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Abstract: This study investigated polymer film composite of polyvinyl alcohol (PVA), trichloreth-
ylene (TCE) and cresol red (CR) dye irradiated with gamma (y) rays for potential application as
dosimeter. The film was prcpm via the solvent-casting method with varying concentrations of
TCE (20, 25, 30, and 35%). Film samples were exposed to radiation from a y-rays radiation source of
balt isotope. Color changes before and after y-rays irradiation were observed, and the optical
properties of the polymer films were investigated by spectrophotometry. Results show that increas-
ing the radiation dose physically changed the color of the polymer film, from purple (pH>8.8) with-
radiation (0 kGy) to yellow (almost transparent) (2.8 <pH <7.2) at the highest dose (12 kGy). The
concentration of acid formed due to irradiation increased with the increase in irradiation doses and
at higher TCE content. The critical doses of PVA-TCE composites decreased linearly with the in-
crease of TCE composition facilitating an easy calibration process. The dose response at 438 nm
incree exponentially with increasing radiation dose, but showed opposite trend at the 575 nm
band. An increase in the TCA concentration indicated a decrease in the absorption edge and an
increase in activation energy, but both decreased for all TCE concentrations at higher doses. The
energy gap for the direct and the indirec transitions decreased with increasing TCE concentration
and y-rays radiation dose. The results of this study demonstrated the potential application of PV A-
TCE-CR polymer film as y-rays irradiation dosimetry in a useful dose range of 0-12 kGy.

Keywords: optical properties, polymer film composite, y-rays irradiation, dosimetry

1. Introduction

Dosimeters from various materials have been intensively studied as devices to mon-
itor radiation doses [1]. Dosimeters of colored thin film polymer materials have been ex-
tensively developed for measuring the adsorbed radiation dose by materials, and have
been applied in routine dosimeters [2]. The main technical advantage of a polymer film-
based dosimeter as a radiation detector is its slightness and portable [3]. In addition, the
film has a long storage stability, sturdy, and cost-effective [4]. Some of the applications of
film dosimeters include: routine high-dose radiation to food and beverages [5]; steriliza-
tion process [6]; radiotherapy in medical field [7]; and dye dosimeters [8-10].

Radiation dosimeter is used to measure radiation dose exposed to a material by ion-
izing radiation [11]. Therefore, it is necessary to ensure the accuracy of the radiation dose
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[12,13]. Many materials have been developed and explored as radiation dosimeter, eval-
uated under different dose ranges [14-16]. A film dosimeter can be developed from a mix-
ture of polymer and a dye as indicator. The polymer materials that have been explored
include polyvinyl alcohol (PVA) [5,13]; polycarbonate [17]; polyvinyl chloride [18]; and
polyvinyl butyric [14]. Meanwhile, coloring materials as indicators include: methylene
blue and methylene red [4]; thymolphthalein (TP) [5]; ethyl violet and blue bromophenol
[19]; cresol red (CR) [20]; tetrazolium violet [21]; and methyl viologen [22].

PVA based polymer materials are most recommended because it has a high degree
of flexibility [23], water-soluble [24], good mechanical propegiies [25], non-toxic and elas-
tic [26]. PVA has been combined with several mixed dyes (tetrabromo phenolphthalein
ethyl ester, acid yellow, and chloral hydrate) and has shown promising prospect new do-
simetersin 0.1 to 5 kGy dose range [1]. PVA with TP dye is effective a new detector system
for application at doses of 1 to 6.5 kGy [5], and PVA with methyl thymol blue dye showed
some efficacy under a dose range from 2.5 to 20 kGy 1 ].

Several blends of chlorine containing polymer have been investigated for possible
use as dosimetry of y-rays radiation and electron beam [27,28]. They also contained dye
as pH indicators and the presence of chlorine improve the water solubility. For instance,
a mixture dehydrochlorines and an acid has a low pH, which increase its sensitivity of the
dye component to change color.

In this study, explore potential of PVA blended with trichlorethylene (TCE) and CR
dye as a dosimeter. The addition of a TCE that contains chlorine is expected to enhance
the solubility and stabilize the pH [29], as well as increases the d nsitivity [30]. TCE is
also found to be an electro-catalyst in polymers [31]. In order to be applied as a radiation
dosimeter, the optical properties of the PVA-TCE-CR polymer film need to be further ex-
plored. In this study, we explored the optical characteristics of the PV A-TCE polymer film
with CR dye and irradiated by y-rays at doses of 0 to 12 kGy. Several variations in the TCE
concentration were processed.

g\dateﬂals and Methods

2.1 Polymer Film Preparation

Polymer films composite were prepared from the following components: PVA, TCE,
CR dye, and color thinners (ethanol and NaOH). The film from the mixture was prepared
using the solvent-casting method. A stock dye solution of the polymer film was prepared
by mixing CR 0.08 g (SDS for 105225, Merck, Germany) with 50gg of ethanol (96% tech-
nical, Merck), and 10% NaOH (Merck). The mixture was then $éffred for 10 minutes at
room temperature until homogeneous. The prepared CR dye solution was placed in a
closed container (bottle) atgpepm temperature of 25°C until further use.

The polymer film was prepared by dissolving 17.5 g PVA (Mw =72,000 g/mol, Sigma-
Aldrich) with 350 ml distilled water in a beaker. This mixture was heated at 80°C while
stirring using a magnetic stirrer at 150 RPM in an open container (to allow evaporation)for
4 hours until the remaining volume of solution was 50 ml. In this condition, TCE (Mw =
131.39 g/mol, from Sigma-Aldric) was added to the mixture while stirring for 1 hour. The
concentration of TCE were varied at 20, 25, 30, and 35%. After that, the temperature was
lowered to 25°C and the added with with the stock CR dye solution. The mixture was then
continuously stirred for about 20 mins until ho eneous.

The homogeneous PVA-TCE-CR solution was poured on a glass plate and spread
evenly to form a thin film. The cast film was then left to stand for drying process for 120
hours at a room temperature of 25°C. Under this condition, a solid polymer film was
formed by a mixture of PVA-TCE-CR. After solidification, the polymer film was cut into
asize of 2x2cm stored in a special container ampoule to protect it from dirt and sun
exposure u aroom temperature. The average thickness of the resulting polymer films
was 75 = 1 um, measured using a digital micrometer (Mitutoyo, Japan).

2.2 Polymer Film Irradiation
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The polymer film was irradiated with y-rays (Gamma Irradiator ISG-500), sourced 99
from *Co pencil types (C 188-Nordion, Canada) with an activity of 2x250 kCi and an av- 100
erage y-energy of 1.25 MeV. A total of 48 polymer film samples of four TCE concentrations 101
(20, 25, 30, and 35%) were irradiated under different doses of 1 to 12 kGy at room temper- 102
ature. As benchmarks, four samples of the polymer film were not irradiated (0 kGy) for 103
each TCE concentration. The physical changes in the color of the film with or without 104
irradiation was compared. 105

2.3 Optical Properties Analysis 106

Measurement of the optical absorption of polymer films under all radiation doses 107
and concentrations was done using a UV-Vis spectrophotometer (UV-1900i from Shi- 108
madzu, USA, WL range: 190-1100 nm, WA: +/- 0.1-nm). The scanning was done over a 109
wavelength range of 300 to 700 nm. The optical absorption characteristics were plottedin 110
the form of a graph to show wavelength vs absorbance relationships.. Measurements were 111
made on each film sample that had been irradiated by y-rays with four variations of TCA 112
concentrations (20, 25, 30, and 35%). The formation of acid in film composites, critical dose 113
at color change, optical absorption dose response, absorption edge (Ae), activation energy 114
(AL), and energy gap (Eg) were then evaluated. The absorption edge and activation en- 115
ergy were determined according to the Urbach-ed ges method [32], and the optical energy 116

gap was determined according to the Mott and Davis model [33]. 17
3. Results and Discussion 118
3.1 Discoloration of the polymer film before and after radiation 119

The color of the PVA-TCE-CR polymer film samples before and after y-rays irradia- 120
tion experienced significant changes as shown in Figure 1. Increasing the dose of y-rays 121
irradiation physically changes the color of the polymer film samples, from purple (pH> 122
8.8) without radiation (0 kGy) to yellow (leading to transparency) (2.8 <pH <7.2) at the 123
highest dose (12 kGy). The findings shows that exposure to y-rays energy at different 124
doses changed the color of the film, in which the dose played important effect. The change 125
of color was consistently found for all variations of TCE concentrations. The decrease of 126
the sample pH was caused by the presence of acids resulting from the interaction of 127
gamma rays with water molecules and TCE. 128

129
I :
. . I i
@ (b) © (d) (€)

130
Figure 1. Appearance of the polymer film sample after radiation with doses of & kGy; (b) 2kGy; 131
(c) 4 kGy; (d) 6 kGy; and (e) 12 kGy. 132
133

The impact of irradiation on colour changes found in this study is consistent with 134
previous reports for different polymer film components. Previous studies showed that the 135
blue color 'mnsity of the polymer film mixture of methyl thymol blue and PVA decreased 136
gradually the increase in the y-rays radiation dose. The color transition was at- 137
tributed to the formation of a large number of free radicals due to radiation exposure 138
which gradually increased the rate of blue color reduction in the polymer film samples 139
[11]. The y-rays interactions produced hydrated electrons and free radicals that damage 140
the dye material molecules and removed chromophores [34,35]. Increasing the radiation 141
dose also led to a gradual bleaching of the polymer samples, as reported elsewhere [36]. 142
In another report, the chlorine bonding of the mixed film polymer was dehydrochlorin- 143
ated due to y-rays irradiation, which increased the chlorine ion in the film [30]. 144

.2 Absorption Spectra 145
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Figure 2 shows the absorption spectrum of the polymer blend film with TCE compo-
sition at 20, 25, 30 and 35%. The absorption spectrum of the PVA-TCE-CR composites
were measured before and after y-irradiation with variable doses (0 to 12 kGy). Two ab-
sorption peaks at 438 and 575 nm bands were found to be consistent for all tested samples.
A band at 575 nm served as the main absorbance peak of the purple mqmaracteristic of
the PVA-TCE-CR polymer film composite. At 20% TCE, films with a radiation dose of 0
kGy (unirradiated) to the oneirradiated with 9 kGy maintained the main absorption peak
at 575 nm. However, the main absorbance peak of polymer films irradiated with 10, 11
and 12 kGy shifted from 575nm to 438 nm. The peak shifting for TCE concentration of
25%, 30 and 35% occurred for irradiation doses of 9, 10, 11 and 12; 8,9, 10, 11 and 12; 7, 8,
9, 10, 11 and 12 kGy, respectively.
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Figure 2. Absorbance spectra of CR dyed PVA-TCE composites containing; (a) 20%; (b) 25%; (c) 30%;
and (d) 35 % TCE irradiated with y-rays at various doses.

The %orpﬁm spectra of the unirradiated films show a main absorption peak at
575nm band (a characteristic of purple colour). Upon irradiation, the absorbance at
575 nm band decreased gradually while at the absorption peak of 438-nm band (a charac-
teristic of yellow colour) emerged with increasing intensity at higher doses. The change
in colour can be ascribed due to decrease in the samples pH caused by the presence of
acid generated from interaction of y-rays with water molecules and TCE, a chlorine con-
taining substance. There was no colour change for the dyed PVA films prepared without
TCE added (for one concentration), even though it was irradiated to 12 kGy. This suggests
that only TCE molecules of the PVA-TCE composites were affected by y-rays irradiation
within the applied doses range. Another study reported that the polymer film of PVA-
chloral hydrate- TPBE-AY dyes irradiated by gamma rays produced colors from green to
yellow to red due to a decrease in pH that occurred due to HCl produced from chloral
radiolysis [1].

These results are consistent with the results of previous studies on composite poly-
mer film PVA-trichloroacetid add (PVA-TCA) which produced the same absorption
bands (575 and 438 nm) as expected for most organic compounds containing chlorine [30].
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However, they have a different dose response. For a given absorption dose, the absorb- 176
ance of PVA-TCE composites in the 575 nm band was higher than that of the PVA-TCA 177
composites, but for the 438 nm band, it was higher for the PV A-TCA composites than for 178
the PVA-TCE composites. This difference may be due to various factors such as sample 179
thickness, dose sensitivity, and the concentration of acid formed in the two sample sys- 180
tems. 181

The colorimetric property associated with the change in the optical absorption peak 182
due to gamma radiation on a film is an important aspect in radiation dosimetry. In this 183
study, we identified highly visible results within 1 to 12 kGy dose range that enable the 184
polymer film materials to be used in many dosimetry appicaticms. Atlow doses (<5 kGy), 185
the film can be used as a dosimetry label or indicator for tood irradiation processing, med- 186
ical product sterilization, and polymer modification [1], while for high doses (=6 kGy), it 187
can be applied to various control processes in industrial radiation facilities [13]. 188

3.3 Formation of Acid gpPVA-TCE composites 189

Figure 3 shows the congemtration of acid formed in the PVA-TCE samples containing 190
different TCE compositions as a function of absorbed dose. It could be seen that the con- 191
centration of acid formed increased with the increase in the irradiation dose and the TCE 192
content. Upon irradiation, the TCE in the polymer film was dechlorinated, in which chlo- 193
rine ions detached from the carbon backbone of TCE. Thus, the excited TCE dissociated 194
to radicals, which may be represented by equation (1). 195

C:HCl* - CQHCI2 + Cl (1) 196

The radicals of hydrogen H* and hydroxyl OH* from hydrolysis of water, and C1* 197
from TCE recombined to form other chemical products including hydrochloric acid. 198
Figure 3 show the concentration of acid formed in the PVA-TCE-CR polymer film 199
composites during irradiation with y-rays. It can be seen that the acid concentration was 200
dependent on the dose and the composition and type of blend added. The acid formed 201
increased with increasing TCE concentration from 20 to 35% and radiation dose up to 12 202

kGy. 203
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Figure 3. Concentration of acid formed as function of dose in PVA-TCE-CR polymer films with 206
different compositions of TCE derived from the absorbance at 438 nm. 207

Similar finding on acidification of irradiated polymer film was also reported in earlier 208
studies. For a single carbon bond (C-C) containing compound in PVA-chloral hydrate 209
composite, the acid concentration at dose 12 kGy reached 1.0 mol L+ for 34% CH [37], 210
while at the same radiation dose reached of 0.18 mol L+ for 35% TCA (in PVA-composite) 211
[30]. However, the acid formed in a double carbon bond (C=C) containing compound like 212
PVA-TCE composites, the acid formed was much smaller of 0.015 mol L* for 20% TCE 213
and 0.022 mol L' for 35% TCE when irradiated at the dose 12 kGy. The increasing trend 214
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can be attributed to more energy of the photon required to break a covalent bond involv- 215
ing C=C compound. It follows that the amount of acid formed and the subsequent chem- 216
ical and physical effects of irradiated PVA composites was influenced by the type of car- 217
bon bond of the compounds. 218

3.4 Critical Dose at Color Change 219

The shift of the main absorption bands from 575 nm to 438 as the res of y-rays 220
irradiation on the film occurred at a certain dose point, called as critical dose, as shownin 221
Figure 2. Figure 4 shows the critical dos of each tested TCE concentration. Figure 4shows 222
the intersection of absorption curves at 438 and 575 nm bands for each TCE composition. 223
The dose at this intersection was taken as the critical dose (Dc) at which the polymer film 224
changed colour. Figure 4 also shows the useful critical dose as a function of TCE compo- 225
sition. The values obtained from 20%, 25%, 30%, and 35% TCE were ranged at 8 to 9 kGy, 226

7 to 8 kGy, 7 kGy, and 6 kGy, respectively. 27
228
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Figure 4. Critical doses determined as the intersection of absorbance at 575 nm and 438 nm bands 230
for PVA-TCE-CR polymer film containing (a) 20%, (b) 25%, (c) 30%, and (d) 35% TCE. 231

Figure 5 shows critical doses as a function of TCE composition for PVA-TCE-CR pol- 232
ymer film. The critical dose decreases linearly with the increase of TCE composition and 233
has a relationship given by Dc = -0.18C + 12.35 (r = 0.99), where C is the composition of 234
TCE. It shows that he critical dose of polymer film composites decreases linearly with 235
increasing TCE compositions. 236
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Figure 5. Useful critical doses as a function of TCE concentration for PVA-TCE-CR polymer films. 238
239
3.5 Optical Absorption Dose Response 240
The radiation dose response for each absorption band was evaluated as function of 241
TCE content in the PVA-TCE-CR polymer films. The dose-response curves at 438 nm in- 242
creased exponentially with dose as shown in Figure 6(a). The data fitted well with a math- 243
ematical model of y = yneD"D" . The dose sensitivity parameter Di obtained had a func- 244
tion of Du=0.012C +7.8311, where @§$ the composition of TCE, as shown in Figure 6(b). 245
For the dose-response curves at 575-nm band, which decreased exponentially with 246
dose, a mathematical model of y = y,e PI™ was used (Figure 6¢). The results show that 247
Do had the relationship of Do = 0.0098C + 3.6174, where C is the composition of TCE, as 248
shown in Figure 6(d). Since, Dishowed a linear relationship with the TCE composition, 249
the dose response of the film is thus desirable for ease of calibration and interpretation as 250
a radiation dosimeter. 251
252
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Figure 6. Optical absorption dose response; (a) dose respom@rve at 438 nm band; (b) Sensitive 253
dose Do vs TCE composition as derived from 438 nm band; (c) Dose response curve at 575 nm band; 254
(d) Sensitive dose Deoas a function of TCE composition as derived from 575 nm band. 255
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3.6 Absorption Edge 256

The absorption of Uflspectra increases with increasing dose, as shown in Figure 7. 257
This band corresponded to theggcitation of outer electrons attributed to the m—7m* elec- 258
tronic transitimns of electrons from donor atoms (HOMO) to acceptor atoms (LUMO) of 259
the film. Theg.lsorpﬁon coefficient, a(v), of d PVA-TCE film was determined from the 260
optical absorption spectrum. The plggs of a(v) vs ho at different doses are shown in Figure = 261
7 for different TCE compositions. Near the absorption edge, a increased more rapidly 262
with ho. The absorption edge was determined by extrapolating the linear portions of a(v) 263
vs hv curves to zero value of the absorption coefficient. 264
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Figure 7. Relationship between% vs ho under different doses for; (a) 20%; (b) 25%; (c) 30%; and 266
(d) 35% of TCE content in PVA-TCE-CR polymer film. 267

The absorption edge decreased with increasing TCE composition and increasing ?{ise 268

as shown in Figure 8. The absorption edge of dyed PVA-TCE film decreased for 20% TCE = 269
from 4.88 to 4.72 eV when the dose increased from 0 to 12 kGy. For the same radiation 270
condition, it decreases from 4.63 to 4.44 eV for 35% TCE. When comparing with literature 271
data, at about the same blend composition, the absorption edge of the PVA-CH film was 272
higher than that the PVA-TCE film [37], followed by the PVA-TCA film [30]. Overall, the 273
absorption edge of irradiated PVA-TCE composites was higher than that of the UPVC 274
(4.35 to 2.04 eV) [38]. 275
276
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Figure 8. Absorption edge of PVA-TCE-CR polymer films as a function of dose for different TCE
compositions.

For pure PVA film, the absorption edge was found to be around 5.34 eV [39]. In the
present study, this value was reduced by 0.9 eV, under 35% PVA-TCE and a dose of 12
kGy to about 4.44 eV. A greater trend of decreasing absorption edge with increasing radi-
ation dosemas also found in polymer films blended with salts, such as PVA-AgNQOs pol-
ymer film irradiated with gamma rays at high doses. At doses of 20 to 50 kGy, it produced
an absorption edge of 1.43. to 0.96 eV [40].

3.7 Actitr@ Energy

e optical activation energy was evaluated using the Urbach-edges method [32].
The activation energy ofirradiated samples were determined from the slope of the straight
line of In(e) versus photon gy ho for different TCE compositions (Figure 9). The acti-
vation energy in a reaction is defined the amount of energy required to start a reaction.

This represents the minimum energy required to form a complex motion in the event of a
collision between reagents [41].
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Figure 9. Variation of In(w) vs. v at various doses for; (a) 20%; (b) 25%; (c) 30%; and (d) 35% TCE 295
composition of CR dyed PVA-TCE composites. 296

From the results shown in Figure 10, 1 can be seen that activation energy decreased 297
with the increase of the radiation dose as well as TCE concentration. It was found that the 298
activation energy value at 0 Gy increased from 0.66 eV for the 20% TCE to 0.72 eV for the 299
35% TCE. At 12 kGy, the value increases from 0.49 eV for the 20% TCE to 0.65 eV for the 300
35% TCE. Therefore, activation energy increased with the increase of the TCE composition 301
and decreased at higher doses. These findings are supported by the results of previous 302
studies that the activation energy decreased with increasing dose of y-rays irradiation [30], 303
as a result of chain-scission polymeric molecules in polymer samples [42]. Evaluation of 304
previous studies revealedthat activation energy values of PVA-TCE composites were 305
higher than of PVA-TCA composites for all tested compositions and dnsﬂ{}]. This find- 306
ing suggests that radiation dose affected significantly the change of the width of the tail 307
of the localized states of the energy band. 308

075

AE (V)

0.45

1] 2 4 6 a8 10 12 14
Dose (kGy) 309

Figure 10. Effect of y-rays irradiation and TCE composition on gcptical activation energy (AE) of 310

CR dyed PVA-TCE composites. 311
312
3.8 Band Gap Energy 313

Figure 11 shows extrapolation (ahv)™ versus hv that resulted in a variation energy 314

gap for each radiation dose and concentration.. Enenggagap was determined according to 315
the Mott and Davis’ model [33]. Band gap enpy ormrgy gap is the energy range in the 316
absence of electrons from a material, it lies between the valence and conduction bands 317
[43]. Enough energy is required to make the transition of thgge two bands [44]. Optical 318
absorption spectrum analysis can be used to determine the optical energy gap between 319
the ?mce band and the conduction band due to direct and indirect transitions [4546]. 320
The direct optical band gaps in UV region were evaluated from (ahv)? versus hv at differ- 321
ent doses as illustrated in Figure 11. 322
Figure 12 summarizes the relationship between the optical band gaps and dose at 323
different TCE compositions. The results show that the direct energy gap decreased with 324
increasing doses for all TCE compositions. It was found that energy gap at 0 Gy decreased 325
from 5.21 eV for the 20% TCE to 5.07 eV for the 35% TCE. At 12kGy, the value decreased 326
from 5.04 eV for the 20% TCE to 4.90 eV for the 35% TCE. The energy gap value of the 327
PVA-TCE film was slightly smaller than that of the PVA-TCA films under all doses [30]. 328
329

330
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Figure 11. Variation of direct allowed transition (ahv) vs hv at various doses for PVA-TCE-CR pol-
ymer film at; (a) 20%; (b) 25%; (c) 30%; and (d) 35% TCE composition.
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Figure 12. Variation of the direct energy band gaps with dose for PVA-TCE-CT polymer films at
diffe TCE compositions. 4

ﬁe indirect optical band gap energy of UV region was evaluated from the linear
plots of (ahv)'? p hv under different doses as illustrated in Figure 13. The extrapolation
for which (ahv)'# =0 yielded the indirect optical band gap, which was a function of dose
as illustrated in Figure 14. The indirect band gap deggeased with the increase of dose for
all TCE compositions. It had similar features to that of the direct band gap, e value
of the indirect band gap energy was always smaller. It was found that at 0 Gy, the indirect
energy gap decreased from 4.96 eV for the 20% TCE to 4.62 eV for the 35% TCE. At 12
kGy, the value decreased from 4.74 eV for the 20% TCE to 4.23 eV for the 35% TCE. It was
found also that the indirect band gap of the PVA-TCE composites was largeg than that of
the PVA-TCA composites [30], for the same compositions and doses. The decrease in the
band gap resulted from the increase in polarons and free ions in the polymer sample due
to exposure to the y-rays irradiation, as explained elsewhere [44,47].
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Figure 13. Variation of the indirect energy band gaps with dose for CR dyed PVA-TCE films at
different TCE compositions.

Overall results suggest that the amount of energy gap in the irradiated polymer ma-
terial depends on the type and composition of the dopants under the influence of y-rays
irradiation. The response of the optical properties of the material to the radiation dose is
very important to be investigated. The results of previous studies showed a linear re-
sponse of decreasing energy gap to y-rays irradiation on TeO: thin films observed in the
dose range 0 to 37 Gy, which resulted in energypsmp in the range of 3.75 to 345 eV [48].
The linear response decreased the energy gap to 4.16 and 4.34 eV for KCI-Mn and KCI-Ce
phosphore polymer rials irradiated with y-rays at doses of 0.08 to 0.75 kGy [49].

The behavior afnﬁ optical properties of the studied material specimen under the
influence of radiation dose is important to identify its potential application in radiation
dosimetry systems. They usually show varying responses to the dose exposed to the ma-
terial, such as linear, supralinear, saturated response, and defective with increasing radi-
ation dose [50]. In the present work, the energy gap for both types of transitions (direct
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and indirect) showed a linear decreasing response to radiation dose. Linearity indicated
that the material has stable optical properties which can be used as a promising dosimetry
[48,49].

4. Conclusions

The PVA-TCE-CR polymer film composite has been introduced for y-rays irradiation
dosimetry system applications. The study of itsm;tical properties was explored before
and after y-rays irradiation. Results show That increasing the radiation dose physically
changed the color of the polymer film, from purple (pH> 8.8) without radiation (0 kGy) to
yellow (almost transparent) (2.8 <pH <7.2) at the highest dose (12 kGy). The concentration
of acid formed increased with the increase in dose and the composition of TCE. The critical
doses of film composites decreased linearly with the increase of TCE compositions. The
dose response at 438 nm increased exponentially with increasing radiation dose. Con-

rsely, the dose response at the 575 nm band decreased with increasing radiation dose.
An increase in the TCA concentration indicated a decrease in the absorption edge and an
increase in activation energy, but both decreased for all TCE concentrations at higher
doses. The energy gap forthe direct and the indirect transitions decreased with increas-
ing TCE concentration and y-rays radiation dose. The results of this study indicated the
potential application of PVA-TCE-CR polymer film as y-rays irradiation dosimetry in a
useful dose range of 0-12 kGy.
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