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Perylene/Polycarbonate composite (PPC) layers were prepared by
solution-casting method. The optical absorption of PPC was studied in the
range (400-1100 nm) for different concentrations of Perylene from 10 ppm
up to 200 ppm. It showed absorption characteristic peak at 574 nm which
increased with dye concentration. The detection of fluorescence of polymer
composite illustrated a fluorescence peak at 612 nm with maximum
intensity at 200 ppm. The polymer composites were characterized by using
DSC, TGA up to 600°C, and FT-IR in the range (400-4000 em™) which did
not illustrate any structure variation with the addition of Perylene dye up
to 200 ppm. Bulk resistances, conductivity and dielectric parameters were
studied.

1. Introduction

Recently, polymer composites have attracted the attention of scientists due
to their wide and attractive different properties e.g. easy manufacturing,
weathering durability, light weight and good optical and mechanical properties
[1]. Polymer composites can be used in numerous modern applications, such as
organic solar cells, thermal and photo solar collectors, displaying, semiconductors
and greenhouses applications. The greenhouse applications such as planting,
vegetables and fruits drying and desalination need suitable polymeric film for
covering the greenhouse to create a good environment conditions. The polymeric
film should be transparent, has good mechanical properties, good UV resistance
degradation, and thermal stability [2].

Many polymers are used in the greenhouse applications such as clear
polyvinyl chloride (PVC), Polymethyl methacrylate (PMMA), Polycarbonate
(PC), Polyethylene (PE), and Polypropylene (PP) [3]. PE and PP are used because
of their low cost and good mechanical properties [4]. On the other hand, PMMA
and PC are used because of their perfect optical properties [5].

PC is one of the most thermoplastic polymers used in the greenhouse
applications because it is often colorless, high transmission to the visible light up
to 90%, high refractive index (1.588) and density lower than most types of glasses
(1.52 g/em’) [6].
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Fluorescent polymer composites (FPCs) which used in greenhouse
applications are consists of a suitable transparent polymer doped with an organic
or inorganic fluorescent material. FPCs are used to convert the unused solar
spectra into favorable spectra which can increase the performance in the
greenhouse applications.

Perylene fluorescent organic red dye is used in FPCs because it has high
fluorescence quantum yield, photo and thermal stability, with emission peak in
the near infra-red region [7, 8].

The aim of this work synthesis of PC doped with perylene dye emitting
photons in deep red and used in greenhouse applications. The optical absorption
and fluorescence of all dye-polymer composites are analyzed in detail. In
addition, the quantum efficiency spectra of the prepared films have been
presented. Besides, different thermal analyses of the FPCs were studied to
examine the thermal stability of such polymer composites.

2. Experimental
2.1. Material processing

PC was provided by Styron Europe, Germany, which have excellent
transparency, high heat resistance [6]. Perylene fluorescent red dye was provided
by Kremer pigment. In addition, dichloromethane (CH,CL,) was used as a
common solvent for PC and Perylene as well.

Perylene-polycarbonate composite films were prepared by solution-casting
method. PC and Perylene were dissolved in dichloromethane and stirred for 30
min at room temperature. After that, perylene was added to PC solution at
different concentrations from 10 ppm up to 200 ppm (concentrations was
calculated by solid PC/solid dye). Then, the samples (Perylene-PC) were casted in
Petri-glass dishes and lift at 70 °C for (35) min to get a completely dry.

2.2. Sample characterization

The absorption spectra of the prepared films were investigated in the
wavelength range (190-1100 nm) by using T80 UV/VIS spectrophotometer, pg
instrument. Fluorescent properties of the prepared films were investigated by rf-
5301 pc spectro-fluorophotometer, shim adzu, 150W Xenon lamp, wavelength
range (220 -900 nm). FT-IR spectra were examined by using 6300 Fourier
transform infrared spectrometer in the wave number range (400-4000 cm™).
Thermo-gravimetric (TGA) data were obtained by using Shimadzu thermal
analyzer system at a heating rate of 20°C/min, under N, (20ml/min) flow in the
range from room temperature up to 600°C. Thermo-analytical data were obtained
by using PerkinElmer DSC-7 power compensation differential scanning
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calorimeter. Finally, dielectric and electrical measurements were carried out in
the room temperature using pm 6304 programmable automatic (RLC Philips
meter). The measurements were carried out over a frequency range 100 Hz to 20
kHz.

3. Results and Discussion

3.1. Optical Absorption

The absorption spectra for all Perylene-PC composite films are shown in
Fig.1, which illustrates two major absorption bands at 540 and 574 nm
respectively. One can see that the maximum absorption wavelength (A,,) for all
concentrations is 574 nm i.e. at the green-yellow optical band. Moreover, as
shown in Fig.2, the area under the absorption curves and the absorption intensity
increases by increasing the dye concentration; this can be attributed to the
increase of absorbing dye molecules.

The absorbance 4 can be explained by Lambert-Beer's law, Eq. (1)
A=Cda(2) (1)

where C is the dye concentration, d is the thickness and a is the absorption
coefficient.
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Fig. (1): The absorption spectra of perylene-PC composites at different concentrations,
inset 4v vs.ahv’ at concentration 10 ppm.
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Fig. (2): Area under absorption curves and maximum absorption intensity of
Perylene-PC composites at different concentrations.

3.2. Optical Band Gaps (E )

The electronic transitions are the essential parameter of the optical
absorption. These transitions are controlled by certain selection rules, which can
be expressed by Eq. (2).

ahv =A (hv-E ,)" (2)

where /v is the photon energy, a is the absorption coefficient, 4 is a constant, and
n has certain values, with allowed values of 1/2 and 2 and not allowed values of
3/2 and 3 for direct and indirect transitions respectively [9, 10]. To ascertain the
transition mode, n has been obtained using the first derivative of Eq. (2) and
absorption data; it is in the range (0.925-1.083) which predicts the electronic
allowed direct transition. To determine the direct optical energy gap, the ahv’ was
plotted vs. Av as shown in inset of Fig.1. The values of the direct inter band
transition were estimated from the intercept of the energy axis as listed in Table 1
[11]. Table 1 shows that there is no change in the energy gap of Perylene-PC
composites at different concentrations of perylene, which confirms that the
electronic transition is belonging to perylene orbital transitions (Sy—S;) [12].
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Table (1):

Optical parameters of perylene—PC composites at different

concentrations.
Concentra | Area under | Area under Maximum Maximum E, | Intersect
tion (ppm) | absorption [fluorescence| absorption fluorescence (ev) | ion area
curve(a.u.) | curve (a.u.) | intensity (a.u.) | intensity (a.u.) (a.u.)
10 8.023 10340 0.145 195.19 2.08 0.929
30 12.535 11412 0.231 220.56 2.08 1.624
50 19.591 12484 0.36 24747 2.08 2.564
70 27.991 16099 0.49 302.47 2.08 3.45
90 32.839 17171 0.58 319.75 2.08 3.993
200 55.724 20045 0.97 373.011 2.08 5.814
110 38.242 18375 0.7 330.731 2.08 4.6
150 50.31 19791 0.86 351.71 2.08 5.207

3.3. Optical Fluorescence

The fluorescence spectra for all perylene-PC composites are shown in Fig. (3). It
is clear that, the fluorescence spectra are a typical invert image of the optical
absorption spectra. The maximum fluorescence intensity and the area under the
fluorescence curves increases with increasing perylene concentration from 50
ppm up to 200 ppm with two different regions, see Fig. (4). On other words, by
increasing the perylene concentration, the absorption and emission sites in PC
increase. On the other hand, from Fig. (3), the maximum fluorescence wavelength
for all concentrations of Perylene-PC composites is 612 nm i.e. with a stoke shift

38 nm.
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Fig.(3): The fluorescence spectra of perylene-PCcomposites at different Concentrations
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Fig. (4): Area under fluorescence curves and maximum fluorescence intensity of Perylene-
PC composites at different concentrations.

As shown in Fig. (4), the relation illustrates knee around (90-110 ppm)
which can be attributed to the start self-absorption of perylene of emitted photons.

It is clear that the addition of perlyne dye to PC matrix up to a certain
concentration, an aggregation of perlyne molecules occurred. At such
concentration the emission of perlyne gets reabsorption to the nearest perlyne
molecules of aggregate which resulted in a fluorescence quenching.

As a result, both the fluorescence intensity and the area under the curve
illustrate two straight lines, the first at law concentration of perlyne with higher
slope and the second with reduced slope due to fluorescence quenching at higher
perlyne concentration. Table (2) illustrates the increase of the intersection area
between absorption and fluorescence curve by increasing the concentration of the

perlyne dye.

3.4. Optical Quantum efficiency

The optical quantum efficiency (@) is defined as the ratio of emitted
photons to the absorbed photons [13], which is proportional to the area under
fluorescence A g, curves to the area under absorption curves A s neglecting the
scattered and reflected photons, see Eq. (3).
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no of emitted photons

no of absorbed photons
no of emitted photons A fm -B (3)

no of absorbed photons A gp;

The ratio 4 4, /A.s =B has been obtained by using the absorption and fluorescence
curves at different concentrations of perylene in PC polymer matrix. Fig. (5),
shows quantum yield B vs. Perylene concentration, one can see that, B decreases
by increasing the concentration of Perylene; this can be attributed to the energy
transfer among fluorescent molecules, obeying the exponential relation.

B=B,. EXP (-C/C,) 4

Where C) is the characteristic concentration of perylene in PC.
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Fig. (5): Quantum yield of Perylene-PC composites at different concentrations, inset
intersection area between absorption and fluorescence curves.

The values of B, and C, fitting parameters are obtained in the two regions land 2
as shown in Fig. (5).

301:1539 C()]: 55.5 ppm 302:727.7 C02:250 ppm

By drawing the absorption and fluorescence curves for all concentrations
together as shown in inset of Fig. (5), the intersection area between absorption
and fluorescence curves increase by increasing the dye concentration, as listed in
Table (1).

During the energy transfer between fluorescent molecules, a photon from
an energetically excited fluorescent molecule 'donor' raises the energy state of an
electron in another fluorescent molecule 'acceptor' to higher vibrational levels of
the excited singlet state. So, the energy level of the donor molecule returns to the
ground state, without emitting its own fluorescence. This mechanism depends on
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the dipole orientations of both fluorescent molecules and is limited by the
distance between the two molecules. Ideal effective distances between the donor
and acceptor molecules are in the 10 to 100 A [14].

3.5. FT-IR Spectroscopy

Figure 6 shows the FT-IR transmission spectra of principal bands of the
investigated Perylen-PC composite film. The characteristic IR band of C-H from
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Fig. (6): FT-IR spectrum of Perylene-PC composites at different concentrations a- 50 ppm
b- 110 ppm c- 200 ppm.

are observed in the 2972cm™. Band around 1781cm™ which related to C-O
stretching vibration of the (Keton) group. Band around 1500cm™ which related to
C-C stretching vibration of the ( Aromatic) groups. The stretching of the (Ether)
groups O-C-O occurs from 1004 to 1189cm™. Band around 554cm™ which related
to (CH,), stretching vibration of the (Alkane) group [15].

Comparing the spectral bands of Perylen-PC composite at different
concentrations of perylene (50,110 and 200 ppm), the absorption detected peaks
for all concentrations did not change as in Table (2). From the FT-IR spectra of
perylene-PC composites, there is no effect of dye concentration on the chemical
bonds inside the polymer.
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Table (2): FT-IR absorption bands of Perylene-PC composites at different

concentrations.

Wavenumber (cm)”' | Assignment 50 ppm [110 ppm| 200 ppm
2972 (C-H) stretching, Aromatic | 2970.09 [2974.11 | 2973.31
1780 (C=0) stretching, Ketone | 1784.04 |1781.23 | 1780.89
1501 (C=C) stretching, Aromatic| 1504.85 | 1501.21 | 1504.67
1189 (C-O) stretching, Ether 1185.95| 1189 1194
1004 (C-O) stretching, Ether 1002.41 [ 1004.25| 1001.10
554 (CH,) ,, Alkane 554 554.31 554

3.6. Thermo gravimetric Analysis (TGA)

The thermal stability for Perylene-PC composites at different
concentrations has been studied by using TGA technique as shown in Fig. 7. One
can see a little weight loss below 250°C was detected which attributed to volatile
products removal, of polycarbonates degradation were found to be carbon dioxide
and bisphenol-A, with smaller amounts of carbon monoxide, methane, phenol,
biphenyl carbonate. Initial degradation starts at the end group which reacts with
any free hydrogen present, such as water or free hydroxyl groups. It is reported
that, the carbonate group is the principal reason of degradation at temperatures
below 400 °C, while at higher temperatures; the isopropylidene group is trend to
loss a methyl radical. Below 500°C, no free radical reactions were observed for
the carbonate groups, but rearrangement of the carbonate moietydominates [16].

The thermal decomposition and subsequent weight loss of the solid can be
expressed by the following reaction rate equation (coats equation) [17],

d
—=k(1-a) (3)
dt
where @ = ——t is the loss fraction, w , w jare the initial weight and final weight
"ul'r'[_\l'r"f

respectively, w ,is the weight at given temperature, 7 is the reaction order takes
the values 1 to 4 and £ is the reaction rate constant, which represented by
Arrhenius equation,

k=Ae EET (6)

where R is the universal gas constant, £ is the decomposition energy, 7 is the
absolute temperature and A4 is the frequency factor. The degradation kinetics
(n = 1) of the presented PC with different concentrations of perylene can be
expressed by the following relation,

log [ﬂ%zi_x}] = log (7)

BE 2.303RT

(1 -%}Ml —
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The values of E have been extracted using the least square fitting of Eq. (7), and
listed in Table 3 where f is the heating rate. It’s clear that, perylene did not

affect the thermal stability of PC. The present results of polymer composites
confirmed from the FT-IR study.
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Fig. (7): Weight loss of Perylene-PC composites at different concentrations vs.
Temperature

3.7. Differential scanning calorimetric (DSC)

Figure (8) shows the DSC thermo-grams for Perylene—PC composites at
different concentrations of Perylene dye. Two endothermic peaks appear, the first
around 82°C and the second around 287°C refer to the glass transition
temperature, T, and melting temperature, T, respectively for selected
concentrations of Perylene upto 200 ppm, as listed in Table (3).

It is clear that, no change of the position of both glass transition
temperature and this confirms that no interaction of between dye and
polycarbonate.
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Fig. (8): DSC results of Perylene-PC composite at different concentrations

Table (3): Thermal parameters of perylene-PC composites at different

concentrations.
Concentration | Methylene chloride Melting Decomposition
(ppm) release temperature (°c) | temperature (°c) | energy (kj/mole)
0 80.3 288 165.351
50 83.55 287.58 165.54
110 82.775 287.86 165.6
200 82.446 288.24 166.45

3.8. Complex impedance spectroscopy
3.8.1. Bulk conductivity

The complex impedance analysis method was used to determine the bulk
electrical conductivity 6 , of all samples. The impedance was analyzed to a real
part Z' and imaginary part Z'' on the complex plane at room temperature for
perylene-PC composites as shown in Fig. 9. The impedance plot, in general,
shows a semicircle its center is below the Z' axis where the semicircle reflects the
impedance of charge transfer. The intersection with Z' axis represents the sample
bulk resistance R , at high frequency region. The values of bulk conductivity o ,
of the polymer composites were obtained by Eq. (8) [18].

o b=d/Rb A (8)

where d is the sample thickness and A4 is its effective area for different
concentrations of polymer composite.

As listed in Table (4), the values of bulk resistance and bulk conductivity
are concentration dependent.
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3.8.2. Dielectric Parameters

In the present section the dielectric parameters ¢  and ¢ are studied in
wide range of frequencies at room temperature. Fig. 10 shows the variation of the
dielectric constant &' and dielectric loss ¢’" versus frequency for all
concentrations of Perylene in PC matrix. It can be noticed that and &£ and &7’
decreased with increasing frequency in the frequency range of wzr>>1 for
Perylene-PC composites. This behavior can be described by the Debye dispersion
relations [Eq. (9) and Eq. (10)] [19].
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Fig. (9): The impedance plot of the imaginary part Z ' against the real part Z * at room
temperature for concentration of 10ppm.
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Table (4): Bulk resistance and bulk conductivity of perylene—PC composites at
different concentrations.

Concentration (ppm) | Bulk resistance (ohm) | Bulk conductivity (ohm m '1)
0 8.19E+06 4.09046E-07
10 8.18E+06 4.09546E-07
200 8.18E+06 4.35142E-07
30 8.20E+06 3.57478E-07
50 8.23E+06 3.81616E-07
70 8.24E+06 4.06564E-07
90 8.25E+06 3.55312E-07
110 8.14E+06 3.85836E-07
150 8.16E+06 4.10549E-07
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Fig. (10): The variation of a- dielectric constant &¢” and b- dielectric loss " versus
frequency at different concentrations of perylene.

where &) is the dielectric constant at low frequency, &, is the dielectric constant at
high frequency, w is the angular frequency, and 7 is the relaxation time.

The decrease of ¢" and ¢"” with frequency can be associated to the inability
of dipoles to rotate rapidly leading to a lag between frequency of oscillating
dipole and that of applied field. The variation indicates that, at low frequencies;
the dielectric constant is high due to the interfacial polarization and the dielectric
loss (&) becomes very large due to ionic or molecular polarizations [20]. In
addition no remarkable variation of dielectric constant or dielectric loss with
perlynene concentration which confirms that there are no changes in the polymer
matrix polarization
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Conclusion

From the obtained results and discussion one concludes the following: The
optical absorption as well as the florescence peaks clearly illustrated at 574 and
612 nm respectively. The UV-VIS, TGA, DSC and FT-IR did not illustrate
variation of the optical energy gap, 2.08 eV, decomposition energy 165.5 k
J/mole, melting temperature 288°C and FT-IR absorption bands at different
concentrations of perylene. This clearly confirms that, there is no chemical
interaction between perylene and PC as well as degree crystallinity of the matrix.
The study of the dielectric strength and the electrical resistance values illustrated
that Perylene-PC composites are efficient matrix for transmission and
florescence.
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