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A terpolymer resin derived from resorcinol, formaldehyde and urea (RFU) was synthesized  

through a condensation reaction. The transition metal ions of Mn(II), Co(II), Ni(II), Cu(II) and 

Zn(II) acetates were incorporated into the resin, yielding polymer -metal complexes. Gel 

permeation chromatography (GPC) was employed to determine the molecular weight of the 

terpolymer resin, while FTIR, UV-Vis, XRD, 1H NMR, TGA, SEM and EDX analyses were 

conducted on the resin and its complexes. Thermal analysis revealed that the metal complexes 

were more stable compared to the terpolymer ligand, while EDX studies confirmed the binding 

of the metals to the ligand. The antibacterial activity of the synthesized materials was  

investigated against six strains of Gram-positive bacteria (S. aureus, S. mutans, S. pyrogenes, S. 

epidermidis, B. cereus, and C. xerosis) and four strains of Gram-negative bacteria (E. coli, K. 

pneuomonieae, P. aeruginosa, and P. vulgaris). It showed that all the materials were sensitive 

towards the tested organisms, with RFU-Co(II) having the most promising results. Antifungal 

activity tests against A. niger, C. albicans, P. notatum, and S. cerevisiae revealed that all the 

materials were insensitive towards these organisms. 
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Resorcinol is an isomer of benzenediol which plays a 

vital role in the synthesis of resins [1-2] and also in the 

synthesis of pharmaceutical materials [3-4] and other 

organic compounds [4-5]. Indeed, the compound plays 

an important role in ketose determination [6-7], and in 

the formation of thermoset resin when reacted with 

formaldehyde [8]. On the other hand, the amide 

compound urea (which possesses two NH2 groups 

bonded to the carbonyl group) is of paramount 

importance in coordination chemistry [9], and in the 

biology of nitrogen containing materials [10]. Perhaps 

the aforementioned properties have made resorcinol 

and urea suitable for certain types of chemical 

reactions [11-13] like polymer formation, base-

catalysed reactions, and construction of supramolecular 

compounds. Thus, in the presence of a binder like 

formaldehyde, a polymer can be formed with these or 

similar compounds [14-15]. The reaction of resorcinol 

and urea in the presence of formaldehyde leads to the 

availability of two hydroxyl groups and two NH 

groups, which makes it feasible for the chemistry of O 

and N donor ligands [16]. Research into the use of O 

and N donor ligands with transition metals has seen a 

surge in the last decade, especially in the medical and 

pharmaceutical fields [17-18]. 

In this work, we report the synthesis of a 

terpolymer (RFU) ligand derived from resorcinol, 

formaldehyde and urea through a condensation 

reaction, and the subsequent formation of coordination 

polymers with the transition metal ions Mn(II), Co(II), 

Ni(II), Cu(II), and Zn(II). The ligand and its metal 

polychelates were tested for their antibacterial and 

antifungal activities. 

 
EXPERIMENTAL 

 
Materials 

 
The reagents used were resorcinol (Thomas Baker 

Chemicals, 99.0%), formaldehyde (Merck, 37%), urea 

(Merck, 99.5%), manganese (II) acetate 4-hydrate 

(Merck, 99.5%), cobaltous acetate (Fisher, 99%), 

nickel acetate tetrahydrate (Fine-Chem, 96%), copper 

(II) acetate monohydrate (Merck, 98%), and zinc 

acetate (Fine-Chem, 98.5%). All chemicals and metal 

salts were used without further purification. 

 

Instrumentation 
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Ultraviolet visible spectroscopy (UV-Vis) spectra of 

the materials were recorded using a V3900 Hitachi 

spectrometer at room temperature in the range of 200-

700 nm, with DMSO solvent and a scan rate of 600 

nm/min. Fourier Transform infrared spectroscopy 

(FT-IR) spectra of the samples were recorded on 

a Bruker Tensor-37 spectrometer with the use of 

KBr pellets in the range of 4000-400 cm-1. The 

X-ray diffraction (XRD) spectra of the materials  

were recorded using a Rigaku Ultima IV X-ray 

diffractometer with diffraction intensities ranging 

from 10-80° 2-Theta, and a scan rate of 10 min -1. 

Proton nuclear magnetic resonance (1H NMR) spectra 

were recorded on a 400 MHZ Bruker Avance-II NMR 

using DMSO solvent and tetramethyl silane (TMS) 

as a reference. Scanning electron microscopy (SEM) 

was conducted using a Zeiss V5.05 instrument at 

the voltage rate of 20 kV. Energy dispersive  

spectra (EDS) of the materials were recorded using 

a Rigaku instrument (a facility attached to the  

SEM). Thermogravimetric analysis (TGA) of the 

materials was conducted with a Mettler Toledo 

TGA/DSC, under a nitrogen atmosphere with a 

heating rate of 10k/min-1. 

 

Microbial Studies 

 

Antibacterial assessment of the RFU terpolymer ligand 

and its metal polychelates were conducted according 

to a previously reported procedure [19]. The anti-

bacterial activity of the compounds, namely RFU, 

RFU-Mn(II), RFU-Co(II), RFU-Ni(II), RFU-Cu(II) 

and RFU-Zn(II), were determined with the use 

of Ciprofloxacin (for Gram-positive strains), and 

Gentamicin (for Gram-negative strains) via the agar 

well diffusion method against Gram-positive 

(Staphylococcus aureus, Streptococcus mutans , 

Streptococcus pyrogenes, Staphylococcus epidermidis, 

Bacillus cereus and Corynebacterium xerosis), and 

Gram-negative ( Escherichia coli, Klebsiella pneumonia, 

Pseudomonas aeruginosa and Proteus vulgaris) species. 

Nutrient agar No. 2 was applied in solid media for the 

preparation of nutrient plates, and nutrient broth was 

used for the preparation of plates in liquid media. The 

cultures were adjusted to 0.5 Farland standard and 

then agar media of 20 ml was poured into each Petri 

dish and kept for 15 min for adsorption to take place. 

The wells were placed into the seeded agar plates 

which were loaded with 100 µl of the test sample 

reconstituted in dimethyl sulphoxide (DMSO).  

Incubation of plates was carried out at 37 °C for 24 

hours, and the antibacterial activity of the synthesized 

materials was tested by measuring the zone of growth 

inhibition against the test organism using an antibiotic 

zone scale. A medium containing DMSO as solvent 

was used as the negative control, whereas media 

containing Ciprofloxacin (5 µg/disc) and Gentamicin 

(10 µg/disc) were used as positive controls. The 

procedure was performed in triplicate. 

Antifungal studies of the synthesized compounds 

were performed with the well diffusion method using 

casitone agar, and the organisms selected were 

Aspergillus niger, Candida albicans, Penicillium 

notatum and Saccharomyces cerevisiae. The inoculum 

used was prepared using fungal strains freshly sub-

cultured on sterile sabouraud dextrose agar and 

incubated at 30 °C for 3-7 days. The resultant cells and 

spores were washed into sterile normal saline solution 

(0.85 %). The turbidity of the suspension was adjusted 

to match the 0.5 Farland standard, and 20 ml of Bacto-

casitone was melted, cooled at 55 °C and then 

inoculated with 1 ml of the organism suspension. The 

inoculated agar was poured into the sterile plate (9 cm 

in diameter), and allowed to cool down on a level 

surface. Once the medium had solidified, four wells, 

each 4 mm in diameter, were cut out of the agar using 

a cock borer, and 20 µl of the synthesized compounds 

were placed into each well. The plate was incubated 

at 30 °C for 24 hours and the zone of inhibition was 

measured using a ruler. 

 
Synthesis of the Terpolymer Ligand 

 

The terpolymer (RFU) ligand was prepared according 

to a previously reported method [20] through the 

condensation reaction of resorcinol, formaldehyde and 

urea. Resorcinol solution (10 g) was placed in a 250 

ml round bottom flask and dissolved in 15 ml DMF. A 

solution of urea (6 g) was placed in a 100 ml beaker 

and dissolved in 10 ml DMF. Both solutions were 

mixed in the 250 ml flask and formaldehyde (7.5 ml) 

was added dropwise to the mixture. A few drops of 

2M HCl was also added to the mixture which was then 

placed in an oil bath and refluxed for 5 hours at 80°C 

with constant stirring. A reddish product (resin) was 

obtained after the reflux, which was then washed with 

hot water to remove the unreacted monomers. 

Purification of the resin was carried out by dissolution 

in 8 % NaOH and reprecipitation through the dropwise 

addition of 1:1 (vol/vol) HCl/water with constant 

stirring. The product was filtered off and washed with 

hot water to remove chloride ions. The purified RFU 

terpolymer was ground and kept in a vacuum over 

silica gel. The percentage yield of the RFU resin was 

found to be 69-74 %. 

 

IR (film): 3515 cm-1, 3437 cm-1, 3417 cm-1 (ʋ 

N-H stretching), 3226 cm-1 (ʋ O-H stretching), 2995 

cm -1 (ʋ C-H stretching), 1407 cm -1, 1139 cm -1 

(methylene bridge), 1321 cm-1 (in-plane bending δ 

OH), 1640 cm-1 (N-H bending), 1202 cm-1, 971 cm-1 

(sub. aromatic rings), 1502 cm-1 (ʋ C=O stretching). 

UV-Vis. 285 nm br., 540 nm w. 1H NMR (400 MHZ 

DMSO-d6) δ [ppm]: 2.72, 2.88 (2CH3, s), 4.03, 4.26 

(2CH2, s), 5.41, 5.7 (4OH, m), 6.13, 6.91 (4CH, s), 

7.93, 7.94 (2NH, m). (Scheme 1).  
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Scheme 1. Synthesis of the RFU terpolymer ligand. 
 

 

Preparation of Polymer-Metal Complex 

 

Formation of the copper (II) polymer-metal complex 

was carried out by the reaction of the terpolymer 

ligand (1.0 g) with copper (II) acetate (0.8 g) in a 1:1 

molar ratio. These materials were dissolved in 15 ml 

and 10 ml ethanol respectively, and refluxed for 2 

hours at 80 °C. A dark-green product was obtained, 

which was filtered off and oven dried at 40 °C 

(Scheme 2). Similar procedures were carried out for 

the formation of the other polychelates, RFU-Mn(II), 

RFU-Co(II), RFU-Ni(II), and RFU-Zn(II). 

 

IR (film): RFU-Cu(II) 3632 cm-1, 3445 cm-1 (ʋ 

N-H stretching), 3304 cm-1  (ʋ O-H stretching), 2937 

cm-1 (ʋ C-H stretching), 1445 cm -1, 1159 cm-1  

(methylene bridge), 1344 cm-1 (in-plane bending δ 

OH), 1654  cm-1 (N-H bending), 1290 cm-1, 958 cm-1 

(sub. aromatic rings), 1568 cm-1 (ʋ C=O stretching),   

607 cm-1 (ʋ O-M), 527 cm-1 (ʋ N-M). UV-Vis. 273 nm 

br. 1H NMR (400 MHZ DMSO-d6) δ [ppm]: 2.76 

(2CH3, s), 3.37 (2CH2, s), 7.95 (4CH, m). 

 

RESULTS AND DISCUSSION 

 

FT-IR Analysis 

 

The FT-IR spectra of the RFU resin and its metal 

complexes are shown in Figure 1. The peaks at 3515 

cm-1, 3437 cm-1, and 3417 cm-1 were due to ʋ (N-H) 

stretching [21], while the peak at 3226 cm -1 was 

assigned to the ʋ (O-H) stretching of phenolic 

hydroxyl group [22-23]. A weak band which appeared 

at 2995 cm-1 was due to the ʋ (C-H) stretching of 

methylene group [24]. Peaks observed at 1407 cm-1, 

and 1139 cm-1 were attributed to the methylene bridge 

linked to the aromatic ring [25]. The peak at 1321 cm-1 

was assigned to an in-plane bending δ (OH) of the 

phenolic group [26], and another at 1640 cm-1 was 

attributed to the N-H bending of an amide group [27]. 

Tetra-substituted aromatic rings were assigned to the 

peaks at 1202 cm-1 and 971 cm-1, while the peak at 

1502 cm-1 was due to ʋ (C=O) stretching [28]. The 

spectra of polymer-metal complexes are characterized 

by the broadening and shifting of peaks, which are a 

feature of the chelation that occurs between the ligand 

and the metal ion [29]. In the RFU-Mn(II) complex, 

the C-NH peak appeared as a broad band recorded at 

3692 cm-1, while in the RFU-Co(II) complex, peaks 

were observed at 3556 cm-1, 3487 cm-1, and 3413 cm-1, 

indicating a slight shift in peak positions compared to 

the RFU ligand. Similar behaviour was also observed 

in the C-OH peaks of the metal complexes of Co(II), 

Ni(II), and Cu(II). Absorption peaks at 682 cm-1 and 

670 cm-1 in RFU-Cu(II) and RFU-Ni(II) were attributed 

to  the rocking modes of  water  of  coordination 

[30]. The presence of bands at 601-650 cm-1 and 433-
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527 cm-1 supports the theory that chelation of the 

metal ion occurred through O and N [31-32]. The 

spectral bands observed for the RFU terpolymer 

ligand and its metal complexes are listed in Table 1. 

 

 

 
 

Scheme 2. Synthesis of RFU terpolymer-metal complexes. 

 

 

 
 

Figure 1. FTIR analysis. 
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Table 1. FTIR spectral data of RFU terpolymer and its metal complexes 

Assignment                                       Wavenumber (cm-1) 

     RFU RFU-Mn(II) RFU-Co(II) RFU-Ni(II) RFU-Cu(II) RFU-Zn(II) 

ʋ (N-H) stret 3515, 3437, 

3417 

   3692 3556, 3487, 

3413 

    - 3632, 3445     - 

ʋ (O-H) stret    3226       -  3237  3296   3304   3351 

ʋ (C-H) stret    2995    2927  2992  2922   2937   2922 

-CH2-  1407, 1139 1407, 1159 1409, 1132 1438, 1159 1445, 1159 1456, 1153 

δ (O-H) bend   1321    1321   1321  1383   1344    1375 

δ (N-H) bend   1640    1625   1633  1656   1654   1657 

Subt. Ar. Ring 1202, 971 1260, 971   1253 1290, 964 1290, 958 1290, 964 

C=O   1502    1508   1506  1508   1568   1595 

ʋ (O-M)      -    645    527   607    607   601 

ʋ (N-M)      -    514    433   514    527   514 

 
 

 

Electronic Spectra 

 

Electronic spectra of the RFU ligand and its metal 

complexes (Figure 2) were recorded in DMSO. The 

RFU ligand showed a broad band at 285 nm (35087 

cm-1) and a small band at 540 nm (18518 cm -1), 

attributed to the π→π* [33] and n→π* [34] transitions, 

respectively. Upon chelation, all the complexes  

underwent a blue shift, exhibiting absorption bands 

from 259 nm (38610 cm-1) to 284 nm (35211 cm-1). 

The manganese complex peak at 259 nm (38610 cm-1) 

was due to a π→π* transition [35], while the peak at 

282 nm (35460 cm-1) demonstrated by the cobalt 

complex was also due to a π→π* transition [36]. 

In the nickel and copper complexes, peaks recorded 

at 284 nm (35211 cm-1) and 273 nm (36630 cm-1) 

respectively were attributed to π→π* transitions [37] 

[38]. The zinc complex was diamagnetic, as reported 

previously [39]. 

 

XRD 

 

XRD patterns of the synthesized RFU terpolymer and 

its metal complexes are shown in Figure 3. The resin 

demonstrated a broad band at 2-theta = 22°, and the 

absence of other diffraction peaks was attributed to the 

amorphous nature of the material. Different peaks 

were observed with the incorporation of various metal 

ions, with RFU-Mn(II), RFU-Co(II), and RFU-Ni(II) 

displaying semi-crystalline attributes. For RFU-

Cu(II), well-defined crystalline behaviour (based on 

the sharp peaks) was observed, while RFU-Zn(II) 

maintained its amorphous property with 2-theta 

recorded at 21°. 

 

 

 
 

Figure 2. Electronic spectra. 
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Figure 3. XRD diffraction patterns. 

 

 
 

 
 

Figure 4. 1H NMR spectra. 

 

 
1H NMR 
 

The proton NMR spectra of the terpolymer ligand 

(RFU) and its copper (II) complex are shown in 

Figure 4a. The peaks at 2.72 ppm and 2.88 ppm were 

due to methyl groups [40]. Methylene peaks were 

observed at 4.03-4.26 ppm [41], while the OH peaks 

were present at 5.41-5.75 ppm [42]. The CH aromatic 

peaks were at 6.13-6.91 ppm [43], while the other 

observed peaks at 7.93-7.94 ppm were attributed to 

NH amide [44]. In RFU-Cu (Figure 4b), the peaks 

appeared broad and disoriented when compared to the 

RFU ligand (Figure 4a). In addition, there was a 

complete disappearance of the hydroxyl peaks at 5.41-

5.7 ppm, and a partial disappearance of the NH peaks. 

These characteristics are attributed to the chelation 

that took place between the OH/NH groups and the 

copper ion, as established previously [45]. 

SEM 

 

SEM analysis results for the RFU resin and its metal 

polychelates are shown in Figure 5, and it was 

observed that the materials possessed different  

morphologies. The RFU resin (Figure 5a) had a 

smooth surface with little space in between, and the 

arrangement pattern was irregular. A spongy-like 

appearance was seen in the Mn(II) complex (Figure 

5b), while Co(II) complex (Figure 5c) had an ice 

cube-like structure arranged in a regular pattern. The 

Ni(II) complex (Figure 5d) possessed a cotton-like 

appearance, and the Cu(II) complex (Figure 5e) 

looked like a bird filler with some needle-like 

structures. In the case of the Zn(II) complex (Figure 

5f), both smooth and rough surfaces were observed, as 

well as needle-like features. 
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Figure 5. SEM images. 

 

 

 
 

Figure 6. EDX spectra. 

 

 

EDX 

 

EDX spectra of the synthesized materials (Figure 6) 

showed the presence of elemental carbon and oxygen, 

as well the atomic percentage of metal complexes 

which confirmed their binding with the ligand. The 

atomic percentages of the polychelates recorded 

were: Mn (6.57), Co (5.83), Ni (1.99), Cu (5.47), 

and Zn (6.27). 

TGA 

 

The results of the TGA analysis of the terpolymer 

(RFU) and its metal complexes are depicted in Figure 

7. Based on the thermogram, the resin had undergone 

a two-step degradation process. The first degradation 

was observed at 191 °C (corresponding to 15% weight 

loss) attributed to the loss of solvent or water or gas 

desorption [46]. The second degradation was seen at 
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362 °C, which resulted in thermoxidative decomposition 

of the material [47]. The resin was characterized by 

drastic weight loss, thus at 600 °C it had only 18 % of 

its weight left. The Mn, Co, and Zn metal complexes) 

also underwent a two-step degradation process. The 

manganese complex degraded at 195 °C, and 341 °C, 

while the cobalt complex degraded at 197 °C and 336 

°C. The first phase of degradation in the zinc complex 

was observed at 200 °C, and the second phase at 396 

°C, which indicates the stability of the zinc complex 

compared to the other complexes. On the other hand, 

the Ni and Cu complexes were characterized by three-

step degradation patterns. The nickel (II) complex 

recorded degradation at 216 °C, 291 °C, and 340 °C. 

Similarly, the copper (II) complex degraded at 183 °C, 

264 °C, and 350 °C. These degradation phases can be 

assigned to solvent loss, first decomposition products, 

and thermal onset. It is worth mentioning that the 

formation of oxides (MnO, CoO, NiO, CuO, ZnO) are 

among the attributes of these materials after their final 

decomposition [48]. It can be deduced from the  

thermogram that the nickel and copper complexes 

possessed more thermal stability based on their  

degradation steps. On the other hand, considering the 

weight left at the end of the process (600 °C), the 

zinc and cobalt complexes are more promising. The 

characteristic weight loss data for the terpolymer and 

its metal complexes are listed in Table 2. 

 

 

 

 
 

Figure 7. TGA results. 

 

 

 

Table 2. Characteristic weight loss of RFU terpolymer and its metal complexes 

Compounds Weight (%) left at the indicated temperature 

(oC) 

Characteristic weight 

(%) left at 600 oC 

                            100          200           300           400             500 

RFU    90    85    68    31    24             18 

RFU-Mn(II)    93    87    62    49    39             35 

RFU-Co(II)    95    87    75    61    57             51 

RFU-Ni(II)    92    85    47    33    25             22 

RFU-Cu(II)    95    84    58    42    34             30 

RFU-Zn(II)    94    89    76    66    60             53 
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Figure 8. GPC analysis of RFU. 
 
 

 

 
 

Figure 9. Agar diffusion test. 
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GPC 

 

Gel permeation chromatography (GPC), often referred 

to as size-exclusion chromatography (SEC), has been 

applied in the determination of molecular weight 

distribution or molecular mass characterization of 

polymeric materials [49-50]. 

 

Results of the GPC analysis of the terpolymer 

RFU ligand are shown in Figure 8. The analysis gave 

the number average molecular weight (Mn) as 8900, 

weight average molecular weight (Mw) as 17700, and 

poly dispersity index (PDI) as 1.985. 

 

Antibacterial Activity 

 

The antibacterial activity (Figure 9) of RFU and 

its metal complexes was determined through 

agar diffusion tests, and the results are given 

in Table 3 and Figure 10 . The RFU-Co(II) 

complex showed strong antibacterial activity 

against S. mutans (27 mm), B. cerus (24 mm), E. 

coli (18 mm), and K. pneumoniae (19 mm). Thus, 

in all the aforementioned bacteria, the cobalt 

complex was more effective than the standard 

drugs (ciprofloxacin and gentamicin). The other 

complexes of  Mn, Co,  Ni, Cu,  and Zn also  

demonstrated antibacterial activity. The inhibition 

behaviour of the complexes was due to the  

presence of O and N donor groups which affect the 

production of enzymes that require a free hydroxyl 

group [51-52].  The RFU resin  also showed  

sensitivity to bacteria (except K. pneumoniae), 

which can be attributed to the polymer that acts as 

a matrix of material by holding antimicrobial 

agents [53, 54]. 
 

 

 
Figure 10. Graphical representation of antibacterial activity. 

 

 

 
 

Figure 11. Antifungal activity test. 
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Table 3. Antibacterial activity of test samples showing the zones of inhibition (in mm). 

 
 RFU RFU-Mn(II) RFU-Co(II) RFU-Ni(II) RFU-

Cu(II) 

RFU-

Zn(II) 

Positive 

Control2 

Staphylococcus 

aureus 

9.33±0.33 

(0.57) 

S 

6.66±0.33 

(0.57) 

R 

6.66±0.33 

(0.57) 

R 

7.66±0.66 

(1.15) 

S 

17.66±0.57 

(1.0)  

S 

13.33±0.57 

(1.0)  

S 

24.33±0.33 

(0.57) 

S 

Streptococcus 

Mutans 

9.66±0.33 

(0.57) 

S 

15.66±0.33 

(0.57) 

S 

27.33±0.57 

(1.0)  

S 

7.66±0.66(1.1

5) 

S 

13.33±0.57 

(1.0)  

S 

16.66±0.33 

(0.57) 

S 

17.66±0.88 

(1.5) 

S 

Staphylococcus 

pyrogenes 

10.33±0.57 

(1.0) 

 S 

18.33±0.33 

(0.57) 

S 

6.66±0.33 

(0.57) 

R 

6.33±0.33 

(0.57) 

R 

6.66±0.33 

(0.5) 

R 

9.33±0.63 

(1.15) 

S 

39.33±0.66 

(1.15) 

S 

Staphylococcus 

epidermidis 

9.66±0.33 

(0.57) 

S 

17.66±0.33 

(0.57)  

S 

15.66±0.33 

(0.57) 

S 

11.66±0.33 

(0.57) 

S 

6.66±0.33 

(0.57) 

R 

13.66±0.66 

(1.15) 

S 

25.66±0.33 

(0.57) 

S 

Bacillus cereus 17.66±0.66 

(1.15) 

S 

12.0±0.57 

(1.0) 

S 

24.66±0.33 

(0.57) 

S 

20.06±0.57 

(1.0)  

S 

6.66±0.33 

(0.5) 

R 

13.66±0.66 

(1.15) 

S 

21.33±0.66 

(1.15) 

S 

Corynebacteriu

m  xerosis 

9.66±0.33 

(0.57) 

S 

6.66±0.33 

(0.57) 

R 

14.33±0.57 

(1.0)  

S 

13.66±0.57 

(1.0)  

S 

9.33±0.63 

(1.15) 

S 

12.33±0.33 

(0.57) 

S 

17.33±0.33 

(0.57) 

S 

Escherichia coli 9.66±0.33 

(0.57) 

S 

6.66±0.33 

(0.57) 

R 

18.66±0.66 

(1.15) 

S 

6.66±0.33 

(0.57) 

R 

22.33±0.33 

(0.57) 

S 

24.33±0.57 

(1.0)  

S 

17.66±0.33 

(0.57) 

S 

Klebseilla 

pneuomoniae 

6.66±0.33 

(0.57) 

R 

15.66±0.33 

(0.57) 

S 

19.66±0.57 

(1.0)  

S 

6.66±0.33 

(0.57) 

R 

8.33±0.33 

(0.57) 

S 

6.66±0.33 

(0.57) 

R 

18.66±0.33 

(0.57) 

S 

Pseudomonas 

aeruginosa 

12.66±0.66 

(1.15) 

S 

20.66±0.33 

(0.57) 

S 

22.33±0.33 

(0.57) 

S 

8.66±0.33 

(0.57) 

S 

12.33±0.57 

(1.0) 

 S 

15.66±0.33 

(0.57) 

S 

29.33±0.33 

(0.57) 

S 

Proteus vulgaris 8.66±0.33 

(0.57) 

S 

14.33±0.57 

(1.0) 

 S 

15.33±0.33 

(0.57) 

S 

8.66±0.33 

(0.57) 

S 

24.33±0.57 

(1.0)  

S 

10.66±0.33 

(0.57) 

S 

39.33±0.33 

(0.57) 

S 
 

1 - Dimethyl Sulphoxide 
2 - Standard Drug (Ciprofloxacin for Gram-positive and Gentamicin for Gram-negative strains) 

Results expressed as Mean ± Standard error of Mean (Standard Deviation) 

S   -Sensitive  R- Resistant  

 

 

Antifungal Activity 

 

The antifungal activity (Figure 11) of the RFU and 

its metal complexes was determined through the 

well diffusion method, using casitone agar. All the 

synthesized materials showed no activity towards A. 

niger, C. albicans, P. notatum, and S. cerevisiae. This 

behaviour could be attributed to less cell permeability, 

fitness of the particle size of the metal ion, and the 

existence of large organic moieties [55, 56]. 

 
CONCLUSION 

 

The RFU terpolymer and its metal complexes were 

synthesized and characterized by various techniques. 

The formation of terpolymer-metal complexes resulted 

in enhanced properties such as thermal stability 

and antibacterial activity. The RFU-Co(II) complex 

should be further investigated as a potential  

antibacterial agent. 
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