
IRAQI JOURNAL OF APPLIED PHYSICS    Vol. 20, No. 1A, January 2024, pp. 139-146 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   139 

 

Aseel N. Bardan 

Lamia K. Abbas 

Enhancement of Humidity 

Sensing of PVDF/PEO 

Nanocomposites Doped with 

Tungsten Oxide 

Department of Physics, 
College of Science, 

University of Baghdad, 

Baghdad, IRAQ 

 

 

 

 

 

The study delved into the impact of nano-tungsten oxide doping on PVDF/PEO thin 

films, meticulously fabricated through the spin coating technique. By modifying the 

weight percentages of WO2 nanoparticles (NPs), the study revealed significant 

findings. X-ray diffraction (XRD) technique provided insight into the polycrystalline 

nature and tetragonal structure of the films. The morphology of the films was 

examined using field-emission scanning electron microscopy (FE-SEM), which 

confirmed the homogenous distribution of WO2 NPs throughout the PVDF/PEO 

composite. Further chemical analysis was conducted using Fourier-transform 

infrared (FTIR) spectroscopy, which identified specific functional groups and 

elucidated the chemical complexities introduced by the doping material. Optical 

measurements indicated the energy gap increase from 3.0 eV to 3.2 eV, 

corresponding with the increase in WO2 NPs content.  
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1. Introduction 
The performance of chemical and physical 

sensors has been greatly improved recently for use in 

everyday life and technology [1]. Continuous 

humidity monitoring is crucial in several aspects of 

life. Humidity sensors therefore play a major role in 

many industries and sectors, including the production 

of chemicals and food, agriculture, climate 

management, environmental monitoring, and health, 

as well as a number of industrial sectors including 

electronics, paper, automotive, and pharmaceuticals 

[2]. The creation of high-quality, precise humidity 

sensors starts with a very low hysteresis, which is 

followed by a minimal temperature impact, quick 

recovery times, thermal stability, long-term 

durability, resistance to pollutants, cheap cost, and a 

wide range of RH sensitivity [3]. Numerous 

materials, including ceramics, semiconductors, and 

polymers, are used to create humidity sensors. These 

sensors use a variety of mechanisms, such as changes 

in resistance, capacitance, surface acoustic waves, 

optical fibers, and quartz crystal microbalance, to 

measure the humidity level [4]. Capacitive sensors 

are the most extensively utilized because of their 

specialized and affordable sensing methods [5].  

Lately, doping of nanoparticles, including metal 

oxides,(CuO, SnO2, Al2O3, ZnO,WO2), and 

hydrophilic polymers (PEI , PEO , PVA  and PANI) 

have been utilized as composite sensors to obtain an 

improved sensitivity and response time [6]. 

Polyethylene oxide (PEO) is a versatile and harmless 

polyether, widely utilized in the formulation of 

pharmaceuticals, food products, and cosmetic items. 

This polymer has garnered considerable attention for 

its ability to act as a solid medium for dissolving salts, 

which is crucial in the development of polymer 

electrolytes [7]. Moreover, the incorporation of 

inorganic nanoparticles into polymers, a process 

known as doping, has expanded the functional range 

of PEO, making it highly sought after in fields such 

as catalysis, energy storage [8], electronics, and 

optoelectronic applications [9]. Polyvinylidene 

fluoride (PVDF) is an electroactive polymer known 

for its electroactivity, piezoelectricity, and 

biocompatibility, making it ideal for sensors, 

actuators, energy harvesters, and filtration 

membranes [10].  

Tungsten oxide (WO3) is classified as an n-type 

semiconductor with a documented band gap ranging 

from approximately 2.6 to 2.8 eV [11]. Its intrinsic 

conductivity results from its non-stoichiometric 

composition, which leads to the formation of a donor 

level caused by oxygen vacancy defects within the 

lattice. Due to the various oxidation states of 

tungsten, such as 2, 3, 4, 5, and 6, the compound can 

exist in multiple forms. For example, the common 

forms of tungsten oxides include tungsten (VI) oxide 

(WO3, displaying a lemon-yellow appearance) and 

tungsten (IV) oxide (WO2, appearing brown and 

blue) [12]. These electronic properties make tungsten 

oxides suitable for diverse applications, such as 

electrochromic devices, photochromic materials, 

photocatalysts, and gas sensors [13-15]. This research 

paper explores the effects of incorporating WO2 

nanoparticles into PVDF/PEO films. The study 

investigates how different ratios of WO2 influence 

the structural, morphological, and optical properties 

of films prepared from these organic materials. 
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Characterization techniques such as XRD, FTIR, and 

UV-visible spectrometry were used for analysis. 

Furthermore, a humidity sensor based on the 

capacitance/resistive principle was created using this 

material, and a thorough examination of the sensor's 

characteristics was carried out. 

 

2. Experimental Part                                   

The study involved the synthesis of a composite 

material by combining polyvinylidene fluoride 

(PVDF) with polyethylene oxide (PEO). Using Gel 

Permeation Chromatography (GPC), PVDF 

(purchased from Sigma-Aldrich) demonstrated an 

average molecular weight of approximatly 534,000, 

indicating the average length of the polymer chains. 

This polymer was blended with PEO in powder form, 

supplied by Merck KgAA, based in Darmstadt, 

Germany, which possessed a density ranging from 

1.11 to 1.20 kg/L. The constituents were mixed in a 

ratio of 3:1, with PVDF constituting the larger 

fraction at 75%. 

The polymers were dissolved in 20 ml of the 

highly pure Dimethylformamide (DMF) to produce a 

homogenized mixture. Following that, the resulting 

solution was kept at 65°C and continuously swirled 

for over an hour. Next, at doping levels of 5 % and 

10 %, tungsten oxide nanoparticles from Sky Spring 

Nanomaterials, Inc. were added to the solution. These 

nanoparticles were mixed with the polymer matrix 

after first dissolving in an extra 20 ml of DMF. To 

guarantee consistency, the resulting solution was 

constantly agitated at 65°C for four hours. Following, 

at a substrate temperature of 65°C, the spin coating 

procedure produced PVDF/PEO/WO2 NP hybrid 

nanocomposite thin films. The samples were expertly 

dried by spin coating using a Toos Nano Spin Coater 

(Model SPC-TN-556), and it took one minute for 

each sample to dry entirely.    

The procedure involved depositing the polymer 

blend on a 2.5×2.5 cm glass substrate and subjecting 

it to rapid rotation. The spin coating was executed in 

three stages at different velocities: starting at 5500 

rpm for 35 s, followed by 4500 rpm for another 35 s, 

and concluding at 1000 rpm for 20 s, totaling a 90s 

duration. This process was instrumental in the 

solvent's evaporation, resulting in the formation of 

dry nanocomposite films. The elevated temperature 

of the substrate during the spin coating was crucial 

for the swift evaporation and subsequent 

solidification of the films, thus ensuring their 

structural and morphological stability. Spin coating 

at a substrate temperature of 65°C was used 

effectively to successfully manufacture 

PVDF/PEO/WO2 NPs hybrid nanocomposite thin 

films. 

An Analytical X′ Pert Pro X-ray diffraction 

spectrometer was used to investigate the dried thin 

films in order to analyze the crystal structure. A JSM-

7600 F field-emission scanning electron microscope 

(FESEM) from Japan's JEOL Ltd. was used to 

examine the microstructure. The films were covered 

in a coating of gold before being analyzed. Functional 

groups and bonds within the samples were identified 

using a Shimadzu FTIR-1800 spectrometer for 

Fourier-transform infrared (FTIR) spectroscopy. The 

manufactured samples were tested for optical energy 

gap using a Shimadzu UV-visible spectrophotometer 

(UV160A) at room temperature within the 200-1100 

nm wavelength range. 

A homemade humidity chamber with a closed 

chamber, gas inlet, and outlet valves was used to 

describe the humidity sensor. A combination of moist 

air and dry nitrogen was used to regulate the humidity 

levels inside the chamber, enabling a range of 

humidity ranges from 31 to 100% RH (relative 

humidity). The GW Instek LCR-821 LCR meters 

were used to assess the properties of the humidity 

sensor. 

 

3.  Results and discussion 

The crystal structure of pure PVDF/PEO films 

doped with WO2 with various doping ratios and 

weight ratios of 75/25 wt.% was studied using an X-

ray diffraction spectrometer. The XRD patterns of 

PVDF/PEO and PVDF/PEO/WO2 thin films are 

shown in Fig. (1). Several peaks in the diffraction 

pattern before and after doping indicate that the 

produced films are polycrystalline [9]. In the pure 

sample several peaks were observed at 2θ of 19.1°, 

20.2° and 23.4° about the (120), (110) and (010) 

planes which indicated for PVDF/PEO films [16-18]. 

After doping, it observed peaks shifted toward higher 

angle maybe due to the ionic radii value of WO2 [19]. 

It was detected the development of other peaks at the 

angles 25.8°, 36.9°, 37.5°, 52.9°, 53.6°, and 59.8° that 

belong to the planes (110), (200), (101), (220), (111) 

and (310), respectively [9]. 
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Fig. (1) XRD patterns of PVDF/ PEO and PVDF/PEO/WO2 

thin films at different percentages (5% and 10%) of WO2 

 

Additionally, the intensity of these new peaks 

increases as the fraction of WO2 particles increases, 

providing evidence of improved crystal structure 

[20]. The peaks' sharpness indicates the great 

crystallinity that was attained. The average crystal 

size (D) was estimated using Scherer's formula [21].  
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D =
𝑘𝜆

𝛽 𝑐𝑜𝑠 𝜃
    (1) 

where D is crystallite size, k (=0.94) is shape factor, 

λ (=0.154 nm) is the wavelength of radiation, β is the 

full width half maximum and θ is the position of the 

peak. The average crystal size (D) was found to be 

14.3, 14.76 and 19.4 nm for pure, 5% and 10% WO2, 
respectively. When the WO2 content is increased, the 

average crystallite size increased. This could be 

because the crystal coarsened and the Ostwald 

ripening mechanism caused the growth [22]. 

It was observed that its intensity increased with 

increasing the doping ratios, and an improvement in 

the structural properties of the prepared films was 

also observed as a result of the increase in the average 

size of the crystals [23]. 

This work used SEM at multiple scales and 

magnification levels to explore how doping WO2 at 

different weight ratios affected PVDF/PEO (75/25 

wt.%) films' surface properties. Figure (2a) 

demonstrates the presence of hexagonal-like α-phase 

PVDF crystals, while PVDF crystals display a 

fibrous texture similar to tiny fibers [23,24]. The 

viscosity of PEO appears to be substantial in pure 

PVDF/PEO hybrid micrographs. These findings are 

comparable to those of earlier research [25]. 

Including WO2 nanoparticles leads to an 

enhancement in hydrophilicity due to increased 

porosity, accompanied by numerous spherical 

nanoparticles and rough surface formation. This 

figure portrays the effect of incorporating WO2 

nanoparticles into the PVDF/PEO combination. 

Figures (2b) and (2c) exhibit the images of 

PVDF/PEO+5% WO2 nanoparticles and 

PVDF/PEO+10% WO2 nanoparticles, respectively, 

revealing an augmentation in pore size with an 

increasing weight ratio of WO2 nanoparticles. When 

depositing thin films onto substrates, the temperature 

has crucial effects, in the substrate's glass transition 

temperature (Tg). When temperature reach near or 

above the Tg can enhance the mobility of polymer 

chains, affecting the film's adhesion and morphology. 

Using energy-dispersive x-ray spectroscopy 

(EDX), researchers analyzed the nanocomposites 

made of PVDF/PEO and PVDF/PEO/WO2 to 

determine their precise chemical makeup. Figure (3) 

illustrates the EDX spectra of PVDF/PEO, 

PVDF/PEO+5% WO2 nanoparticles, and 

PVDF/PEO+10% WO2 nanoparticles, respectively. 

The EDX spectrum confirms the presence of WO2 

nanoparticles in the PVDF/PEO composite. The EDX 

spectrum reveals the presence of carbon as well as 

tungsten oxide. Carbon and oxide were shown to be 

the ingredients responsible for forming the 

PVDF/PEO structure, whereas tungsten (W) and 

oxide (O) were found to be responsible for forming 

the WO2 structure [9]. 

 

 

 

 
Fig. (2) FE-SEM images of PVDF/PEO and PVDF/PEO/WO2 (a) 

pure, (b) 5% WO2, (c) 10% WO2 

 

By using their distinctive infrared radiation 

absorption in vibrational modes, Fourier-transform 

infrared (FTIR) spectroscopy is a valuable method 

for identifying chemical bond functional groups [26]. 

Figure (4) shows the FTIR spectra of PVDF/PEO and 

(PVDF/PEO)/WO2 nanocomposite thin films 

containing 5% and 10%, respectively, of WO2 NPs as 

functions of the wavenumber in 960 and 842 cm-1. 

PVDF bands cover the spectra of the nanocomposites 

(PVDF/PEO)/WO2 and (PVDF/PEO)/PEO. Based on 

the information provided in Fig. (4), PVDF has three 

distinct polymorph phases, each characterized by a 

unique set of bands. The presence of WO2 NPs is 

confirmed by a band observed at 601 cm-1, which 

corresponds to the W-O stretching vibration. 

However, this specific band is not present in the 

spectra of PVDF/PEO [27]. In both the PVDF/PEO 
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and (PVDF/PEO)/WO2 nanocomposites, the 

crystalline α-phase of PVDF is identified by a 

specific band within the 840-879 cm-1 range, while a 

band represents the crystalline β-phase at around 

879.2 cm-1 [28-30]. Additionally, the peak at 1650.54 

cm-1, corresponding to the carbonyl group (C-O), is 

observed, a characteristic feature of PEO. Another 

band at 1186 cm-1 is present, indicating the stretching 

vibration of surface hydroxyl groups or adsorbed 

water, possibly due to water re-adsorption from the 

surrounding atmosphere. The bands at 1436.14 cm-1 

and 1290.16 cm-1, corresponding to the tungsten-

hydroxyl (W-OH) vibrations, are attributed to 

hydroxyl groups (C-H) [31]. 
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Fig. (3) EDX spectra of a PVDF/PEO and PVDF/PEO/WO2 at 

different percentages (5% and 10%) of WO2 NPs 

 

The transmittance spectrum of nanocomposite 

thin films, specifically PVDF/PEO and 

(PVDF/PEO)/WO2, is presented in Fig. (5). It is 

evident from the figure that as the weight ratio of 

WO2 NPs increases, the transmittance values also 

rise. At ambient temperature, PVDF/PEO and 

PVDF/PEO/WO2 NPs composite thin films were 

subjected to UV-visible spectroscopy to evaluate 

their optical characteristics. The wavelength range 

for this examination ranged from 200 to 1100 nm. 
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Fig. (4) FTIR spectra of PVDF/PEO and (PVDF/PEO)/WO2 

nanocomposite thin films at ambient conditions 

 

Figure (5) displays the UV-Vis transmittance 

spectra of PVDF/PEO and PVDF/PEO/WO2 

composite thin films with varying weight ratios of 

WO2 NPs (5% and 10% wt.%). The figure 

demonstrates that transmittance values increase with 

increasing concentration of WO2 NPs. In the 

transmittance spectrum of the PVDF/PEO thin film, 

the visible region exhibits a transmittance of 

approximately 33%. However, upon adding 5 and 10 

wt.% of WO2 NPs to the PVDF/PEO combination, 

the transmittance values rise to 42% and 51.9%, 

respectively. This increase is illustrated in Fig. (5). 
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Fig. (5) Transmittance spectra of PVDF/PEO//WO2 NPs 

composite thin films with different weight ratios of WO2 NPs 
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When taken as a whole, the transmittance spectra 

of PVDF/PEO/WO2 nanocomposite thin films point 

to an increase in permeability in correlation with an 

increase in the weight ratio of WO2 NPs. The light 

scattering mechanism may be less noticeable if WO2 

particles diffuse throughout the polymer chains. This 

would have the effect of lowering the density as well 

as the molecular weight. This could explain the 

observed decrease in surface roughness after doping 

with WO2 NPs at varying weight ratios [32,33]. 

Notably, PVDF/PEO/WO2 thin films with 5 and 10 

wt.% of WO2 NPs exhibit higher transmittance 

values. Furthermore, the transmittance of thin films 

composed of the PVDF/PEO/WO2 nanocomposite 

displays a significant decrease in the UV region, 

which can be attributed to electronic transitions 

within the band gap. 

The values of optical energy gap (Eg) of 

nanocomposite thin films, namely PVDF/PEO and 

PVDF/PEO/WO2 NPs, were determined using the 

Tauc’s equation, which enables the calculation of Eg 

by analyzing the high absorption area near the 

absorption edge of these films, as shown in Eq. (2) 

[34]: 

𝛼ℎ𝜈 =  𝐵(ℎ𝜈 − 𝐸𝑔)𝑟   (2) 

The determination of the optical absorption 

coefficient (α) involves several factors, including the 

optical energy gap (Eg), incident photon energy (hv) 

in eV, material structure (β), and the index (r) 

describing the optical absorption process, as 

described by the provided equation [35,36]. A linear 

dependence is observed in this relationship, 

indicating allowed direct transitions. Consequently, 

the value of Eg is determined by extrapolating the 

fraction at α = 0, as depicted in Figure 6, which shows 

the Tauc’s plot for pure PVDF/PEO. The plot 

illustrates the dissimilarity of (αhν)² as a function of 

(hν) for thin films of PVDF/PEO/WO2 NPs 

nanocomposites with different weight ratios (5 and 

10 wt.%) of WO2 NPs. The optical energy gap value 

of PVDF/PEO is observed to be 3.0 eV. When adding 

5 wt.% and 10 wt.% of WO2 NPs to PVDF/PEO, the 

optical energy gap values of the resulting films were 

3.086 and 3.22 eV, respectively, as shown in Fig. (6). 

Increasing the weight ratio of WO2 NPs leads to 

an increase in the optical energy gap of 

PVDF/composite films. Previous studies have 

indicated that the interaction between WO2 NPs and 

the polymer matrix may introduce structural defects 

and microstrains, which are associated with an 

increase in the optical energy gap values of 

PVDF/PEO [37]. Disordered defects and small 

stresses contribute to the growth of the density of 

localized states within the band gap [38]. While, 

Alghamdi et al [39] which loaded the content of 

single walled carbon nanotubes (SWCNTs) with 

PVDF/PEO, show that the energy gap reduces as 

SWCNT load increases because the density of defect 

states increases. 
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The electrical responses of the humidity sensors 

were studied on pure PVDF/PEO films and films 

incorporating tungsten oxide nanoparticles at 

different weight ratios (5 wt.% and 10 wt.%). These 

responses were recorded at room temperature to 

understand the effects of humidity on these films. In 

the humidity range of 30-100% relative humidity, a 

specific voltage was applied across the ohmic contact 

to measure the electrical resistance of the circuit. 

Figure (7) illustrates the normalized resistance as a 

function of relative humidity (RH%) for pure 

PVDF/PEO surface-type humidity sensors doped 

with WO2 NPs. The measurements were taken at 

frequencies of 0.1, 10, 100, 1000, and 2000 kHz. The 

researchers achieved precise results by applying a 

specific voltage and measuring the electrical 

resistance within the humidity range of 30-100 RH%.  

In the case of the pure PVDF/PEO film, the resistance 

gradually decreased as RH values increased within 

the range of 75-100% RH. On the contrary, 

PVDF/PEO/WO2 NPs films with 5 and 10 wt.% 

exhibited a sharp increase in resistance with rising 

RH% values within the ranges of 65-100% RH and 

60-100% RH, respectively. Consequently, higher 

relative humidity levels led to decreased 

conductivity. The improved conductivity of 

PVDF/PEO/WO2 thin films at higher relative 

humidity levels can be attributed to several factors. 

Firstly, the enhanced electronic and ionic 

conductivity of the films can be linked to their 

improved dielectric constant. Notably, the ionic 

conductivity values were strongly correlated with the 

dielectric constant of the thin film material. The 

introduction of water into PVDF/PEO/WO2 NPs thin 

films augmented their dielectric constant, thereby 

elevating their ionic conductivity. Secondly, the 

interaction between PVDF/PEO/WO2 and water 

molecules may have dissociated water molecules into 

ions, further contributing to the films' conductivity.  
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Fig. (7) Normalized resistance as a relative humidity (RH%) 

function for the surface-type humidity sensor of pure and 

doped PVDF/PEO with WO2 NPs with different weight ratios 

(5 and 10 wt.%) 

 

Figure (7) indicated that all the fabricated films 

exhibited positive sensitivity at various relative 

humidity levels. However, it was observed that the 

sensitivity of the samples treated with tungsten oxide 

nanoparticles had decreased. Figure (8) shows the 

normalized capacitance (C) of the surface-type 

humidity sensor composed of PVDF/PEO/WO2 NPs, 

plotted against relative humidity (RH%). Similar to 

the normalized resistivity measurements, the 

normalized capacitance and its variation regarding 

relative humidity exhibit similar behaviour. It was 

observed that the capacitance decreases as relative 

humidity increases. Conversely, the sensitivity of the 

sensor increases with rising relative humidity. 

Moreover, it was observed that increasing the 

frequency value leads to higher capacitance values in 

both pure PVDF/PEO films and doped with WO2 

NPs. 

 

20 30 40 50 60 70 80 90 100
0

100

200

300

400

c
a
p

a
c
it

a
n

c
e
(

F
)

Relative Humidity %

 100 Hz

 10 kHz

 100 kHz

 1000 kHz

 2000 kHz

(PVDF/ PEO) 

20 30 40 50 60 70 80 90 100 110
0

50

100

150

200

250

300

350

400

c
a
p

a
c
it

a
n

c
e
(

F
)

Relative Humidity %

 100 Hz

 10 kHz

 100 kHz

 1000 kHz

 2000 kHz

(PVDF/ PEO)/WO2(5%) 

20 30 40 50 60 70 80 90 100 110
0

50

100

150

200

250

300

350

400

450

c
a
p

a
c
it

a
n

c
e
(

F
)

Relative Humidity %

 100 Hz

 10 kHz

 100 kHz

 1000 kHz

 2000 kHz

(PVDF/ PEO)/WO2 (10%)

Fig. (8) Normalized capacitance sensitivity (SC) versus the 

relative humidity for pure and doped PVDF/PEO with WO2 

NPs with different weight ratios (5 and 10 wt.%) 
 

4. Conclusion 

Incorporating tungsten oxide nanoparticles into 

PVDF/PEO nanocomposite films resulted in a 

substantial alteration of the characteristics of the 

films. The films were found to have a polycrystalline 

structure and the presence of hexagonal-like-phase 

PVDF crystals was confirmed, whereas the PVDF 
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crystals had a fibrous texture comparable to the 

texture of tiny fibres. The presence of carbon and 

oxide coming from the PVDF/PEO structure was 

verified. The optical energy gap of PVDF/PEO 

increased from 3.0 to 3.2 eV with incrementing the 

WO2 NPs weight ratio. It was observed that all the 

prepared films showed positive sensitivity at 

different levels of relative humidity. However, it 

should be noted that the sensitivity of samples treated 

with WO2 NPs decreased and that the best sensitive 

samples were the uninoculated samples. 
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