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The SJR is a size-independent prestige indicator that ranks
journals by their 'average prestige per article'. It is based on
the idea that 'all citations are not created equal'. SJR is a
measure of scienti�c in�uence of journals that accounts
for both the number of citations received by a journal and
the importance or prestige of the journals where such
citations come from It measures the scienti�c in�uence of
the average article in a journal, it expresses how central to
the global scienti�c discussion an average article of the

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The chart
shows the evolution of the average number of times
documents published in a journal in the past two, three and
four years have been cited in the current year. The two
years line is equivalent to journal impact factor ™
(Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2009 0.000
Cites / Doc. (4 years) 2010 0.000
Cites / Doc. (4 years) 2011 1.213
Cites / Doc. (4 years) 2012 1.975
Cites / Doc. (4 years) 2013 3.246
Cites / Doc. (4 years) 2014 4.624
Cites / Doc. (4 years) 2015 4.248
Cites / Doc. (4 years) 2016 4.368
Cites / Doc. (4 years) 2017 3.685
Cites / Doc. (4 years) 2018 3.609

Total Cites Self-Cites

Evolution of the total number of citations and journal's self-
citations received by a journal's published documents
during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
S lf Cit 2009 0

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document and
external citation per document (i.e. journal self-citations
removed) received by a journal's published documents
during the three previous years. External citations are
calculated by subtracting the number of self-citations from
the total number of citations received by the journal’s
documents.

Cit Y V l

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several countries.
The chart shows the ratio of a journal's documents signed
by researchers from more than one country; that is
including more than one country address.

Year International Collaboration
2009 0.00
2010 29 55

Citable documents Non-citable documents

Not every article in a journal is considered primary research
and therefore "citable", this chart shows the ratio of a
journal's articles including substantial research (research
articles, conference papers and reviews) in three year
windows vs. those documents other than research articles,
reviews and conference papers.

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years windows,
that have been cited at least once vs. those not cited during
the following year.
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Dear Hay,

Thank you for contacting us. Our data come from Scopus, they annually send us an

update of the data. This update is sent to us around April / May every year. The SJR for

2020 has been released on 17 May 2021. Therefore, the indicators for 2021 will be

available in May/June 2022 and before that date we can´t know what will happen with this

journal. 

Best Regards, SCImago Team

M
SCImago Team

L

Melanie Ortiz 5 months ago

Dear Liew,

thank you for contacting us. 

Unfortunately, we cannot help you with your request, we suggest you visit the journal's

M
SCImago Team

5k 5k

https://googleads.g.doubleclick.net/dbm/clk?sa=L&ai=CUSp7W0-vYJavCZWxoAP3k5jgDeDP391h0cXqyN4KvJuitrEZEAEgkNnHe2DpgoCA-A2gAbH6_-oCyAEJqAMBqgTUAU_Q8qGgy7Hz1duj9lDdMnI4OzPLoQxagQM6nN60YmypZOKwjPafiOluoGPvRJVbuhMloO6zTBgDBHqyEAG4lx9ClfkJxQXunuulS-oPIN8zVMA6j6kO2DMFQZk0rQYyBC_P73zliO8ShF5O4KqEHBOkO1QVeMZ6eNv4MCxyX7DbCQzQA9SGlt5e8VVMfdjaC4mFuU4XpCBpX7N0JQdgPb-B9GVayRtNa9bsw3GpEfK7RspbIi6QWzJtjZqIdKSUoWLeOZNjWPdAbYUepKM-I-YM6OGuwASQgo6dvALgBAOQBgGgBk2AB7eFgJUBqAfVyRuoB_DZG6gH8tkbqAeOzhuoB5PYG6gHugaoB-zVG6gH7paxAqgHpr4bqAfs1RuoB_PRG6gHltgb2AcA0ggHCIBhEAEYH4AKAZgLAcgLAYAMAbAT-prOC9ATANgTDYgUAdgUAdAVAYAXAQ&ae=1&num=1&cid=CAASEuRo1zg7w1CSP98q4vHrGnkhng&sig=AOD64_381wsQm0PJt0Bm3tmyxC2ZsswGjA&client=ca-pub-7636113250813806&dbm_c=AKAmf-Cg9nbxGbRY_OpF2zqt6TSZSg-En38XIqrDQcrCyM15x-nz_GjEwKPrHjqv4Nf90HSQtZIOW7CK5WtGlfnVjafB1-jfkjAdnnSeMera2LWO9lTY47JU96TMXr-5PLYDelCmClBRG1QdoCFYN8dM3kwLGAiejw&cry=1&dbm_d=AKAmf-CI7pSTp4ZHmf_O5meJu3OLhTpmXrEUtMeGG4Du94sL1b0frPg393drfS1Cd_oEzKZHB5iN_79wpV8mKgxxf7X99Y2BuYiYlOxIjr9HWT35484KrUYgm9EIknmXXg5Gd4BbPSBwKoxyUCVemUb-EZMPH71-tMa_CDTamYPJMOM-60JTtMpofwekzLlDIHH5idme__0iFzPthdwKSfwEqr8Y-__ZllC1tU6nXZOKlitAdi6tVasOyqpulQ2920gQBnpLNSHQMFGMQ2EBMyOx--6PmS7gpCmSgebkpRI1r0pJoFSpkFBdsi0cY6fVAuQYfX6VRrY-Fm679Ghlt3TynJca0IuZxo8AL6sVa8gQOawfnkcxX2YroZVTkwhjn6C1oOgU9uABulwYR-_YQfn5iQSTMACYijAvpVcgUqu7funWkV4ulzQluAEftTlxoTU5u2rveK9_4iQulW-v3Zw8ug1MedBAMARzm0kiBqLKD3bk21DUv0VzyGZrXWaTCcpMjbCSRX2i&adurl=https://servedby.flashtalking.com/click/8/115843;4215545;2776236;210;0/?ft_impID=00DE94A2-AFB9-DA9A-3110-4395C3A99180&g=457127553B84A9&random=316828366&ft_width=728&ft_height=90&url=https://www.adobe.com/sea/creativecloud/plans.html?sdid=GZKZY1B7&mv=display
https://www.flashtalking.com/consumer-privacy
https://www.flashtalking.com/consumer-privacy


27/5/2021 Polymers

https://www.scimagojr.com/journalsearch.php?q=54222&tip=sid&clean=0 5/6

Miguel Diaz M 6 months ago

In your metrics is there a way to correlate these with JCR impact factor?

reply

Mehdi 3 years ago

Hi

reply

Leave a comment

Name  

Email
(will not be published)

 

Submit

reCAPTCHA
Saya bukan robot

Privasi  - Persyaratan

homepage or contact the journal’s editorial staff , so they could inform you more deeply. 

Best Regards, SCImago Team

M

Melanie Ortiz 5 months ago

Dear Miguel,

thank you very much for your comment.

SCImago Journal and Country Rank uses Scopus data as a source and our impact

indicator is the SJR. The Journal Citation Report (JCR) is based on the Web of Science

(WOS) journal’s collection. Therefore, the Source and the methodology used by SJR are

different from the JCR. 

The SJR indicator is a very sophisticated indicator that is much more complex to

calculate and understand than the Impact Factor. To know more about it, click here:

https://www.scimagojr.com/�les/SJR2.pdf

Best Regards, SCImago Team

M
SCImago Team

M

https://www.google.com/intl/id/policies/privacy/
https://www.google.com/intl/id/policies/terms/


27/5/2021 Polymers

https://www.scimagojr.com/journalsearch.php?q=54222&tip=sid&clean=0 6/6

The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a

speci�c journal. The purpose is to have a forum in which general doubts about the processes of publication in the

journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.

Developed by:

 

Powered by:

Follow us on @ScimagoJR
 

Scimago Lab, Copyright 2007-2020. Data Source: Scopus®

http://www.scimagolab.com/
http://www.scopus.com/
https://twitter.com/ScimagoJR
http://www.scimagolab.com/
http://www.scopus.com/


CERTIFICATE OF PUBLICATION

Certificate of publication for the article titled:

Polymer Film Blend of Polyvinyl Alcohol, Trichloroethylene and Cresol Red for Gamma
Radiation Dosimetry

Authored by:

Aris Doyan; Susilawati Susilawati; Saiful Prayogi; Muhammad Roil Bilad; Muhamad Fatikul
Arif; Noor Maizura Ismail

Published in:

Polymers 20212021, Volume 13, Issue 11, 1866

an Open Access Journal by MDPI

IMPACTIMPACT
FACTORFACTOR
3.4263.426

CITESCORECITESCORE

4.74.7   SCOPUSSCOPUS

Basel, June 2021



an Open Access Journal by MDPI

Polymer Film Blend of Polyvinyl Alcohol, Trichloroethylene and CresolPolymer Film Blend of Polyvinyl Alcohol, Trichloroethylene and Cresol
Red for Gamma Radiation DosimetryRed for Gamma Radiation Dosimetry

Aris Doyan; Susilawati Susilawati; Saiful Prayogi; Muhammad Roil Bilad; Muhamad Fatikul Arif;
Noor Maizura Ismail

Polymers 20212021, Volume 13, Issue 11, 1866



polymers

Article

Polymer Film Blend of Polyvinyl Alcohol, Trichloroethylene
and Cresol Red for Gamma Radiation Dosimetry

Aris Doyan 1,2,*, Susilawati Susilawati 1,2,* , Saiful Prayogi 3, Muhammad Roil Bilad 3 , Muhamad Fatikul Arif 4

and Noor Maizura Ismail 5

����������
�������

Citation: Doyan, A.; Susilawati, S.;

Prayogi, S.; Bilad, M.R.; Arif, M.F.;

Ismail, N.M. Polymer Film Blend of

Polyvinyl Alcohol, Trichloroethylene

and Cresol Red for Gamma Radiation

Dosimetry. Polymers 2021, 13, 1866.

https://doi.org/10.3390/

polym13111866

Academic Editor: Rodolphe Sonnier

Received: 30 March 2021

Accepted: 7 May 2021

Published: 4 June 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Science Education Program, University of Mataram, Jl. Majapahit No. 62, Mataram 83125, Indonesia
2 Physics Education, FKIP, University of Mataram, Jl. Majapahit No. 62, Mataram 83125, Indonesia
3 Faculty of Applied Science and Enginering, Universitas Pendidikan Mandalika UNDIKMA,

Jl. Pemuda No. 59A, Mataram 83126, Indonesia; saifulprayogi@ikipmataram.ac.id (S.P.);
muhammadroilbilad@ikipmataram.ac.id (M.R.B.)

4 Department of Materials Engineering, Institut Teknologi Sumatera, Lampung Selatan 35365, Indonesia;
mf.arif@mt.itera.ac.id

5 Faculty of Engineering, Universiti Malaysia Sabah, Jln UMS, Kota Kinabalu 88400, Malaysia;
maizura@ums.edu.my

* Correspondence: aris_doyan@unram.ac.id (A.D.); susilawatihambali@unram.ac.id (S.S.)

Abstract: This study investigated the polymer film composite of polyvinyl alcohol (PVA), trichlorethy-
lene (TCE) and cresol red (CR) dye irradiated with gamma (γ) rays for potential application as
radiation dosimetry. The film was prepared via the solvent-casting method with varying concen-
trations of TCE. Film samples were exposed to radiation from a γ-rays radiation source of 60Cobalt
isotope. Color changes before and after γ-rays irradiation were observed, and the optical properties
of the polymer films were investigated by spectrophotometry. 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 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 increase
of TCE composition, facilitating an easy calibration process. The dose response at 438 nm increased
exponentially with increasing radiation dose, but showed an 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 indirect transitions decreased with increasing TCE concentration and γ-rays
radiation dose. The results of this study demonstrated the potential application of PVA-TCE-CR
polymer film as γ-rays irradiation dosimetry in a useful dose range of 0–12 kGy.

Keywords: optical properties; polymer film composite; γ-rays irradiation; dosimetry

1. Introduction

Dosimeters from various materials have been intensively studied as devices to monitor
radiation doses [1]. Dosimeters of colored thin-film polymer materials have been exten-
sively 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 portability [3]. In addition, the film
has a long storage stability, is sturdy, and is cost-effective [4]. Some of the applications of
film dosimeters include: routine high-dose radiation to food and beverages [5]; sterilization
process [6]; radiotherapy in medical field [7]; and dye dosimeters [8–10].

Radiation dosimetry is used to measure the absorbed radiation dose, or determine
the incident radiation on a material [11]. Therefore, it is necessary to ensure the accuracy
of the radiation dose [12,13]. Many materials have been developed and explored as radi-
ation dosimetry, evaluated under different dose ranges [14–16]. A film-based radiation

Polymers 2021, 13, 1866. https://doi.org/10.3390/polym13111866 https://www.mdpi.com/journal/polymers

https://www.mdpi.com/journal/polymers
https://www.mdpi.com
https://orcid.org/0000-0001-8858-5282
https://orcid.org/0000-0001-7292-6046
https://orcid.org/0000-0002-4469-0993
https://doi.org/10.3390/polym13111866
https://doi.org/10.3390/polym13111866
https://doi.org/10.3390/polym13111866
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/polym13111866
https://www.mdpi.com/journal/polymers
https://www.mdpi.com/article/10.3390/polym13111866?type=check_update&version=1


Polymers 2021, 13, 1866 2 of 15

dosimetry can be developed from a mixture of polymers, with a dye as indicator. The
polymer materials that have been explored include polyvinyl alcohol (PVA) [5,13]; poly-
carbonate [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 they have a high
degree of flexibility [23], are water-soluble [24], have good mechanical properties, and are
non-toxic and elastic [25]. PVA has been combined with several mixed dyes (tetrabromo
phenolphthalein ethyl ester, acid yellow, and chloral hydrate) and has shown promising
prospect as a new dosimeter in the 0.1 to 5 kGy dose range [1]. PVA with TP dye is effective
as 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 [11].

Several blends of chlorine-containing polymer have been investigated for possible
use for dosimetry of γ-rays radiation and electron beams [26,27]. They also contain dye as
pH indicators, and the presence of chlorine improves the water solubility. For instance, a
mixture of dehydrochlorines and an acid has a low pH. The low pH increases the sensitivity
of the dye component to change color.

In this study, we explored the potential of PVA blended with trichlorethylene (TCE)
and CR dye as a radiation dosimetry. The addition of a TCE that contains chlorine is
expected to enhance the solubility and stabilize the pH [28], as well as increase the dye
sensitivity [29]. TCE is also found to be an electro-catalyst in polymers [30]. In order to
be applied as a radiation dosimetry, the optical properties of the PVA-TCE-CR polymer
film need to be further explored. In this study, we investigated the optical characteristics
of the PVA-TCE polymer film with CR dye, and irradiated with γ-rays at doses of 0 to
12 kGy. Several samples with TCE variations (20%, 25%, 30%, and 35%) were fabricated
and characterized.

2. Materials and Methods
2.1. Polymer Film Preparation

Polymer film composites 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 [31]. A stock dye solution of the polymer film was
prepared by mixing CR 0.08 g (SDS for 105225, Merck, Darmstadt, Germany) with 50 mL of
ethanol (96% technical, Merck, Darmstadt, Germany), and 10% NaOH (Merck, Darmstadt,
Germany). The mixture was then stirred for 10 min at room temperature until homoge-
neous. The prepared CR dye solution was placed in a closed container (bottle) at a room
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, St Louis, MO, USA) 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 h until the remaining volume of solution was 50 mL. In this
condition, TCE (Mw = 131.39 g/mol, Sigma-Aldrich, St Louis, MO, USA) was added to the
mixture while stirring for 1 h. The concentrations of TCE were varied at 20%, 25%, 30%,
and 35%. Afterward, the temperature was lowered to 25 ◦C, then the mixture was added
to the stock CR dye solution. The mixture was then continuously stirred for about 20 min
until homogeneous.

The homogeneous PVA-TCE-CR solution was poured onto a glass plate and spread
evenly to form a thin film. The cast film was then left to stand for the drying process
for 120 h 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 a
size of 2 cm× 2 cm and stored in a special container ampoule to protect it from dirt and sun
exposure, at room temperature. The average thickness of the resulting polymer films was
75± 1 µm, measured using a digital micrometer (Mitutoyo Corporation, Kanagawa, Japan).
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2.2. Polymer Film Irradiation

The polymer film was irradiated with γ-rays (Gamma Irradiator ISG-500), sourced
from 60Co pencil types (C-188 Cobalt-60 Sources, Nordion, Ottawa, ON, Canada) with an
activity of 2 × 250 kCi and an average γ-energy of 1.25 MeV. The decay of a 60Co nucleus
releases one electron with 317.9 keV energy and two γ quanta with energies of 1.173 MeV
and 1.332 MeV. The films were irradiated with 1.25 MeV γ-rays from a J. L Sherpered
type γ-ray 60Co source at a mean dose rate of 163.75 Gy.min−1. As such, the irradiation
dosing rates were adjusted by manipulating the irradiation time. A total of 48 polymer
film samples of four TCE concentrations (20%, 25%, 30%, and 35%) were irradiated under
different doses of 1 to 12 kGy at room temperature. As benchmarks, four samples of the
polymer film were not irradiated (0 kGy) for each TCE concentration. The measurements
were taken five times for each condition without any significant variations and presented
as averages. The physical changes in the color of the film with or without irradiation were
compared. From trial and error in the preliminary experiments, it was found that a small
step of less than 1 kGy was insignificant in changing the color of the films. A step of 1 kGy
was found significant and thus applied in the experiments. Moreover, these kinds of films
are aimed to be used for sterilization applications that require up to 12 kGy.

2.3. Optical Properties Analysis

Measurement of the optical absorption of polymer films under all radiation doses
and concentrations was done using a UV-Vis spectrophotometer (UV-1900i, WL range:
190–1100 nm, WA: +/− 0.1-nm, Shimadzu, Canby, OR, USA). The scanning was done over
a wavelength range of 300 to 700 nm. The optical absorption characteristics were plotted in
the form of a graph to show wavelength vs. absorbance relationships. Measurements were
made on each film sample that had been irradiated by γ-rays with four variations of TCA
concentrations (20%, 25%, 30%, and 35%). The formation of acid in film composites, critical
dose at color change, optical absorption dose response, absorption edge (AE), activation
energy (∆E), and energy gap (Eg) were then evaluated. The absorption edge and activation
energy were determined according to the Urbach edges method [32], and the optical energy
gap was determined according to the Mott and Davis model [33].

3. Results and Discussion
3.1. Discoloration of the Polymer Film before and after Radiation

The color of the PVA-TCE-CR polymer film samples before and after γ-rays irradiation
experienced significant changes as shown in Figure 1. Increasing the dose of γ-rays irra-
diation physically changed the color of the polymer film samples, from purple (pH > 8.8)
without radiation (0 kGy) to yellow (leading to transparency) (2.8 < pH < 7.2) at the highest
dose (12 kGy). These findings show that exposure to γ-rays energy at different doses
changed the color of the film, in which the dose played an important effect. The change of
color was consistent for all variations of TCE concentrations. The decrease of the sample
pH was caused by the presence of acids resulting from the interaction of γ-rays with water
molecules and TCE.

The change in color can be ascribed to the decrease in the sample’s pH, caused by
the presence of acid generated from the interaction of γ-rays with water molecules and
TCE, a chlorine-containing substance. There was no color 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
γ-rays irradiation within the applied dose range. Another study reported that the polymer
film of PVA-chloral hydrate-TPBE-AY dyes irradiated by γ-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].
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Figure 1. Appearance of the polymer film sample with 20% TCE after radiation with doses of
(a) 0 kGy; (b) 2 kGy; (c) 4 kGy; (d) 6 kGy; and (e) 12 kGy.

The impact of irradiation on color changes found in this study is consistent with
previous reports for different polymer film components. Previous studies showed that
the blue color intensity of the polymer film mixture of methyl thymol blue and PVA
decreased gradually with the increase in the γ-rays radiation dose. The color transition
was attributed to the formation of a large number of free radicals due to radiation exposure,
which gradually increased the rate of blue color reduction in the polymer film samples [11].
The γ-rays interactions produced hydrated electrons and free radicals that damage the dye
material molecules and remove chromophores [34,35]. Increasing the radiation dose also
led to a gradual bleaching of the polymer samples, as reported elsewhere [36]. In another
report, the chlorine bonding of the mixed film polymer was dehydrochlorinated due to
γ-rays irradiation, which increased the chlorine ion in the film [29].

3.2. Absorption Spectra

Figure 2 shows the absorption spectrum of the polymer blend film with TCE composi-
tion at 20%, 25%, 30% and 35%. The absorption spectrum of the PVA-TCE-CR composites
were measured before and after γ-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 color characteristic
of the PVA-TCE-CR polymer film composite. At 20% TCE, films with a radiation dose of
0 kGy (unirradiated) to the one irradiated 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 575 nm 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.

The absorption spectra of the unirradiated films show a main absorption peak at the
575 nm band (a characteristic of observed purple color). Upon irradiation, the absorbance
at the 575 nm band decreased gradually, while at the absorption peak of the 438 nm band (a
characteristic of observed yellow color) emerged with increasing intensity at higher doses.

These results are consistent with the results of previous studies on composite polymer
film PVA-trichloroacetid acid (PVA-TCA) which produced the same absorption bands
(575 nm and 438 nm) as expected for most organic compounds containing chlorine [29].
However, they have a different dose response. For a given absorption dose, the absorbance
of PVA-TCE composites in the 575 nm band was higher than that of the PVA-TCA com-
posites, but for the 438 nm band, it was higher for the PVA-TCA composites than for the
PVA-TCE composites. This difference within the literature data may be due to various
factors, such as sample thickness, dose sensitivity, and the concentration of acid formed in
the two sample systems.

The colorimetric property associated with the change in the optical absorption peak
due to gamma radiation on a film is an important aspect in radiation dosimetry. In this
study, we identified highly visible results within a 1 to 12 kGy dose range that enable the
polymer film materials to be used in many dosimetry applications using 60Co. At low doses
(<5 kGy), the film can be used as a dosimetry label or indicator for food irradiation pro-
cessing, medical product sterilization, and polymer modification [1], while for high doses
(>6 kGy), it can be applied to various control processes in industrial radiation facilities [13].
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3.3. Formation of Acid in PVA-TCE Composites

Figure 3 shows the concentration of acid formed in the PVA-TCE samples containing
different TCE compositions as a function of the absorbed dose. It could be seen that the
concentration of acid formed increased with the increase in the irradiation dose and the
TCE content. Upon irradiation, the TCE in the polymer film was dechlorinated, in which
chlorine ions detached from the carbon backbone of TCE. Thus, the excited TCE dissociated
to radicals, which may be represented by Equation (1).

C2HCl3∗ →
.

C2HCl2 +
.

Cl (1)

The radicals of hydrogen H* and hydroxyl OH* from hydrolysis of water, and Cl*
from TCE recombined to form other chemical products including hydrochloric acid.

Figure 3 shows the concentration of acid formed in the PVA-TCE-CR polymer film
composites during irradiation with γ-rays. It can be seen that the acid concentration was
dependent on the dose and the composition and type of blend added. The acid formed
increased with increasing TCE concentration from 20% to 35% and with the radiation dose
up to 12 kGy.

Similar finding on acidification of irradiated polymer film were also reported in earlier
studies. For a single carbon bond (C–C) containing compound in PVA-chloral hydrate com-
posite, the acid concentration at dose 12 kGy reached 1.0 mol L−1 for 34% CH [37], while
at the same radiation dose reached of 0.18 mol L−1 for 35% TCA (in PVA-composite) [29].
However, the acid formed in a double carbon bond (C=C) containing compound such as
PVA-TCE composites, the acid formed was much smaller at 0.015 mol L−1 for 20% TCE
and 0.022 mol L−1 for 35% TCE when irradiated at the dose 12 kGy. The increasing trend
can be attributed to more energy of the photon required to break a covalent bond involving
a C=C compound. It follows that the amount of acid formed and the subsequent chemical
and physical effects of irradiated PVA composites was influenced by the type of carbon
bond of the compounds.
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Figure 3. Concentration of acid formed as function of dose in PVA-TCE-CR polymer films with
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3.4. Critical Dose at Color Change

The shift of the main absorption bands from 575 nm to 438 nm as the result of γ-rays
irradiation on the film occurred at a certain dose point, called a critical dose, and has
been shown in Figure 2. In Figure 4, the critical dose of each tested TCE concentration
is presented by evaluating the intersection of absorption curves at 438 nm and 575 nm
bands for each TCE composition. The dose at this intersection was taken as the critical dose
(DC) at which the polymer film changed color from more purple/violet to more yellow
(Figure 1). Figure 4 also shows the useful critical dose as a function of TCE composition.
The values obtained from 20%, 25%, 30%, and 35% of TCE were ranged at 8 to 9 kGy, 7 to
8 kGy, 7 kGy, and 6 kGy, respectively.
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Figure 5 shows critical doses as a function of TCE composition for PVA-TCE-CR
polymer film. The critical dose decreased linearly with the increase of TCE composition
and has a relationship given by DC = −0.18C + 12.35 (r = 0.99), where C is the composition
of TCE. It shows that he critical dose of polymer film composites decreased linearly with
increasing TCE compositions.
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3.5. Optical Absorption Dose Response

The radiation dose response for each absorption band was evaluated as a function of
the TCE content in the PVA-TCE-CR polymer films. The dose-response curves at 438 nm
increased exponentially with doses as shown in Figure 6a. The data fitted well with a
mathematical model of y = y0eD/D0 . The dose sensitivity parameter D0 obtained had a
function of D0 = 0.012C + 7.8311, where C is the composition of TCE, as shown in Figure 6b.
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For the dose-response curves at 575-nm band, which decreased exponentially with
dose, a mathematical model of y = y0e−D/D0 was used (Figure 6c). The results show that
D0 had the relationship of D0 = 0.0098C + 3.6174, where C is the composition of TCE, as
shown in Figure 6d. Since, D0 showed a linear relationship with the TCE composition, the
dose response of the film is thus desirable for ease of calibration and interpretation as a
radiation dosimetry.

3.6. Absorption Edge

The absorption of UV spectra increased with the increasing dose, as shown in Figure 7.
This band corresponded to the excitation of outer electrons attributed to the π − π∗
electronic transitions of electrons from donor atoms (HOMO) to acceptor atoms (LUMO)
of the film. The absorption coefficient, α(v), of dyed PVA-TCE film was determined from
the optical absorption spectrum. The plots of α(v) vs. hv at different doses are shown
in Figure 7 for different TCE compositions. Near the absorption edge, α increased more
rapidly with hv. The absorption edge was determined by extrapolating the linear portions
of α(v) vs. hv curves to zero value of the absorption coefficient.
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The absorption edge decreased with increasing TCE composition and increasing dose
as shown in Figure 8. The absorption edge of dyed PVA-TCE film decreased for 20% TCE
from 4.88 to 4.72 eV when the dose increased from 0 to 12 kGy. For the same radiation
condition, it decreases from 4.63 to 4.44 eV for 35% TCE. When compared with literature
data, at about the same blend composition, the absorption edge of the PVA-CH film was
higher than that the PVA-TCE film [37], followed by the PVA-TCA film [29]. Overall, the
absorption edge of irradiated PVA-TCE composites was higher than that of the UPVC (4.35
to 2.04 eV) [38].
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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
radiation dose was also found in polymer films blended with salts, such as PVA-AgNO3
polymer film irradiated with γ-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. Activation Energy

The optical activation energy was evaluated using the Urbach edges method [32]. The
activation energy of irradiated samples was determined from the slope of the straight line
of ln(α) versus photon energy hv for different TCE compositions (Figure 9). The activation
energy in a reaction is defined as 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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From the results shown in Figure 10, it can be seen that activation energy decreased
with the increase of the radiation dose as well as TCE concentration. It was found that the
activation energy value at 0 Gy increased from 0.66 eV for the 20% TCE to 0.72 eV for the
35% TCE. At 12 kGy, the value increases from 0.49 eV for the 20% TCE to 0.65 eV for the 35%
TCE. Therefore, activation energy increased with the increase of the TCE composition and
decreased at higher doses. These findings are supported by the results of previous studies,
that the activation energy decreased with an increasing dose of γ-rays irradiation [29]
as a result of chain-scission polymeric molecules in polymer samples [42]. Evaluation
of previous studies revealed that activation energy values of PVA-TCE composites were
higher than that of PVA-TCA composites for all tested compositions and doses [29]. This
finding suggests that radiation dose affected significantly the change of the width of the
tail of the localized states of the energy band.
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CR dyed PVA-TCE composites.

3.8. Band Gap Energy

Figure 11 shows extrapolation (αhν)m versus hν that resulted in a variation energy
gap for each radiation dose and concentration. The energy gap was determined according
to the Mott and Davis model [33]. Band gap energy or energy gap is the energy range
in the absence of electrons from a material; it lies between the valence and conduction
bands [43]. Enough energy is required to make the transition of these two bands [44]. Opti-
cal absorption spectrum analysis can be used to determine the optical energy gap between
the valence band and the conduction band due to direct and indirect transitions [45,46].
The direct optical band gaps in UV region were evaluated from (αhv)2 versus hv at different
doses, as illustrated in Figure 11.

Figure 12 summarizes the relationship between the optical band gaps and dose at
different TCE compositions. The results show that the direct energy gap decreased with
increasing doses for all TCE compositions. It was found that the energy gap at 0 Gy
decreased from 5.21 eV for the 20% TCE to 5.07 eV for the 35% TCE. At 12 kGy, the value
decreased from 5.04 eV for the 20% TCE to 4.90 eV for the 35% TCE. The energy gap
value of the PVA-TCE film was slightly smaller than that of the PVA-TCA films under
all doses [29].

The indirect optical band gap energy of the UV region was evaluated from the linear
plots of (αhv)1/2 vs. hv under different doses, as illustrated in Figure 13. The extrapolation,
for which (αhv)1/2 = 0 yielded the indirect optical band gap, was a function of the dose, as
illustrated in Figure 14. The indirect band gap decreased with the increase in dose for all
TCE compositions. It had similar features to that of the direct band gap, but the 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 gaps of the PVA-TCE composites were larger than that of the
PVA-TCA composites [29], for the same compositions and doses. The decrease in the band
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gap resulted from the increase in polarons and free ions in the polymer sample, due to
exposure to the γ-rays irradiation, as explained elsewhere [44,47].

Overall, these results suggest that the amount of energy gap in the irradiated polymer
material depends on the type and composition of the dopants under the influence of γ-ray
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 response
of decreasing energy gaps to γ-rays irradiation on TeO2 thin films observed in the dose
range of 0 to 37 Gy, which resulted in an energy gap 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 KCl-Mn and KCl-Ce
phosphorus polymer materials irradiated with γ-rays at doses of 0.08 to 0.75 kGy [49].
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The behavior of the optical properties of the studied material specimens 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
material, such as linear, supralinear, saturated response, and defective with increasing
radiation dose [50]. In this present work, the energy gap for both types of transitions
(direct 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 γ-rays irradiation
dosimetry applications. The study of its optical properties was explored before and after
γ-rays irradiation. Results showed that increasing the radiation dose physically changed
the color of the polymer film, from purple (pH > 8.8) without radiation (0 kGy) to yellow
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(almost transparent) (2.8 < pH < 7.2) at the highest dose (12 kGy), demonstrating its
effective use as dosimetry. The concentration of acid formed increased at a higher dosing
rate and composition of TCE, which affected the color transition of the irradiated films. 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 doses.
Conversely, the dose response at the 575 nm band decreased with increasing radiation
doses. 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 indirect transitions decreased with
increasing TCE concentration and γ-rays radiation dose. The results of this study indicated
the potential application of PVA-TCE-CR polymer film as γ-rays irradiation dosimetry
in a useful dose range of 0–12 kGy. We have identified highly visible results within a 1
to 12 kGy dose range, allowing the PVA-TCE-CR based polymer film composite to be
applied in many dosimetry applications using 60CO. At doses of <5 kGy, it is applicable as
a dosimetry label or indicator for food irradiation processing and polymer modification,
while for doses of >6 kGy, it can be applied to medical product sterilization and various
control processes in radiation facilities.
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dosimeter. The film was prepared via the solvent-casting method
with varying concentrations of TCE. Film samples were exposed
to radiation from a -rays radiation source of 60Cobalt isotope.
Color changes before and after -rays irradiation were observed,
and the optical properties of the polymer films were investigated
by spectrophotometry. 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 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 increase of TCE composition facilitating an easy calibration
process. The dose response at 438 nm increased 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 indirect transitions
decreased with increasing TCE concentration and -rays radiation
dose. The results of this study demonstrated the potential
application of PVA-TCE-CR polymer film as -rays irradiation
dosimetry in a useful dose range of 0-12 kGy.
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is correct, without minor errors. I have just two remarks: 
General response: Thank you for the encouragement. We have tried our best to revise the 
manuscript to improve the quality and to meet high standard publication in Polymers. Point-by-point 
responses to each reviewer are provided, including the location of change in the revised manuscript in 

response to each comment. The parts that have been changed in the revised manuscript were 
written in blue. 
 



Comment 1:  On page 5, line 180-181 is the sentence:  “This difference may be due to various 
factors such as sample thickness… …sample systems”. In the article I have found just one 
information about thickness, namely average thickness: 75+/-1 μm. If such a physical parameter has 
a specific influence on the obtained results it should be included in the analysis of the results, but it is 
not. 

Response 1: We think that the sentence was misunderstood. We meant the difference to the cited 
literature (REF #29), not among the samples prepared in the present study. It has been clarified in 
the revised manuscript. (Location: lines 192-194) 
 
 
Comment 2: The conclusions are quite short against the background of the entire article (which is 
interesting and written very correctly). The conclusions could be little expanded. 

Response 2: Thank you for the suggestion. We have expanded the conclusion section. (Location: 
lines 388-409) 
 


