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Abstract: In the present work, polyvinylidene fluoride's (PVDF) electrical and optical properties have been studied as a 
function of cerium sulfate tetrahydrate called Ce(SO4)2. Experimental result shows that the relative percentage of β 
phase (Fβ%) increases by almost 55 % with Ce(SO4)2 addition in the polymeric matrix. The dielectric permittivity 
measurements presented an increase, at 1 KHz, of 62 % up to 0.8 % of Ce(SO4)2 content. This increase was attributed 
to the Maxwell-Wagner effect. The UV-Vis measurements presented some changes at the UV region due to Ce(SO4)2. 
The fluorescence measurements showed an enhancement in the fluorescence peak of almost 130 % for the 
PVDF/Ce(SO4)2 0.8% and a blue shift of the maximum fluorescence intensity. These results show that PVDF/Ce(SO4)2 
sample is a potential candidate for optical, photonic, electrical, and electronic applications. 
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1. INTRODUCTION  

The interest in obtaining and characterizing the 
physical properties of multifunctional materials with 
ferroelectric properties has increased because they can 
be prepared for different applications and produced on 
a large scale [1, 2]. Polymeric materials have gained 
special attention because of their excellent ferroelectric 
properties and flexibility. Among the ferroelectric 
polymer materials, polyvinylidene fluoride (PVDF) is 
one of the most studied due to its excellent 
piezoelectric and pyroelectric properties compared to 
other ferroelectric polymer materials. For example, 
PVDF samples possesses a piezoelectric coefficient 
(d31) between 20 and 30 pC/N, for polyvinyl fluoride and 
polyvinyl chloride d31 is 1 pC/N and for nylon d31 is 3 
pC/N. The pyroelectric coefficient (p) for PVDF are 
between 30 and 40 µC/Km2, instead for other 
ferroelectric polymers p is less than 10 µC/Km2 [3]. 
Ferroelectricity in PVDF is due to its semi-crystalline 
structure, composed of five different phases known as 
α, β, γ, δ, and ε [4]. From these phases α is non polar 
and β, γ, δ, and ε possesses a non-zero dipole moment 
[5]. However, the formation of these phases is closely 
related to the synthesis route adopted to prepare the 
PVDF films [6]. The α and β phases are the most  
 

 
*Address correspondence to this author at the Federal University of Grande 
Dourados (UFGD), Rodovia Dourados-Itahum, km 12, Dourados, ZIP code 
79.804-970, MS, Brazil; E-mail: evaristofalcao@ufgd.edu.br 

studied for technological applications [7, 8]. When 
PVDF presents a high percentage of α phase, it is used 
in mechanical applications. For ferroelectric 
applications, is required a high percentage of β phase. 
PVDF is frequently used as a coating to prevent a 
corrosive attack, sensors, actuators, and memories [9]. 
Recently PVDF ferroelectric polymers also have 
attracted interest in the photonics area to be used as a 
host for rare-earth ions, which enable the use of these 
materials in optical devices [4, 6, 9]. These studies are 
interesting from the technological point of view once 
the insertion of rare earth ions in the polymeric matrix 
may improve the optical fluorescence of the PVDF [4, 
9]. Thus, this work presents the synthesis and 
characterization of cerium sulfate doped PVDF 
samples. FT-IR measurements were done to verify the 
incorporation of cerium sulfate in the polymeric matrix. 
The dielectric measurements as dielectric permittivity 
was done to analyze the effects caused by cerium 
sulfate addition. The UV-Vis measurements were used 
to determine the optical absorbance. Fluorescence 
measurements were used to determine the changes 
caused in the natural fluorescence of PVDF by 
Ce(SO4)2 addition. The results of this work show that 
PVDF/Ce(SO4)2 is a potential candidate to be used in 
electro, electronic, optical, and photonic devices. 

2. EXPERIMENTAL 

To prepare the PVDF composites it was used a 
stock solution of 75 mg/ml of PVDF dissolute in DMF 
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(Dimethylformamide) and a stock solution of 0.6 mg/ml 
of Ce(SO4)2.4H2O or Ce(SO4)2. The stock solutions 
were prepared using magnetic stirring for 60 min at 
room temperature. After aliquots of PVDF and 
Ce(SO4)2 were added in Petri dishes to obtain 
concentrations of 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0 wt%. 
After stirring the mixture, they were dried in an oven at 
50° C for 16 h. All samples presented a thickness of 60 
± 0.5 µm. 

The Fourier Transform Infrared measurements (FT-
IR) were done by equipment JASCO FT/ IR - 4100. To 
collect the experimental data, it was used 150 scans 
with a resolution of 2 cm-1 in the range 4000-500 cm-1 

The fluorescence measurements were performed 
with the portable Spectrofluorimeter composed of two 
excitation laser beans operating at 405 nm and  
532 nm, a monochromator (USB 2000 FL / Ocean 
Optics), a fiber-type "Y," and a laptop. This work used 
a laser of 405 nm of wavelength.  

Dielectric measurements were performed using an 
RLC bridge (Precision LCR – Meter Agilent E4980A) 
from 500 Hz to 2 MHz. 

3. RESULTS AND DISCUSSION 
3.1. FT-IR Analysis  

Figure 1 is plotted the experimental results of FT-IR 
for PVDF 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0 wt % of cerium 
sulfate doped samples. These measurements have 

been done to verify the incorporation and analyze the 
effects caused by dopant addition in the polymeric 
matrix. For pure PVDF, the typical absorption peaks at 
1402, 976, 855, 795, 766, 615, and 530 cm-1 refer to  
α-phase, the peaks at 1279–1275, 840, 511 cm-1 refers 
to β-phase, the peaks at 834, 812, 778 cm-1 belongs to 
γ-phase. The broadband between 1242 and 1064 cm-1 
is caused by the C–F stretching and is the PVDF 
signature [4, 10-12]. 

Experimental results reveal that Ce(SO4)22 has 
been incorporated into the PVDF matrix. From Figure 
1, it is possible to observe that Ce(SO4)2 addition 
changes the characteristic peaks at 840 cm-1 and  
764 cm-1, marked by the dotted lines representing β 
and α phases, respectively. From these peaks, it is 
possible to calculate the relative percentage of β phase 
(Fβ%) using the Salimi and Yousef model, described by 
Equation 1 [11]. 

          (1) 

where Aβ and Aα are the areas of FT-IR absorption 
band at 840 cm-1 and 764 cm-1, respectively. 

The results (see Figure 2) show that (Fβ%) for pure 
PVDF is 50 % presenting a relative percentage of β 
phase, and agree with previous work reported in the 
literature. Gregório obtained the same percentage for 
his samples [12]. However, the results for doped 
samples present an increase in the (Fβ%) as a function 
of Ce(SO4)2 content. From pure PVDF to PVDF/ 

 

Figure 1: FT-IR measurements in the PVDF/Ce(SO4)2 doped samples as a function of concentration.  
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Ce(SO4)2 1.0 % the variation is almost 55 %, showing 
that dopant addition increases the polar phase of pure 
PVDF. From the literature, Aguiar reported that β phase 
remains constant with Nd2O3 addition [4] and the same 
behavior has been reported previously for PVDF/Ho 
doped samples [6]. 

 

Figure 2: Relative percentage of b phase for PVDF/Ce(SO4)2 
doped samples as a function of concentration. 

3.2. Dielectric Characterization 

Considering that β is the ferroelectric phase of 
PVDF and that Ce(SO4)2 addition increases (Fβ%). 
Measurements of the dielectric permittivity (ε') have 
been done to verify the effects caused by the dopant 
addition, and the results are displayed in Figure 3. For 
pure PVDF, the parameter ε' decreases by almost 63 
% with the frequency increase, and for doped samples, 
69 %. This behavior is due to a reduction of dipolar 
contribution at high frequencies [13].  

 

Figure 3: Dielectric permittivity measurements of 
PVDF/Ce(SO4)2 doped samples as a function of 
concentration and frequency up to 18 KHz. 

For simplicity, it was chosen the frequency of 1 KHz 
to analyze ε' measurements, Figure 4. For pure PVDF 
at this frequency, the value of ε' is 14.3, Figure 4(a). 
Campos and coworkers found a value of 13, and 
Rozana found 10 for 1 KHz, proving that our results 
agree with those from the literature [14, 15]. The 
dopant addition increases ε' by almost 62 % at 1 KHz 
up to the concentration of 0.8 % in the polymeric 
matrix. Garain reported that the cerium ammonium 
sulfate (CAS) addition in the PVDF matrix increases ε' 
from 7.5 to 40.7 at 1KHz [13]. However, for the 
concentration of 1 % ε' decreases to 13 that is almost 
43 %. This behavior indicates a saturation condition 
that might induce interfacial polarization or defects. 
However, to affirm it, other studies should be done. To 
better understand this effect, the values of ε' versus a 
value (Fβ%) Figure 4(b). The experimental results 
reveal the behavior observed in Figure 4(a), proving 
the saturation condition and that the dopant addition 
causes this effect. 

 

Figure 4: Dielectric permittivity results at 1 KHz as a function 
of the concentration of Ce(SO4)2 (a), and dielectric permittivity 
results as a function of (Fβ%) (b). 

3.3. Absorption Spectra (UV–Vis)  

In the present work, the UV-Vis measurements 
have been done to analyze the changes caused by 
Ce(SO4)2 in the optical absorbance of pure PVDF, and 
the normalized experimental results are displayed in 
Figure 5. As it can be seen, pure PVDF presents an 
optical absorption band between 250 nm and 400 nm 
that is attributed to the electronic transition of the 
fluorocarbons (F–C) [4,17]. As can be seen in the inset 
of Figure 5, Ce(SO4)2 presents characteristic peaks at 
225 nm, 240 nm, and 320 nm, values that are close to 
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those reported in the literature. In addition, Basha and 
coworkers found a peak at 290 nm attributed to 
electronic transition 5d→4f [18]. Ce(SO4)2 addition 
changes the optical absorbance at the UV region of 
PVDF, appearing as two "shoulders" close to 240 nm 
and 300 nm. The "shoulder" close to 240 nm increases 
up to 0,6 % of Ce(SO4)2 content and decreases for high 
concentrations.  

 

Figure 5: Normalized absorbance measurements of PVDF/ 
Ce(SO4)2 as a function of dopant content. 

3.4. Fluorescence Measurements  

 

Figura 6: Maximum fluoresce peak of PVDF as a function of 
Ce(SO4)2 addition.  

In Figure 6, it was chosen to present only the 
maximum fluorescence intensity as a function of 
dopant content to analyze the enhancement in the 
fluorescence measurements caused by Ce(SO4)2 
addition. For Ce(SO4)2, the maximum fluorescence 
intensity is 122, which is a low fluorescence compared 
with other materials. The pure PVDF sample presents 

a maximum fluorescence intensity of 500. When 0,2 % 
of dopant is added, the maximum fluorescence peak 
decreases to 345. For high concentrations of Ce(SO4)2, 
the maximum fluorescence peak is 1154 for 
PVDF/Ce(SO4)2 0,8%, and for PVDF/Ce(SO4)2, 1.0 % 
decreases to 670. The observed increase confirms the 
enhancement caused by Ce(SO4)2 addition, and the 
decrease indicates a saturation condition where the 
sample loses energy by a non-radiative process, 
decreasing the fluorescence. 

Figure 7 presents the normalized fluorescence 
spectra for all samples. The Ce(SO4)2 sample presents 
a bandwidth at half height of the order of 95 nm with a 
maximum fluorescence peak at 560 nm. For pure 
PVDF, the bandwidth at half height is approximately 
120 nm and a peak at 530 nm. Abdelaziz reports that 
the maximum fluorescence intensity occurs at 550 nm 
for PVDF/PMMA and might be associated with the 
physical rotation of the polar group (CH2–CF2) of PVDF 
[16].  

 

Figure 7: Normalized fluorescence spectra for 
PVDF/Ce(SO4)2 in different concentrations. 

In Figure 7 can be observed that the Ce(SO4)2 
insertion in the PVDF matrix causes a blue shift of 
approximately 28 nm in the fluorescence peak of PVDF 
from 531 nm to 503 nm. As can be seen, adding just 
0.2% Ce(SO4)2 is sufficient to shift the maximum 
intensity peak to the blue region and stabilize at high 
concentrations. This effect may be associated with how 
Ce(SO4)2 binds to the PVDF matrix. However, other 
studies must be done to understand the 
phenomenology of this effect. Although the Ce4+ does 
not present fluorescence at this oxidation state, adding 
it with sulfate induces significant changes in the 
fluorescence spectra. This effect might be associated 
with SO4

2-. The results reveal that PVDF/Ce(SO4)2 
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sample is a potential candidate for electrical, optical, 
and photonic applications 

CONCLUSION 

The relative percentage of β phase and dielectric 
properties of PVDF/Ce(SO4)2 doped samples were 
studied as a function of dopant content. The 
experimental results have shown that Ce(SO4)2 
addition induces significant changes in the relative 
percentage of β phase, presenting an increase of 
almost 55 %. The dielectric permittivity measurements 
presented an increase, at 1 KHz, of 62 % for 0.8 % of 
Ce(SO4)2 content and for 1.0% decreases close to the 
value of pure PVDF. This effect might indicate a 
saturation condition and be attributed to the interfacial 
polarization or Maxwell-Wagner effect. Thus, from the 
technological point of view, our results reveal that 
Ce(SO4)2 insertion enhances the polar phase and 
dielectric properties of the PVDF matrix, and there is a 
limit to this. The UV-Vis measurements presented the 
same behavior observed in the dielectric 
measurements. Fluorescence measurements showed 
an increase in the maximum fluorescence peak of 130 
% PVDF/Ce(SO4)2 0.8%, and a blue shift. Our results 
also reveal that adding Ce(SO4)2 in the PVDF matrix 
enhances pure PVDF's optical and electrical 
properties. In conclusion, the experimental results 
showed that PVDF/Ce(SO4)2 is a potential candidate 
for optical, photonic, electrical, and electronic 
applications. 
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