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Abstract

Composite films of Imperatorin (a coumarin molecule) and Poly Vinyl Alcohol (PVA)
are prepared by solution casting method. These composite films are exposed to y-radiation of
different doses at room temperature. These composite films are characterized by X-ray
diffraction (XRD), Fourier Transform infrared (FT-IR), UV-Visible and dielectric spectroscopy.
After doping, XRD data shows semicrystalline to amorphous phase formation in the PVA back
bone. FT-IR analysis of these composite films show various bands and a significant impact on
them can be observed after irradiation. UV-Visible spectroscopy of these composite films shows
various absorption bands. But the absorption band at 311 nm is the sharpest one. In these films,
the optical band gap is determined by using Tauc’s plots. These films follow indirect allowed
transitions. In the present samples, the optical band gap increases with irradiation and finally
decreases at highest dose. The Urbach energy also decreases with increasing radiation dose, and
gives clear indication that radiation induced defects are formed in the system. Additionally, both
dielectric constant and loss changes with radiation dose. These changes are explained based on
universal dielectric response (UDR) model and which also supports disorderness in the system.
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I. Introduction

Chromatic organic dyes are vividly investigated and used as potential chemical
dosimeters [1]. These compounds are utilized, either in the liquid or aqueous form, and or
embedded in various suitable polymeric matrixes or films [1-5]. Different kinds of polymeric
films are used for measuring and tracking of ionizing photons and electrons. These radiochromic
thin films are also used as 3D dosimeters. These films have wide application in radiation
processing, and routine dose control for different kinds of ionization irradiation. The fabrication
of various types of films (or polymers matrixes) is a continuous effort to develop more reliable,
stable, simpler and cheaper system for routine dosimetery. Therefore, these efforts also led to the
successful development of some polymer (e.g. cellulose triacetate.) films or foils, and are simply
analyzed with the help of UV spectrophotometer.

Polyvinyl alcohol (PVA) with a general formula [-CHZCH(OH)-]n is a well-known

polymer for many technological applications since it forms a film with high transparency, very
good flexibility and wide commercial availability. The exposure of polymer materials to ionizing
radiations such as y-rays produce changes in the microstructural properties of the material as a
result of inducing structural defects, which in turn affect the optical properties [6]. These
changes are strongly depending on the internal structure of the material, the radiation energy and
the irradiation dose. Clarification of these changes is quite significant, not only to recognize the
physicochemical functions and spectroscopic properties of these materials, but also to increase
their applicability in different fields and enable information about the induced irradiation defects
and their interaction with the matter compositions [7].The effect of ionization radiations on
various type dye molecules in non-aqueous solvents and in some polymeric films are already

discussed in literature [7-12]. For most of these composites, a linear dose response curves were
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obtained over larger dose range. The observed properties shown by these dyes, projects their
possible use as chemical dosimeters within that linear dose range. Other various polymeric films
coated with some suitable dyes have also been investigated for chemical dosimetery [7-12].

Coumarins are among the important group of naturally occurring compounds largely
extracted from the plants and are also produced artificially [13]. Since decades these Coumarins
are studied for their various applications [13]. From last seventies, aqueous coumarin solutions
are used for dose evaluation of different types ionization radiations [14-18]. Recently, highly
sensitive fluorescent dosimeters made up of coumarin derivatives and other dyes were studied
[14-18]. To enhance their various properties, coumarins and their derivatives are isolated from
selected plants or prepared and then modified as per the requirements [13].

In our previous studies on different coumarins, we investigated the effect of y-radiation
on their optical properties [19-20]. In these studies, their possible uses as dosimeters in the low
radiation zone were projected. These studies motivated us to investigate the effect of y-radiation
on various physical properties of some selected isolated plant molecule embedded in polymer
matrix. Therefore current study focuses on the effect of y-radiation on different properties of
composites films of Imperatorin (a coumarian molecule) and PVA .

2. Material and Methods

The compound Imperatorin having molecular formula C;¢H;4O5 , and molecular mass
286 was isolated from ethyl acetate extract of the roots of the plant Prangos pabularia by column
chromatography, using silica gel as adsorbent. The structure and other characterizations of this
compound are already published elsewhere [21-22]. To prepare polymer composite film of this
compound, 13.813mg of Imperatorin (or C;sH;405) was dissolved in 35ml of ethanol (as solution

I). In the another beaker (as solution II), 5gms of PVA with molecular weight (60,000-12,5000)
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was mixed in 100 ml of deionized water at 80°C with constant stirring for 3 hour. Here, 5ml, and
15ml of solution I was added to 25ml each of solution II. Then these composite solutions were
mixed for 1 hour with constant stirring at 75 °C. These composite gels were further thoroughly
mixed and placed in an ultrasound bath (at 30 kHz frequency, power 50Watts) for 5 minutes to
remove the formed bubbles (if any). Finally, these gels were poured into Petri dishes and dried
for three days. After three days, these films were peeled off from the dishes (packed in black
paper sheets; to avoid exposure of light) for further characterizations and study. For the
irradiation studies, only low doped (5ml added) films were irradiated with B7cs y-radiation
source (y-ray energy = 662 keV with activity 703.45 cGy/min), the facility available at Sher-i-
Kashmir Institute of Medical Sciences, Srinagar, Jammu & Kashmir, India in dose range 0-50Gy
(with doses 15,20, 30, and 50 Gy). These films were characterized by powder x-ray diffraction
(XRD) by using Bruker D8 x-ray diffractometer with Cu K, radiation. Attenuated Total
reflection (ATR) Fourier transform infrared (FTIR) spectroscopy of these films were studied
from 650-4000cm™ wavelength range by Agilent Cary 630 spectrometer. Ultraviolet—visible
(Uv-Vis) spectroscopy of unirradiated and irradiated films were recorded on dual beam
photospectrometer (Shimadzu UV-1601). The dielectric studies of these films were carried out
by parallel plate geometry method (by sputtering gold contacts on both sides of films) in the
frequencies 120 Hz—500kHz, using with an Agilent 4285A precision LCR meter. All the
experiments were done at normal temperature and pressure (NTP).
3. RESULTS AND DISCUSSION
3.1 XRD studies

Fig.1 shows the XRD pattern of pure PVA, 5ml (added compound) , and 15ml (added

compound) added composite films. In pure PVA, a characteristic PVA XRD peak at 260= 19.79°

4

Page 4 of 29



Page 5 of 29

RSC Advances

is observed [23]. It can be noticed that with doping, no peaks of compound are seen separately
[21]. However, we observed that the semicrystalline nature of PVA is loss with doping. The
apparent reduction of PVA characteristic peak height or broadening with increasing doping can
be attributed to the polymer complex formation which leads to polymer chain separation
followed by the structure rearrangement. This in turns results in a decrease of the degree of
crystallization of PVA. Also, in our doping molecule, there are hydrogen and oxygen atoms,
they can interact (via van der Waal’s or weak interaction) with hydrogen atoms of PVA matrix.
This breaking of semicrystalline nature into purely amorphous may be due to the thermally
induced changes in the polymer bonding (as the sample preparation temperature is 75°C) [23].
Further, when heat energy is given to the crystalline region, the lattice start vibrating via phonons
and this interaction may lead to the bond breaking or formation new bonds in the system [23].
This feature of interaction in the present case is seen in the crystalline region of host PVA, which
shows a drastic decrease in crystallinity. This type of trend was also observed in dye doped PVA
[23]. Furthermore, this interaction is also supported by FT-IR data and is described in next
section. This observed amorphous nature with heavy doping also led us to focus our study of y-
radiation to low (5ml added compound) doped samples. In addition, XRD pattern of y-radiation
films did not show any significant change and are hence skipped for any further discussions in
the current study.
3.2 FT-IR studies

The FT-IR spectra of pure PVA polymer, C1cH 1404 ; and PVA/C,6H404 composite (with
different doping concentrations) are shown in Fig.2. The band at 937 cm™ indicates the presence
of chain like structure of PVA [24], suggesting the regular inter-chain bridging in a layer

structure through sequential distribution of OH groups, conferring the H-bonding functionality to
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planar geometry in the polymer backbone. However, decrease in intensity of this band with
increasing concentration of C;sH;4O4 gives a clear indication of change or alteration to such
planer structure, causing strong delocalization of m-electrons, and hence leads to impact various
physical properties of polymer [24-25]. The important bands of PVA for different vibrational
modes are shown in Fig.2 and are also given in Table I. From the FT-IR spectrum of imperatorin
(shown in Fig.2), a strong intensity band at around 1722 cm™ is due to o, p-unsaturated-5-
lactone, bands at around 1586 & 1401 cm™ are due the presence of aromatic moiety, and bands
at 1383, 1295 cm™ are because of gemdimethyl [21]. Some important bands of C;sH;4Os,
corresponding to their vibrational modes are also given in Table 1. Looking at the spectra of
PVA/CisH 1404 composite films (Fig.2), a dramatic change in PVA structure can be observed
after doping. In the spectra of PVA/C;¢H 404, various bands of filler (C;¢H;404) along with the
bands of polymer are seen (Fig. 2). However, in these observed bands, shifting with change in
intensities are observed.

The broad band at 3280 cm™ due to O-H stretching vibration and band due to O-H
vibration of PVA start broadening and sharpening. This could be due to the electrostatic
interaction between the aromatic C—H stretching of C;¢H404 and OH electric dipoles in the
polymer chain. However, with increase in doping, a reduction in the intensity of band involved in
H-bonding within PVA chain (3700-3000 cm™) is observed. Also, a blue shift of the band at
2920 cm™ (CH asymmetric vibration) is observed. The change seen in these two important
regions are corresponding to the formation of hydrogen bonds between the PVA chain and
doping molecule. The shifting, change in intensity, and merging of C=O stretching band at
1650 cm™ of PVA and 1715 em™ corresponding to C=0 stretching of the carbonyl of C1¢H 404

This also indicates that hydrogen bonds of C;sH 404 are interacting with the hydrogen bonds of
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PVA. More precisely here, peak shift demonstrates a strong interaction between PVA and
Ci6H1404, and giving rise to the localization effects [24]. Moreover, the stretching vibrations of
C=C bonds in the aromatic ring, and the deformation vibrations of C—H bonds in CH, and CHj3
groups (and aromatic CH groups of compound), are also clearly distinguished in the spectrum
[25]. More precisely, the observed bands of PVA /Ci¢H;4O4 composites are given in Table L.
This alteration of PVA structure with doping is quite consistent with XRD data of these samples.
After exposure to y-radiations, the spectrum shows changes in various observed
bands of PVA /C6H404 composites (see Fig. 3). The changes in number, frequency, intensity,
and width of the FTIR bands in the particular region of O-H vibrations (3000-3700 cm™), C-H
vibrations (15001300 cm™) and C-O vibrations (1200-1000 cm™) are related to changes in the
conformation and short range interactions of the composite. After irradiations, the changes in
intensity of these bands are strongly associated with the changes in the macromolecular structure
[24-27]. This observation demonstrates the destruction of C-OH and C—H bonds and possibility
of formation of ketones and/or enols [26-27]. The major attention was focused on the bands in
the 1160—1010 cm™ region because the absorbance pattern due to ring vibrations in this spectral
range is known to be individual for each carbohydrate structures. Also the changes in intensity of
bands in region 1200-1500 cm™ indicates the decoupling between OH and CH vibrations due to
electrostatic interaction between OH and filler molecules after radiation exposure. In addition,
the peak broadening might be attributed to the variations in the z-conjugation length of the PVA
chain, which is associated with z-electron delocalization [24-27].The optical and dielectric
properties of these irradiated films are also changed exactly as per the FT-IR data and will be

discussed in the later sections.
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After y-ray exposure, the ester linkage may have broken down and probably ester radicals
have been formed. These ester radicals might result in the release of CO,, and thus leading to the
formation of oxygen radicals. The oxygen radicals once formed can easily be pick up by
hydrogen radicals (which are formed due to broken of C—H bonds) and could have formed
ketones or phenols [25-27]. The formation of conjugated double bonds or trapped free radicals
and ions along degradation mechanism or scheme are already explained by y- irradiations [24-
27]. This process yields either a separation of the oxygen atom or a different substitution of the C
atom of the carbonyl moiety with a C=C double bond or a hydrogen atom on one branch. This is
likely to cause, either reduction in intensity or a shift of the carbonyl stretching mode [24-27].

3.3 Optical studies

Inset of Fig.4 shows UV-VIS absorption spectra of PVA, C;¢H 404, and different doping
concentrations of C;sH;404 in PVA films. In the pure PVA film, an absorption band at about 276
nm is observed, and this is due to the n— n* electronic transition [24]. The doping or filler
molecule (C;¢H404) shows electronic transitions at 219, 255, 268 and 300 nm. However, in the
composite form, these bands are shifted 223, 250, 260, and 311nm. This also indicates the strong
interactions going in PV A structure after doping. This correlates well with their XRD and FT-IR
data. The absorption bands at 223 nm, 250 nm, and 311nm due to 6—c¢*; n—n*, and n—n*
transitions in the aromatic ring [21-22]. However, in current study, we will focus on the largest
band (311 nm) of composite (n—m* electronic transitions of the Ci¢H;404 molecule). This
electronic absorption corresponds to transition from the ground state to the first excited state, and
is mainly due to an electron excitation from the HOMO to the LUMO. This type of transition
occurs in the unsaturated centers of the molecules, i.e. in compounds containing double or triple

bonds, and in aromatics compounds. In the near UV region of the spectra, bands observed are
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called Soret-band (B-band).These could arise from the transitions of a,, () highest occupied
molecular orbital (HOMO) to e, (n*) lowest unoccupied molecular orbital (LUMO) [21-22].
Fig.(4) shows the UV-VIS absorption spectra of PVA/ Ci¢H;4O4 films after y
irradiations. After irradiation, there is a decrease in the absorbance coefficient (Fig.4) and also a
small shift in band edge. A small broadening of the peaks can also observed, and this could be
due to the production of radiation induced defects which lead to the formation of new energy
levels, causing the peak broadening in system. Another, possible cause may be the excitation of
non bonding electrons generated by the presence of structural defects (due to the creation of free
radicals or ions) into the conduction band , in addition to their localized states [19-20, 24-27].
The increase of carriers on localized states due to the formation of free radicals or ions will give
rise to reduction in the transition probabilities into the next extended states, and there causing
additional absorption [24-27].Various irradiation studies also confirms the increase in
absorbance, due to the formation of new chemical species, caused by energy transfer by the
incident radiations [19-20].
The optical energy gap of these irradiated samples was calculated by using the well
known Tauc equation [28]:
ahv = B(hv-Ey)" (1)
where “a” is absorption coefficient, “Av” is the energy (/4 is a Planks constant having value 6.625
x 107* J/s and v is the frequency of incident photon in Hz) of the incident photon, E,is the value
of the optical band gap and “n” is the exponent indicating the type of electron transition in the
system. Generally, n takes values 1/2 and 2 for direct allowed and indirect allowed transitions

respectively. Also, the factor B is constant and depends on the transition probability.
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According to our previous optical absorption studies on similar compounds[], these
materials are found to follow indirect allowed transitions. Hence Tauc plots are drawn between
(ahv)’ versus hv. Fig. 5 shows the Tauc plots of the investigated composite films. After
irradiations, a slight increase in E, (red shift) is observed with increase in dose (up to 30Gy) (see
Table II). However, in 50Gy irradiated sample, E, is reduced drastically than the pristine. There
are number of reports on different aromatic systems, where a decrease in band gap after
irradiation was observed [19-20, 29]. It is argued that the decrease in band gap after irradiation
produces defects, such as radicals, cations, anions, etc in the material which increase the disorder
and causing the structural deformation in the system [24-27]. Also according to the density of
state model, E, decreases with increasing the degree of disorder of the amorphous phases [28]. A
similar trend in E, after gamma irradiations in other polymers was also observed [24-25]. This
observed variation of band gap is consistent with the variation in dielectric of the current system
(will be discussed in later section).

The Urbach band tail (also called defect tail) was also studied in these composites. This
Urbach energy is used to study subgap absorptions in details. The Urbach energy (£, ) was
determined using Urbach rule [28]:

a= apexp(hv)/ E, .(2)
where a is the pre-exponential absorption coefficient factor. It may be noted that the various
factors like the carrier phonon interaction, carrier-impurity interaction and structure disorder are
main reasons for the Urbach band tail in semiconductors [20, 22,24]. By fitting equation (2), the
values of E, are determined from the inverse slope of the straight line, representing /n(a) versus
photon energy (hv). There is a slight decrease in £, with dose (Table II). But at the highest dose,

an increase in this parameter is observed (Table II). Therefore, as E,; increases, the magnitude of
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defect energy decreases. However, with highest dose, sub-band states formed in between the
valence and conduction band may lead to the narrowing of E,. Also, the number of defect levels
below the conduction band increases to such an extent that the band edge is shifted deep into the
forbidden gap, thereby reducing the effective E, of present system. Hence, it clearly
demonstrated that the enhancement in existing defects or disorder after irradiation may be the
prime reason for this observed behavior. It should be also noted that during irradiations, there are
release of gases from the polymeric material. These released gases are mostly, H, H,, CO, or
CO; and can led to the carbonaceous clusters in the polymer matrix. These carbonaceous cluster
(being rich charge carriers) impacts the various physical properties of the polymeric material.
3.4. Dielectric Studies

The dielectric constant (g;) can be calculated by the following equation:
g-= Cd/ A - (3)

where C is the capacitance (F), & is the free space dielectric constant value (8.854 x 10™* F/m),

A is the capacitor area (m?) and d is the thickness (m) of the material.

The imaginary part of the dielectric constant (g; ) or loss was calculated using the following

relation
g = gtand —(4)

where tano is the dielectric loss. From the ¢, and ¢; the ac conductivity (o) of the present sample

was calculated using the following relation [30]:

Oue = W & &g tand - (5)
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where o is the angular frequency.

Also 6, obeys the following power law [30]:

Ouc (0 T)= B’ -—--(6)

where B and s are the composition and temperature dependent parameters respectively. Here s
takes value between “0” and “1”. When s = 0, the electrical conduction is frequency independent,
like dc conduction at very low frequencies, and when s > 0, the conduction is frequency

dependent or ac type [30].

Fig. 6 shows the variation of the ¢, as a function frequency (120-500kHz) irradiated with
different doses. At first look, all films show a random variation in the &, with dose (decreases for
15 Gy then increases till 50Gy). The observed behavior, like decrease of ¢, with frequency can be
due to the contributions of various factors like polarizability, deformation and relaxation. PVA is
a solid semicrystalline dielectric material containing polar groups. The main contribution of
polarizations comes from ionic, space charge and orientation because of the presence of free ions
and polar molecules in this type of materials. Also, in such polymers, the polarizations like
electronic polarization caused by deformation of the electronic shells and appearance of induced
dipoles are low. However, the addition of plant molecules in PVA films and then irradiations
may would have affected the dipoles (by formation of defects and free radicals etc) and altered
the dielectric properties. By increasing the applied frequency, the dipoles will no longer be able
to rotate much quickly. Hence, their oscillations begin to lag behind the applied field
(frequency). Also when the frequency is further increased, the dipoles will completely be unable

to follow the applied field and the orientated polarization vanishes. This cause decrease in &, and
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attains a constant value at higher frequencies. For all the samples, as evident from plots, the &,
shows a well dispersion over entire range of frequencies (120-500kHz). Generally in the
irradiated polymers, fluctuations in & can be observed [25]. Also at higher frequencies, the
charge carriers get trapped at defect sites causing neutralization of charges there, and hence
leading to the decrease in the observed g [25,29]. Also the &; of pristine (0Gy) and irradiated
films decreases at lower frequencies (2kHz for 0Gy, 6kHz for 15Gy,1.9KHz for 20Gy, 6.2kHz
for 30Gy, and 9.6kHz for 50Gy ) (see Fig.7). After these frequencies, it starts increasing, then
again decreases, and finally showing a relaxer behavior. Generally, this relaxation in pure
polymers can be observed at low frequencies (say few 100Hz’s). But the higher value observed
here in pristine could be due to composite formations. One of the possible reasons for this
observed behavior is that the polymer may develop a network structure after irradiation. The
movement of chain segments is getting reduced due to the scissions resulting low dipole oriented
polarizations [25,29]. However, with the enhancement of radiation dose, random breaking of
bonds might have taken place. This can increase the degradation process of polymer. This
degradation creates lesser number of entanglements per molecule, thereby increasing the chain
mobility, and hence increases the ¢, and ¢; [29]. In most polymers, radiation can also increases
the number of C=0 and C=C bonds in the polymer matrix. Furthermore, the weaker C=C bonds
may become a source of free carriers under the influence of ac field (or bias) [31], and affecting
the dielectric properties of material. The another possible reason for variation in dielectric
properties is related to the presence of C-C, and C=0O bonds in the irradiated samples, which is
obvious from the following ratios: o,(C=C)/0,(C-C)= 2.99, o, (C=0)/ 0, (C-C) = 2.06 and in
which ap(C—-C), ap(C=C), ap(C=0) represent components of the polarizability parallel to C-C,

C=C, and C-O bonds, respectively[32].
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Fig.(8) shows the variation of In(c,.) versus In(w) for all the under study samples. It is
observed that the ac conductivity increases steeply up to certain frequency and then decreases.
This observed trend is a general feature of disordered or inhomogeneous materials. The present
system follows the universal law behaviors described by eq.(6). In order to examine the nature of
charge carrier hopping in the under study materials, the exponent “s” was calculated by plotting
In(o,.) versus In(w) (see Fig.8). There the frequency exponent s was computed from the slope of
the straight lines where s = 0o,./0w. In the present study, after irradiations the value s lie between
0.99 to 0.89, suggesting that the conduction phenomenon in the current composites is ac type and

are due to the hopping of charge carriers [30].

It is a well established fact that polymer structures are mostly disordered materials (or
heterogeneous microstructure). For such type of systems, frequency dependent dielectric data
can be explained in view of universal dielectric response (UDR) model [30,33]. In view of this
model, localized charge carriers are hopping among spatially fluctuating lattice potentials,
producing the charge transport. Also, these fluctuations can further induce dipolar effect. To
study our system more vividly, we have analyzed our data according to universal dielectric
response (UDR) model. For our samples, we got a linear behavior in the log (f .€;) versus log (f)
plots throughout studied frequency range (see Fig.9). It means that UDR phenomenon is
responsible for dielectric response of these samples. In the current samples, one can notice a
dramatic effect on various physical properties at 15Gy dose. Beyond this dose, unsystematic
change in these physical properties is observed. Therefore, to explore these films below 15Gy,

more detailed experiments are under way.

4. Conclusion

14



Page 15 of 29

RSC Advances

Composite thin films of Coumarin and PVA were prepared and exposed to y-ray irradiation at
room temperature. These as prepared films are characterized by various techniques before and
after irradiations. Molecular vibrations and associated bands are studied by FTIR spectroscopy.
Impact of radiation on different bands are observed and discussed. This system exhibits a strong
optical absorption at 311nm. Band gap analysis is carried out this band and this composite
follows indirect allowed transition. Radiation modifies various optical parameters like £, and E,
and these optical parameters are directly related to radiation induced disorder or creation of
defects in the system. The ¢, and ¢; show dispersion in the lower frequency region for all the
samples. The ac conductivity obeys the Jonscher’s power law: o,.(w)~w’. The electrical
transport mechanism in the present films is due to the hopping of charge carriers. These thin
films follow the UDR model and indicate a strong disorderness in these films before and after
irradiation. However, additional studies are still required to evaluate the optimum dose for this
system.
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Fig.1. XRD pattern of PVA and composite films with different Imperatorin concentrations.
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Fig.2. FT-IR spectrum of PVA, Imperatorin, composite films with different Imperatorin

concentrations.
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Fig. 3. FT-IR spectrum of pristine and composite films after irradiation.
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Fig.4. UV-Vis spectrum of composite films irradiated at 0,15,20

UV-Vis spectrum of PVA, C;H,04,5ml, and 15 ml C;4H,;0,+PVA composite films.
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Fig.5. Tauc plots for band gap calculation for these composite films irradiated at 0,15,20, 30, and

50 Gy doses. Inset shows enlarged view of 311nm band of these films.
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Fig. 9. Alteration of log (f.¢,) with log (f) for 0,15,20,30, and 50 Gy samples in the frequency
range of 120Hz-500kHz.
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Table.I Main FT-IR peaks of PVA, imperatorin, and PVA/Imperatorin composite films.

Imperatorin (or Ci6H;404)

Observed bands in

745 Aromatic out of plane -C—H
bending
1,028  Aromatic in of plane —C—H bending

PVA PV A/Imperatorin
Composite

Wavenumber Assigned Wavenumber | Assigned vibrational bands Wavenumber

(cm™) vibrational (cm™) (cm™)

bands

3700-3000 O-H stretching 2,966 Asymmetric C—H stretching 33679-2988
2920  C-H symmetric stretching | 2,852 Symmetric C-H stretching 2929
1720  Carbonyl (C=O)stretching | 1,460 Asymmetric -CH3 bending 1738
1645 Acetyl (C=C) stretching | 1,375 Symmetric -CH3 bending 1722
1430 CH; bending 3,133 Aromatic C—H stretching 1422
1370 CH, wagging 1,150 C-O stretching 1371
1250 C-H wagging 1,722 ao,B-unsaturated-6-lactone 1241
1100 C-O stretching 3,427 C-C-O symmetric stretching 1086
937 C-C stretching 1,586 Aromatic C—C stretching 947
855 CHj; stretching 1,401 834
027 O-H stretching 877 Olefinic C-H out of plane bending 657
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Table II. Various optical parameters for these irradiated films.

Dose(Gy) E,(eV) E,(meV)
0 3.53 456
15 3.55 272
20 3.56 275
30 3.57 274

50 3.40 387
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