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Abstract 

A new sulfonamide adduct of vitamin C has been created to improve the structural and optical properties 

of polyvinyl alcohol (PVA) films. PVA films containing different concentrations of sulfa drugs have been 

prepared and characterized using FT-IR and UV-Vis spectroscopy. The FT-IR absorption spectrum of pure PVA 

polymer shows characteristic bands related to the functional groups present in the PVA polymer. The FT-IR data 

demonstrated strong chemical interactions between the functional groups within the hybrid PVA. The FT-IR 

spectra of PVA films containing sulfa drugs confirmed the presence of the drug in the polymer matrix. The drug-

specific bands, such as the sulfonamide group (SO2NH2), were observed. The intensity of these bands can be used 

to estimate the drug loading efficiency and drug content in the PVA films. The UV-vis spectra mainly 

characterized the optical properties of the hybrid film. The extinction coefficient (k) values were significantly 

elevated. The direct and indirect electronic transition between the valence band and conduction band was 

determined using Tauc's model. Based on these preliminary results, the flexible composite has great potential for 

use in antibacterial applications. 
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1. Introduction 

Polyvinyl alcohol (PVA) is a water-soluble 

polymer that is widely used in various applications 

because of its excellent film-forming and adhesive 

properties, biocompatibility, and low toxicity [1-3]. 
In recent years, drug delivery systems using PVA as 

a carrier have gained attention due to its 

biocompatibility and ease of production. Sulfonamide 

antibiotics, commonly known as sulfa drugs, are a 

class of drugs used in the treatment of bacterial 

infections. Incorporating sulfa drugs into PVA films 

can be a promising strategy for drug delivery 

applications [4-6]. 

The physicochemical characteristics of PVA films 

containing sulfa drugs can be studied using various 

techniques. The morphology and surface properties 

of the films can be analyzed using scanning electron 

microscopy (SEM) and atomic force microscopy 

(AFM). The presence of sulfa drugs in the PVA 

matrix can be confirmed using Fourier-transform 

infrared spectroscopy (FT-IR) and X-ray diffraction 

(XRD). 
The release profile of sulfa drugs from PVA films 

can be evaluated using various methods such as FT-

IR and UV-Vis spectroscopy. The release kinetics of 

the drug from the PVA matrix can be analyzed using 

mathematical models such as zero-order and first-

order [7, 8]. These analytical techniques can also 
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determine the drug loading efficiency and drug 

content in the PVA films. Sulfonamide, also known 

as sulfa drugs, is a group of synthetic antibiotics that 

were first developed in the 1930s. They work by 

inhibiting the growth and reproduction of bacteria 

and are used to treat a wide variety of bacterial 

infections [9-11]. Sulfonamides were some of the 

first antibiotics to be discovered and were widely 

used before the development of penicillin. They are 

still used today, although newer, more effective 
antibiotics have largely replaced them with fewer 

side effects [12-14].  

Some examples of sulfonamide antibiotics include 

sulfamethoxazole, sulfadiazine, and sulfisoxazole. 

These drugs are commonly used to treat urinary tract 

infections, pneumonia, and other bacterial infections 

[14, 16]. However, like all antibiotics, sulfonamides 

can have side effects, including allergic reactions, 

skin rashes, and gastrointestinal problems. It's 

important to use antibiotics only as prescribed by a 

healthcare professional and to complete the full 

course of treatment to avoid the development of 

antibiotic-resistant bacteria. Environmentally, it has 

an obvious ecotoxicological impact on aquatic life 

and may cause genotoxicity to the fish tissue. This 

means that even at low concentrations, certain sulfa 

drugs will alter fish physiology and genetics, even if 

they do not affect fish survival [17].The 

physicochemical properties of PVA films containing 

sulfa drugs can be optimized by varying the 

concentration of PVA, sulfa drugs, and other 

additives such as plasticizers and surfactants [18-20]. 

The mechanical properties of the films can be 

improved by adding plasticizers such as glycerol and 

polyethylene glycol.   

PVA films containing sulfa drugs have potential 

applications in drug delivery systems. The 

physicochemical properties of the films can be 

optimized by varying the concentration of PVA, sulfa 

drugs, plasticizers, and surfactants [21-23]. This 

study's primary objective is to optimize 

concentrations of sulfa drug within the polymeric 

matrix, avoiding potential hazardous pollutants in the 

surrounding environment resulting from the excess 

amounts of drug within the polymeric matrix. The 

study extended to characterizing a metal-free 

sulfonamide-vitamin C adduct utilizing 

physicochemical characteristics of polyvinyl alcohol-

doped matrices containing variable concentrations of 

the sulfa drug. 

2. Experimental work 

All the chemicals in this article were 

obtained from Sigma Aldrich Company and used 

without any purification procedures. PVA films. 

Sulfonamide, also known as sulfa drugs, is a group of 

synthetic antibiotics. The procedure involved 

dissolving 4 g of PVA in 50 mL of double distilled 

water under mechanical stirring for approximately 2 

hours. Subsequently, different concentrations of 

sulfonamide (0.005 D1, 0.01 D2, 0.02 D3, and 0.04 

D4) were added slowly to the solution while stirring 

for 20 minutes. The resulting solutions were then 

poured into glass Petri dishes and dried at room 

temperature for a week, followed by vacuum drying 

to remove any remaining solvent residue.The FT-IR 

measurements were conducted using a single-beam 

FT-IR instrument (FT-IR-430, Jasco, Japan). The 

spectral range for obtaining the FT-IR spectra of the 

samples was 4000-400 cm-1. The UV-Vis absorption 

spectra were obtained using a spectrophotometer (V-

570 UV/VIS/NIR, JASCO, Japan) in the 200-1100 

nm wavelength range.Antibacterial activity of studied 

samples against pathogenic Methicillin-resistant 

Staphylococcus aureus (MRSA), Staphylococcus 

aureus (S. aureus), Escherichia coli (E-coil), and 

Klebsiella pneumonia (K) was performed using disc 

agar diffusion method. The inhibitory activity was 

determined based on the diameter of the distinct 

inhibition district [6]. 

3. Results and discussion 

3.1. FT-IR spectroscopy 

The FT-IR absorption spectra of pure PVA 

polymer are displayed in Figure 1 in the wavenumber 

range from 4000-400 cm-1. The FT-IR absorption 

spectra of pure PVA polymer show characteristic 

bands related to the functional groups present in the 

polymer. The broad bands centered at 3265 cm-1 are 

attributed to the O-H stretching vibrations from 

PVA's intermolecular and intramolecular hydrogen 

bonds. The band at 2916 cm-1 corresponds to the 

asymmetric stretching vibrations of CH2 groups in 

the alkyl side chains of PVA. The band at 1725 cm-1 

is due to the stretching vibrations of C=O bonds in 

the acetate groups present in PVA. The band at 1656 

cm-1 is attributed to water absorption, while the band 

at 1420 cm-1 corresponds to the CH2 bending 

vibrations. The band at 1326 cm-1 is related to the CH 

wagging mode, while the band at 1146 cm-1 is 

attributed to the C-O shoulder stretching vibrations of 

the crystalline sequence of PVA [24-26]. The band at 



 CHARACTERIZATION AND PHYSICOCHEMICAL CHARACTERISTICS OF.. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 8 (2024) 

 

181 

1081 cm-1 corresponds to the C-O stretching and 

bending vibrations of OH groups in the amorphous 

sequence of PVA. The band at 919 cm-1 is assigned 

to the CH2 rocking mode, and the band at 840 cm-1 is 

due to the C-C stretching vibrations of the polymer 

backbone [27, 28]. 
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Figure 1: The FT-IR absorption spectra of PVA/sulfa 

drug in the wavenumber range from 4000-400 cm-1. 
 

The FT-IR spectra of PVA films containing sulfa 

drugs can be compared to the spectra of pure PVA to 

confirm the presence of the drug in the polymer 

matrix. The drug-specific bands, such as the 

sulfonamide group (SO2NH2) at around 1200-1300 

cm-1 and the aromatic ring bands at around 1600-

1700 cm-1, can be used to identify the presence of the 

drug in the PVA matrix [29]. The intensity of these 
bands can be used to estimate the drug loading 

efficiency and drug content in the PVA films. Figure 

(2) introduces the suggested 2D reaction mechanism 

between PVA polymeric matrix and the dopant sulfa 

drug through hydrogen bonding of the polyvinyl 

alcohol matrix. 
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Figure 2: suggested 2D reaction mechanism between 

PVA polymeric matrix and the dopant sulfa drug. 

3.2. Optical properties 

The absorbance spectra of the PVA/sulfa 

drug in the wavelength range of 190-1100 Hz are 

depicted in Figure 3. The ultraviolet-visible (UV-Vis) 

spectrum of pure polyvinyl alcohol (PVA) shows 

some characteristic absorption bands. Around 198 nm 

is due to π - π* transition of the -C=O groups in PVA. 

Though less in number, the carbonyl groups in PVA 

give rise to absorption in this region. Around 275 nm, 

the band is due to the n - π* transition of the -C=O 

groups along with π - π* transition of the benzene 

rings present in PVA [30]. Shoulder or broad bands 

observed around 324 nm in this region are due to n - 

π* transitions of the -OH groups present in PVA. The 

numerous -OH groups in PVA dominate the UV 

spectrum in this region. Pure PVA shows very little 

to no absorption in the visible region above 310 nm. 

It is mostly transparent to visible light. The number 

and position of the bands, their relative intensities, 

and shoulder formations will depend on the 

molecular weight, degree of polymerization, and 

other structural features of the specific PVA sample 

being analyzed. But the general shape and absorption 

regions discussed above should hold for most pure 

PVA samples. 
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Figure 3: The UV-Visible spectra of pure PVA/sulfa 

drug. 
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The optical bandgap can be determined from the 

absorption edge in the UV-Visible spectra. This 

indicates the π-π* and n-π* excitation energies in 

PVA related to its carbonyl and hydroxyl groups. 

The absorption coefficient (α) of the films can be 

calculated from its UV-Vis absorption spectrum. The 

absorption coefficient (α) can be calculated according 

to the Beer-Lambert Law [31, 32]: 

         α = (2.303A)/d                   (1) 

where d is the thickness of the sample. The value of α 

indicates how strongly the material absorbs light of 

that wavelength.  

According to the Tauc relation, the optical energy 

gap (Eg) can be calculated as follows[31, 32]: 

𝛼𝐸𝑝ℎ = 𝐴(𝐸𝑝ℎ − 𝐸𝑔)
𝑛                  (2) 

where n refers to the type of electronic transition in 

the samples.  

According to solid-state physics principles, a 

polymeric material has a specific range of energies 

known as the "energy gap," where electronic states 

are not permitted. This results in a lack of absorption 

of free charge carriers, and interband transitions can 

only occur with photons that have energies higher 

than the energy gap.  

Figures 4 and 5 display plots of (αhυ)2 and (αhυ)1/2 

versus photon energy (hυ) for direct and indirect band 

gap transition. To determine the optical bandgap (Eg) 

of the samples, the linear portions of the curves that 

approach zero absorption values are extrapolated. 

The values of optical bandgap (Eg) are recorded in 

Table 1. It was observed that the calculated values of 

Eg decrease with the addition of sulfa drag.  The 

decrease in the optical band gap observed in the 

doped samples can be ascribed to the formation of 

localized states, referred to as trapping centers, and 

changes in the degree of disorder. The hydrogen 

bonding interactions between the PVA and sulfa drug 

molecules, both inter- and intramolecular, may also 

play a significant role in this phenomenon. 

The extinction coefficient (k) indicates how well the 

prepared samples absorb light. It is related to the 

intensities of the absorption bands, indicating the 

number and strength of chromophores like the 

carbonyl and hydroxyl groups. The extinction 

coefficient (k) is calculated from the relation between 

absorbance coefficient () and wavelength (l) as 

[33]: 

𝜅 =
𝛼𝜆

4𝜋
                                   (3) 

Figure 6 depicts the relationship between the 

extinction coefficients (k) and the energy (E=hυ).  

Due to the dominant absorption behavior at longer 

wavelengths, the extinction coefficient (k) reaches its 

maximum value in this region. Moreover, the k 

values decrease in the UV range as the wavelength 

increases, eventually reaching steady values close to 

zero in the visible region. This increase in k values 

indicates that allows electromagnetic waves to pass 

through with minimal decay or damping in the visible 

range. The observed increase in the k value is 

attributed to the development or reduction of optical 

absorption of the doped samples. 
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Figure 4: The plot between (αhυ)2 versus hυ for 

PVA/Sulfa drug. 
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Figure 5: The plot between (αhυ)1/2 versus hυ for 

PVA/Sulfa drug. 
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Figure 6: The relationship between the extinction 

coefficients (k) and the energy (E=hυ).  

 

Density functional theory (DFT) was also used to 

optimize the model structures of the PVA-doped 

sulfa drug. Gaussian 09 software (Gaussian, Inc., 

Wallingford, CT, USA) was used to study the 

electronic properties of synthesized composite 

material. HOMO/LUMO bandgap energy was also 

investigated to compare the experimental and 

theoretical data to approve the reaction mechanism 

between components and to ensure the final structure. 

Figure (7) introduces optimized structures in addition 

to 3D HOMO/LUMO distribution of the sulfa drug, 

PVA, and their composite materials 
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Figure 7: optimized structures in addition to 3D 

HOMO/LUMO distribution of the sulfa drug, PVA, 

and their composite materials 

 

Obtained data was found to be in agreement with that 

reported for PVA [34], Sulfa Drugs [35], and hence 

for their suggested composite structure and approve 

hydrogen bonding processes [36].  

 

Table 1: The values of the direct and indirect energy 

gap of PVA/Sulfa drug. 

Samples 
Direct energy 

band gap (ev) 

Indirect energy 

band gap (ev) 

PVA 5.71 5.71 

D1 5.31 5.42 

D2 3.27 3.93 

D3 3.19 3.82 

D4 3.17 3.81 

 

3.3. Antibacterial study against pathogenic grams 

Antibacterial activity of studied samples against 

pathogenic Methicillin-resistant Staphylococcus 

aureus (MRSA), Staphylococcus aureus (S. aureus), 

Escherichia coli (E-coil), and Klebsiella pneumonia 

(K) was performed using disc agar diffusion method. 

Table (2) summarize the inhibitory activity that 

was determined based on the diameter of the distinct 

inhibition zone [37, 38]. 

 

Table 2: Diameter of the inhibition zone (D) and 

Activity index (Q) against antibiotic (AB) 

Ciprofloxacin 

 MRSA 
S. 

aureus 
E-coil K 

 D A D A D A D A 

D1 6 32 6.0 35 5.5 34 5.5 55 

D2 6.5 35 7.0 41 6.5 40 6.0 60 
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D3 7 37 7.5 44 7.5 46 7.0 70 

D4 7.5 40 8.5 50 8.5 53 8.0 80 

AB 18 100 17 100 16 100 10 100 

 

As shown in Table 2, all studied samples revealed a 

greater level of antimicrobial suppression due to the 

creation of structural building blocks from the 

condensation of carboxylic acid groups. The 

increased antibacterial activity of the composite 

material may be attributable to strongly positive 

electrostatic interactions between the charged 

molecule and the negatively charged cell surface. 

 

4. Conclusion 

This study aims to carry out the synthesis, 

characterization, and physicochemical characteristics 

of PVA-dopped sulphonamide-vitamin C. The 

morphology and surface properties of the films can 

be analyzed using scanning electron microscopy 

(SEM) and atomic force microscope (AFM). The FT-

IR absorption spectra of pure PVA polymer show 

characteristic bands related to the functional groups 

present in the polymer matrix. The UV-Vis 

spectroscopy of the PVA films containing the drug 

has induced significant changes in the optical 

absorption characteristics of the material, making it a 

noteworthy example of a benzene-sulfanilamide. The 

pure PVA polymer displays characteristic bands 

related to its functional groups in its FT-IR 

absorption spectrum. The addition of sulfa drug 

reduces calculated Eg values from 5.71 eV to 3.27 

eV. Trapping centers and disorder changes in doped 

samples cause an optical band gap decrease. PVA-

sulfa drug hydrogen bonding contributes to this 

effect. The higher antimicrobial activity of composite 

material is attributed to the highly positive 

electrostatic interactions between the charged 

molecule and the cell surface that had been 

negatively charged. It was noticed that sample D3 

whichcontains about 0.02 wt% of the drug, can be 

considered an eco-friendly sample that nearly gives 

the same physicochemical properties and 

antibacterial activity similar to that of higher 

concentrations.  
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