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Influence of Fast Neutron Irradiation on the Optical
Properties of Poly(vinyl alcohol)/Hydroxypropyl
Cellulose Blends

ABSTRACT

Poly(vinyl alcohol) (PVA)/hydroxypropyl cellulose (HPC) (100/0, 80/20, 50/50, 20/80 and 0/100
wt/wt%) blend films are prepared by solution casting method and subjected to fast neutrons irradiation
for fluence 1 x 10" n/cm® The effects of different HPC concentrations on the optical properties such
as: near infrared, absorbance and transmittance spectra in the region 250-2500 nm of the prepared
films are studied before and after irradiation with fast neutrons. The absorption coefficient and the
extinction coefficient for the prepared films have been calculated. The transmittance spectra are used
for the determination of the optical tristimulus transmittance values. The obtained results illustrate that
the increase in the concentration of HPC with PVA and/or irradiation with fast neutrons changed the
chemical bonds and hence changed the molecular configuration of PVA indicating that there are
charge transfers complexes arose in the polymer blend matrices.

Keywords: Poly(vinyl alcohol); Hydroxypropyl cellulose; Near infrared; Absorption and extinction
coefficients; tristimulus transmittance values; Fast neutrons irradiation.

1. INTRODUCTION

Materials with improved characteristics are produced by blending two or more polymers in order to
combine their properties for certain purposes which cannot be achieved by one of them alone.
Blending, natural polymer with synthetic polymer seems to be an interesting way of polymeric
composites. Blending is an especially important process for developing industrial applications of
polymeric materials [1] as well as the study of blends properties, are of importance to find further
applications of the resulting blend materials for biomedical and pharmaceutical devices [2].

Poly(vinyl alcohol) is a semicrystalline, synthetic water-soluble polymer and has very important
applications due to the role of hydroxyl groups and hydrogen bonds [3]. These hydrogen bonds assist
in the formation of polymer blends. PVA is used in surgical devices, sutures, hybrid islet
transplantation, implantation, blend membrane [4], in synthetic cartilage in reconstructive joint surgery
[5], as a new type of soft contact lens [6], as sheets to make bags for premeasured soap, for washing
machines, or to make longer bags used in hospitals [7]. PVA was selected as the hydrogel
component based on its favorable water-soluble, desirable physicochemical properties and its
biocompatibility [8].

Hydroxypropyl cellulose belongs to the group of cellulose ethers soluble in water as well as in polar
organic solvents. HPC can be used for production of time controlled delivery systems and is also used
as a topical ophthalmic protectant and lubricant [6]. In pharmaceuticals HPC used as a disintegrants
and a binder for the wet granulation method of making tablets [9,10,11].

Poly(vinyl alcohol) can be blended with hydroxypropyl cellulose and hydroxypropyl methyl cellulose
[12]. Here, hydrogen bonding interaction is an important aspect of miscibility since intermolecular
interactions regulate the compatibility among the component polymer molecules [13].



In the present work, thin transparent films of poly(vinyl alcohol)/hydroxypropyl! cellulose (PVA/HPC)
blends (100/0, 80/20, 50/50, 20/80 and 0/100 wt/wt%) are prepared. The effects of different weight
percents of HPC on the optical properties by near-infrared; absorbance and transmittance in the
spectral region 250-2500 nm of the prepared films are studied before and after irradiation with fast
neutrons of fluence 1 x 107 n/cm?. Variations in the group coordination in the near-infrared region are
followed. The study has been extended to calculate the absorption and extinction coefficients for the
investigated films.

2. EXPERIMENTAL DETAILS

2.1 Materials and sample preparation

Poly(vinyl alcohol) in the form of granules with MW 125 kg/mole is supplied from EI-Nasr Company,
Cairo, Egypt and hydroxypropyl cellulose (HPC; Pharmacoat 606) with MW 95 kg/mole is supplied
from Shin Etsu Chemical Co., Tokyo, Japan.

Thin transparent films of poly(vinyl alcohol)/hydroxypropyl cellulose (PVA/HPC) blends are prepared
by using solution-cast technique [11,14,15] which depends on the dissolution, separately, the
weighted amounts of the PVA and HPC in double distilled water. Complete dissolution is obtained
using a magnetic stirrer in a 50 °C water bath. To prepare thin films of the homopolymers (PVA and
HPC) and their blends (PVA/HPC) with different weight percentages (100/0, 80/20, 50/50, 20/80 and
0/100 wt/wt%), the solutions are mixed together at 50 °C with a magnetic stirrer. Thin films were cast
onto stainless steel Petri dishes of appropriate 0.01 cm thickness and 10 cm diameter. The prepared
films are kept at room temperature (about 25 °C) for 7 days until the solvent completely evaporated
and then kept in desiccators containing fused calcium chloride to avoid moisture. The samples are
measured at room temperature as solid slabs of dimensions 1 x 4 cm.

The prepared thin films of the blends are irradiated at room temperature with fission neutrons with
mean energy of approximately 4.2 MeV from Americium-Beryllium (***Am-Be) neutron source of
activity 5 Ci (185 GBq) and with emission rate 0.87 x 10’ n/s at the Physics Department, Faculty of
Science, Al-Azhar University, Cairo, Egypt. During irradiation the samples are fixed in positions that
neutrons are incident approximately normal. The films are exposed to fast neutrons fluence 1 x 10’
n/cm?. The fast neutron fluence is measured using a calibrated TLD-700 Thermoluminescence
detector at the location of the sample.

2.2 UVIVIS/NIR spectroscopic measurements

The optical absorbance and transmittance in the ultraviolet, visible and near-infrared regions from 250
to 2500 nm for PVA/HPC blends before and after irradiation with fast neutrons are carried out using a
Shimadzu (UV/VIS/NIR) Double Beam Spectrophotometer with standard illuminant C (1174.83), has a
serial number B44360512, Model V-530 and band width 2.0 nm covers the range 200-2500 nm with
accuracy +0.05%.

The absorption coefficient (a) of the present materials strongly depends on optical transmission,
reflection and thickness of the film and is calculated using the relation [16]:

a = (1/d) &n [(1-R)/T] (1)

where T is the transmittance and d is the thickness of the sample in cm (the reflectance, R is
neglected in this calculation). Then,

a = (1/d) tn [1/T] (2)

The extinction coefficient (K) is important parameters characterizing photonic materials and can be
calculated using the relation [16]:

K = aN4m 3)

where A is the wavelength and a is the absorption coefficient.



The tristimulus transmittance values (x;, y; and z;) of the prepared blends in the visible spectrum range
400-700 nm are calculated from the transmittance spectra using the CIE recommendations [17,18].

3. RESULTS AND DISCUSSION

3.1 Near-infrared (NIR) spectral analyses

The absorbance spectra and the assignments of the most important bands in the near-infrared (NIR;
region 900-2500 nm for PVA/HPC blends before and after irradiation with fast neutrons fluence 1 x 10
n/cm? are shown in Figure 1. Table 1 illustrates the variation of the peak positions as well as the bond
vibration and chemical structure for the unirradiated PVA/HPC blends.

It is noticed from the figure and the table that [19]:

e The bands at 2410 nm for pure PVA and at 2472 nm for pure HPC are disappeared in all doped
concentrations.

 The band at 2352 nm appeared only in pure PVA and then shifted towards lower wavelength
(2345 nm) with increasing the HPC concentration.

» Disappearance of band at 2200 nm for pure PVA and at 2197 nm for pure HPC.

. Band at 1945 nm shifted toward lower wavelengths by increasing HPC concentration up to 50
wt% (at about 1930 nm) as the pure HPC sample.

e The band at 1898 nm for pure HPC shifted toward higher wavelengths by doping HPC with PVA.

The band at 1780 nm for pure PVA disappeared by doping HPC in all doped concentrations.

 The band at 1764 nm for pure HPC shifted toward lower values of wavelengths by adding HPC
with different concentrations and appeared at around 1752 nm.

e The bands at 1724 nm for pure PVA and at 1732 nm for pure HPC disappeared and observed at
about 1713 nm by doping PVA with different concentrations of HPC.
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Fig. 1. NIR spectra of PVA/HPC blends unirradiated (black solid lines) and irradiated with fast
neutrons fluence 1 x 10" n/cm? (red solid lines).

Moreover, it is observed from Figure 1 that clear variations in the peak positions, and peak areas as
well as disappearance of some bands of the PVA/HPC blends when compared with that shown for the
homopolymers samples (PVA and HPC) in one hand and with the unirradiated blends on the other
hand which noticed that strong local interaction between HPC and other groups to different chains in
PVA will take place at the expense of the intermolecular interaction between these chains. This in turn
can be directly correlated with variations in the mechanical behavior of the polymer [20,21].
Furthermore, high energy radiation, such as fast neutrons fluencies are expected to make large
chemical and physical changes in the polymers either by direct damage or by reaction with any
oxygen present [22]. the variation in the intensities of some bands can be attributed to the radiation
induced changes in the intermolecular bonds of PVA chains caused by fast neutrons fluencies which
indicate that cross-linking of the chains may occur [23,24]. The changes in the intensities and
positions of some bands by fast neutron fluencies may be attributed to change occurred in the
concentrated of some active groups or bands, so that the structural modification of irradiated samples
can be detected from their spectra [25].



Table 1. Positions and chemical assignments of the most NIR absorption bands of the
unirradiated PVA/HPC blends

Wavelength (nm)

PVA/HPC blends (wt/wt%) Assignment Chemical
Structure

100/0 80/20 50/50 20/80 0/100

C-H stretching +

C-C stretching

2355 . . . . C-H deformation- HC=CHCH,
second overtone

CH,sym. Str. +

CH, deformation

C-H stretching +

2410 —_ —_ —_ 2472 = CH group

— 2345 2341 2347 —

2308 2305 2304 2305 2304y oeocnng CH, or CHs
C-H stretching +

2208 - - - 2197 CcC=0 StretChing - CHO

2168 — 2134 2130 2140 ~ -CH stretching + C=0 -CHO
stretching

2099 2100 2085 2083 o0gp ~ O-H stretching + ROH
O-H deformation
O-H stretching +

1945 1945 _ 1946 1930 g Seoennd © H,0

— 1906 1898 1871 189 ~ C=O st Secondary (O,H)
overtone

1815 1830 1820 1818 1820 O stretching +2(C- Cellulose
0) stretching

1780 _ _ _ . C-H stretching first Cellulose
overtone

1752 _ 1751 1751 1764 ~ C-H stretching first CH,
overtone

1724 1713 1714 1713 1732 G- Hstretching first CH; or CH,
overtone

3.2 UV/VIS analyses

The study of optical properties in the UV/VIS regions is useful as analytical technique for two reasons.
Firstly, it can be used to identify some functional groups in molecules and secondly, it can be used to
help in a better understanding of the optical material constants [26,27].

Figure 2 shows the UV/VIS absorbance spectra of PVA/HPC blends in the wavelength range 250-700
nm before (a) and after (b) fast neutrons irradiation with fluence 1 x 10’ n/cm®. It is clear from the
figure that, sharp drops in the absorbance values are detected in the UV region (250-360 nm). From
Figure 2a, the observed absorption shoulder centered around 270 nm may be attributed to ™ — T*
which comes from unsaturated bonds, mainly; carbonyl groups [28] (C=0 and/or C=C). Also, it is clear
that, the absorbance spectra are closed to each other in the visible region (400-700 nm) and the
absorbance values for hompolymers (PVA and HPC) are lower than those for blend compositions
through the wavelength range. Besides, the absorbance spectrum for the blend sample of composition
50/50 wt/wt% PVA/HPC is the highest one. From Figure 2 a and b, it is noticed that the absorption
values of the blend samples increase with increasing the concentration of HPC as well as by
irradiation with fast neutrons which may be attributed to the fact that either increasing the
concentration of HPC and/or irradiation with fast neutrons increases the absorbancy of the sample
which may be due to that there is a change in the molecular configuration which leads to the formation
of new color centers [14,15,29]. Furthermore, the obtained variations in the blend samples may be due
to some sort of interaction between the color centers created by the interaction of radiation with both
PVA and HPC matrices.
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Fig. 2. The absorption spectra of PVA/HPC blend samples before (a) and after (b) irradiation
with fast neutrons fluence 1 x 10" n/cm?: (m) 100/0, (A) 80/20, (V) 50/50, (#) 20/80 and (e) 0/100

(Wt/wt%)

3.3 Optical absorption measurements

Figure 3 shows the relation between the absorption coefficient (a) as a function of wavelength in the
UV range 250-400 nm and in the visible range 400-700 nm for PVA/HPC blends before (a,c) and after
(c,d) irradiation with fast neutrons fluence 1 x 10” n/cm?, respectively.
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The absorption coefficient (a) of PVA/HPC blended samples as a function of
wavelengths in the UV range 250-400 nm and in the visible range 400-700 nm before (a,c) and
after (b,d) irradiation with fast neutrons fluence 1 x 10 n/cm?, respectively: (m) 100/0, (A ) 80/20,

() 20/80 and () 0/100 (Wt/wt%)



It is clear from Figure 3 a and c for the unirradiated PVA/HPC blends that the absorption coefficient
values increase gradually with increasing HPC concentration. The increase in a with the increase in the
HPC concentration up to 50 wt%, which is the highest one, may be attributed to the change of the
molecular configuration which leads to the formation of new color centers [14,15]. From Figure 3b, it is
noticed for the irradiated PVA/HPC blends in the UV region that, the absorption coefficient (a)
decreases with increasing wavelength and exhibits a steep down near the absorption edge and a
straight line relationship is observed in the high a-region which may be caused by the transition of
electrons from the valence band to the conduction band [29] and also may be due to the variation in the
internal fields associated with structure disorder in the system [30].

In addition, it is clear from Figure 3 b and d that the values of the absorption coefficient (a) for
PVA/HPC blends irradiated by fast neutrons are higher than that for pure PVA which may reflect the
induced changes in the number of available final states according to the blend composition. Also, the
variation in the values of the absorption coefficient with fast neutrons may be attributed to change of the
molecular configuration which leads to the formation of new color centers and also due to the formation
of highly active free radicals which recombine to form molecular species [14,15,31].

3.4 Extinction coefficient

The extinction coefficient (K) describes the properties of the material to light of a given wavelength and
indicates the amount of absorption loss when the electromagnetic (EM) wave propagates through the
material, i.e. represents the damping of an EM wave inside the material. Figure 4 shows the variation
in the extinction coefficient (K) with wavelength in the range 250-700 nm of PVA/HPC blends before
(a) and after (b) fast neutrons irradiation with fluence 1 x 10° n/cm®. It is clear from the figure that
similar behaviors for all samples are observed and the values of K are found to be small in the order
10™ throughout the studied wavelength range which indicates that the samples under investigation are
considered to be insulating materials at room temperature [32]. In addition, the behavior of the
extinction coefficient is preserved for all samples near the absorption edge. Furthermore, it is also
clear from Figure 4a that, the blend sample PVA/HPC 50/50 wt/wt% indicates highest values of K
through the whole range of wavelength. Moreover, the values of K for PVA/HPC blends are higher
than that of the PVA and HPC homopolymers values.
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From Figure 4b, it is observed that sharp drops in the extinction coefficient values are detected in the
UV region. The HPC homopolymer sample indicates highest values of K through the visible range of
wavelength after irradiation with fast neutrons. In addition, the values of K of the PVA/HPC blends
decrease after irradiation with fast neutrons in comparison with the unirradiated one (except pure PHC
sample) and are between the homopolymers values through the whole range of wavelength. These
variations in the blend samples may be due to some sort of interaction between the color centers
created by the interaction of radiation with both PVA and HPC matrices. In addition, the decrease in the
extinction coefficient with an increase in wavelength shows that the fraction of light lost due to
scattering.

3.5 Optical transmittance values

The tristimulus tranmittance values (x, Y, and z) for individual polymers and their blends are
calculated from the transmittance data (figures are not shown for simplicity) for CIE standard illuminant

C. Figure 5 shows the variation of the tristimlus transmittance (y;) with wavelength ()\) in the range
400-700 nm for PVA/HPC blends before (a) and after (b) fast neutrons irradiation with fluence 1 x 10’
n/cm?. It is clear that the behaviours of y; for the samples are similar and nearly have the same peak
position at about 560 nm as that of the most polymers. Figure 5a indicates that y; at the peak position
(Ymax) decreases gradually with increasing HPC concentration until 50 wt% followed by an increase
with increasing HPC up to 100 wt%. On other hand, it is clear from Figure 5b that for pure PVA
sample, the tristimulus transmittance values (y;) decrease with neutrons fluence by about 9.1% in
comparison with the unirradiated one, while for homopolymer HPC, significant decrease by about
15.6% in the tristimulus transmittance values for the irradiated sample in comparison with the
unirradiated one is detected. These changes may be due to the cross-linking occurred during
photodegradation; results from the oxidation of free radicals in the polymer material. Due to this
process, change in the color of the polymeric material is occurred [33]. Also, from the figure, it is
noticed that the tristimulus transmittance values (y;) and the broadening of the bands are changed with
neutrons fluence without changing in their positions either with increasing the concentration of or
irradiated with fast neutrons fluence of 1 x 10’ n/cm® The observed behaviours of the blended
samples are nearly similar to that obtained for the homopolymer samples (PVA and HPC) which agree
well and confirm the obtained results of the near-infrared analyses. This may be attributed to that there
is a change in the molecular configuration which indicates to the formation of new color centers.
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Table 2 illustrates the values of x,, y, and z, at the peak positions for PVA/HPC unirradiated and
irradiated blended samples and their percentage changes. It is observed from the table that, the values
of x;, y; and z; change remarkably with increasing the concentration of HPC for both the unirradiated
and irradiated blended. On other hand, variations in the values x;, y;and z, are detected of the irradiated
PVA/HPC blended samples in comparison with the unirradiated samples.

From the data obtained, it is observed that the tristimulus transmittance values indicate that irradiation
with fast neutrons may lead rupture in the bonds and formation of free radicals and finally cross-
linking. Also, it may be presumed that the effect of fast neutrons radiation on the macromolecules of
the blended samples is the destruction of the chemical bonds and linkages as well as creation of
highly energetic electrons and ions [34]. These highly energetic species migrate in the plastic network
causing further damages to the adjacent macromolecules through tracks. The highly active groups
may recombine again at random leading to cross-links. The presence of oxygen enhances such
recombination through its interaction with these active macromolecules. Therefore, the highly
energetic ions and electrons thus formed during irradiation may be trapped somewhere in the plastic
network forming color centers whose intensities will increase with the increase of the fast neutrons
fluence.

Table 2. The tristimulus transmittance values (x,, y; and z, ) of PVA/HPC blends before and after
irradiation with fast neutrons fluence 1 x 10° n/cm? calculated from transmittance data and their
percentage changes.

PVA/HPC blend

(Wtwt%) Xr Yi “
Before irradiation A =445 nm A=595nm A =560 nm A=450nm
100/0 314 728 800 1600
80/20 257 628 683 1328
50/50 242 585 625 1228
20/80 142 371 400 728
0/100 221 550 583 1142
RS, X (Bx)% X (BXx)% v (By)% z; (Az)%
After irradiation A = 440 nm A = 600 nm A =560 nm A =445 nm
100/0 274 -12.7 674 7.4 727 9.1 1372 -14.3
80/20 270 +5.1 647 +3.0 701 +2.6 1352 +1.8
50/50 190 215 493 -15.7 524 -16.2 955 222
20/80 179 +26.1 468 +26.1 496  +24.0 899 +23.5
0/100 171 -22.6 469 -14.7 492 -15.6 857 -24.9

The +ve and -ve signs indicate that the values of x;, y, and z, increases or decreases in comparison
with the unirradiated values

4. CONCLUSION

It can be concluded that the changes occurred due to either increase HPC weight percent and/or fast
neutrons irradiation may reflect the actual changes in the macromolecular structure of the polymer
network. In addition, the obtained results are of great important for the improvement of the optical
properties of PVA. Hence, PVA/HPC blends look desirable and promising for many applications.

REFERENCES

1. Caykara T, Demirci S. Preparation and characterization of blend films of poly(vinyl alcohol) and
sodium alginate. Journal of Macromolecular Science, Part A: Pure and Applied Chemistry
2006;43:1113-21.

2. Kulkarni RV, Sa B. Electroresponsive polyacrylamide-grafted-xanthan hydrogels for drug delivery.
Journal of Bioactive and Compatible Polymers 2009;24:368-84.

3. Makled MH, Sheha E, Shanap TS, EI-Mansy MK. Electrical conduction and dielectric relaxation in
p-type PVA/Cul polymer composite. Journal of Advanced Research 2013;4:531-8.



4. Saxena AK, Marler J, Benvenuto M, Willital GH, Vacanti JP. Skeletal muscle tissue engineering
using isolated myoblasts on synthetic biodegradable polymers: preliminary studies. Tissue
Engineering 1999;5:525-32.

5. Peppas NA, Merril EW. Development of semicrystalline poly(vinyl alcohol) hydrogels for biomedical
applications. Journal of Biomedical Materials Research 1977;11: 423-34.

6. Chandra Mohan Eaga, Jagan Mohan Kandukuri, Venkatesham Allenki, Madhusudan Rao
Yamsani. In-situ gels - a novel approach for ocular drug delivery. Der Pharmacia Lettre 2009;1(1):21-
33.

7. Dumoulin MM, Carreau PJ, Utrack LA. Rheological properties of linear low density
polyethylene/polypropylene blends. Part 2: Solid state behavior. Polymer Engineering & Science
1987;27:1627-33.

8. Zhang J, Yuan K, Wang Y, Zhang S, Zhang J. Preparation and pH responsive behavior of
poly(vinyl alcohol)-chitosan-poly(acrylic acid) full IPN hydrogels. Journal of Bioactive and Compatible
Polymers 2007;22:207-18.

9. Chien-Yuan Leea, Gan-Lin Chenb, Ming-Thau Sheub, Cheng-Hsiung Liub. Drug release from
hydroxypropyl cellulose and polyethylene oxide capsules: In vitro and in vivo assessment, The
Chinese Pharmaceutical Journal 2006;58:57-65.

10. Talasaz AHH, Ghahremankhani AA, Moghadam SH, Malekshahi MR, Atyabi F, Dinarvand R. In
situ gel forming systems of poloxamer 407 and hydroxypropyl cellulose or hydroxypropyl methyl
cellulose mixtures for controlled delivery of vancomycin. Journal of Applied Polymer Science
2008;109(4):2369-74.

11. Suhas Nalle, Rupali Sarpate, Mallikarjuna Setty, Patan Inayat, Anand Deshmuk. Controlled
release nateglinide tablets using Na-CMC and HPC hydrophilic polymer. Research Journal of
Pharmacy and Technology 2010;3: 87-91.

12. Sakellariou P, Hassan A, Rowe RC. Phase separation and polymer interactions in agueous
poly(vinyl alcohol)/hydroxypropyl methylcellulose blends. Polymer 1993;34:1240-8.

13. Lovell PA. Polymer blends and alloys. Folkes MJ, Hope PS, editors. Chapman and Hall, London;
1993.

14. El-Zaher NA, Osiris WG. Thermal and structural properties of poly(vinyl alcohol) doped with
hydroxypropyl cellulose. Journal of Applied Polymer Science 2005;96:1914-23.

15. Osiris WG, Moselhey MTH. Optical study of poly(vinyl alcohol)/hydroxypropyl methylcellulose
blends. Journal of Materials Science 2011;46:5775-89.

16. Tintu R, Saurav K, Sulakshna K, Nampoori VPN, Radhakrishnan P, Sheemu Thomas.
Ge28Se60Sh12/PVA composite films for photonic applications. J Non-Oxide Glasses 2010;2:167-74.
17. CIE Recommendation on Colorimetry; CIE Publ. No. 15.2. Central Bureau of the CIE, Vienna;
1986.

18.CIE Recommendation on Uniform Color Spaces; Color Difference Equations, Psychometric Color
Terms, Suppl. No. 2 of CIE Publ. No. 15 (E-1.3.1), Paris; 1971; 1978.

19. Osborne BG, Fearn T. Near infrared spectroscopy in food analysis. Longman Scientific and
Technical Groups, John Wiley & Sons, New York, USA; 1986.

20. Tager A. Physical chemistry of polymer. Mir Publishers, Moscow, Russian; 1972.

21. Khaled MA, Basha AF, EI-Oker M, Abdel-Samad H. Optical Absorption in Ni-containing PVA films.
Indian Journal of Physics 1989;63a:399.

22. Cygan S, Laghari JR. Effects of fast neutron radiation on polypropylene. IEEE Transactions on
Nuclear Science 1989;36:1386-90.

23. Pavia DL, Lampman GM, Kriz G Jr. Introduction to spectroscopy: A guide for students of organic
chemistry. WB Saunders Company, London, UK; 1979.

24. Sebaa M, Servens C, Pouyet J. Natural and artificial weathering of low-density polyethylene
(LDPE): Calorimetric analysis. Journal of Applied Polymer Science 1993; 47(11):1897-903.

25. Jabarin SA, Lofgren EA, Jabarin SA, Lofgren EA. Photooxidative effects on properties and
structure of high-density polyethylene. Journal of Applied Polymer Science 1994;53(4):411-23.

26. Chikwenze RA, Nnabuchi MN. Properties of lead selenide films deposited by chemical bath
method. Chalcogenide Letters 2010;7(5):283-90.

27. Abd El-Kader FH, Gafer SA, Basha AF, Bannan Sl, Basha MAF (2010) Thermal and optical
properties of gelatin/poly(vinyl alcohol) blends. Journal of Applied Polymer Science 2010;118:413-20.
28. Abdelrazek EM, Elashmawi IS, El-Khodary A, Yassin A. Structural, optical, thermal and electrical
studies on PVA/PVP blends filled with lithium bromide. Current Applied Physics 2010;10(2):607-13.
29. Miller A. Handbook of optics. Vol. 1, McGraw-Hill, New York, USA; 1994.

30. Mott NF, Davis EA. Electronic processes in non-crystalline materials. Oxford, Clarendon; 1979.

10



31. Nabawia AA, Osiris WG. Optical studies of fast neutron irradiated composites of poly(vinyl alcohol)
and bovine serum albumin. Materials Science (An Indian Journal) (MSAIJ) 2012;8(9):370-382.

32. Pankove JI. Optical process in semiconductors. Devers Publication, New York, USA; 1975.

33. Abd EI-Raheem MM. (2007) Optical properties of GeSeTl thin films. Journal of Physics:
Condensed Matter 2007;19:216209.

34. Lukasik D, MacKo P. Creation of thermal spikes in the GeS_1_1 glassy system by fast neutron
irradiation. Physica Status Solidi. A, Applied Research 1981;64(2):677-82.

11



