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Abstract Improving optical properties is an important topic in the field of polymer science. In this

research, a novel, metal-free, and inexpensive vitamin C sulfonamide adduct has been developed to

enhance the optical behaviors of polyvinyl alcohol (PVA). Initially, the vitamin C adduct has been

fabricated through atom economic reaction and then characterized using several spectroscopic tech-

niques, including 1H NMR, 13C NMR, DEPT-135, Fourier transform infrared spectroscopy

(FTIR), and X-ray diffraction (XRD). Accordingly, a dramatic chemical alteration in ascorbic acid

structure has been confirmed and led to enhancing chemical interactions with the host polymer. The

ascorbic acid adduct has been doped into PVA to prepare a flexible film of polymer composites with

potential optical behaviors. The identity of composite film has specified from FTIR, XRD, and

UV–vis spectroscopy. The XRD pattern of the hybrid polymer has revealed a remarkable boost

in its amorphous structure compared to the PVA host. The FTIR data of both matrix PVA and

its composites reveal the potent chemical interactions of functional groups within the hybrid

PVA. The main optical information of synthesized hybrid film was obtained from the UV–vis spec-

tra. The refractive index (n) and dielectric loss (ei) values are elevated notably, whereas the optical

band gap energy (Eg) declined from 6.3 to 3.6 eV. The direct electronic transition between the

valence band (VB) and conduction band (CB) was determined by implementing Tauc’s model.

These preliminary results suggest that the fabricated flexible composite will have an excellent oppor-

tunity to use in the manufacturing optical devices.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Organic compounds with sulfonamide linkages have many pharmaceu-

tical and physical applications (Hu et al., 2014; Peiris et al., 2017; Ali

et al., 2010). The antagonist behavior of the sulfonamide group is well

studied and recognized in several biological systems, such as microbes

and cancer cell lines (Gutiérrez et al., 2010; Vila-Costa et al., 2017;

Krasavin, 2019; Koyuncu et al., 2019). However, the electrical conduc-

tivity, optical behavior, and thermal applications of organo-

sulfonamide compounds have been observed in numerous researches

(Pochekailov et al., 2012; Kumar and Chae, 2017; Taghvaei-Ganjali

et al., 2015). Ascorbic acid, as a degradable vitamin, has a number

of biological and chemical significance (Du et al., 2012; Smirnoff,

2018; Mallakpour and Rashidimoghadam, 2019). Applications of vita-

min C in the field of organic chemistry have grown remarkably

(Tripathi et al., 2009; Xu et al., 2005). Recently, the reaction of excess

ascorbic acid with diazonium salts to form vitamin C adducts has

caught the attention of researchers who plan to use this facile, econom-

ical procedure for synthesizing different organic compounds through

the safe and stable vitamin C adduct reagent (Norris et al., 2020;

Ashcroft et al., 2011; Poh et al., 2016; Browne et al., 2011; Hu et al.,

2016).

A polymer composite is comprised of two or more components

with physically and chemically distinct properties (Thévenot et al.,

2013; Fathi-Azarbayjani et al., 2013). Recently, polyvinyl alcohol

(PVA) composite have been used to improve many physical features

of various materials (Thong et al., 2016; Bora et al., 2021; Fahmy

et al., 2020; Aziz, et al., 2020; Aslam et al., 2018). Basically, this is

due to superior properties of PVA polymer, such as stability, solubility,

reactivity, and being inexpensive with a superb biological profile,

including nontoxicity, biodegradability, odorless, and tasteless

(DeMerlis and Schoneker, 2003; Kaith et al., 2011; Zeeshan, 2021).

In addition, PVA has a semi-crystalline or linear synthetic polymer

composition, and polymer functional groups interact with each other,

which may help it interact well with a variety of metals and organomet-

als (Kim et al., 1994; Khaliullin et al., 2019; Mishra and Kannan,

2014).

The literature review shows that PVA has used as a proper sub-

strate for minimizing optical band gap by combining with various inor-

ganic complexes. The amorphous PVA-based polymer composites of

the Ce(III) complex was synthesized by Brza et al. in an attempt to

reduce the optical band gap energy from 5.7 to 1.7 eV (Brza, 2020).

The synthetic polymer composite of mercury(II) complex and the

PVA matrix shows the lowering of optical band gap energy by creating

new energy states (Abdalkarim, et al., 2021). More recently, another

effort has been observed by Aziz and coworkers to reduce optical band

gap energy by fabricating PVA-Al(III) metal complex-based composite

systems using the casting method (Aziz, et al., 2021) (see Fig. 1).

Metal-free PVA-polymer composites are benign and eco-friendly

polymers with many outstanding applications. A porous polymer com-

posite was prepared by blending of methylcellulose with poly(vinyl

alcohol) via freeze drying method which have biomedical applications

(Kumar et al., 2012). PVA combines with carboxymethyl cellulose to

produce metal-free polymer composites with a wide range of proper-

ties, including medicine delivery, food packaging, agriculture, electric,

and physiochemical properties (Hiva Nargesi Khoramabadia et al.,

2020). In another study, a metal-free combined polymer composite

was prepared by A. Cagriata et al. using the MADIX polymerization

technique. This polymer composite possesses several desired proper-

ties, such as relatively low molecular weight, polydispersity, and poly-

mer chain size (CagriAta et al., 2021).

In this study, the metal-free sulfonamide-vitamin C adduct was pre-

pared and characterized via 1H NMR, 13C NMR, DEPT-135, FT-IR,

and XRD. The metal-free polymer composites was synthesized by

introducing vitamin C adduct to the aqueous solution of PVA polymer

using cast method. Further investigations on synthesized metal-free

polymer composite was performed via XRD, FTIR, and UV–visible
spectroscopy to study its physical behavior. The experimental data

show that the sulfonamide-vitamin C adduct interacted with PVA

polymer homogenously and significantly reduced band gap energy.

The details of the synthesis, characterization, and measurement of

physical properties of this polymer composite will present in the re-

sult and discussion part.

2. Experimental section

2.1. Materials and characterization

All chemicals were purchased from Merck Company and
directly used without purifications. The PVA was used has a
CAS number of 9002–89–5; Molecular weight = 89,000–98,0
00, 99+% g mole-1. The melting point was recorded using

auto melting point equipment (OptiMelt) (Sunnyvale, CA,
USA). The reactions were monitored using TLC (plates alu-
minum backed silica gel 60 F254 features). The TLC spots

were visualized with the aid of a UV lamp (k = 254 nm).
The IR-disks were prepared by blending a minimum quantity
of the sample with KBr pellets and pressed under pressure (15

tons). The FT-IR spectra were obtained using a Perkin-Elmer
spectrophotometer (Waltham, MA, USA). The 1H NMR, 13C
NMR, and DEPT-135 NMR spectra were acquired from Bru-

ker DRX-400 MHz (Billerica, MA, USA). The chemical shift
(d) was measured downfield of TMS and expressed in ppm
unit. s = singlet, d = doublet, t = triplet, q = quadruplet.
The DEPT-135 represents 13C NMR signals in a way CH with

CH3 (up) and CH2 (down). The UV–vis spectra of the sample
films (PVA polymer and polymer composite) were recorded
using the Perkin Elmer double beam UV–vis–NIR spectrome-

ter (Lambda 25 model). The thickness of polymeric films for
FT-IR measurements were thinner than those of the films ana-
lyzed using UV–Vis spectrophotometer. The structural proper-

ties were investigated using an X-ray diffractometer (XPERT-
PRO) equipped with a Cu ka (k = 0.154 nm) radiation source
in the 2h between 10� and 80� at a scan rate of 2� min�1.

2.2. Synthesis of 4-hydroxy-2-oxotetrahydrofuran-3-yl 2-oxo-2-
(2-(4-sulfamoylphenyl)hydr- azineyl)acetate

To a clear and cold (0–5 �C) solution of sulfanilamide (0.43 g,

2.5 mmol; 1 equiv. in 5 mL, 2 N HCl), a solution of sodium
nitrite (0.2.58 g, 3.75 mmol; 1.5 equiv. in 2 mL of distilled
water) was added dropwise with stirring and keeping the tem-

perature below 5 �C. The resultant solution was stirred for 1 h.
Then, a solution of L-ascorbic acid (1.1 g, 6.25 mmol; 2.5
equiv. in 6.5 mL of water) was added, the reaction mixture

immediately turned into a clear, intense yellow. The formed
mixture was stirred for about one hour (till the stirrer bar
stopped moving). The yellow precipitate was formed. The solu-
tion was filtered under a vacuum and washed several times

with distilled water. Drying of the precipitate was performed
in a desiccator, the titled compound was obtained as a yellow
solid (95%). mp: 135 �C, Rf:0.86, (Ethyl acetate: n-Hexane

3:1); FT-IR (t
�
): 3468, 3300, 3357–3257, 3099, 2960, 1801,

1756, 1704, 1601, 1327–1156 cm�1. 1H NMR (acetone- d6,

400 MHz): d 11.16 (s, 1H), 8.69 (s, 1H), 7.63 (d, J = 8.6 Hz,
2H), 7.10 (s, 2H), 6.81 (d, J = 8.6 Hz, 2H), 6.21 (s, 1H),
5.72 (d, J = 7.9 Hz, 1H), 4.72 (q, J = 7.8 Hz, 1H), 4.53 (t,

J = 8.0 Hz, 1H), 4.08 (t, J = 8.3 Hz, 1H). 13
C NMR



Fig. 1 Developments of PVA polymer composites in improving optical properties.
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(acetone- d6, 101 MHz): d 170.70, 159.09, 156.35, 151.18,
134.34, 127.68, 111.73, 76.43, 70.02, 69.81. DEPT-135

(acetone- d6, 400 MHz): d 127.68, 11.73, 76.47, 69.81, 70.02.

2.3. Preparation of polymer composite (composite film) by cast

method

Solution 1 (PVA-0): A polyvinyl alcohol (2 g) was dissolved in
100 mL of distilled water and stirred for one hour at 80 �C.

Solution 2 (dopant solution): The metal-free sulfonamide-
vitamin C compound (0.055 g) was dissolved in 30 mL of

(1:1 acetone: water).
Solution 2 was added to solution 1 and then stirred for

50 min. The polymer composite film (PVA-1) was synthesized

by placing the mixture into Petri dishes, and the mixture was
left for 24 h to dry at 25 �C. Then a composite film was char-
acterized using XRD, FTIR, and UV–Visible spectroscopy.

3. Results and discussion

3.1. Chemical synthesis

The newly dopant, sulfonamide-vitamin C adduct was synthe-

sized via two consecutive steps. Initially, the sulfonamide (1):

was diazotized by NaNO2/HCl to form sulfonamide-
diazonium salt (2):. Afterward, the L-ascorbic acid adduct
(3): was produced in a relatively high yield (95%) by the reac-

tion of excess (2.5 equiv.) of vitamin C and diazonium salt (2):
as shown in Scheme 1. These reactions are facile, fast, and free
chromatography.

A novel, metal-free polymer composite was fabricated suc-
cessfully by adding dopant solution (1:1 H2O: acetone,
0.153 mmol, 3) to the aqueous solution (100 mL H2O, 13.3–14.

6 % mmol) of PVA host polymer using the casting method (see
Scheme 2). The interactions within synthesized polymer compos-
ite were confirmedvia several spectroscopic investigations includ-

ing XRD, FT-IR, UV–vis spectroscopy, refractive index (n), and
the optical band gap energy. The nature of the chemical interac-
tions between the PVA polymer and the functional groups of
dopant (3) are explained in the following sections.
3.2. Characterization of dopant sulfonamide-vitamin C adduct

3.2.1. FT-IR

The absorption of infrared (IR) radiation causes an excitation
of molecules from lower to higher vibrational energy levels

(Shen et al., 2009). These vibrational transitions will translate
to IR signals serving as valuable diagnostic information for
determining organic functional groups and various spectro-

scopic studies (Movasaghi et al., 2008; Rashid, 2019). Fortu-
nately, the important functional groups of dopant
sulfonamide (3) were confirmed from FT-IR spectroscopy

(see Fig. 2). The functional group area of the IR spectrum
shows a sharp, less intense, and at a high vibrational frequency
(3436 cm�1) of O-Hstr. relative to N-H stretchings (–NH2 str.:
asymmetric N–Hstr. = 3357, symmetric N–Hstr. = 3257, and

amide N-H str.: 3300 cm�1). This would be due to less sharing
of the O-H group to form hydrogen bonding compared to the
N-H group in compound (3) (Bratlie et al., 2008). The C-H

stretchings of both sp2 and sp3 carbons appeared at 3099
and 2960 cm�1; respectively.

The most significant signals in the spectrum are those

related to C=O stretchings. The C=Ostr. signals at 1801,
1756, and 1704 cm�1 strongly confirm the formation of the
dopant ascorbic acid-adduct (3) (Browne et al., 2011). The

existence of an inductive effect in both esteric C=Ostr. in com-
pound (3) leads to the appearance of carbonyl stretchings at
higher vibrational absorption frequencies (Dunn and
McDonald, 1969), while the mesomeric effect is dominant in

amide C=Ostr. and appears at a lower wavenumber (Sajan
et al., 2011). Further molecular structure confirmations of
dopant (3) were obtained from the fingerprint area of the IR

spectrum. The C-O, C-N, and S=O stretchings will appear
at 1327, 1156, 1097, and 1032 cm�1.

3.2.2. 1H NMR

The hydrogen configuration of the sulfonamide compound (3)

was determined by 1H NMR spectroscopy (Bharti and Roy,
2012). The 1H NMR spectrum of compound (3) was obtained

by dissolving the sample in acetone d6 at room temperature as
exhibited in Fig. 3.



Scheme 1 Synthesis of L-ascorbic acid adduct (3).

Scheme 2 Synthesis of a metal-free PVA polymer composite.

Fig. 2 FTIR spectrum of a sulfonamide compound (3).

4 B. Yaseen Ahmed, S. Omer Rashid



Fig. 3
1H NMR spectrum of a sulfonamide compound (3) in acetone d6.
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The exchangeable protons (O-H and N-H) are clearly seen
in the 1H NMR spectrum (Browne et al., 2011). The two pro-

tons of N-H were more deshielded (appear more downfield)
and resonate at higher frequencies (d = 11.16 and 8.69) ppm

as singlet. These could be correlated to the existence of molec-
ular hydrogen bondings and this information agree with the IR

data of the compound (3). The two protons of N-H2 sulfon-
amide were obtained as one broad singlet at (d = 7.10) ppm.

The proton of the hydroxyl group (O-H) is slightly bit shielded
(appears up-field) and resonates at the frequency
(d = 6.21 ppm) as a broad signal (Nerantzaki et al., 2011).

The four aromatic protons locate in the range of 6.6–

7.7 ppm. The two chemical equivalence protons lie at
d = 7.63 ppm as a doublet and the other two chemical equiv-
alence protons observed at d = 6.81 ppm. Both pairs have the

same coupling constant (J = 8.60 Hz). This implies that these
two pairs of protons are chemically non-equivalent. However,
they are magnetically equivalent (Browne et al., 2011).

The protons of lactone moiety were observed in the range
(5.72–4.08) ppm. The two diastereotopic protons (CH2) appear
at upfield of the spectrum (d = 4.08 and 4.53 ppm) as two sep-

arate pseudo triplet signals. In addition, the symmetrical anal-
yses of these signals reveal the existence of two potential
doublet of doublet. The signal (d = 4.53 ppm) appears as
(dd, J = 7.85, 8.10 Hz) and the other one (4.08 ppm) shows

very slightly spin coupling (dd, J = 8.25, 8.28 Hz). The
remaining two protons of two chiral carbons resonate at 5.72
(d, J = 7.9 Hz, 1H) and 4.72 (q, J = 7.8 Hz, 1H).

3.2.3. 13C NMR and DEPT-135

The three 13C NMR signals of carbonyl groups (C=O) in
compound (3) are clearly seen more downfield in the spectrum
(see Fig. 4). The most deshielded signal is a lactonic carbonyl
group lies at d = 170 ppm, the esteric carbonyl group res-

onates at d = 159 ppm and the lower deshielded C=O signal
belongs to the amide group at d = 155 ppm (Browne et al.,
2011).

The aromatic carbons in compound (3) possess four signals;
two ortho carbons of sulfonamide group are more deshielded
to d = 127 ppm, whereas the other two aromatic carbons
which are in ortho position to hydrazide group, observed at

d = 111 ppm. The two aromatic quaternary carbons are seen
at d = 150 and 134 ppm. The carbon skeleton structure of the
remaining lactone moiety has been confirmed by the appear-

ance of the exact number of carbon-13 peaks at d = 76, 70,
and 69 ppm.

Further spectroscopic confirmation about the formation of

sulfonamide-vitamin C adduct (3) has been obtained from the
DEPT-135 spectrum, as illustrated in Fig. 5. In a manner, all
quaternary carbons (d = 170, 159, 155, 150, and 134 ppm)

vanish from the spectrum. The methylene (CH2) carbon

appears (d = 69 ppm) at the bottom and the rest (CH) of car-
bons occur at (d = 127, 111, 76, and 69 ppm) at the top of the
spectrum.

3.3. Spectroscopic study of polymer composites

3.3.1. XRD Study

X-ray diffraction spectroscopy is a valuable technique to gain
insight into the structural properties of solid samples and poly-
mer composites by giving precise, direct, and fast structural

information (Nofal, 2020; Anderson and Paulo, 2014). The
XRD pattern of pure dopant (3) is displayed in Fig. 6. Simply,
the observed crystalline peaks in the XRD spectrum were cal-
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culated by the origin 2021 program. The relative percentage
crystallinity has been determined through the area of crys-
talline peaks and accordingly the crystallinity of dopant (3)

is 76.83%.
In Fig. 7, both the XRD patterns of pure PVA polymer

(PVA-0) and PVA polymer composite (PVA-1) samples are

illustrated in red and blue lines, respectively. The (PVA-0)

sample has two peaks at 2h = 19.65� and 28.65�. These peaks
indicate the crystalline structure of pure PVA (Aziz, et al.,

2021; Brza, et al., 2021). While in the polymer composite
(PVA-1) sample, the peaks of both pure (PVA-0) at 28.65�
and the other signals of pure dopant (3) are disappeared. Only
the signal at 2h = 19.65� remains with relatively low intensity.

The origin calculation of the peak areas show that the crys-
tallinity of (PVA-0) was reduced from 47% to 34% by blend-
ing with dopant (3) (Kumar et al., 2021). The vanishing of

these peaks tell us the dopant (3) completely and homoge-
neously formed through the functional group interactions
between pure PVA polymer and sulfonamide dopant (3)

(Nofal, 2020). However, the lowering and broadening of inten-
sity at 2h = 19.65� refers to the increasing amorphous struc-
ture of formed polymer composite, and this is supposed to

be by broking and reducing a regular intermolecular hydrogen
bonding within (PVA-0) and replacing by other random inter-
molecular hydrogen bonding in the host polymer composed
(PVA-1) (Aziz, 2020). Despite the lowering crystalline compo-

sition of (PVA-1), there is still somewhat crystallinity remain-
ing within host polymer composed (PVA-1).

3.3.2. FT-IR study

FT-IR spectroscopy is a molecular absorption spectroscopic
technique that obeys Lambert-Beer’s Law and gives beneficial
information on polymer composite in molecular level (Brza

et al., 2020; Cañavate et al., 2000). The IR spectra of both pure
Fig. 4 13C NMR spectrum of a
(PVA-0) and doped polymer (PVA-1) are explained in Fig. 8.
The comparison of IR spectra for both polymers confirms
large extent about the exact formation of polymer composite

(PVA-1) and provides information about the interactions
between dopant (3) and pure PVA polymer. Here, it will be
very useful to study the impact of these interactions by moni-

toring the changes in positions, intensities, and shapes of max-
imum absorption wavelength (k-max) of all organic functional
groups in both polymers (Aziz, et al., 2021; Brza, et al., 2021).

Based upon these interpretations, the chemical interactions are
responsible for achieving successful composite formation.

Generally, the intensity of O-Hstr. in doped polymer (PVA-
1) reduces and shifts to lower absorption frequency and under-

going broadening (3060–3560 cm�1), whereas the IR signals of
O-Hstr. for pure PVA sample fall in (3144–3510 cm�1) (Makled
et al., 2013; Hema et al., 2008). These imply that the O-H

bonds in (PVA-1) are weakened by the effect of formation
extra intermolecular hydrogen bonding between polar groups
in sulfonamide-vitamin C adduct (3) and pure polymer.

The C-H stretchings of sp3 and sp2 carbons in (PVA-1),
whilst C-Hstr. of sp

3 carbon for pure PVA polymer locates in
the range (2841–3010 cm�1) (Brza, 2021; Ghanipour and

Dorranian, 2013). Interestingly, the existence of aromatic sp2

carbons are obviously observed in the (PVA-1) infrared spec-
trum near (3010 cm�1). In contrast, the C-H stretches in
(PVA-0) are in the range (2893–2954 cm�1) for all symmetric

and asymmetric C-H stretchings of sp3 carbons without the
appearance of IR signal for sp2 carbons. This emphasizes the
formation of (PVA-1) and asserts the ascorbic acid-adduct

(3) existence in (PVA-1) composition.
The carbonyl groups stretching of ascorbic acid-adduct (3)

remain in (PVA-1) FTIR spectrum, but it shifts to lower vibra-

tional frequency and appears clearly at (3x C=Ostr. = 1776,
1714, and 1655 cm�1). This is owing to the use of these car-
sulfonamide (3) in acetone d6.



Fig. 5 DEPT-135 spectrum of a sulfonamide (3) in acetone d6.

Fig. 6 XRD pattern for a sulfonamide dopant (3).
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Fig. 7 XRD pattern of pure PVA (PVA-0) and doped PVA with metal-free sulfonamide compound (PVA-1).
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bonyl groups in the formation of intermolecular hydrogen
bonding with the O-H groups in pure PVA polymer. Further-

more, the vibrational signal at 1601 cm�1 belongs to C=Cstr.

of aromatic sp2 carbons. All these signals are absent in
(PVA-0) FTIR spectrum.

The fingerprint region (1400–600 cm�1) of FT-IR spectrum
for (PVA-0) includes vibrational bending of CH2 wagging (out
of plane) at 1411 cm�1 which is a characteristic of pure PVA

and CH2 in-plane rocking (long chain band) at 849 cm�1.
Meanwhile, the signal of CH2 wagging drops clearly in poly-
mer hybrid (PVA-1). The C-Ostr. in (PVA-0) spectrum occurs
in the range (1039–1146 cm�1), but in (PVA-1) spectrum more

broader (1030 –1148 cm�1) due to the presence of C-Nstr. and
having more electrostatic interactions (Hema et al., 2008;
Malathi et al., 2010). The C-O str. and C-Nstr. region in

(PVA-1) spectrum has lower intensity, as a result of increasing
the molecular mass of PVA polymer after binding with the
dopant (3) to form (PVA-1) (Abdalkarim, et al., 2021).

3.3.3. UV–Visible study

3.3.3.1. Absorption study. UV–vis spectroscopy is an influential
spectroscopic technique for evaluating several physical con-
stants of polymer composites (Brza, 2020). The absorption
coefficient, optical band gap, and other optical parameters

could be easily determined from the UV–Vis. spectrum.
Fig. 9 depicts the UV–Vis absorption spectra of neat PVA with
composite polymer (PVA-1). Pristine PVA polymer is inca-

pable to absorb the photon of visible radiation and almost
appears transparent. This is due to the absence of free elec-
trons in its conduction band and only achievable by absorbing
the UV radiation which overcomes the barrier band gap
energy between the conduction band and valence band

(Brza, 2020). Upon the addition of a low concentration of
dopant sulfonamide adduct (3) into pure PVA polymer
(dopant (3)/ pure PVA; 55 mg/ 2 g, %W/W = 2.75), the opti-

cal behavior of the formed composite (PVA-1) has remarkably
improved by shifting the absorption to longer wavelength
(bathochromic shift, lower energy). Also, it results in an

intense absorption occurrence through the all UV region and
a propagation in the wide visible region (Abdalkarim, et al.,
2021; Abdul-Kader, 2013; Aziz et al., 2017; Aziz et al.,
2013). These improvements have performed via reducing band

gap energy of (PVA-1). These data reveal the eligibility of these
kinds of dopant metal-free (3) materials for various electric
and electronic applications (Brza, 2021; Aziz et al., 2019;

Yakuphanoglu et al., 2007).

3.3.3.2. Refractive index study. The refractive index (n) is an

important physical constant which has frequent use in polymer
composites study, since it tells how light-speed changes when it
passes through various optical materials (Nofal, et al., 2021).

The n value is related to the degree of polarizability and den-
sity of the sample, which is affected by temperature and pres-
sure changes (Yakuphanoglu and Arslan, 2007). Its value is
mathematically expressed by employing Kramer’s–Kronig

relations (Aziz, et al., 2021):

n ¼ 1þ Rð Þ
1� Rð Þ þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4R

1� Rð Þ2 � k2

s
ð1Þ



Fig. 8 FT-IR spectrum for the pure PVA (PVA-0) and doped PVA with metal-free sulfonamide compound (PVA-1).

Fig. 9 Absorption spectra of pristine PVA and composite film.
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Fig. 10 Refractive index (n) versus wavelength (k) for the pristine PVA with polymer composite.
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In equation (1), R is the reflectance and k is the extinction
coefficient. k-value is determined from k = ka/4pt, k = wave
length of incident light and t is the thickness of the thin films.
Fig. 11 Optical dielectric loss plot for (PVA
In Fig. 10, the n values of both (PVA-0) and (PVA-1) are
drawn as a function of wavelength. Obviously, the relative
higher n value is associated to hybrid polymer (PVA-1), indi-
-0) and its polymer composite (PVA-1).
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cating a remarkable dispersion, while (PVA-0) spectrum has
lower n-value. Now, the reason is clear which returns to the
impact of sulfonamide adduct (3) when it was combined with

neat PVA polymer, leading to raise the density of the com-
bined polymer (PVA-1).

Like the other polymer composite with high n value, the

fabricated hybrid polymer (PVA-1) possesses light weight
and good flexibility, which will validate the worthy applica-
tions in optical devices manufacturers (Yetisen et al., 2016;

Kim, 2015; Li et al., 2013; Sanders, 2010).

3.3.3.3. Band gap study. The optical band gap energy (Eg) is
another physical constant that describes the energy difference

between conduction and valence bands within the polymer
(Brza, 2020). The optical band gap and electronic transitions
can be derived from the optical dielectric loss (ei) parameter

and Tauc’s model as described in equations (2) and (3), respec-
tively (Brza, 2020; Aziz, et al., 2021; Brza, 2021).

ei ¼ 2nk ð2Þ

ðahtÞ ¼ Bðht� EgÞc ð3Þ
Fig. 12 Plot of (aht)1/c versus ht for the neat PVA
Where, B = interband transitions; ht = energy of photon;
c = defining the kind of electron transition.

Optical dielectric function (e*) barely influences the band

structure of materials and gives information about optical
properties of matters. The value of (e*) is the summation of
both er (a real component of dielectric function) and ei (an
imaginary component of dielectric function) as shown in equa-
tion (4). It is obvious that the material’s band structure is nota-
bly supported by employing UV–vis spectroscopy in testing the

e* (Aziz et al., 2017; Aziz et al., 2017).

e� ¼ er þ ei ð4Þ
Several studies have confirmed a strong linkage between the

optical properties of the materials and their corresponding

electronic band structure. On the other hand, the researchers
have revealed that the interband transitions will lead to
appearance of signals in the ei spectra (Guo and Du, 2012;
Bouzidi et al., 2016). Fig. 11 displays the relationship between

optical dielectric loss (ei) and photon energy (ht). Accordingly,
the exact optical band gap energy (Eg, in eV) was determined
for both (PVA-0) and (PVA-1) from the linear regions of ei
spectra.
and its composite. Where c= ø, 2, 3/2, and 3.



Table 1 The Eg values from Tauc’s method and ei plot.

Films c= 1/2 c= 3/2 c = 2 c = 3 Dielectric loss, ei

PVA-0 6.3 6.3 6.1 5.9 6.3

PVA-1 3.8 3.6 3 2.7 3.6

12 B. Yaseen Ahmed, S. Omer Rashid
The kind of electronic transitions between valence band
and conduction band were determined using Tauc’s model
(see equation (3)). For direct allowed electron transitions, c
is equal to (ø), for indirect allowed transitions c is equal to

2, for direct forbidden transition, c = 3/2, whereas in indirect
forbidden transition c is 3 (Jain et al., 2009; Aziz, 2017).

The y-axes (aht)1/c of polymers (PVA-0) and (PVA-1) were

plotted against x-axes (ht) as exhibited in Fig. 12 (a-d). The
extrapolation intersections of linear regions of (aht)1/c were
used in determining the values of Eg (Aziz, 2017). In all cases

of Fig. 12 (a-d), the obtained Eg values decrease which is in
accordance with the well-documented previous researches.
The reason is the existence of some trap states (localized states)

within the forbidden band gap; as a consequence of the forma-
tion of insertion fillers into the hosted polymer (Aziz, 2017;
Abdullah et al., 2015).

Table 1 reveals the values of the four optical band gaps (Eg)

with their c values for both films of matrix polymer and its
polymer composites. Obviously, considerable detraction in
the value of optical band gap energies are seen after addition

of the ascorbic acid dopant (3).
Plainly, the type of electronic transition in the pure PVA

and its hybrid polymer films can be recognized by comparing

the values of Eg extracted from Tauc’s model (Fig. 12 (a-d))

and dielectric loss ‘‘ei” (Fig. 11) (Aziz, 2017). The values of
Eg of the films fully fit the c = 3/2 which refers to direct for-
bidden transition between valence and conduction bands in

(PVA-0) and (PVA-1). Based on the obtained data points in
Fig. 11 and confirmation of gamma value (c = 3/2) in Table 1,
the band gap energy of pristine PVA is reduced from 6.3 to

3.6 eV.
Here, the fabricated hybrid polymer will be a successful

candidate to employ in various physical applications, for

examples photovoltaic, laser diodes, and light-emitting diodes
(LEDs) (Brza, 2021).

4. Conclusion

� The biodegradable and inexpensive vitamin C was used to synthesis

a metal-free sulfonamide-vitamin C adduct (3). The isolated pro-

duct was obtained through smooth, rapid protocol, and relatively

high yield.

� The strong interactions between the components of the composites

were evidenced obviously.

� The amorphous region becomes dominant throughout the structure

of the blended polymer hybrid beyond the casting process, which is

desired as a means of improving optical properties; for example,

refractive index (n), dielectric loss (ei), and band gap energy (Eg).

� A novel metal-free polymer hybrid results reveal a substantial

increase in n and ei values that accompanied the optical band gap

energy descending.

� The electronic transition within the polymer composites is deter-

mined to be the direct forbidden transition.

� All these outcomes make the polymer composite to be qualified for

usage in optoelectronic applications.
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