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Abstract: The present study explores the synthesis and characterization of all the compounds via  

Carbon-Hydrogen-Nitrogen (C.H.N.) analysis with infrared, ultraviolet spectroscopy. Antibacterial and Antifungal studies 

of these compounds against different antibacterial and antifungal microorganisms gave important findings. Six new Schiff 

base polymers Poly 4,4-methylene bis(cinnamaldehyde) 1,2-diiminopropane (PMbCPn), Poly 4,4-methylene 

bis(cinnamaldehyde) 1,3-diiminopropane (PMbCPR), Poly 4,4-methylene bis(cinnamaldehyde) ethylenediimine (PMbCen), 

Poly 4,4-methylene bis(cinnamaldehyde) 1,2-phenylenediimine (PMbPCPh), Poly 4,4-methylene bis(cinnamaldehyde) Urea 

(PMbCU), Poly 4,4-methylene bis(cinnamaldehyde) Semicarbazide (PMbCSc), and Poly 4,4-methylene bis(cinnamaldehyde) 

Thiosemicarbazide (PMbCTSc), were prepared by polycondensing these polymers with methylene bis cinnamaldehyde by a 

general method. The monomer and Schiff base polymers presented considerable antimicrobial results. 
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I. INTRODUCTION 
Distinctive and apparent attention of scientists worldwide have been focused on antibacterial and 

antifungal studies of polymers. Polyethylene glycol methyl ether methacrylate and 4-vinyl pyridine copolymers 

displayed substantial antibacterial properties [14]. Antibacterial polymers have potential to be used in 

pharmaceuticals and coats of embedding devices [2]. Iron III, Cromium III, Mangnese III, and Tie III Chelate 

polymers by means of a polymeric Schiff base ligand, derived from 1,3-propylenediamine and  

4,4 bis(salicylaldehyde)azo, were synthesized and characterized spectroscopically and thermally. Antimicrobial 

studies of the prepared compounds indicated promising inhibitory effects against microorganisms [6]. Different 

Schiff base polymers were prepared and considered via FTIR, UV/Vis and HNMR [3], [7]. Renowned Scientists 

worldwide testified the polymeric Schiff bases as catenation ligands, wherever the widespread studies of these 

coordinating polymers is considered [1], [4], [5], [8], [10], [11], [12], [13]. 

 

II. EXPERIMENTAL WORK 
NH2CONH2, 1,3-diaminopropane, 1,2-diaminopropane, diaminoethane, 1,2-phenylenediamine, acetic 

acid, 1,3,5-trioxane, n-hexane, semicarbazide, thiosemicarbazide. All the microorganisms S.Aureus, M.Flavus, 

B.Cirroflgellosus, S.Flexneri, E.Coli, C.Albicans, A.Niger and A.Flavus, were provided by Doctor M. Kumar, 

Eye Hospital Pathology lab, Hyderabad, and Institute of Microbiology. Experimental work was accomplished at 

Doctor Mumtaz Ali Kazi Institute of Chemistry, University of Sindh, Jamshoro using well diffusion method. 

 

III. SYNTHESIS OF MONOMER 
Cinnamaldehyde (19.39mL) was added into CH3COOH (12.49mL) within the temperature range 

89.9°C to 94.9°C in an inert atmosphere. Trioxane (1.75gm) was dissolved into 0.125mL of H2SO4 and 

0.625mL CH3COOH mixture and was poured into the cinnamaldehyde, acetic acid mixture, drop by drop with 

constant stirring. The reaction mixture was stirred constantly for twenty four hours. The resulting mixture was 

left for precipitation for further 12 hours after addition of one liter of cold distilled water. The recovered product 

was washed with ethyl alcohol and di-ethyl ether and was kept in oven for drying at the temperature of 100°C. 

The melting point recorded was greater than 300°C.  
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IV. SYNTHESIS OF SCHIFF BASE POLYMERS 
Bis cinnamaldehyde (3gm) was dissoluted in  (45mL) DMSO and into this, the addition of different 

diamines like 1,2-diaminopropane (0.5mL), 1,3-diaminppropane (0.5mL), diaminoethane (0.7mL), NH2CONH2 

(0.59gm), 1,2-phenylenediamine (0.4mL), semicarbazide (0.34gm) and thio semicarbazide (0.45gm) was carried 

out with constant stirring the contents, and  then was refluxed for 24 hours. The volume of the contents was then 

reduced via distillation and then (40mL) ethyl alcohol was added. Fine product formed was washed, filtered and 

recrystallized from CHCL3/normal hexane. All the polymeric Schiff bases were melted above 350°C. 

 

V. CHARACTERIZATION 
The C.H.N. analysis was conducted at Carlo Elba Devon, United Kingdom. The FTIR studies were 

conducted on 330 FTIR (Thermo Nicolet Electro Corporation, America) in the range 4000-600cm-1. An 

ultraviolet visible spectroscopic study was conducted in DMSO on a double beam spectrophotometer  

(Hitachi-220, Japan). Silica cuvettes one centimeter were used. The antibacterial and antifungal studies were 

carried out by using tetracycline and miconazole as antibacterial and antifungal as standard drugs. The strains 

were applied with the help of platinum wire loop. The concentration of samples under investigation suggested 

was 1mg/mL in dimethylformamide. Inoculation of cultures of the samples were carried out before pouring into 

petri plates. The 24 mm in diameter wells were dug in the media with the help of cork borer. The sample 

solutions of monomer and Schiff base polymers were individually poured into the wells by using a micro 

pipette, the other wells were poured with Dimethylforamide and reference Tetracycline and Miconazole, 

offering as +ve and –ve controls. The petri plates were kept in oven at the temperature of 37°C for 24 hours. The 

zones of inhibition were measured with a measuring scale (ruler) in mm [9], [15], [16]. 

 

VI. RESULTS AND DISCUSSION 
Methylene bis Cinnamaldehyde was synthesized by a general method. The precipitates were obtained 

in good yield. The C.H.N. analysis of the synthesized compounds provided results that were in good agreement 

with the calculated values as shown in Table-1.  
 

 

Table-1: C.H.N. Availability Analysis of Monomer and Polymers 
 

Compound 
Melting  

Point (°C) 

Carbon (C) Hydrogen (H) Nitrogen (N) 

Calculated Found Calculated Found Calculated Found 

MbC > 300 83.0 % 82 % 5.8 % 6.0 % - - 

PMbCPn > 350 83.9 % 84 % 6.9 % 7.0 % 9.0 % 6.0 % 

PMbCPR > 350 84.0 % 84 % 6.9 % 7.0 % 9.0 % 7.0 % 

PMbCen > 350 83.9 % 84 % 7.0 % 6.4 % 9.3 % 9.0 % 

PMbCU > 350 79.8 % 80 % 5.4 % 5.2 % 9.3 % 9.0 % 

PMbCSc > 350 79.9 % 80 % 5.4 % 5.0 % 9.39 % 9.0 % 

PMbCTSc > 350 73.0 % 74 % 5.2 % 5.0 % 13.0 % 12.0 % 
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The monomer when poly condensed with different diamines presented six Schiff base polymers. The structural 

schematic diagrams of monomer and polymers are shown in Figure-1(a) and Figure-1(b) respectively.  

 

Figure-1: The Structural Schematic Diagram of: (a) Monomer (MbC), (b) Schiff base Polymers 
 

 

 

Table-2: Solubility of Monomer and Polymers in Organic Solvents 
 

Compound H2O Etoh CHCL3 THF DMSO Acetone Butanol 

MbC – – + + + + + 

PMbCPn – ± ± + – – – 

PMbCPR – – – – – ± – 

PMbCen – – – + + – – 

PMbCU ± + – – + – – 

PMbCSc – – ± – + – – 

PMbCTSc – – + + + – ± 

(+) SOLUBLE, (±) PARTIALLY SOLUBLE, (–) INSOLUBLE 

 

Among the synthesized compounds the parent compound showed better solubility as compared to its polymers. 

The results are summarized in Table-2. The FTIR studies displayed visible differences between the parent 

monomer and polymers. The parent compound indicated absorption bands around 1700 and 1683 cm-1. Similar 

bands were not visible in Schiff base polymers as these bands disappear or became slightly visible after poly 

condensation. A 20 to 24 cm-1 shift towards lower frequencies in Schiff base polymers was observed as 

compared to the parent compound as shown graphically in Figure-2(a) for MbC, Figure-2(b) for PMbCen, and 

Figure-2(c) for PMbCPR respectively for Transmittance in percentage. 
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Figure-2(a): Transmittance percentage for Monomer MbC 

 

 

 
 

Figure-2(b): Transmittance percentage for Polymer PMbCen 

 

 

 
 

Figure-2(c): Transmittance percentage for Polymer PMbCPR 

 

The Azomethine 𝐶 
𝑣 = 𝑂 within 1625 to 1665 cm-1 was visible in Schiff base polymers, as this band appears 

after polymerization. The HNMR studies established the structure of the prepared compounds. A very clear and 

sharp peak of CHO group was seen in monomer at δ8.79 which was shown as a weak-band in polymers. The 

Ultraviolet studies were conducted in DMSO and Tetrahydrofuran (THF). The parent compound presented 

bands at 262nm and 338nm indicating π to π* conversions in benzoid rings and π to π* alternate 𝐶 = 𝑂 groups. 

The Schiff base polymers presented more than two bands as shown in Figure-3 where absorbance is also shown.  
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Figure-3: Absorbance 

 

A significant bathochromic shift of 15-20nm was observed in Schiff base polymers as compared to monomer 

which is explored in Table-3(a) and Table-3(b).  
 

 

Table-3(a): UV/Vis Spectra Data of Monomer (Solvent is DMSO/THF) 
 

Compound MbC 

λ max (nm) 262 338 

ɛ (L/mol.cm) 23490 10224 

 

Table-3(b): UV/Vis Spectra Data of Six Polymers (Solvent is DMSO/THF) 
 

Compound PMbCen PMbCPR PMbCU PMbCSc PMbCTSc PMbCPn 

λ max (nm) 269 385 409 245 289 347 269 314 377 267 382 407 269 383 417 262 382 412 

1% ɛ (L/gm.cm) 382 219 194 394 313 264 324 304 204 362.4 162.7 101.3 377.7 173.0 116.6 357.4 152.6 111.5 
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The antibacterial and antifungal studies presented promising results. All the compounds were examined against 

various microorganisms like S.Flexneri, M.Flavus, S.Aureus, B. Cirroflgellosus, and E.Coli for antibacterial and 

for antifungal activity A.Niger, A.flavus, and C.Albicans were studied. The monomer unveiled the antimicrobial 

activity against these microorganisms but the polymers presented enhancement in the activity, may be due to 

polymerization or increase in molecular weight of polymers as compared to the parent compound. The 

comparative analysis of antimicrobial activity of MbC and Schiff base polymers (Antibacterial & Antifungal) is shown 

in Table-4.  
 

Table-4: Antimicrobial Activity of MbC and Schiff base Polymers (Antibacterial & Antifungal) 
 

Compound 

Zone of Inhibition(mm) 50µg/mL-1 

A N T I B A C T E R I A L  A N T I F U N G A L  

M.FLAVUS S.AUREUS 
B.CIRROFL-
GELLOSUS 

S.FLEXNERI E.COLI C.ALBICAN A.FLAVUS A.NIGER 

MbC – – + + – + + – + + 

PMbCPn + + + + + + + + + + + + + + + + + + + 

PMbCPR + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

PMbCen – – + + + + + + – + + + + + 

PMbCU + + + + + + + + – + + + + + – 

PMbCSc + + + + + + + + + + – + + + – – 

PMbCTSc – + + + + + + + + – + + + + + 

Tetracyclinea + + + + + + – – + – 

Miconazoleb – + + + + – – + + + + + + 

a STANDARD DRUG POSITIVE CONTROL      – = INACTIVE   (5 mm)                      
b STANDARD DRUG NEGATIVE CONTROL +           = WEAKLY ACTIVE         (8 – 10 mm) 

+ +        = MODERATELY ACTIVE  (11 – 15 mm) 

+ + +     = HIGHLY ACTIVE          (16 – 20 mm) 

+ + + +    = MOST ACTIVE             (21 – 24 mm) 

 

The antibacterial studies revealed that the parent compound MbC exhibited (5,5,15,5,15mm), and the Schiff 

base polymers PMbCPn, PMbCPR, PMbCen, PMbCU, PMbCSc, PMbCTSc, exhibited (20,24,15,10,20mm), 

(24,24,20,15,24mm), (5,5,15,20,10mm), (24,10,15,10,5mm), (10,20,15,24,5mm), (5,24,20,10,5mm) zones of 

inhibition against M.Flavus, S.Aureus, B.Cirroflgellosus, S.Flexneri, E.Coli. The monomer presented 

antibacterial activity however the polymers showed improved or enhanced activity against the investigated 

bacteria and among these polymers PMbCPR exhibited the highest antibacterial activity. The antifungal studies 

of the compounds under investigation revealed that the monomer showed some activity against C.Albicans, 

A.Flavus and A.Niger however the Schiff base polymers exhibited more activity. The monomer MbC exhibited 

(5,10,10mm) whereas the polymers PMbCPn, PMbCPR, PMbCen, PMbCU, PMbCSc, PMbCTSc presented 

(15,20,10mm), (24,24,20mm), (5,15,20mm), (15,20,5mm), (20,5,5mm) and (10,15,15mm) compared to the 

stated fungi. The prepared polymers displayed antifungal activity but the parent compound displayed less 

activity than the polymers may be due to polymerization or lengthening of polymeric chain. The highest 

antifungal activity was recorded for PMbCPR. 

 

VII. CONCLUSION 
The monomer and six Schiff base polymers were synthesized, characterized and examined via 

antibacterial and antifungal studies. All the synthesized Schiff base polymers exhibited less dissolution in Etoh, 

Meoh, CH3COCH3, C2H5COC2H5 whereas the parent compound expressed better solubility in organic solvents. 

The antimicrobial studies uncovered that the monomer was less active as compared to the polymers regarding 

antibacterial and antifungal studies. 
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