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Abstract
Herein, new polymeric microspheres containing azomethine (PS–OPA, PS–OPA–Pt, PS–OPA–Ni, PS–OPA–Mn and PS–
OPA–Cu) were synthesized and investigated by elemental analysis, FT-IR, SEM–EDX, TGA–DTA, UV–Vis, GPC and 
magnetic susceptibility. Antibacterial and antifungal activities of the synthesized polymeric microspheres were evaluated 
against pathogenic bacteria (Staphylococcus epidermidis ATCC12228, Bacillus cereus RSKK863, Staphylococcus aureus 
ATCC25923, Enterobacter aerogenes, Pseudomonas aeroginosa sp., Klebsiella pneumonia ATCC27853, Salmonella type 
H NCTC9018394, Proteus vulgaris RSKK96026, Escherichia coli ATCC1280) and yeast (Candida albicans Y-1200-NIH) 
by the well-diffusion method for potential biomedical applications. It was determined that polymeric microspheres exhibited 
higher inhibition effect against B. cereus, E. aerogenes, P. aeruginosa, P. vulgaris and showed higher antifungal activity 
than standard nystatin.

Graphical Abstract

Keywords  Polymeric microspheres · Antimicrobial activity · Tris(2-aminoethyl)amine polymer-bound

 *	 Elvan  Hasanoğlu Özkan 
	 ehasanoglu@gazi.edu.tr

Extended author information available on the last page of the article

http://orcid.org/0000-0001-7338-4015
http://crossmark.crossref.org/dialog/?doi=10.1007/s10904-022-02411-z&domain=pdf


3972	 Journal of Inorganic and Organometallic Polymers and Materials (2022) 32:3971–3982

1 3

1  Introduction

Schiff bases formed by the reaction between carbonyl 
compounds and primary amines are also known as imine 
(R1R2C=NR3) or azomethine (R1CH=NR2) or compounds. 
Schiff bases form coordination compounds by donating 
electron pairs to metal ions as ligands [1]. Schiff bases and 
metal complexes attract attention because of some impor-
tant properties such as corrosion inhibitory effects, cata-
lytic activities, electronic properties, photoluminescence 
properties, detoxification activities, antimicrobial prop-
erties, herbicidal effects, thermal stability [2–8]. Schiff 
base complexes are also efficient photocatalytic catalysts. 
Sonochemical catalysis method, which is an environmen-
tally friendly method, is the preferred method in the syn-
thesis of various ceramic, inorganic, polymer-containing 
nano and micro-structured materials [9–14]. Furthermore, 
Schiff bases and their complexes are widely used in medi-
cine, pharmacy, agriculture, cosmetic industry, plastics 
industry, dye industry, food industry [15–19].

Polymeric-Schiff bases containing an azomethine or 
imine group are also called polyazomethines or poly-
imines [20]. The usage areas of polymeric-Schiff bases 
and metal complexes are very common due to various 
properties such as electrical conductivity, optical property, 
antimutagenic effect, magnetic property, catalytic activity, 
thermal stability [21–24]. Poly-Schiff bases and their com-
plexes are used in different industrial applications such as 
in wastewater treatment, gas chromatography, hydrometal-
lurgy, solar energy systems, pesticides determination by 
enzyme immobilization [25–29]. Furthermore, polymeric-
Schiff bases and metal complexes exhibit a broad spec-
trum of biological activities such as antiviral, antifungal, 
anti-inflammatory, antioxidant, anticancer, antimalarial, 
antiallergic, antipyretic, antimutagenic, antibacterial prop-
erties due to the fact that they contain azomethine bonds 

[30, 31]. Therefore, the synthesis of new polymeric-Schiff 
bases including imine bond with biological and pharma-
ceutical importance is gaining importance.

In this study, new polymeric microspheres containing 
azomethine were synthesized by condensation reaction as 
novel potent antimicrobial agents. The synthesized poly-
meric microspheres were screened against selected patho-
genic microorganisms by the well-diffusion method for 
investigate their antibacterial and antifungal activities.

2 � Materials and Methods

2.1 � Chemicals and Equipment

All chemicals were supplied from Sigma-Aldrich or Merck 
and were of analytical purity. Infrared spectra were meas-
ured on a Thermo Scientific Nicolet IS5 Fourier Transform 
Infrared Spectrophotometer (FT-IR) at 4000–400 cm−1 using 
ATR. Elemental analyses were performed on a Thermo Sci-
entific Flash 2000 model CHNS-O elemental analyzer. Gel 
permeation chromatography (GPC) measurements were per-
formed by a Waters 1500 Series GPC system. Scanning elec-
tron microscopy and energy dispersive X-ray (SEM–EDX) 
images were taken using a Quanta FEG 250 device. Thermal 
gravimetric analysis (TGA) was recorded by a Shimadzu 
DTG 60H-DSC 60 model thermal analyzer. Ultraviolet–Vis-
ible (UV–Vis) absorption spectra were obtained using a 
UV-1800 ENG240V, SOFT model spectrophotometer. 
Magnetic measurements were performed with a Sherwood 
Scientific MKI model Evans magnetic susceptibility device.

2.2 � Synthesis of PS–OPA

The polymeric microsphere containing azomethine was 
prepared as shown in Fig. 1. PS–OPA polymer was syn-
thesized by the condensation reaction of polymer bound 

Fig. 1   Schematic representation of synthesis polymeric microsphere
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tris(2-aminoethyl)amine (0.5 mmol) and o-phthalaldehyde 
(0.5 mmol). A solution of the tris(2-aminoethyl)amine pol-
ymer-bound [3.5–5 mmol/g N loaded, 200–400 mesh] in 
15 mL of N,N-dimethylformamide (DMF) was prepared. 
A solution of o-phthalaldehyde in DMF (15 mL) was then 
added to polymer solution. The mixture was stirred and 
heated for 3 h under reflux at 70 °C. The solution was cooled 
to the room temperature, purified with acetone and filtered. 
It was then dried in an oven for 24 h.

2.3 � Synthesis of Polymeric Microspheres (PS–OPA–
Pt, PS–OPA–Ni, PS–OPA–Mn and PS–OPA–Cu)

All the polymeric microspheres were prepared by the 
same general procedure as shown in Fig. 2. PS–OPA–Pt, 
PS–OPA–Ni, PS–OPA–Mn and PS–OPA–Cu polymeric 
microspheres were synthesized by the reaction of polymer 
bound tris(2-aminoethyl)amine (0.5 mmol), o-phthalalde-
hyde (0.5 mmol) and metal salts (0.5 mmol) with template 
method. Polymeric microspheres were synthesized from pol-
ymer bound tris(2-aminoethyl)amine (0.5 mmol), o-phtha-
laldehyde (0.5 mmol) and metal salts by template method. 
A solution of the tris(2-aminoethyl)amine polymer-bound 
[3.5–5 mmol/g N loaded, 200–400 mesh] in 15 mL of N,N-
dimethylformamide was prepared. A solution of o-phthala-
ldehyde in DMF (15 mL) was added to polymer solution. 
The mixture was stirred and heated for 3 h under reflux at 
70 °C. A solution of the metal salt (platinum(II)chloride 
or nickel(II)acetate tetrahydrate or manganese(II)acetate 
or copper(II)acetate) in DMF (10 mL) was then added to 
the mixture and stirred for a further 4 h under reflux. The 
solution was cooled to the room temperature, purified with 
acetone and filtered. It was then dried in an oven for 24 h.

2.4 � Antimicrobial and Antifungal Assay

To examine the antimicrobial activities of the polymeric 
microspheres, the well-diffusion metod was used [32]. For 
this purpose, Staphylococcus epidermidis ATCC12228, 
Bacillus cereus RSKK863, Staphylococcus aureus 
ATCC25923, Enterobacter aerogenes, Pseudomonas 
eroginosa sp., Klebsiella pneumonia ATCC27853, 
Salmonella type H NCTC9018394, Proteus vulgaris 
RSKK96026, Escherichia coli ATCC1280 and Candida 
albicans Y-1200-NIH were selected as pathogenic bacte-
rial cultures.

In this method, dimethylformamide was used as solvent 
control. It was determined that DMF had no antimicrobial 
activity against any of the tested organisms. All the poly-
meric microspheres were stored dry at room temperature 
and solved (3.5 µg/mL) in DMF. Pathogenic microorgan-
isms were incubated in Nutrient Broth agar (106 CFU/mL) 
for 24 h at 37 °C. After the incubation, these cultures were 
homogenized by adding to Mueller-Hinton Agar (MHA) 
cooled to 45 °C. The agars were then poured into ster-
ile petri dishes and were cooled. Then, holes of 6 mm 
diameter were pierced in these agars and the synthesized 
polymeric microspheres were added into these bores. The 
plates were then incubated in an oven at 37 °C for 24 h. 
After the incubation, the zone of inhibition was measured 
for each compound and the average of the activity values 
performed with two repetitions was taken.

In addition, pathogenic bacteria cultures and yeast 
were compared with standard antibiotics and antican-
didal: ampicillin (AMP10), kanamycin (K30), sulphameth-
oxazole (SXT25), amoxicillin (AMC30) and nystatin 
(NYS100).

Fig. 2   Schematic representation of the synthesis of M2+-attachment polymeric microspheres
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3 � Results and Discussion

3.1 � Characterization of Polymeric Microspheres 
(PS–OPA, PS–OPA–Pt, PS–OPA–Ni, PS–OPA–Mn 
and PS–OPA–Cu)

The analytical data and some physical properties of poly-
meric microspheres containing azomethine are presented 
in Table 1.

The values of weight average molecular weight (Mw), 
number average molecular weight (Mn) and polydispersity 
index (PDI) giving the molecular weight distribution (Mw/
Mn) were determined by the gel permeation chromatogra-
phy [33]. The values of weight average molecular weight 
were also obtained by the elemental analysis.

Some characteristic infrared spectral data for polymeric 
microspheres containing azomethine are presented in 
Table 2 and are shown in Fig. 3. For all polymeric micro-
spheres, the peaks observed in the ranges 1588–1657 cm−1 
were predicted to be azomethine groups (CH=N) result-
ing from the addition of aldehydes to polymers contain-
ing amine groups. The ν(CH) aromatic, ν(CH) aliphatic, 
and ν(C=C) ring absorption bands were appeared in the 
3010–3192 cm−1, 2880–2948 cm−1 and 1542–1579 cm−1 
regions, respectively. For PS–OPA–Pt, PS–OPA–Ni, 

PS–OPA–Mn and PS–OPA–Cu polymers, ν(M‐N) weak 
stretching vibrations were not determined. ν(M–O) weak 
stretching vibrations were appeared in the range 560–582 
cm−1, respectively. These bands are foreseen as an indica-
tion of the coordination of the metal ion with the imine 
group [34–37]. Also, ν(H2O) vibrations were determined 
in the region 3300–3385 cm−1.

The electromagnetic spectra data for polymeric micro-
spheres containing azomethine are presented in Table 3 
and are shown in Fig. 4. For all polymeric microspheres, 
the n → π* transitions belonging to the imine group and 
the π → π* transitions belonging to the aromatic ring were 
observed in the ranges 333–330  nm and 257–259  nm, 
respectively. For PS–OPA–Pt polymer, the peaks at 435 nm 
and 519 nm belonging to the d-d transition of the square 
plane Pt(II) complex were detected [34, 38]. Additionally, 
according to the magnetic susceptibility measurement, it 
was determined that PS–OPA–Pt polymer showed diamag-
netic property. This result is confirmed that the the poly-
mer is in square plane geometry. For PS–OPA–Ni polymer, 
the absorpsion bands attributed to ligand-to-metal charge-
transfer transition (LMCT) of the square plane Ni(II) com-
plex were appeared in 320 and 376 nm. The band assigned 
to d-d transition of the square plane Ni(II) complex were 
also appeared in 493 nm [39]. Additionally, according to 
the magnetic susceptibility measurement, it was determined 

Table 1   The analytical data and some physical properties of polymeric microspheres

*Mw weight average molecular weight (values are according to elemental analysis)
Mw = Mn According to GPC

Compound Chemical Formula, (*Mw), Colour (Mw, Mn) PDI Elemental analysis (calc.) %

C H N O Metal

PS–OPA [(C10H14N2)(C22H26N4)2],
(854), Red brown

(896, 882)
1.02

76.60
(75.84)

7.75
(7.78)

15.65
(16.38)

–
–

–
–

PS–OPA–Pt [(C14H24N4)(C22H30N4O2Cl4)Pt2)2],
(2076), Brown

(2119, 2018)
1.05

34.02
(33.54)

4.21
(4.08)

8.14
(8,09)

3.85
(3.08)

36.53
(37.56)

PS–OPA–Ni [(C14H24N4)(C30H38N4O10)Ni2)2],
(1710), Olive-green

(1767, 1651)
1.07

50.99
(51.90)

6.03
(5.89)

10.11
(9.82)

19.00
(18.69)

13.92
(13.71)

PS–OPA–Mn [(C14H24N4)(C30H38N4O10)Mn2)2],
(1696), Mustard color

(1624, 1562)
1.04

50.96
(52.36)

6.03
(5.94)

10.07
(9.90)

18.09
(18.85)

14.86
(12.95)

PS–OPA–Cu [(C14H24N4)(C30H38N4O10)Cu2)2],
(1730), Cyan

(1711, 1614)
1.06

51.93
(51.32)

6.11
(5.82)

9.95
(9.71)

17.50
(18.48)

15.50
(14.68)

Table 2   Important IR vibration 
frequencies (cm−1) of polymeric 
microspheres

n not determined

Compound ν(H2O) ν(CH=N) ν(C=C)aro ν(CH)aro ν(CH)alp ν(M–O) / ν(M–N)

PS–OPA – 1657, 1613 1567 3010 2880 –
PS–OPA–Pt 3385 1647, 1602 1576 3192 2930 568 / n
PS–OPA–Ni 3352 1590 1547 3068 2948 575 / n
PS–OPA–Mn 3450 1651 1579 3120 2936 582 / n
PS–OPA–Cu 3440 1588 1542 3099 2900 560 / n



3975Journal of Inorganic and Organometallic Polymers and Materials (2022) 32:3971–3982	

1 3

that PS–OPA–Ni polymer showed diamagnetic property. 
This result is confirmed that the the polymer is in square 
plane geometry [40]. For PS–OPA–Mn polymer, d-d tran-
sition was not observed in the UV–Vis spectrum. The 
absence of d-d transition between 600–800 nm is an indi-
cation of tetrahedral geometry [41, 42]. Additionally, the 

value of magnetic susceptibility of PS–OPA–Mn polymer 
was found 5.89 BM. It is confirmed that the the polymer 
is in tetrahedral geometry with five unpaired electrons [2]. 
For PS–OPA–Cu polymer, the peak at 548 nm belonging to 
the d-d transition of the square plane Cu(II) complex were 
determined [37]. Additionally, the value of magnetic sus-
ceptibility of PS–OPA–Cu polymer was found 1.75 BM. It 
is confirmed that the polymer is in square plane geometry 
with one unpaired electrons [43].

SEM–EDX analysis results for polymeric microspheres 
containing azomethine are shown in Fig. 5. The SEM images 
which provide information about the morphological fea-
tures, showed that the spherical structures of the polymeric 
microspheres are preserved after modification. Also, the 
EDX analysis data confirmed the basic composition of the 
polymers.

The thermal analysis results for polymeric micro-
spheres containing azomethine are presented in Table 3 
and are shown in Fig. 6. According to the thermal deg-
radation curves, it was observed that PS–OPA polymeric 
microsphere decomposed in one‐step weight. The values 
of initial (Ti) and finally (Tf) decomposition temperature 
were determined as 292 °C and 555 °C, respectively. It 
was observed that PS–OPA–Pt polymeric microsphere 
decomposed in two‐step weight. In the first step, the val-
ues of Ti and Tf decomposition temperature were deter-
mined as 69 °C and 473 °C, respectively. In the second 
step, the values Ti and Tf were determined as 488 °C and 
569 °C, respectively. It was determined that PS–OPA–Ni, 
PS–OPA–Mn and PS–OPA–Cu polymeric microspheres 
exhibited three‐step weight. In the first step, the values 
Ti and Tf were observed in the ranges 44–108 °C and 
304–389 °C, respectively. In the second step, the val-
ues Ti and Tf were observed in the ranges 339–419 °C 
and 419–570 °C, respectively. In the third step, the val-
ues Ti and Tf were observed in the ranges 420–671 °C 
and 531–763 °C, respectively. The high decomposition 

Fig. 3   FT-IR of polymeric microspheres

Table 3   Thermal analysis data 
and UV–Vis spectrum values 
(nm, ε × 104)

Compound Step Ti ( °C) Tf ( °C) Residue mass
at 800 °C (wt%)

Charge transfer transition
/ d-d transition

PS–OPA 1st 292 555 9.85 –
–

PS–OPA–Pt 1st
2nd

69
488

473
569

1.77 –
435 (1328)/ 519 (1250)

PS–OPA–Ni 1st
2nd
3rd

76
385
508

346
486
593

4.52 320 (1289)/376 (984)
493 (427)

PS–OPA–Mn 1st
2nd
3rd

108
339
420

304
419
531

5.25 –
–

PS–OPA–Cu 1st
2nd
3rd

44
419
671

389
570
763

10.34 –
548 (859)
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temperatures indicated that all polymeric microspheres 
have thermal stability. It was observed that newly synthe-
sized polymeric microspheres were as stable as or more 
stable than the polymers obtained in our previous stud-
ies [44–46]. The percentage of residual solid in polymers 

matrix at final temperature was determined to be in the 
ranges 1.77–10.34%.

For the antimicrobial and antifungal activity of polymeric 
microspheres containing azomethine, photographs of inhibi-
tion regions and graphical illustration of pathogenic bacteria 

Fig. 4   UV–Vis spectra of polymeric microspheres
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are shown in Figs. 7, 8 and 9. The polymeric microspheres 
were screened in vitro for biological activity against some 
selected disease-causing pathogenic strains. Selected Gram-
positive bacteria were S. epidermidis, B. cereus, S. aureus, 
Gram-negative bacteria were E. aerogenes, P. eroginosa 

sp., K. pneumonia, S. type H, P. vulgaris, E. coli and yeast 
was C. albicans. It was determined that the polymers and 
antibiotics showed varying degrees of inhibitory activity 
on the growth of the tested different pathogenic strains. All 
polymeric microspheres exhibited the highest antibacterial 
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Fig. 5   SEM–EDX analysis of polymeric microspheres



3978	 Journal of Inorganic and Organometallic Polymers and Materials (2022) 32:3971–3982

1 3

activity against B.cereus among Gram-positive bacteria. 
PS–OPA was the most effective among them. B. cereus 
is a Gram-positive bacterium that causes some foodborne 
epidemic diseases such as diarrhea, vomiting and nausea 
[47]. PS–OPA, PS–OPA–Pt, PS–OPA–Ni and PS–OPA–Mn 

polymeric microspheres exhibited the highest antibacterial 
activity against E. aerogenes among Gram-negative bacteria. 
PS–OPA was the most effective among them. E. aerogenes 
is an opportunistic gram-negative bacterium that causes uri-
nary and respiratory tract infections in immunocompromised 
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Fig. 6   TGA-DTA curves of polymeric microspheres
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individuals and patients on mechanical ventilation [48]. 
PS–OPA also showed high inhibitory effect against P. aerog-
inosa. In particular, it was more effective than all standard 
antibiotics tested against P. aeroginosa. This Gram-negative 
bacterium is an opportunistic pathogen that causes burn 
injuries, urinary tract infections, wounds, corneal ulcers 
[49]. PS–OPA–Cu exhibited the highest antibacterial activ-
ity against P. aeruginosa and P. vulgaris among Gram-
negative bacteria. P. vulgaris is a Gram negative bacterium 
that causes kidney stone formation, urinary tract infections, 

lung infections, anaerobic infections (tetanus) [50]. Par-
ticulary, PS–OPA–Cu was more effective than all standard 
antibiotics tested against S. typhi H. It is a Gram negative 
bacterium that causes enteric fever (typhoid) [51]. Addition-
ally, PS–OPA–Pt polymer showed a higher inhibitory effect 
than all standard antibiotics and tested against P. aerogi-
nosa. Additionally, pathogenic bacteria strains and yeast 
were compared with standard antibiotics and anticandidal 
(ampicillin, kanamycin, sulphamethoxazole, amoxicillin 
and nystatin). PS–OPA–Pt, PS–OPA–Mn and PS–OPA–Cu 

S.epidermis S. aureus B. cereus 
(a)

senegorea.Easonigorea.P
(b)

1[PS-OPA], 2[PS-OPA-Pt], 3[PS-OPA-Ni], 4[PS-OPA-Mn], 5[PS-OPA-Cu]

Fig. 7   Photographs of inhibition zones (mm) of pathogenic Gram(+) (a) and Gram(−) bacteria and yeast (b)

Fig. 8   Graphical illustration of 
Gram(+) pathogens bacteria (S.
epidermis, S. aureus, B.cereus), 
yeast (C.albicans) and standard 
reagents
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polymers showed higher antifungal activity against than 
standard nystatin anticandidal, while PS–OPA–Ni polymer 
similar antifungal activity to standard nystatin anticandidal. 
It is an antifungal drug used for the prevention of Candida 
infections [52]. C. albicans is an opportunistic yeast that is 
seen in the genitourinary and gastrointestinal systems [53].

According to the biological activity results, it was deter-
mined that polymeric microspheres inhibited the growth of 
test bacteria different degrees and showed good antibacterial 
and antifungal activity against these pathogenic microorgan-
isms. It was observed that the polymeric microcular had a 
higher inhibition effect against B. cereus among Gram(+) 
bacteria and against E. aerogenes, P. aeruginosa and P. vul-
garis among Gram(−) bacteria. It was observed that all poly-
meric microspheres had a higher inhibition effect, especially 
against Gram(−) bacteria. According to the findings, it can 
be predicted that all polymeric microspheres can be recom-
mended as biologically active compounds. The synthesized 
polymeric microspheres have high molecular weight and 
contain diimine groups that act as good chelating agents. 
Therefore, the synthesized polymeric microspheres have 
more effective antibacterial properties than the antibacte-
rial monomer [46, 54–56].

4 � Conclusions

Herein, new polymeric microspheres containing azomethine 
were synthesized by condensation reaction as potential anti-
microbial agents and characterized by spectroscopic meth-
ods. It was determined that all polymeric microspheres were 

thermally stable compounds with high decomposition tem-
peratures. Antibacterial and anticandidal activities of poly-
meric microspheres were investigated in vitro against some 
pathogens causing disease. It was determined that polymeric 
microspheres showed a high inhibition effect against selected 
pathogenic strains when compared with standard antibiotics. 
It was determined that polymeric microspheres had a higher 
inhibition effect, especially against B. cereus, E. aerogenes, 
P. aeruginosa and P. vulgaris. As a result, it is possible to say 
that polymeric microspheres can be recommended as com-
pounds with antimicrobial drug potential. In the future, studies 
of antimutagenic activity evaluation, enzyme immobilization, 
and qualitative enzymatic determination of insecticides can 
be carried out on the obtained polymeric microspheres. The 
conductivity of the polymeric microspheres can also be inves-
tigated due to containing π-linked aromatic rings.
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