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Abstract: Polyacrylic acid has been utilized to react with a variety of substances to create novel compounds 
with biological activity because it is a recognized safe material to work with. In this work, the AB chemical 
was created by reacting polyacrylic acid with benzidine. It was then combined with a class of cyclic aldehydes 
to create novel Schiff-base compounds with biological advantages. FT-IR and 1H-NMR spectroscopy were 
used to characterize them. Their melting point, solubility in various solvents, viscosity, and biological activity 
against gram-positive and gram-negative bacteria were all measured. Each sample's antioxidant activity was 
assessed and compared to ascorbic acid. 
Key words: polyacrylic acid, biological activity, Schiff-base compounds, anti-oxidant activity. 
 

Introduction 
  

Hydrogels are often made of hydrophilic organic networks that have a lot of water incorporated 
into them. Because of this, they have soft and elastic qualities that fit in with human physiology. In 
addition to loading a wide range of medications into their structures, many hydrogels may also 
significantly shield them from physiological circumstances, especially those of the stomach, where 
the pH is low and the concentration of enzymes is high—conditions that make many medications 
unstable. Beyond this protective feature, hydrogels could be engineered to deliver a targeted drug 
release by selectively releasing medications under physiological conditions at the illness site in the 
body. As a result, hydrogels have been widely used in research on drug delivery [1-4].  

High molecular weight synthetic (manufactured) polyacrylic acid (PAA), originally known as 
poly 1-carboxyethylene, is a polymer derived from acrylic acid monomers. PAA has high 
hydrophilicity and is responsive to pH because part or all of the carboxyl groups along its backbone 
can ionize depending on the acidity of their environment in aqueous media. This leads to significant 
changes in the polymer chain's conformation: osmotic swelling pressure increases with increasing 
degree of ionization, and so too does overall viscosity. PAA molecules are large and polydisperse. 
Solvability, charge density, and hydrogen bonding capability, all phenomena being influenced by 
molecular weight in homogeneous systems, are not exceptions to this rule. Capping the chain will 
make PAA a new kind of inhomogeneous system, and a responsive way of controlling molecular 
weight will synthesize composite materials, which in their turn may bring about even more drastic 
transformation in polymers' properties. Water-soluble, non-toxic, and recyclable, it is a biocompatible 
superabsorbent polymer [5, 6].  

Superabsorbent polymers (SAP) are net-organized, hydrophilic polymers such as amines, 
carboxylic acids, and hydroxyls. In contrast to conventional water-absorbing polymers, 
superabsorbents have the ability to absorb large amounts of water and remove it even when under 
pressure. Superabsorbents' remarkable properties make them widely used in sewage treatment, 
biomedical and everyday physiological products, farming, healthcare, and isolation techniques [7, 8].  

Schiff bases are made from carbonyl and amino compounds that coordinate with metal ions 
through the nitrogen atom of an azomethine [9]. It has been observed that Azomethine (C=N) exhibits 
exceptional biological and antibacterial properties [10, 11]. 

Worldwide research is being done on the synthesis, characterization, and structure-activity 
relationship (SAR) of Schiff bases. Numerous investigations demonstrated the significant chemical 
and biological significance of a single pair of electrons in the sp2 hybridized orbital of the nitrogen 



 

atom of the azomethine group [12]. By creating a hydrogen link between the active centers of cell 
constituents and the sp2 hybridized nitrogen atom of the azomethine group, they disrupt regular cell 
functions [13, 14]. 

Schiff bases may also be used as corrosion inhibitors [16], dyes, pigments, catalysts, polymer 
stabilizers [15], and organic synthesis intermediates. Schiff base metal complexes are more effective 
than free organic ligands, according to several studies [17]. According to numerous studies, adding 
transition metals to Schiff bases boosts their biological activity [18]. 

Schiff bases are essential to the discovery and development of new molecules with strong 
biological activity in coordination chemistry. The usefulness of Schiff bases, which are the 
intermediates in organic processes, is being investigated further. Researchers have focused on Schiff 
bases and their derivatives to investigate different procedures for the creation of new environmentally 
friendly technologies [19].  

Researchers are currently paying attention to Schiff bases in the medical field because of their 
chemotherapeutic uses. They are known to display a wide range of powerful behaviors. Nitrogen-
containing heterocyclic compounds exhibit a variety of biological characteristics. As an important 
class of heterocyclic compounds, Schiff bases exhibit antioxidant, anticonvulsant, depressive, anti-
inflammatory, analgesic, antibacterial, antimalarial, and anticancer properties [20, 21].  

These compounds play an important role in the manufacture of numerous physiologically and 
medicinally active compounds. Schiff bases and their derivatives are also regarded as crucial 
intermediates in the synthesis of heterocyclic compounds that contain nitrogen. The R-CH=N-Ar 
formula is frequently used to express them [22, 23]. 

The structure of naturally occurring compounds frequently contains Schiff bases. They play a 
significant part in pharmaceutical research and synthesis. Fig. 1 shows the chemical structures of a 
few Schiff bases that are pharmacologically active. 

 

 
Fig. 1. Chemical structures of some pharmacologically active Schiff bases [24] 

  
Experimental part 

 
Materials used. Fluka, Sigma-Aldrich, CDH, and Riedel-de Haen Company provided 

analytical-grade solvents and reagents for the analysis, including benzaldehyde, cinnamon aldehyde, 
salicylaldehyde, 4-nitrobenzaldehyde, 4-chlorobenzaldehyde, and 4-bromobenzaldehyde. A Bruker 
Tensor II Fourier Transform Infrared Spectrometer was used to record Fourier Transform Infrared 
(FTIR) spectra. A Bruker Tensor II Fourier Transform Infrared Spectrometer Promoter ATR-FTIR 
was used to record the ATR FTIR spectra in the 400–4000 cm-1 range. The PG CECIL CE7200 
double-beam spectrophotometer was used to assess UV absorption. Using TMS as the reference 
standard, 1H NMR spectra in dimethyl sulfoxide [DMSO] were generated using a Varian INOVA 
500 MHz NMR spectrometer. Chemical changes were described in parts per million (ppm). 

Modification of polyacrylic acid with benzidine (AB). After dissolving 0.5 g (0.00025 mole) 
of polyacrylic acid in 10 ml of DMF, 1.29 g (0.007 mole) of benzidine, and 6 drops (0.082 mol) from 



 

SOCl₂, the mixture was vigorously stirred for one hour at room temperature. A precipitate was 
produced, and the solvent was removed, cleaned with ether, and allowed to dry at room temperature 
[25, 26]. 

 
Equation 1. Synthesis of compound AB 

 
Synthesis of C1-C6 compounds. Refluxing a mixture has produced the Schiff base compounds 

of 2.1 mmole of aldehydes [(10 drop) benzoaldehyde, (10 drop) cinnamon aldehyde, (10 drop) salicyl 
aldehyde, (0.32 gm)] 4-nitrobenzaldehyde, 0.3 gm of 4-chlorobenzaldehyde, and 0.4 gm of 4-
bromobenzaldehyde, and 0.075 mmole (0.5 gm) of AB in 15 ml of ethanol were refluxed for almost 
three hours. The resulting Schiff base was allowed to cool to room temperature and collected by 
filtration; then it was recrystallized in ethanol and dried at room temperature [27]. 

 

 

 
Scheme 1. General scheme for Synthesis of compounds (C1-C6) 

 
Table 1 describes the physical properties of the synthesized compounds after conjugation with 

aldehydes. In terms of color and melting points of the resulting compounds. 
 

Table1. Physical properties of polymers C1-C6. 
m.p ºC Color Compound 
3000C > Light Yellow C1 
300 0C> Dark Yellow C2 

205-208 0C Light Brown C3 
297-300 0C Red C4 
245-248 0C Light Brown C5 
290-293 0C Light Yellow C6 

 
Results and discussion 



 

 
Scheme 2 captures a classic acid-catalyzed formation of a carboxamide. The carboxylic acid 

(blue) first becomes protonated, making its carbonyl more eager for attack. The amine (red) then 
strikes the activated carbonyl, forming a fleeting tetrahedral intermediate that shuffles protons. 
Depending on where the proton sits, the structure flips between neutral and charged forms, but all 
roads lead to the same dehydrating step: the intermediate loses water, restoring the carbonyl and 
yielding the amide. The acid helps both in activating the carbonyl and in escorting protons to the right 
places, while the amine provides the nucleophilic punch. 

  

 
Scheme 2. Mechanism of the synthesis of compound AB according to the reference [28] 

 
The Scheme 3 shows how an aldehyde and a primary amine join forces to form a Schiff base. 

The amine first attacks the aldehyde’s carbonyl carbon, giving a charged, temporary carbinolamine. 
Protons shuffle around until the molecule is poised to lose water. Dehydration tightens the structure 
into an iminium ion, and one final proton loss locks in the double bond between carbon and nitrogen. 
What begins as a simple carbonyl ends as a C=N imine, a neat little transformation powered by 
nucleophilic attack, proton choreography, and dehydration. 

 

 
Scheme 3. Mechanism of the synthesis of compounds C1-C6 

New Schiff-base polymers were prepared in good yield by reacting polyacrylic acid with 
benzidine and a series of aldehydes, including benzaldehyde, cinnamaldehyde, salicylaldehyde, and 
the substituted 4-nitro, 4-chloro, and 4-bromobenzaldehydes. The resulting materials were 
characterized by FTIR and 1H NMR spectroscopy, while their viscosities were measured to estimate 



 

molecular weights, and their solubility was evaluated across various solvents. Antibacterial activity 
was assessed against both a Gram-negative strain (E. coli) and a Gram-positive strain (S. aureus), and 
the antioxidant performance of the compounds was determined in comparison with ascorbic acid [14, 
20]. 

For compound C1, the ¹H NMR spectrum displays characteristic signals at 1.4 ppm assigned to 
the CH–CH₂ protons and 2.2 ppm corresponding to the O=C–CH group. The aromatic protons (Ar–
CH=CH) resonate in the range of 6.5–8.0 ppm. A distinct signal at 8.7 ppm is attributed to the 
azomethine proton (–N=CH), while the resonance at 5.3 ppm corresponds to the amide proton (–
CONH–). 

The FTIR spectrum further confirms the proposed structure. A broad absorption band observed 
at 3000–3500 cm⁻¹ is assigned to N–H stretching vibrations. The appearance of a new amide carbonyl 
band at 1620.21 cm⁻¹ and a new azomethine (C=N) stretching band at 1666.50 cm⁻¹ indicates the 
successful formation of amide and Schiff base functionalities. Moreover, the disappearance of the 
characteristic absorption bands corresponding to the carboxylic –OH group of poly(acrylic acid) and 
the aldehyde C=O group confirms the completion of the condensation reaction. 

 

 
 

 
Fig. 2.  1H-NMR  and  FTIR spectra for compound C1 

Additional absorption bands are observed in the region of 1400.32–1583.56 cm⁻¹ for aromatic 
C=C stretching vibrations, at approximately 3300 cm⁻¹ for aliphatic –CH stretching, 3000–3100 cm⁻¹ 
for aliphatic –CH₂ groups, and 3050–3150 cm⁻¹ for aromatic –CH stretching vibrations (Fig. 2). 

For compound C2, the ¹H NMR spectrum shows CH-CH₂ at 1.3 ppm; O=C-CH at 2.2 ppm; 
(Ar.) CH=CH at 7.1-7.8 ppm; N=C-H at 8.5 ppm; O=C-NH at 5.3 ppm; (Ar.) CH=C-CH at 2.3 ppm; 
(Alph.) C=C-H at 6.5 ppm. The FTIR spectrum shows NH 3000-3500 cm⁻¹, a new C=O amide group 



 

at 1622.13 cm⁻¹, a new C=N Schiff base group at 1666.50 cm⁻¹, and the disappearance of the –OH 
carboxyl group of polyacrylic acid and C=O aldehyde; CH=CH (Ar.) 1400.32-1579.70 cm⁻¹; CH=CH 
(Alph) 1600-1680 cm⁻¹; -CH (Alph.) 3300 cm⁻¹; -CH₂ (Alph.) 3000-3100 cm⁻¹; and -CH (Ar.) 3050-
3150 cm⁻¹ (Fig. 3). 

 

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. 1HNMR and FTIR spectra for compound C2 

 
For compound C3 the 1HNMR spectrum shows: CH-CH2 1.2-1.4 ppm; O=C-CH 2.1 ppm; (Ar.) 

CH=CH 7.2-7.9 ppm; N=C-H 8.4 ppm; O=C-NH 5.9 ppm; (Ar.)-OH 6.7 ppm. FTIR spectrum shows: 
NH- 3000-3500 cm-1; new C=O amide group at 1614.42cm-1and new C=N Schiff base group at 
1683.86 cm-1 and disappearing of –OH carboxyl group of polyacrylic acid and C=O aldehyde  ; 
CH=CH (Ar.) 1408.04-1568.13 cm-1;C-OH 3417.86 cm-1,-CH (Alph.) 3300 cm-1 ;-CH2 (Alph.) 3000-
3100 cm-1 ; -CH (Ar.) 3050-3150 cm-1 (Fig. 4). 
 



 

 
 

 
Fig. 4.  1HNMR and FTIR spectra for compound C3 

 
For compound C4, the ¹H NMR spectrum exhibits the following characteristic signals: a 

resonance at 1.2 ppm assigned to the CH–CH₂ protons; a signal at 2.2 ppm corresponding to the O=C–
CH group; aromatic protons (Ar–CH=CH) appearing in the range of 6.8–8.0 ppm; a singlet at 8.5 
ppm attributed to the azomethine proton (N=CH); and a signal at 5.4 ppm assigned to the amide 
proton (O=C–NH). 

The FTIR spectrum confirms the formation of the target structure. A broad absorption band at 
3000–3500 cm⁻¹ corresponds to N–H stretching vibrations. The appearance of a new amide carbonyl 
band at 1600.92 cm⁻¹ and a new azomethine (C=N) band at 1624.06 cm⁻¹ indicates successful 
formation of both amide and Schiff base functionalities. Notably, the characteristic absorption bands 
of the carboxylic –OH group of poly(acrylic acid) and the aldehyde C=O group disappear, further 
confirming the reaction progress. 

Additional absorption bands are observed at 1409.96–1575.84 cm⁻¹ for aromatic C=C 
stretching vibrations, 1344.38 cm⁻¹ for N=O stretching, approximately 3300 cm⁻¹ for aliphatic –CH 
stretching, 3000–3100 cm⁻¹ for aliphatic –CH₂ groups, and 3050–3150 cm⁻¹ for aromatic –CH 
stretching vibrations (Fig. 5). 



 

 
 

 
Fig. 5.  1HNMR and FTIR spectra for compound C4 

 
For Compound C5 the 1HNMR spectrum shows: CH-CH2 1.6 ppm; O=C-CH 2.1 ppm; (Ar.) 

CH=CH 6.5-7.9 ppm; N=C-H 8.7 ppm; O=C-NH 5.5 ppm. FTIR spectrum shows: NH- 3000-3500 
cm-1; new C=O amide group at 1622.13 cm-1and new C=N shiff base group at 1670.35 cm-1 and 
disappearing of –OH carboxyl group of polyacrylic acid and C=O aldehyde; CH=CH (Ar.) 1402.25-
1587.42 cm-1; C-Cl 634.58-719.45; -CH (Alph.) 3300 cm-1; -CH2 (Alph.) 3000-3100 cm-1; -CH (Ar.) 
3050-3150 cm-1 (Fig.6). 

For compound C6, the ¹H NMR spectrum shows characteristic signals at 1.4 ppm, assigned 
to the CH–CH₂ protons, and 2.0 ppm, corresponding to the O=C–CH group. The aromatic protons 
(Ar–CH=CH) resonate in the region of 6.5–8.0 ppm. A distinct signal at 8.6 ppm is attributed to the 
azomethine proton (–N=CH), while the resonance at 5.4 ppm corresponds to the amide proton (–
CONH–). 

The FTIR spectrum further confirms the formation of the target structure. A broad absorption 
band in the range of 3000–3500 cm⁻¹ is assigned to N–H stretching vibrations. The appearance of a 
new amide carbonyl band at 1620.21 cm⁻¹ and a new azomethine (C=N) stretching band at 1668.43 
cm⁻¹ indicates successful formation of the amide and Schiff base functionalities. The disappearance 
of the characteristic absorption bands corresponding to the carboxylic –OH group of poly(acrylic 
acid) and the aldehyde C=O group further confirms completion of the condensation reaction. 



 

 
  

 
Fig. 6. 1HNMR and FTIR spectra for compound C5 

 
Additional absorption bands observed in the region of 1402.25–1585.49 cm⁻¹ correspond to 

aromatic C=C stretching vibrations. The band at 536.21 cm⁻¹ is assigned to C–Br stretching 
vibrations. Further bands include aliphatic –CH stretching at approximately 3300 cm⁻¹, aliphatic –
CH₂ stretching at 3000–3100 cm⁻¹, and aromatic –CH stretching vibrations at 3050–3150 cm⁻¹ (Fig. 
7). 

The Schiff base derivatives synthesized via the reaction of poly(acrylic acid) with benzidine 
and various aldehydes exhibit limited solubility in common organic solvents. This reduced solubility 
can be primarily attributed to the high molecular weight and complex macromolecular architecture 
of the resulting polymeric structures. Moreover, strong intermolecular interactions, including 
extensive hydrogen bonding, π–π stacking between aromatic moieties, and possible interchain cross-
linking, significantly hinder solvent diffusion into the polymer matrix. 
The coexistence of polar functional groups (amide, imine, and residual carboxyl groups) and 
hydrophobic aromatic segments further complicates solvent compatibility, often leading to only 
partial swelling rather than complete dissolution. Consequently, effective solubilization typically 
requires highly polar aprotic solvents such as dimethyl sulfoxide (DMSO) or dimethylformamide 
(DMF), elevated temperatures, or appropriate solvent mixtures to disrupt intermolecular interactions 
and enhance polymer–solvent interactions [28]. 
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Fig. 7.  1HNMR and FTIR spectra for compound C6. 

 
Table 2. Solubility of the polymers C1-C6. 

 
Intrinsic viscosity measurements were performed using a viscometer, and the viscosity–average 

molecular weight  was determined according to the Mark–Houwink equation: 
 

Acetone Diethyl 
ether 

ether CH3Cl DCM DMSO DMF MeOH EtOH H2O Compounds 
/ Solvents 

P. P. P. + + + + P. P. - C1 

P. P. P. + P. + + P. P. - C2 

P. P. P. + P. + + P. P. - C3 

+ + P. + + + + P. P. P. C4 

P. P. P. + + + + P. P. - C5 

P. P. P. + P. + + P. P. P. C6 



 

[ ̞η]=𝐾M𝑎 

 

This empirical relationship describes the dependence of a polymer’s intrinsic viscosity [η] on 
its molecular weight. In this equation, [η] represents the intrinsic viscosity, K and a are constants 
characteristic of a given polymer–solvent system at a specific temperature, and M corresponds to the 
viscosity–average molecular weight. The values of K and a depend on factors such as solvent type, 
polymer structure, and measurement temperature. 

Among the synthesized compounds, C5 exhibited the highest intrinsic viscosity (Tables 3–8), 
indicating a comparatively higher viscosity–average molecular weight. This behavior may be 
attributed to the structural characteristics of the aldehyde moiety incorporated into C5, which likely 
enhances intermolecular interactions and chain rigidity, thereby increasing hydrodynamic volume in 
solution. 

According to the Mark–Houwink relationship, intrinsic viscosity increases with molecular 
weight, confirming the direct correlation between polymer chain length and solution viscosity. 
 

Table 3. Data of C1 used to determine the intrinsic viscosity 

ηred=ηsp/c ηsp=( η/ηₒ=t/tₒ)-1 Time flow   t/s 
C1   compound 
concentration, 

mg/ml 
0 0 29.84 DMF 

0.01608 0.03217 30.80 2 
0.00946 0.03786 30.97 4 
0.00650 0.03887 31 6 
0.00511 0.04088 31.06 8 
0.00428 0.04289 31.12 10 

  Mwt=2367.98 0.0065=int ]η [ 
 

Table 4. Data of C2 used to determine the intrinsic viscosity 

ηred=ηsp/c ηsp=( η/ηₒ=t/tₒ)-1 Time flow   t/s 
C2   Compound 
concentration 

mg/ml 
0 0 29.84 DMF 

0.03719 0.07439 32.06 2 
0.02731 0.10924 33.1 4 
0.021056 0.12634 33.61 6 
0.01751 0.14008 34.02 8 
0.02195 0.21950 36.39 10 

  Mwt=1239.765 0.021=int]η [ 
 

Table 5. Data of C3 used to determine the intrinsic viscosity 

ηred=ηsp/c ηsp=( η/ηₒ=t/tₒ)-1 Time flow   t/s 
C3   Compound 
concentration 

mg/ml 
0 0 29.84 DMF 

0.01625 0.03250 30.81 2 

0.00888 0.03552 30.90 4 

0.00703 0.04222 31.10 6 

0.00653 0.05227 31.40 8 

0.00606 0.06065 31.65 10 

  Mwt=2648.09 0.007=int]η [ 



 

Table 6 . Data of C4 used to determine the intrinsic viscosity 

ηred=ηsp/c ηsp=( η/ηₒ=t/tₒ)-1 Time flow   t/s 
C4  Compound 
concentration 

mg/ml 
0 0 29.84 DMF 

0.01725 0.03451 30.87 2 
0.01139 0.04557 31.20 4 
0.00776 0.04658 31.23 6 
0.00766 0.06132 31.67 8 
0.00931 0.09316 32.62 10 

  Mwt=3039.17 0.0077=int ]η [ 
 

Table 7. Data of C5 used to determine the intrinsic viscosity. 

ηred=ηsp/c ηsp=( η/ηₒ=t/tₒ)-1 Time flow   t/s 
C5   Compound 
concentration 

mg/ml 
0 0 29.84 DMF 

0.02513 0.05026 31.34 2 

0.01441 0.05764 31.56 4 
0.01184 0.07104 31.96 6 
0.01143 0.09148 32.57 8 
0.01015 0.10154 32.87 10 

  Mwt=5510.52 Int = 0.0118]η [ 
 

Table 8. Data of C6 used to determine the intrinsic viscosity 

ηred=ηsp/c ηsp=( η/ηₒ=t/tₒ)-1 Time flow   t/s 
C6   Compound 
concentration 

mg/ml 
0 0 29.84 DMF 

0.01373 0.02747 30.66 2 
0.00854 0.03418 30.86 4 
0.00647 0.03887 31 6 
0.00921 0.07372 32.04 8 
0.00841 0.08411 32.35 10 

  Mwt=2352.60 0.0064=int ]η [ 
 

The results presented in Table 9 and Fig. 8 demonstrate that all synthesized Schiff base 
compounds exhibit significant antibacterial activity against Staphylococcus aureus, while 
comparatively lower inhibition zones were observed against Escherichia coli. Most of the prepared 
compounds, tested in DMSO at a concentration of 0.1 mg/mL, showed stronger antibacterial activity 
toward Gram-positive bacteria than Gram-negative bacteria. 

The enhanced activity against S. aureus can be attributed to structural differences in the 
bacterial cell wall. Gram-positive bacteria possess a relatively simpler peptidoglycan layer without 
an outer membrane, which facilitates the penetration of Schiff base molecules into the cell. In 
contrast, Gram-negative bacteria such as E. coli have an additional outer membrane composed of 
lipopolysaccharides that acts as a permeability barrier, limiting compound diffusion and thereby 
reducing antibacterial effectiveness. 

These findings suggest that the synthesized Schiff base derivatives display selective 
antibacterial activity, with greater efficacy toward Gram-positive strains. 



 

 
Table 9.  Antibacterial Activity of Shiff Base [C1-C6] 

Inhibition zone for 
E.coli of polymer 

(mm) 

Inhibition zone for 
Sample Staphylococcus of 

polymer (mm) 

Compounds 

8 15 C1 
0 10 C2 
0 10 C3 
0 15 C4 
8 16 C5 
8 8 C6 

 
The synthesized compounds exhibit mild to moderate antibacterial activity, as evidenced by 

inhibition zones ranging from 8 to 16 mm. The strongest activity was observed against 
Staphylococcus aureus, particularly for compounds C1 (15 mm), C4 (15 mm), and C5 (16 mm). 
Although these values indicate appreciable antibacterial potential, they fall within the lower range 
reported for commonly used clinical antibiotics. For example, under standard disk-diffusion 
conditions, ampicillin typically produces inhibition zones of 18–30 mm against S. aureus, gentamicin 
15–22 mm, and ciprofloxacin 20–34 mm. 

In contrast, antibacterial activity against Escherichia coli was comparatively weaker. Only C1 
and C5 demonstrated measurable inhibition zones (8 mm), whereas reference antibiotics such as 
ciprofloxacin and chloramphenicol generally produce inhibition zones of 20–30 mm and 18–26 mm, 
respectively, under similar experimental conditions. 

These results suggest that while the synthesized Schiff base polymers exhibit notable activity 
against Gram-positive bacteria, their potency remains lower than that of established antibiotics, 
particularly against Gram-negative strains. The reduced effectiveness toward Gram-negative bacteria 
is consistent with the presence of an outer membrane that acts as a permeability barrier, limiting 
compound penetration and contributing to intrinsic resistance mechanisms [27–32]. 

 
 

 
 

 
 
 
 
 
 
 
 

 
 

Fig. 8.  Antibacterial activity Gram-negative bacteria and Gram-positive bacteria for [C1-C6] 
 

Antioxidant Activity. The antioxidant activity of the synthesized compounds was evaluated 
using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay. A DPPH solution was 
prepared by dissolving 0.002 g of DPPH in 100 mL of ethanol and stirring for 5 minutes using a 
magnetic stirrer. Ascorbic acid, used as the reference standard, was dissolved in a 1:1 mixture of 
ethanol and deionized water to obtain concentrations of 250, 125, 62.5, and 31.25 µg/mL, with 
continuous stirring for 5 minutes to ensure complete dissolution. 

For the assay, 1 mL of DPPH solution was mixed with 1 mL of each test sample (C1–C6) at 
the same concentrations (250, 125, 62.5, and 31.25 µg/mL). The reaction mixtures were incubated in 



 

the dark at room temperature for 30 minutes to prevent photo-degradation. After incubation, the 
optical density (OD) of each solution was measured spectrophotometrically. 

The antioxidant activity results (Table 9) indicate that most of the synthesized compounds 
exhibited moderate to strong radical scavenging activity compared with the reference standard 
(ascorbic acid). Among the tested compounds, C3 demonstrated the highest antioxidant activity, 
whereas C6 showed the lowest activity. Based on the comparative radical scavenging performance, 
the antioxidant activity follows the order: 

C3 > C4 > C2 > C1 > ascorbic acid > C5 > C6 
 

Table 10. Show the Activity of Antioxidant for C1-C6 
Activity (%) Conc. 

µg/ml) ( 
A.C. C6 C5 C4 C3 C2 C1  
65.84 4.28 5.56 51.21 71.78 69.16 60.86 31.25 

70.88 8.17 48.34 78.29 88.12 79.76 74.65 62.50 
77.46 45.85 72.86 88.70 89.34 86.85 86.46 100 
84.48 70.50 82.70 91.95 92.78 91.32 90.74 250 

 

 
Fig. 9. Graph showing DPPH scavenging activities of Schiff base (C1-C6). 

 
Conclusion 

 
A new series of Schiff-base polymers was obtained by reacting polyacrylic acid with a bridging 

spacer followed by condensation with aldehydes. Structural confirmation was achieved through 
infrared and nuclear magnetic resonance spectroscopy. Their physical behavior was evaluated 
through solubility tests in both polar and nonpolar solvents, showing partial solubility in most media 
and complete dissolution in DMF, DMSO, and chloroform. Viscosity studies were then performed in 
DMF at 37 °C using an Ostwald viscometer (0.49 mm capillary) across a concentration range of 10–
2%. 

Biological assays demonstrated that the synthesized Schiff-base materials display greater 
inhibition toward Gram-positive bacteria than Gram-negative strains. Antioxidant screening further 
revealed variation among the compounds, with C3 exhibiting the highest radical-scavenging activity. 
These combined results highlight the potential multifunctional behavior of the prepared polymers. 
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