–1600 cm⁻¹ region, 
the spectrum exhibits the C=C stretching modes of the 
phenyl rings, arising from internal deformations of the 
aromatic conjugated system [16]. The band near 1270 
cm⁻¹ is assigned to C–O/C–OH vibrations of the 
enol–phenolic group, associated with coupled 
deformations of the keto–enol system [16, 17]. The 
band around 1150 cm⁻¹ corresponds to C–O–C 
stretching, a mode characteristic of phenolic and 
conjugated ether groups commonly found in curcumin 
and its natural analogues [16, 17]. The signal near 
1000 cm⁻¹ reflects a combination of C–O stretching 
and aromatic C–H bending, a mixed vibrational 
behavior also observed for turmeric extracts cultivated 
in Yemen and confirmed by FTIR analyses of 
curcuminoid-containing plant materials [17, 18]. At 
lower wavenumbers, the band at approximately 850 
cm⁻¹ corresponds to out-of-plane (C–H) deformation, a 
typical marker of substituted aromatic rings in 
curcuminoids [16, 17]. The presence of these features 
collectively demonstrates that the sample’s molecular 
structure matches the expected vibrational fingerprint 
of curcumin and related natural derivatives. In this 
study, the !’ peak appears at 761 cm⁻¹ for PVDF/CLL 
5%. However, for PVDF/CLL 10 %, 20% and 30% α 
peak is displaced to 769 cm⁻¹, indicating a clear de 
interaction between PVDF and CLL. It is observed too, 
that the peak at 871 cm-1, due to the amorphous phase 
is also displaced. On the other hand, the peak β phase 
remains unchanged for high concentrations. The 
observed peak at 1000 cm⁻¹, due to curcumin, is 
observed in all PVDF/CLL samples, confirming the 
interaction between CLL and the PVDF matrix. 

From the FT-IR absorbance results and using the 
Salimi-Yousef equation (Eq. 1), 

! ! =
!"#!

!.!" !"#!!!"#!
    Eq. 1 

it is possible to obtain the relative percentage of β 
phase [19]. In Eq. 1, Aα and Aβ are the areas of the 
FT-IR absorption bands at 766 cm−1 and 840 cm−1, 
respectively [19, 20]. The results of the relative 
percentage of β phase are displayed in Figure 1b. The 
CLL addition increases the relative percentage of β 
phase up to 10 % of CLL addition, and after decreases 
for PVDF/CLL 20% and 30%. This behavior shows that 
the CLL addition alters the crystalline phase of the 
PVDF matrix. However, to understand the 
phenomenology of the interaction between PVDF and 
CLL, it is necessary to consider other 
characterisations. 

In Figure 2, the absorbance and transmittance 
results are displayed as a function of CLL content. As 
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shown in Figure 2(a), pure PVDF exhibits its 
characteristic optical absorption between 250 nm and 
400 nm, attributed to the electronic transition of the 
fluorocarbons (F-C) [15]. For PVDF/CLL composites, 
adding filler to the PVDF matrix enhances the optical 
absorbance in the UV region. This behavior might be 
associated with increasing CLL and, consequently, an 
increase in curcumin. Curcumin is a yellow-orange 
polyphenolic pigment with structure that presents 
hydroxyl and carbonyl groups conjugated by a system 
π–π*, which results in a high optical absorption 
between 420 nm and 530 nm [21]. These electronic 
conjugations are responsible for the electronic 
transitions π→π* and n→π*, which are directly 
associated to its photoactive properties. Literature 
reports that curcumin presents one peak at 233 nm, 
due to the p–p* transitions of C=C bonds, and other at 
422 nm, which corresponds to n–p* transitions of C=O 
bonds [22]. In Figure 2(b), pure PVDF presents an 
optical transmittance of over 70% from 270 nm to 1400 
nm. However, for PVDF/CLL 5%, the optical 
transmittance decreases to 55% in the UV region, and 
for PVDF/CLL 10%, it decreases to 15%. At high 

concentration, the optical transmittance in this region 
decreases close to 100%. This behavior is attributed to 
the high optical absorption of curcumin and other 
compounds of CLL. 

The optical absorption coefficient was determined 
using Beer-Lambert’s formula, ! =   2.303 !

!
, where A 

is the optical absorbance and d is the thickness of the 
sample. In Figure 2, the optical absorption coefficient of 
the PVDF samples is shown. As aforementioned, the 
CLL addition increases optical absorption in the UV 
region. For the PVDF/CLL 30% composite, the 
bandwidth at half weight is 268 nm, spanning 200–468 
nm, almost the entire UV-Vis region. In Figure 3, the 
absorption edge is at 255 nm for pure PVDF. In a 
previous study, the authors found a value of 247 nm 
[23]. From Figure 3, the absorption edge is shifted from 
255 nm for pure PVDF to 414 nm for PVDF/CLL 30%. 
According to Mamand, the redshift of the absorption 
edge might indicate a reduction in the bandgap energy 
of PVDF/CLL composites [24]. 

From optical absorption coefficient it is possible to 
obtain the extinction coefficient (κ) by the follow 
equation ! = !"

!!
, where λ is the wavelength of the 

 

Figure 1: a) FT-IR spectra of PVDF and PVDF/CLL composites as a function of CLL content, and b) Relative percentage of β 
phase as a function of CLL concentration. 

 

Figure 2: Optical transmittance (a) and optical absorbance (b) for pure PVDF and doped PVDF/CLL samples. 
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incident photon. The κ parameter describes the loss of 
wave energy to the sample, and is the imaginary part of 
the complex refractive index (ñ) by the following 
relation (ñ = n + iκ), where n is the refractive index. 
Thus, any change observed in the parameter ! 
directly affects the complex refractive index. In Figure 
4a, the κ values obtained for all PVDF samples are 
shown. Pure PVDF at 207 nm shows a value of 
11.25×10-3, and after κ decreases to 0.48×10-3 at 400 
nm, then increases. On the other hand, the PVDF/CLL 
10 % composite has a value of ! = 1.42 10-3 and 
presents two peaks, one at 234 nm and the other at 
421 nm with values of 1.74 x 10-3 and 1.24x10-3, 
respectively. For PVDF/CLL 30% at 207 nm, ! = 1.76 
× 10-3. However, the first peak of PVDF/CLL 30% 
increases by 2.61x10-3 and shifts from 234 nm to 247 
nm, and the second peak increases approximately 
164% compared with PVDF/CLL 10%, reaching a 
value of 3.28x10-3 at 421nm. These peaks may be 
attributed to the curcumin, and the displacement of the 
first peak from 234 nm to 247 nm might be related to 
other components of CLL. These results are very 
important for applications that require UV light 
absorption, because in this region, the electromagnetic 
wave loses more energy than at higher wavelengths. 

 

 

Figure 3: Optical absorption coefficient for PVDF and 
PVDF/CLL samples as a function of CLL concentration. 

It is well known that the optical absorption of 
electromagnetic waves in semiconductor material 
depends on many parameters such as thickness, 
materials type, dopant concentration, photoconductivity, 
and the extinction coefficient. For the regions of high 
absorption coefficient for any semiconductor, part of 
the electromagnetic wave energy is absorbed, leaving 
only the reflected energy by the material surface [25]. 
The photon density decreases exponentially from the 
surface to the middle of the sample, due to material 
density, surface morphology, refractive index or 
microstructure [25]. The thickness at which optical 
photon density becomes 1/e of the value at the surface 
is called skin depth !  or depth penetration [25]. This 
parameter also depends on the incident photon's 
conductivity and frequency. Since the conductivity in 
semiconductors depends on the optical bandgap, it is 
possible to correlate the optical properties and skin 
effect in any semiconducting material [25]. Thus, the 
skin depth is related to the optical absorption coefficient 
by the following Eq. ! = !

!
, where α is the optical 

absorption coefficient.  

In Figure 4b for pure PVDF at 1 eV, the parameter δ 
has a value of 0.0112 cm and decreases with 
increasing incident photon energy, reaching zero at 
5.66 eV, the cut-off energy (Ecut-off). For the composites 
at 1 eV, the values obtained were 0.0084 cm, 0.0077 
cm, 0.0211 cm, and 0.0285 cm for PVDF/CLL 5%, 10%, 
20%, and 30%, respectively, which did not follow a 
linear trend. This behavior might be associated with 
surface imperfections or defects induced by the CLL 
addition. However, further studies are needed to better 
understand this phenomenon. The results show that δ 
decreases with increasing photon energy for PVDF and 
PVDF/CLL composites. For samples with high 
concentrations of CLL, the Ecut-off is shifted to lower 
energies. The literature reports that at lower energies, 
the absorption effect vanishes, the observed reduction 
occurs over a large distance, and the skin depth 
increases, indicating an optical transmittance 

 

Figure 4: Measurements of Extinction coefficient (a) and skin depth (b) for pure PVDF and PVDF/CLL samples as a function of 
CLL concentration. 
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dependence. Thus, skin depth shows that the CLL 
addition causes PVDF to lose transparency. 

From UV-Vis measurements, the optical bandgap 
can be estimated. The most common form to calculate 
the bandgap energy is by the use of Tauc’s plot [26]. 
The frequency-dependent absorption coefficient is 
given by 

!ℎ! = ! ℎ! − !!
!
    Eq. 1 

where r is a power factor of the transition mode, Eg is 
the optical energy gap, and A is an energy-independent 
constant known as the band tailing parameter. Power 
factor can assume different values, such as 1/2, 2, 
corresponding to allowed direct, allowed indirect, 
respectively [14]. Plotting !ℎ!

!
!  against the photon 

energy (hν), and by the extrapolation of the linear 
portion up to this intercept energy axis, it is possible to 
find Eg values. In this work, the direct and indirect 
optical bandgaps were calculated to understand the 
material’s electronic properties. An indirect bandgap is 
important for understanding electrical conductivity and 
thermodynamic behavior, and a direct bandgap is 
important for understanding optical transitions, which 
influence absorption and light-emitting fluorescence 
[24]. Thus, both bandgap considerations provide more 
information about the suitability of the studied material 
for different applications [24]. Figure 5 presents the 
Tauc plot for PVDF/CLL samples considering an 
indirect (Figure 5a) and a direct (Figure 5b) bandgap. 
Pure PVDF exhibited indirect and direct bandgap 
values of 5.1 eV and 5.6 eV, respectively. In a previous 
work, it was found that pure PVDF has bandgap values 
of 4.82 and 5.56 for the indirect and direct bandgaps, 
respectively [14]. Indolia reported values of 4.96 and 
5.66 for the indirect and direct bandgaps [27]. Thus, the 
results obtained in this work are consistent with 
previous reports in the literature. In Figure 5, the 
behavior of indirect and direct bandgap energies is 

shown. As can be seen both the indirect and direct 
bandgaps decrease with increasing CLL content. The 
CLL addition might contribute to states near the band 
edges, thereby lowering the Fermi level and narrowing 
the bandgap [27]. Also, the bandgap decrease might 
be associated with structural changes caused by the 
filler and show compositional dependence. Another 
explanation for the decrease in optical energy might be 
the formation of defects that alter optical properties. A 
decrease in bandgap also indicates an increase in the 
electrical conductivity of the PVDF/CLL composites. 
The optical bandgap behavior is consistent with the 
previous result for the optical absorption edge. 

 

Figure 6: Comparison between indirect and direct energy 
band gap of PVDF and PVDF/CLL composites. 

Ater find bandgap the power factor can be obtained 
from the slope of the straight-line plot of 
!" !ℎ!   !"  !" ℎ! − !! . The r obtained for pure PVDF, 
PVDF/CLL 5%, PVDF/CLL 10%, PVDF/CLL 20%, and 
PVDF/CLL 30% were 2.29, 2.19, 2.18, 1.87, and 1.89, 
respectively. In a previous work, for the indirect 
bandgap, it was found r = 1.92, and in this work r ≈ 2 
[14]. Thus, the results indicate an indirect bandgap 
transition and agree with the literature [14, 23]. 

 

Figure 5: Tauc plot indirect (a) and direct (b) optical energy bandgap for pure PVDF and PVDF/CLL composites as a function of 
CLL concentration. 
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Considering now a direct bandgap, the values found 
were 0.50, 0.49, 0.50, 0.45, and 0.53 for PVDF, 
PVDF/CLL 5%, PVDF/CLL 10%, PVDF/CLL 20%, and 
PVDF/CLL 30%, respectively. Alhassan et al. report 
that semicrystalline polymers, such as PVDF, may 
exhibit both direct and indirect energy bandgaps [28]. 

CONCLUSION 

In this study, Curcuma longa Linn was used as a 
filler in the PVDF matrix. FT-IR measurements have 
been performed to confirm the incorporation of CLL into 
the PVDF matrix. FT-IR results revealed an increase in 
the β phase, attributed to the interaction between 
PVDF and CLL. The UV-Vis technique was 
successfully applied to analyze changes in the optical 
properties of the PVDF matrix induced by CLL addition. 
The addition of CLL to the PVDF enhancemes the 
optical absorption in the UV-Vis region. This behavior 
was attributed to the curcumin present in Curcuma 
longa Linn and confirmed by FT-IR measurements. For 
pure PVDF, the optical transmittance exceeds 70% 
from 270 nm to 1400 nm. However, for PVDF/CLL, 
20% and 30% optical transmittance are close to 0%. 
The extinction coefficient for PVDF/CLL 10% shows 
two peaks, one at 234 and the other at 421, attributed 
to curcumin. For PVDF/CLL 20% and 30% the first 
peak is shifted from 234 nm to 247 nm. This 
displacement might be associated with the other 
components present in the Curcuma longa Linn. The 
observed increase of ! at UV-Vis indicates that the 
light absorption electromagnetic wave in this region 
loses more energy than higher wavelengths. Skin 
depth results show that PVDF/CLL composite addition 
did not present a linear trend with the CLL addition. 
This behavior might be associated with surface 
imperfections or defects induced by CLL. The CLL 
concentration also shifts the Ecut-off toward lower 
energies, causing PVDF to lose its transparency. The 
results show that the bandgap energy decreases with 
increasing CLL content, corroborating the trend 
observed for the optical absorption edge. The bandgap 
decrease might be associated with defects or structural 
disorder, which increases the density of localized 
states introduced by CLL. However, further studies 
should be conducted on PVDF/CLL composites to 
understand the phenomenology underlying these 
parameters. Finally, the results show that PVDF/CLL 
composites are promising candidates for optical and 
photonic applications, as well as for devices requiring 
UV protection. 
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