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Abstract: The aim of the present research 13 concerned with study the effect of UV radiation on the optical
properties at wavelengths 254, 365 mum of pure PC and anthracene doping PC films prepared using the cast
method for different doping ratio 10-60 mL. Films of pure PC and anthracene doping PC were aged under UV
radiation for periods of up to 360 h. It found that the effect of UV radiation at wavelength 254 nm on the optical
properties 1s great than the effect of UV radiation at wavelength 365 nm. Also, it found that the optical energy
gap of pure PC and anthracene doping PC films is stable against radiation.
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INTRODUCTION

Polymers are organic materials characterized by long
cham-like molecules bult up from many umts (monomers)
which m general repeated hundreds or thousands of
times. All atoms in chain bonded to each other by
covalent bond whereas the chains keep together by Van
der Waals bonding (Lukkassen and Meidell, 2007). Over
the past decades the production and consuming of
polymeric materials has been increasing rapidly. Many of
these polymers are used for outdoor applications.
Polycarbonate (PC) 1s aromatic polymer used mn different
mdustrial applications. It is a condensation polvmer in
which benzene rings plus quaternary carbon atoms form
bulky stiff molecules that promote rigidity and strength
(Salh, 2013). The effect of UV radiation at wavelength
254 nm on PC leads to scission the carbonate inkage and
formation phenyl salicylate and dihydroxybenzophenone,
whereas the effect of UV radiation at wavelength 365 nm
lead to photo-oxidation (Rivaton et af., 2002). Anthracene
15 a Polyeyclic Aromatic Hydrocarbons solid (PAH) of
formula C H,;, consisting of three fused benzene rings. Tt
is a component of coal tar. Anthracene is used in the
production of the red dye alizarin and other dyes .

Tjandraatmadja ef al. (1999) studied the effect of
ultraviolet radiation on polycarbonate glazing. The effect
of TV radiation on polycarbonate sample is carried out by
using air-rich environment and a source of UV (QUV panel
with UVA-340 nm fluorescent lamp). The polycarbonate
samples wradiation with TV light at wavelength (340 nm)

for period up te 3000 h After wradiation, the
degradation mechanism is combination of photo-fries and
photo-oxidation. The degradation leads to chain scission
at polymer surface caused embrittlement of the swface
and decreased the total amount of light transmitted.

Abdullah (2006) studied the effect of high wradiation
energy (Gamma, UV-light) radiation on the energy gap of
three types of polymers (PMMA, PS and PC) doped with
anthracene. The pure polymers (PMMA, PS and PC) and
anthracene doping polymers (PMMA, PS and PC)
irradiation with UV source (OHD-300 watt lugh pressure
Hg-lamp of the main emission lines at 254, 290 and 365 nm)
for period up to 34 h. After irradiation, the energy gap for
PC 1s stable agamst radiation, whereas the energy gap of
PMMA and PS is very sensitive to radiation.

Diepens (2009) studied the photo-degradation and
stability of bisphenol A polycarbonate in weathering
conditions. Extruded films of bisphenol a polycarbonate
with thickness 0.2 mm irradiation with UV light (atlas sun
test contaming a borosilicate filtered xenon lamp) at
wavelength (340 nm). After iwradiation, the UV
spectroscopy show peaks at 320 and 355 nm refer to
phenyl  salicylate and  dihydroxybenzophenone,
respectively and this refer to formation photo-fries
rearrangermernt.

The aim of this research is to study the effect of UV
radiation at wavelengths 254-365 nm on the optical
properties of pure PC and anthracene doping PC films for
doping ratio 10-60 mL..
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The optical absorption coefficient can be calculated
from the optical absorbance spectra by using the relation
(Sloomi, 2016):

o 23034 )
T

A is the absorbance. t is the thickness of the samples. The
nature of electronic transition can be calculated by using
the absorption coefficient. When the values of absorption
coefficient are high (¢>10" cm™) at higher energies, direct
electronic transition will be expected and the energy and
momentum conservation for the electron and photon
included. Whereas when the wvalues of absorption
coefficients are low (¢>10" cm™) at low energies, indirect
electronic transitions have been expected (Rashid et al.,
2013).

The optical band gap 1s the value of optical energy
gap that 13 necessary to develop the electronic band
structure  of material. Tt can be obtained by
plotting (& hv) * versus (hu) in the high absorption range
followed by extrapolating the linear region of the plots to
(e hv) = 0 (Al-Rubaie, 2008; Alwar, 2010).

The value of 115 1/2 for allowed direct transition, 3/2
for forbidden direct transition, 2 for allowed indirect
transition and 3 for forbidden mdirect transition.

MATERIALS AND METHODS

Experimental work: Polycarbonate processed by the
company Sabic with trade name lexan and anthracene
processed by the chemical point company with chemical
formula C,H,, utilized in this research. The cast method
used to prepare pure PC film and anthracene doping PC

films for different doping ratio 10-60 mL.. PC solution is
prepared by dissolving (0.3 g) of PC in 10 mL chloroform.
The PC solutions cast onto glass petr1 dish with diameter
(10 cm) and then leave it dry at room temperature for
24 h. The anthracene solution with concentration
{(1x10" mol./L.) is prepared according to the method
(AL-Kadhemy, 1995). Then, different volume ratio of
anthracene solution 10-60 mL were added to PC solution
and mixed very well. The mixture cast onto glass petri dish
with 10cm diameter and left to diy at room temperature for
24 h to get homogeneous films. The wrradiation of samples
was carried out by UV-cabinet using a mercury lamp, type
Leicarm 2145 (Germany). The distance between the UV
source and samples is 15 cm. The pure PC and anthracene
doping PC films irradiation with UV light at wavelengths
254 nm for period 24, 240, 360 h and at wavelengths
(365 nm) for period 24, 240, 360 h. The UV-vigible
spectrophotometer type (T70/T80 Series UWV/VIS
Spectrometer) used to measure the absorption and
transmission spectra mn the wavelength range (200-900)
nm.

RESULTS AND DISCUSSION

Absorption spectrum: Figure 1 shows the absorption
spectrum of pure PC film and anthracene doping PC films
for different doping ratio 10-60 mL. For pure PC, the
absorption spectrum has two peaks; the first peak at
wavelength (305 nm) with intensity (0.638) and the second
peak at wavelength (345 nm) with intensity (0.609) the
different between these peaks 1s 40 nm which refers
to the same formation origin (Gupta et af., 2000). So that,
these two peaks are attributed to carbonyl group. In
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Fig. 1: Absorption spectrum of anthracene doped PC films in different doping ratio
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Fig. 2. The effect of UV radiation at wavelength (254 nm) on the absorption spectrum of pure PC and anthracene doping
PC films for different doping ratio for period: a) 24 h; b) 240 hand ¢) 360 h

anthracene doping polycarbonate films, the change in
wavelength is clearly shown by appearing single peal: at
wavelength (360 nm) for doping ratio (20 mIL) and then
additional peak appears at wavelength (380 nm) for
doping ratio (30 mL), these two peaks are attributed to
anthracene.

The effect of UV radiation at the wavelengths
(254 mm) on the absorption specttum for pure PC and
anthracene doping PC films for different doping ratio for
period 24, 240, 360 h are shown in Fig. 2. The
carbonyl peaks disappear completely n pure PC and
anthracene doping PC films for irradiation time 240 h
and peak appear at wavelength (320 nm) these peak
phenylsalicylate also  the
anthracene peak disappear. For irradiation time (360 h),
peak appear at wavelength (360 nm) in anthracene doping
PC films for doping ratio 30-60 ml. which refer to
dihydroxybenzophenone formation and peak appear at
wavelength (340 nm) in anthracene doping PC film for
doping ratio (60 mL).

refers to formation

The effect of UV radiation at wavelength (365 nm) on
the absorption spectrum of pure PC and anthracene
doping PC films for different doping ratio for period 24,
240 and 360 h are shown m Fig. 3. Trradiation pure PC and
anthracene dopmng PC films with UV radiation at
wavelength (365 nm) does not lead to disappear of
polycarbonate peaks but only shown slight decrease in
intensity of these peaks .This means that the irradiation of
pure PC and anthracene doping PC films with long
wavelengths does not lead to scission of carbonate
backbone. The anthracene peaks disappear in anthracene
doping PC films after irradiation with UV light at
wavelength (365 nm).

Transmission spectrum: Figure 4 shows the transmission
spectrum of pure PC and anthracene dopmg PC films for
different doping ratio.

The effect of UV radiation at wavelength (254 nm) on
transmission spectrum for pure PC and anthracene doping
PC films for different doping ratio at different wradiation
times are shown in Fig. 5. The transmission spectrum
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Fig. 3: The effect of UV radiation at wavelength (365 nm) on the absorption spectrum of Pure PC and anthracene doping
PC films for different doping ratio for period: a) 24h; b) 240 hand ¢) 360 h
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Fig. 4: Transmission spectrum of pure PC and anthracene doping PC films in different doping ratio

for pure PC and anthracene doping PC films decrease after
irradiation with UV light. This is due to wradiation of
polycarbonate with UV light lead to embrittlement of the
polymer surface, making it more liable to corrosion and the
polymer surface became uneven. Therefore, the scattering
of light increased on the surface of the polymer and the
amount of transmitted light through the polymer decrease
after irradiation.

The transmission spectra for pure PC and anthracene
doping PC films for different doping ratio after irradiation
with UV radiation at wavelength (365 nm) with different
uradiation times are shown mn Fig. 6. Slight change on the
transmission spectra after irradiation will be observed.

Absorption coefficient: The absorption coefficient 1s
calculated from Eq. 1 for all samples. Figure 7 shows the

absorption coefficient of pure PC and anthracene doping
PC films for different doping ratio. The value of
absorption coefficient for all samples <10* cm”, so that,
the indirect electronic transition will deduced.

The effect of UV radiation on absorption coefficient
for pure PC and anthracene dopmg PC films at wavelength
(254 nm) for different irradiation times are shown in Fig. 8.
The absorption coefficient for all samples increase after
irradiation but still low than 10%cm, so that, the nature of
electronic transitions 1s indirect after irradiation with UV
light at wavelength (254 nm).

The effect of UV radiation on absorption coefficient
for pure PC and anthracene doping PC films at wavelength
(365 nm) for different irradiation times are shown in
Fig. 9. Tt can be seen a slight change in the absorption
coefficient after wrradiation with UV light at wavelength
(365 nm).
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Fig. 5. Effect of UV radiation at wavelength (254 nm) on transmission spectrum for different irradiation times: a) 24 h;

b)240 hand c) 360 h
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Fig. 6: Effect of UV radiation at wavelength (365 nm) on transmission spectrum for different wradiation times: a) 24 h;

b) 240 hand ¢) 360 h
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Fig. 7: Absorption coefticient of pure PC and anthracene dopmg PC films for different doping ratio
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Fig. 8 Effect of UV radiation at wavelength (254 nm) on absorption coefficient for different irradiation times: a) 24 h; b)
240 h and ¢) 360 h
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Fig. 9: Effect of UV radiation at wavelength (365 nm) on absorption coefficient for different irradiation times: a) 24 h; b)

240 hand ¢) 360 h

Optical energy gap: The optical energy gap of pure PC
and anthracene doping PC films for different doping ratio
are shown m Fig. 10 and Table 1.

The effect of UV radiation at wavelength (254 nm) on
energy gap of pure PC and anthracene doping PC films are
shown in Fig. 11 and Table 1. Tt can be seen a slight
changes 1n the absorption edge and value of energy gap
after rradiation. This mean the energy gap of pure PC and
anthracene doping PC films 13 stable agamst radiation.

Table 1: The energy gap for pure PC and anthracene doping PC films

irradiation with UV radiation at wavelength (254 nm)

Energy gap (eV)

Doping ratio of anthracene-PC films
Time () PC 10 (nL) 20 (mL) 30(mL) 40(mL) 50 (mL) 60 (mLl)
0 442 4.42 4.43 4.43 4.43 4.44 4.39
24 443 4.43 4.42 4.43 4.39 4.43 442
240 4.33 4.18 4.31 4.33 4.32 4.33 4.33
360

4.32 4.31 4.34 4.33 4.41 4.34 4.34
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Table 2: The energy gap for pure PC and anthracene doping PC films irradiation with UV radiation at wavelength (365 nm)
Energy gap (V)

Doping ratio of anthracene-PC films

Time (h) PC 10 (ml.) 20 (mL) 30 (mL) 40 (mlL) 50 (mL) 60(mlL)
0 4.42 4.42 4.43 4.43 4.43 443 4.40
24 4.43 4.43 4.43 4.43 4.43 443 4.43
240 4.44 4.4 4.42 4.4 4.43 443 4.42
360 4.43 4.43 4.43 4.42 4.42 443 4.42
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Fig. 10: Energy gap of pure PC and anthracene doped PC films in different doping ratio
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Fig. 11: Effect of UV radiation at wavelength (254 nm) on energy gap for different irradiation times: a) 24 h; b) 240 h and
¢)360h

Figure 12 and Table 2 show the effect of UV radiation

anthracene dopmg PC films for different doping radio. The
at wavelength (365 nm) on energy gap of pure PC and

energy gap does not change significantly after irradiation.
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Fig. 12: Effect of UV radiation at wavelength (365 nm) on energy gap for different wradiation times: a) 24 h; b) 240 h and

¢) 360 h

CONCLUSION

From this study it can be concluded that: The effect
of UV radiation at wavelength (254 nm)) on the absorption
spectrum lead to disappear the carbonyl peaks and this
mean that the carbonate backbone linkage scission,
whereas the effect of UV radiation at wavelength (365 nm)
on the absorption spectrum does not lead to disappear of
carbonyl peaks .Therefore, the energy of UV radiation at
wavelength 365 nm is not sufficient to break the carbonate
backbone.

The transmission spectrum decrease after irradiation
with UV light at wavelength (254 nm) whereas the effect
of UV radiation at wavelength (365 nm) lead to slight
change in the transmission spectrum.

The absorption coefficient increase after wradiation
with UV light at wavelength (254 nm) whereas the effect
of UV radiation at wavelength (365 nm) lead to slight
change n absorption coefficient.

The energy gap of all samples does not change
significantly after irradiation and this mean that the
energy gap of pure PC and anthracene doping PC films is
stable against radiation.
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