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Introduction                                                                      

Nanocomposites can be defined as a composite 
material in which at least one of the phases 
(mostly the filler) shows dimensions in the 
nanometer range, as the fillers size reaches the 
nanometer level, the interactions at the interfaces 
become considerably large with respect to the 
size of the inclusion and thus the final properties 
show significant changes [1]. A nanocomposite, 
like a traditional composite has two parts, filler 
and the matrix, a traditional composite typically 
uses a fiber such as carbon fiber or fiberglass 
as the filler, in a nanocomposite the filler is a 
nanomaterial [2]. Nanocomposites materials have 
properties combine the properties of the filler 
and matrix. The new material has applications in 
fields: antibacterial, humidity sensors , pressure 
sensors and piezoelectric , radiation shielding  
and thermal energy storage and release [3]. 
Polystyrene (PS) is amorphous polymer with 

bulky sidegroups. General purposes PS are 
hard, rigid, and transparent at room temperature 
and glass like thermoplastic material which can 
be soften and distort under heat. It is soluble in 
aromatic hydrocarbon solvents, cyclohexane and 
chlorinated hydrocarbons [4].  In technological 
applications, metal oxides have traditionally 
been used in the fabrication of microelectronic 
circuits, sensors, piezoelectric devices, fuel cells, 
coatings for the passivation of surface against 
corrosion, and as catalyst. In the emerging field of 
nanotechnology, a goal is to make nanostructures 
or nanoarrays with special properties with respect 
to those of bulk or single par- ticles species. 
Metal oxides as nanoparticles can exhibit unique 
chemical properties due to their limited size and 
high density of corner or edge surface sites. Among 
metal oxides, special attention has been focused on 
the formation and properties of chromia (Cr2O3) 
which is important as heterogeneous catalyst, 
coating material, wear resistance, advanced 

IN PRESENT work, study of dielectric and fluorescence properties of polystyrene (PS)- 
chromium oxide (Cr2O3) and polystyrene- chromium oxide doped by zinc cobalt iron oxides 

nanocomposites have been investigated. The samples have been prepared by adding ZnCoFe2O4 
nanoparticles concentrations  to the (PS-Cr2O3) nanocomposites by different weight percentages 
are (0, 2,4,6 and 8) wt.%. The results showed that the dielectric constant, dielectric loss and A.C 
electrical conductivity of (PS-Cr2O3) nanocomposites increase with an increase in ZnCoFe2O4 

nanoparticles concentrations. The dielectric constant and dielectric loss decrease while the 
electrical conductivity increases with an increase in frequency. The results of dielectric and 
fluorescence properties showed that the (PS-Cr2O3/ZnCoFe2O4) nanocomposites can be used in 
different optoelectronics applications.

Keywords: Nanocomposites, Fluorescence, ZnCoFe2O4, Polystyrene, Optoelectronics.



710

Egypt.J.Chem. 62, Special Issue (Part 2) (2019) 

MAJEED ALI HABEEB  et al.

colorant, pigment and solar energy collector 
[5]. Generally,  study of optical, electrical and 
dielectric properties of nanocomposites or 
composites deal with enhancement the properties 
of the matrix [6-13] to use them for different 
applications such as antibacterial [14-16] and 
electronic applications [17]. This work deals with 
the fabrication of (PS-Cr2O3/ ZnCoFe2O4) new 
nanocomposites and studying their dielectric and 
fluorescence properties for IR sensors.  

Materials and Methods                                                             

The materials used in this paper are polystyrene 
(PS), chromium oxide (Cr2O3) and zinc cobalt 
iron oxides (ZnCoFe2O4). The specimens were 
prepared using casting technique thickness ranged 
between (147-150)μm. The weight percentages of 
ZnCoFe2O4 nanoparticles which are added to (PS-
Cr2O3) nanocomposites are (0,2,4,6 and 8) wt.%. 
The dielectric properties (dielectric constant, 
dielectric loss, A.C electrical conductivity of 
(PS-Cr2O3/ZnCoFe2O4) nanocomposites were 
measured by using (LC Meter) in the frequency(f) 
range (100 Hz -5MHz) at room temperature. The 
measured capacitance, Cp was used to calculate 
the dielectric constant ,έ using the following 
equation [18,19] :-

                                                          ............(1)

The dielectric loss is given by [20,21]

                                                          ............(2)

The dissipated power in the insulator is 
represented by the existence of alternating 
potential as a function of the alternating 
conductivity, using equation (3) [22-24]: 

°′′= ååw.có A                                   
……(3)

.có A  is a measurement for the generated 
temperature in the insulating material resulting 
from the rotation of the dipoles in their positions, 
(or thevibration of the charges) as a result of the 
alternating of the field [25].

Fluorescent spectra have been measured 
for blocked models Using fluoroscopy 
(Spectrofluoromete)were calculated Fluorescence 
lifetime (Ʈf) and Quantum Yield fluorescence (Qf) 
were calculated using relationships[26]

                                              …..(4)

Results and Discussion                                                       

Figures 1 and 2 show the variation between 
the dielectric constant and dielectric loss of 
(PS-Cr2O3/ZnCoFe2O4) nanocomposites with 
frequency at room temperature for different 
ZnCoFe2O4 nanoparticles concentrations. These 
figures showed that the dielectric constant and 
dielectric loss decrease with an increase in 
frequency; this behavior attributed to decrease the 
space charge polarization to the total polarization.
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Fig. 1. The variation of dielectric constant with the frequency at room temperature.
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At lower frequency the dipole can respond 
rapidly to follow the field and dipole polarization 
has its maximum value, so highest dielectric 
constant and dielectric loss. At higher frequencies, 
the polarizability will be minimum, as the field 
con not induce the dipole moment, so dielectric 
values attain minimum [27].

The variation of dielectric constant and 
dielectric loss of (PS-Cr2O3) nanocomposites 
with ZnCoFe2O4 nanoparticles content at room 
temperature are shown in Fig. 3 and 4. The increase 
of the dielectric constant and dielectric loss with 
ZnCoFe2O4 nanoparticles concentrations can be 
attribute to increase of charges number which can 
be increased due to increasing filler content [28].

Fig. 3. The variation of dielectric constant for (PS-Cr2O3) nanocomposites with ZnCoFe2O4 nanoparticles content 
at 100Hz.

Fig. 2.The variation of dielectric loss with the frequency at room temperature.
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Figure 5 shows the variation of the A.C 
electrical conductivity of (PS-Cr2O3/ZnCoFe2O4) 
nanocomposites with frequency. The figure shows 
that the A.C electrical conductivity increases 
when increasing the frequency, this behavior can 
be attributed to the interfacial polarization [29].

The variation of electrical conductivity of 
(PS-Cr2O3) nanocomposites as function of the 
ZnCoFe2O4 nanoparticles concentrations at 
100Hz is shown in Figure 6.  The A.C electrical 
conductivity increases with an increase in 
ZnCoFe2O4 nanoparticles concentrations which 
is due to increase of the charge carrier density in 
polymer matrix[30].

Fluorescence Spectra 
Fluorescent spectra have been measured 

for blocked models Using fluoroscopy 
(Spectrofluoromete)were calculated Fluorescence 
lifetime (Ʈf) and Quantum Yield  fluorescence (Qf). 
Figure 7 shows the Fluorescent spectra increases 
with increase the ZnCoFe2O4 concentrations.

Fluorescence spectroscopy results were 
possible Fluorescence lifetimes (τf) and Quantum 
Yield fluorescence (Qf) were calculated using 

the relationships (5) and (6), respectively. 
After calculating the area under curve (a) for 
the absorption and fluorination curve using the 
software (GEUP 6) and the results as shown in 
the Table1.

Figure 8 shows the Fluorescence lifetimes 
decreased with increase the concentration of 
ZnCoFe2O4.

Figure (9) shows the Quantum Yield 
fluorescence increases with increase the 
concentration of (PS-Cr2O3/ZnCoFe2O4).

Conclusions                                                                        
1. The dielectric constant and dielectric loss 

of (PS-Cr2O3/ZnCoFe2O4) nanocomposites 
decrease while the A.C electrical conductivity 
increases with increase in frequency.

2. The dielectric constant, dielectric loss and 
the A.C electrical conductivity of (PS-Cr2O3) 
nanocomposites are increased with increase in 
ZnCoFe2O4 nanoparticles concentrations.

3. The Quantum Yield fluorescence increases  
and the Fluorescence lifetimes decrease 
with increase in ZnCoFe2O4 nanoparticles 
concentrations.

Fig. 4. The variation of dielectric loss with the concentration of filler at 100Hz. 
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Fig.  5. The variation of electrical conductivity with the frequency at room temperature.

Fig. 6. The variation of electrical conductivity of (PS-Cr2O3) nanocomposites as function of the ZnCoFe2O4 
nanoparticles concentrations at100Hz.
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Fig. 7. The Fluorescent spectra of (PS-Cr2O3/ZnCoFe2O4) nanocomposites.

Fig. 8. Fluorescence lifetimes with the concentration of filler .

TABLE 1. values of Fluorescence lifetimes (τf) and Quantum Yield fluorescence (Qf).

Concentration of ZnCoFe2O4 wt.% τf (ns) Qf

0 0.132 0.82
2 0.128 0.87
4 0.125 0.92
6 0.118 0.95
8 0.109 0.97

 

Con. of ZnCoFe2O4 nanoparticles wt.% 
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(Cr2O3) و  الكروم  اوكسيد   -(PS) لبولي ستايرين  والفلورة  العزلية  الخصائص  تم دراسة  الحالي،  العمل  في 
بولي ستايرين- اوكسيد الكروم المطعم باكاسيد خارصين كوبلت حديد النانوية. حضرت العينات باضافة جسيمات 
نسبة   (0, 2,4,6,8) هي  مختلفة  وزنية  بنسب  و  النانوية   (PS-Cr2O3) للمتراكبات   النانوية   ZnCoFe2O4
المتناوبة  الكهربائية  والتوصيلية  الكهربائي  العزلي  والفقدان   ، الكهربائي  العزل  ثابت  ان  النتائج  بينت  وزنية. 
للمتراكبات  (PS-Cr2O3) النانوية تزداد مع الزيادة في تراكيز جسيمات ZnCoFe2O4 النانوية. ان ثابت العزل 
الكهربائي والفقدان العزلي الكهربائي يقلان بينما التوصيلية الكهربائية تزداد مع زيادة التردد. نتائج الخصائص 
التطبيقات  ان تستعمل في  النانوية يمكن   (PS-Cr2O3/ZnCoFe2O4) المتراكبات   ان  بينت  العزلية والفلورة 

الكهروضوئية المختلفة.

العزلية  خصائصها  ودراسة  النانوية   (PS-Cr2O3/ ZnCoFe2O4) المتراكبات تصنيع 
والفلورة كمتحسسات  للاشعة تحت الحمراء
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