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Abstract The production of new biocidal polyester Schiff
base metal complexes [PESB-M(II)] via polycondensation
reaction between chelated Schiff base diol and adipoyl
chloride is reported. The resulting polyesters were charac-
terized by physico-chemical and spectroscopic methods.
The analytical data of all the synthesized polyesters were
found to be in good agreement with 1:1 molar ratio of
chelated Schiff base diol to adipoyl chloride. Thermo-
gravimetric analyses of synthesized polyesters were studied
by TG in nitrogen atmosphere up to 1073 K and results
indicate that Cu(Il) polyester complex exhibited better heat
resistant properties than the other polyesters complexes.
Magnetic moment and UV-visible spectra were examined
to explain the structure of all the polyesters which reveled
that Mn(II), Co(II), Ni(II) have octahedral geometry while
Cu(I) possess a distorted octahedral geometry. These
newly developed polyesters were also tested for their anti-
bacterial activity against several bacteria and fungi. Among
all the tested compounds PESB—Cu(II) possess the highest
bactericidal and fungicidal activity.

Keywords Biological applications of polymers - FT-IR -
Metal-polymer complexes - Schiff base - Polyester -
Thermogravimetric analyses

Introduction

In the recent years, the synthesis of new polymers with
unusual thermal, optical, and mechanical properties has
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gradually gained regards. The branch of the polymer—metal
complexes has been developed as an interdisciplinary area
involving chemistry, electrochemistry, metallurgy, envi-
ronmental protection, and material science [1, 2]. A much
attraction of many researchers towards the polyesters has
been noticed from the early days. The first polyester resin
[3] was produced by Berzelius in 1847, and Gay-Lussac
and Pelouze in 1888. At the starting, polyesters were pro-
duced by the polycondensation of dialcohol and diacid
having potential applications, e.g., surface coating, com-
posite, in the manufacture of fibers (terylene, decron) and
film (e.g., Melinex, mylar) [4]. Consequently, it was of
interest to investigate new polyesters with various linking
groups in their backbone like incorporation of metal or
azomethine linkage. Polyesters containing metal ions are of
special interest, due to the special photophysical, photo-
chemical, and magnetic properties of the utilized transition
metal ions. The diverse range of coordination and geom-
etries of the transition elements offers the possibility of
accessing polymers with unusual conformational, mechan-
ical, and morphological characters [5, 6]. Azomethine
linkage is of special interest due to its interesting properties
such as syn—anti isomerism [7], good thermal stabilities
[8], non-linear optical activities [9], liquid crystalline
property [10], and semiconductivity [11]. A few polyesters
having amino acid moieties in the main chain were found
to be thermally more stable than the polyester itself
[12, 13]. Further, it was found that the nature of metal ions
influences the thermal degradation and biological degra-
dation of the polyester—metal complexes. Lately several
researcher groups have been actively engaged in the
development and study of metal containing polyesters
[14, 15].

In the present context we want to give the method of
synthesis of Schiff base and their corresponding metal
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complexes, which further react with adipoyl chloride to
produce the desired polyesters [PESB-M(I)] by the
polycondensation process. The above synthesized polyes-
ters have been studied by using various spectral techniques
such as electronic, FTIR, 'H NMR, and magnetic suscep-
tibility measurement to confirm the type of geometry
around the central metal ion. Thermal stability of these
polyesters was investigated by using TG technique. The
obtained polyesters were also screened for antibacterial
activity against Bacillus subtilis, Bacillus megaterium,
Streptococcus aureus, Escherichia coli, Salmonella typhi,
Pseudomonas aeruginosa, Shigella boydii and for anti-
fungal activity against Candida albicans, Trichophyton
longifusus, Aspergillus flavus, Aspergillus niger, Fusarium
solani, Microsporum canis, Puccinia graminis by using
agar well diffusion method.

Experimental
Materials

2-Hydroxy benzaldehyde (S.D. Fine Chem. India. Ltd.),
1,2-benzenediamine (S.D. Fine Chem. India. Ltd.), adipoyl
chloride (Merck India), potassium hydroxide (Merck
India), 35% hydrochloric acid (Merck India), conc. sulfuric
acid (Merck India), 37% formaldehyde (Merck India),
sodium hydroxide (Merck India), manganese(Il) acetate
tetrahydrate, Mn(CH3COOQO),-4H,0; copper(Il) acetate
monohydrate, Cu(CH3COO),-H,O; nickel(Il) acetate tet-
rahydrate, Ni(CH3COO),-4H,0; cobalt(Il) acetate tetra-
hydrate, Co(CH3COO),-4H,0; zinc(Il) acetate dihydrate,
Zn(CH;COO0),-2H,0 (S.D. Fine Chem India Ltd.) were of
analytical grade and used as received without further
purification. Solvents DMF, DMSO, methanol, and acetone
(Merck, India) and ethanol (Changshu Yangyuan Chemi-
cals, China) were purified by distillation procedure prior
to use.

Measurements

The metal content of the polyesters was determined by
complexometric titration against EDTA after decomposing
with concentrated nitric acid (HNO3) [16]. The FT-IR
spectra were recorded over the (4,000-500 cm_l) range on
a Perkin Elmer infrared spectrophotometer model 621 by
using KBr pellets. Elemental analysis of polyester com-
plexes was performed on an Elemental analyzer system
GmbH Vario ELIII (IIT Roorkee). The electronic spectra
of synthesized polyesters were carried out on a Perkin
Elmer Lambda EZ-201 spectrophotometer by using 10>
molar solution of the sample in DMSO as a solvent
in quartz cuvette. Magnetic moment values of these
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polyesters were evaluated by Gouy balance by using
Hg[Co(SCN),] as a calibrant at room temperature. Pro-
ton and carbon-13 nuclear magnetic resonance spectra
("H NMR and ">C NMR) were recorded on a JEOL-GSX
300-MHz FX-1000 FT-NMR spectrometer using DMSO as
a solvent and tetramethylsilane (TMS) as an internal
standard. Thermal behavior and glass transition tempera-
ture of the polyesters were monitored by using a TGA
analyzer Perkin Elmer (Pyris 1 TG-DTA) under nitrogen
atmosphere at a heating rate of 283 K min~' (IIT Roor-
kee). The solubility of the polymers was tested in various
solvents at room temperature. Antimicrobial study of the
synthesized polyesters was investigated in the department
of microbiology, Aligarh Muslim University, Aligarh,
India.

Synthesis
Synthesis of 2,5-dihydroxymethyl benzaldehyde

2,5-Dihydroxymethyl benzaldehyde was prepared by the
hydrolysis of 2-hydroxy 5-chloromethyl benzaldehyde,
which was synthesized and purified according to a proce-
dure described [17]. It was prepared by heating a mixture
containing salicylaldehyde, formaldehyde, and 35%
hydrochloric acid in aqueous solution at 70 °C with con-
centrated H,SO, as a catalyst. The reaction time of 20 h
was optimum to furnish a pale yellow solid. It was further
hydrolyzed on heating in the presence of aqueous KOH
(Scheme 1).

Synthesis of Schiff base diol [bis(2,5-
dihydroxymethylbenzylidene)l,2-benzenediamine |

Schiff base diol has been prepared according to the liter-
ature [18]. 2,5-Dihydroxymethyl benzaldehyde (3.04 g,
0.02 mol dissolved in 50 mL ethanol) was mixed with
1,2-phenylenediamine (1.08 g, 0.01 mol in 50 mL of
methanol) to prepare Schiff base diol [bis{2,5-hydroxy-
methyl benzylidene}1,2-phenylenediamine]. The reaction
mixture was refluxed at 85 °C for 3 h with continuous
stirring. Mixture was poured into ice-cooled water to pre-
cipitate the Schiff base after removing the excess solvent of
the mixture. Obtained colored precipitate was filtered,
washed with water, petroleum ether, and then dried in
vacuum at 70 °C for 2 h. The product was isolated as
yellow powder in 73% yield.

Elemental analyses, calcd (found %) for Cy,H,oN,04: C,
7020 (69.09); H, 5.35 (5.39); N, 7.44 (7.45). '"H NMR
(300 MHz, DMSO, 6) 14.70 (s, 2H, OH), 7.85-6.62(m, 10H,
Ar—-H), 4.60 (s, 2H, OH), 8.07 (s, 2H, CH=N), 5.30 (m, 4H,
Ar-CH,>-). 3C NMR (DMSO-d, J, ppm): 160.3 (>C=N),
67.54 (Ar-CH,-0O), 150 (Ar—OH), 137.4-148.1 (Ar).
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Scheme 1 Synthesis of 2,5-
dihydroxymethyl benzaldehyde
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Scheme 2 Synthesis
of Schiff base diol

FT-IR (KBr pellets v cm ') 3380-3200, 3083,
2972-2840, 28002700, 1635, 1582, 1265 (Scheme 2).

Synthesis of Schiff base metal complexes

A series of polymer metal complexes of Mn(II), Co(Il),
Ni(Il), Cu(Il), and Zn(II) were prepared from the by the
reaction of Schiff base diol (3.76 g, 0.01 mol in 25 mL
methanol) with transition metal acetates (0.01 mol, dis-
solved in 25 mL methanol).

Procedure for the preparation of Schiff base metal
complex is as follows:

The mixture of Schiff base diol and copper acetate was
refluxed with continuous stirring for 6 h during which
brown colored precipitate obtained. The resulting solid
residue was filtered, washed with water, ethanol, and dried
at 60 °C in vacuum desiccator for 2 h. The same method
was applied for the synthesis of other metal chelated diols
of [Mn(Il), Co(I), Ni(Il) and Zn(I)] by using the same
conditions with their respective molar ratio. Crystallization
from aqueous ethanol gave the expected metal complex.

Scheme 3 Synthesis of Schiff
base complexes
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The data of all the Schiff base metal complexes are as
follows (Scheme 3).

Mn(II) complex

Elemental analyses, calcd (found %) for [Co,H gN,Oy—
Mn(II)-2H,O]: C 56.72 (55.87), H 4.76 (4.38), N 6.01
(6.31), Mn 11.80 (10.21). FT-IR (KBr pellets Vimax) cm™ )
3365-3210, 3065, 2940-2880, 1600, 1550, 1260, 465, 375.

Co(II) complex
Elemental analyses, calcd (found %) for [Co,H;gN,Oy—
Co(II)-2H,0]: C 56.29 (55.34), H 4.72 (4.56), N 5.96
(5.01), Co 12.50 (13.32). FT-IR (KBr pellets vmax) cm™ )
3365-3210, 3060, 2940-2880, 1620, 1565, 1258, 470, 372.
Ni(Il) complex

Elemental analyses, calcd (found %) for [CooH gN>O4—
Ni(I)-2H,0]: C 56.32 (56.79), H 4.72 (4.67), N 5.97

_(CHCOOM @o\ﬁﬂz oj}mzog
_ "3 .
-( v
\(CH;COO)ZZn g BTy
OH,
Chelated diol
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(4.84), Ni 12.51 (11.06). FT-IR (KBr pellets vmax) cm_l)
3365-3210, 3080, 2940-2880, 1615, 1560, 1265, 468, 374.

Cu(II) complex

Elemental analyses, calcd (found %) for (CooH;gN,O4)—
Cu(II)-2H,0: C 55.75 (55.79), H 4.67 (4.60), N 5.91 (6.01),
Cu 1340 (13.32). FT-IR (KBr pellets vipay cm ")
3365-3210, 3062, 2970-2840, 1615, 1580, 1258, 848, 465,
370.

Zn(1I) complex

Elemental analyses, calcd (found %) for [C,H gN,O4—
Zn(ID]: C 60.09 (60.40), H 4.12 (3.75), N 6.37 (6.79), Zn
14.87 (14.11). "H NMR (300 MHz, DMSO, ) 4.45-4.60 (s,
2H, OH), 7.52-6.34 (m, 10H, Ar-H), 8.92 (s, 2H, HC=N),
5.32 (4H, Ar—CH,-), 1.60-2.15(-CH,). '*C NMR (DMSO-
de, 0, ppm): 162.5 (>C=N), 67.54 (Ar-CH,-0), 154 (Ar-
C-0), 137.4-148.1 (Ar). FT-IR (KBr pellets vmax) cmfl)
3365-3210, 3062, 2940-2880, 1600, 1560, 1264, 470, 374.

Synthesis of polyester complexes

Polyesters were synthesized from the dialcoholic chelates
and diacid chloride according to the literature [19] by using
the modified method. All the polyesters complexes were
obtained by the condensation reaction between a chelated
Schiff base diol and adipoyl chloride. In a three necked-
round bottom flask, 0.02 mol of the metal containing diol
was dissolved in 100 mL of DMF and adipoyl chloride
(3.6 g, 0.02 mol, in a minimum amount of freshly distilled
carbon tetrachloride) was added drop wise to this solution
and then a few drops of aqueous sodium hydroxide. The

Scheme 4 Synthesis of
polyester metal complexes

CH2)4

5

resulting mixture was heated with continuous stirring at
40 °C for 36 h. The progress of the reaction was monitored
by thin layer chromatography (TLC). This reaction mixture
was precipitated with excess amount of methanol, filtered,
and washed several times with water. Finally the product
was dried in vacuum oven at 60 °C for 5 h (Scheme 4).

Antimicrobial assessment

The antimicrobial activities of the synthesized polyesters
were tested against different microorganisms in DMSO as a
solvent. The sample concentration was 50 pug mL™" for
antibacterial and antifungal study was used. Bacterial
strains were nourished in nutrient broth (Difco) and yeasts
in malt extract broth (Difco) and incubated for 24 and 48 h,
respectively. According to agar diffusion method bacteria
were incubated on Mueller-Hinton Agar and yeast on
Sabouraud dextrose agar. The wells were dug in the media
with the help of a sterile steel borer and 0.1 mL of each
sample was introduced in corresponding well. Other wells
were supplemented with solvent (DMSO) for positive
control and standard drug viz Kanamycin (antibacterial)
and Miconazol (antifungal) for negative control [20, 21].
The resulting zones of inhibition on the plates were mea-
sured in millimeter.

Results and discussion

Polyesters complexes were produced according to the
aforementioned procedure in experimental section. The
Schiff base diol was prepared by the condensation of
2,5-dihydroxy methyl benzaldehyde with 1,2-benzenedi-
amine in 2:1 molar ratio. Nitrogen containing compound

g Q g

Chelated dial + >—<CH2>4
cl

Adipoyl chloride

—_—

Q3O )
_N p— n -

Metal chelated polyester

where M = Mn(1), Co(1l), Ni(ll) and Cu(ll)
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Table 1 Analytical data for polyester complexes
Abbreviations Empirical formula Yield/% Found (Calc.)/%

Carbon Hydrogen Nitrogen Metal
PESB-Mn(II) CysH,4N,06-Mn(11)-2H,0 75 58.4 (58.3) 4.9 (4.9) 4.8 (4.8) 9.5 (9.5)
PESB-Co(II) Cy8H,4N,06—Co(1)-2H,0 75 58.0 (58.0) 4.8 (4.9) 4.8 (4.8) 10.1 (10.1)
PESB-Ni(II) CysH,4N,06-Ni(1I)-2H,0 74 58.0 (58.1) 4.8 (4.8) 4.8 (4.8) 10.1 (10.1)
PESB-Cu(Il) Cy8H,4N>06—Cu(1l)-2H,0 73 57.5 (57.6) 4.8 (4.8) 4.8 (4.8) 10.8 (10.8)
PESB-Zn(II) Cu8H,4N>06—Zn(11) 75 61.1 (61.4) 4.4 (3.8) 5.1 (4.7) 11.9 (12.1)

(1,2-benzenediamine) behave as nucleophilic reagent hav-
ing a lone pair of electrons, which attacks on carbon with
positive charge to form imine linkage (CH=N). The FTIR
and NMR spectra of Schiff base show a characteristic
absorption at 1,635 cm™' and 8.07 ppm due to the for-
mation of azomethine (CH=N) group. Mn(Il), Co(Il),
Ni(Il), Cu(I), and Zn(II) chelates were prepared by the
reaction of metal(Il) acetate with Schiff base diol in
methanolic solution. The elemental analysis of chelates
indicates that they react in 1:1 (metal:ligand) molar ratio.
The polyesters were prepared by polycondensation reaction
between chelated Schiff base diol and adipoyl chloride.
Oxygen atom of alcohol acts as nucleophile, it attacks to
the positively charged carbonyl carbon which results in the
formation of an intermediate. This intermediate loses HCl
with the transfer of a proton (H") to the second molecule of
alcohol thus resulting in the formation of a polyester link.

The geometry of synthesized compounds was discussed
with the help of UV-visible, FTIR, NMR, and magnetic
moment. The microanalytical data [Calculated (found)]
given in Table 1, showed a good agreement for the 1:1
molar ratio (chelated diol to adipoyl chloride).

All the polyester complexes were colored, solid mate-
rials, soluble in DMSO and DMF but insoluble in common
organic solvents. The molecular mass of the polyester
complexes could not be determined by GPC due to their
insoluble nature in common organic solvent. Thermal
analysis of resulting polyesters was also measured to
investigate the presence of water and their thermal
behavior.

FT-IR spectra studies

The important infrared spectral bands and their tentative
assignments for the synthesized polyesters were recorded
and are illustrated in Table 2. Bands in the region
3400-3200 cm ™' were observed due to the stretching
vibration of OH. For the Schiff base, the broad bands in the
2800-2700 cm ™' range are assigned to the OH group
vibration(ortho position) assigned intramolecular (OH---N)
with the nitrogen atom of the CH=N group [22]. In Schiff

base metal complexes, there was no vibration band
at 2800-2700 cm™~' range due to the disappearance
of interamolecular hydrogen bonds after coordination of
(CH=N) nitrogen atom to the metal ion. The presence of
coordinated water molecules in the Mn(II), Co(II), Ni(ID),
and Cu(Il) except Zn(Il) polyester complexes were further
confirmed by appearance of SHOH deformation bands in
the region 1600—1570 and 670-650 cm™" for the rocking
modes of coordinated water, which was also supported by
analytical and thermal analysis data. In the spectrum of the
Schiff base, v(HC=N) vibration of azomethine group is
shown at 1,635 cm™" [23]. This vibration shifted to a lower
region and can be attributed to the complexation of metal
ion and nitrogen atom of the azomethine group [24].

A new band of azomethine v(HC=N) group at 1620-
1600 cm™' was observed due to the absence of a band
at 3452 cm™ ! of amino group and a band at 1696 cm ™' of
aldehyde group. The bands appeared at 1265-1258 and
1150-1070 cm ™! are due to C—O and CH,-O vibrations
[25, 26], respectively. The lowering in frequency of C-O
bond (10-36 cmfl) indicates the coordination of phenolic
oxygen to the metal ion. The peaks of substituted phenyl ring
were observed at 852-833 cm™'. In the low frequency
region, two bands of all the polyesters were observed at
375-370 and 470-465 cm ™', which are attributed to v(M—N)
and v(M-0), respectively. These bands suggested that the
coordination with metal ion takes place via the azomethine
nitrogen atoms and also via the deprotonated oxygen of the
phenol groups [27, 28].

"H NMR and "*C NMR spectra

The "H NMR of PESB and PESB-Zn(II) were recorded in
DMSO-d°® and are shown in Figs. 1 and 2. In the '"H NMR
spectrum of PESB-Zn(Il) a chemical shift of azomethine
proton (CH=N) was observed at 8.94 ppm. The proton of
azomethine group (CH=N) was shown at 8.07 ppm in the
Schiff base and this group shifted to lower region after the
coordination with metal. Peak for aromatic region was seen
as a set of multiplets in the range 6.90-7.87 ppm. In the
aromatic region some peaks become broad and less intense
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Table 2 The FT-IR spectral bands and their assignments of polyester complexes

Compounds Assignments Assignments
Ar—-CH OHOH (water)  —CH (sym-asym) Cc-O0 C=N Cc=C C-N M-O M-N
PESB-Mn(Il) 3065 (m) 1600 (b) 2940-2880 (m) 1260 (s) 1600 (s) 1550 (m) 1045 (m) 465 (s) 375 (s)
PESB-Co(II) 3060 (m) 1580 (s) 2940-2880 (m) 1258 (s) 1620 (s) 1565 (m) 1060 (s) 470 (m) 372 (s)
PESB-Ni(II) 3080 (m) 1570 (w) 2940-2880 (m) 1265 (s) 1615 (s) 1560 (m) 1050 (s) 468 (s) 374 (s)
PESB-Cu(II) 3083 (b) 1595 (b) 2940-2880 (m) 1262 (s) 1610 (s) 1545 (s) 1055 (m) 465 (s) 370 (m)
PESB-Zn(II) 3062 (m) - 2940-2880 (m) 1260 (s) 1600 (s) 1560 (m) 1040 (m) 470 (m) 374 (s)
s Strong, b broad, m medium, w week, sym symmetric, asym asymmetric
Fig. 1 'H NMR spectra ab oy d
of PESB HOHC e HO CH:OH
=N N DMSO
b
|
¢ W [
| fi b a
| JI\JJ | L}
— L S— S
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ppm
Fig. 2 'H NMR spectra (”) b e f 0
} a C A R e
of PESB-Zn(IT) ~ C— HyC— H,C~ H,C~ H,C- O~ HyC—/ Qo 0~ — CHy 0-Cj—
N—gq \ / N—/ n
T
N\' .
/_\
a
DMSO
C
b
% K I
d : \
i e N——
T T — T T ~T T o T N— T ]
6 4 2 0
ppm

in comparison with general aromatic region. This effect
may be due to the drifting of ring electrons towards metal
ion. Polyester showed some other signals assigned label
at 1.60, 2.15, and 5.34 ppm due to —CH,—CH,—CH,-,
O-CH,—CH,— and Ar—-CH,—O- methylene protons in dif-
ferent environments.

In order to get the further information, '>*C NMR spec-
trum was investigated. In the '*C NMR spectrum of Zn(II)
polyester complex display signals assigned to CH=N car-
bons at 162.5 ppm. A sharp peak was found at 67.54 ppm
due to the Ar—CH,—O. Other resonance peaks were found at
23.8 and 32.0, which can be assigned to —CH,—~CH,—CH,—

@ Springer

and O-CH,—CH,—. The aromatic carbons were observed in
the region 137.4—-148.1 ppm [29]. Resonance peaks at 154
and 175 ppm were correlated to the aromatic carbon (C-O)
and carbonyl carbon of ester groups, respectively, as shown
in Figs. 3 and 4.

Electronic spectra and magnetic moment

The information regarding the geometry of polyesters was
obtained by UV-visible spectra by using 10™> M solution
of these compounds. The obtained values of electronic
spectral study and magnetic moment are summarized in
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Table 3. The Mn(II) ion having d° configuration, generally
forms high-spin complex because of the additional stability
of the half filled d shell. The magnetic moment value (6.2
B.M.) is in the expected range of octahedral geometry [30].

The electronic spectrum of this complex exhibits three
absorption bands at 20,175, 22,640, and 24,660 cm_l,
which can be assigned to 4T]g(G) «— 6A]g(F),
*T2e(G) « °Ax(F), and *A 4(G) « °A4(F) transitions,

Table 3 Magnetic moments and electronic spectral data of polyester complexes

Abbreviations  Magnetic electronic ~ Spectral data electronic ~ Assignment Geometry 10Dq B p p°
moment/B.M.* transition/cm ™!

PESB-Mn(Il) 6.2 20,175 *T14(G) < ®A4(F)  Octahedral 9240 840 0.87 0.13
22,640 *T24(G) « °Ajy(F)
24,660 *A15(G) « °A L (F)

PESB-Co(Il) 4.2 8,010 “Tpe(F) « *T1o(F)  Octahedral 6600 667 0.68 0.32
11,745 *Agg(F) « T 4(F)
21,290 4T 14(P) « *T 4 (F)

PESB-Ni(Il) 3.3 10,975 *Tpg(F) « Asg(F)  Octahedral 9020 752 0.69 031
14,293 T 1(F) « *An(F)
24,685 3T1(P) « Ang(F)

PESB-Cu(ll) 2.2 15,151 Al < Big Distorted Octahedral
30,235 Charge transfer

PESB—Zn(II) Diamagnetic

4 Bohr magneton
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respectively, suggesting octahedral geometry [31]. The
above data were used to calculate 10 Dq, Racah parameter
(B) and f values. The value of 10 Dq was found to be
9240 cm™'. The Racah parameter (B) was found to be
840 cm™!, which indicates that the magnitude of inter-
electronic repulsion between various levels in the gaseous
ion. The f§ was evaluated to be 0.87. The magnetic moment
of PESB—Co(II) complex was found to be 4.2 B.M. This
value is consistent with the high-spin octahedral geometry
[32]. The electronic spectrum of the PESB—Co(II) complex
showed three bands at 8,010, 11,745, and 21,290 cm”!
which can be assigned due to 4ng(F) — 4T1g(F),
*Ang(F) « “T14(F), and *T;o(P) « *T,, (F) transitions,
respectively, and suggesting the octahedral geometry
around the cobalt ion. The magnetic moment value of
Ni(IT) octahedral complex generally appear to lie between
2.9 and 3.4 B.M depending upon the magnitude of orbital
contribution [33]. The experimental magnetic moment
value for the PESB-Ni(Il) complex is found to be 3.3
B.M., which is in agreement with the octahedral geometry.
PESB-Ni(Il) complex exhibits three bands at 10,975,
14,293, and 24,685 cm™' due to “Tau(F) « *Axg(F),
T1o(F) « 2Ase(F), and >To(P) < *A,,(F) transitions,
respectively and suggested an octahedral environment
around the Ni(II) ion.

The magnetic moment of PESB—Cu(Il) complex was
found to be 2.2 B.M. which is consonance with the dis-
torted octahedral geometry [34]. The electronic spectrum
of PESB—Cu(Il) complex showed a lower energy weak
band at 15,151 and a strong high energy band at
30,235 cm™'. Lower energy band may be assigned to
A, e < 2B1g transition and the high energy band assigned
to charge transfer spectra. Zn(Il) coordination polymer is
diamagnetic as expected for d'® system. The values of the
electronic parameters, such as the ligand field splitting
energy (10 Dq), Racah interelectronic repulsion parameter
(B) and nephlauxetic ratio (/) have been calculated and
summarized in Table 3.

Thermal analysis

Thermal behavior of the polyesters was investigated by
using TG technique. The TG measurements were carried
out in the range of 273-1073 K at a rate of 273 K min~"
under nitrogen atmosphere. The resulting data are shown in
Fig. 5. The degradation process was found to be taking
place in two stages. The first step is faster than the second
step this may be due to the fact that non-coordinated part
of the polymer decomposed first while the coordinated
part of the polymers decomposed later [35]. The initial mass
loss of Co(II) and Mn(II) complexes was observed at 413 K
which corresponds to the theoretical mass for two water
molecules. Therefore, it is suggested that coordinated water

@ Springer
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Fig. 5 TG curves of polyester complexes

molecules are lost up to this temperature range. The loss in
mass of Zn(II) complex is 10.23% at 445 K and may be due
to the presence of water molecules of crystallization. In the
case of Ni(Il) and Cu(Il) complexes, the mass correspond-
ing to water molecules is gradually lost up to 573 K. It is
suggested that the coordinated water molecules present in
the polyesters of Ni(II) and Cu(Il) did not lost suddenly in a
sharp temperature range but gradually over a wider tem-
perature range. The order of stability on the basis of TG
results appeared to be PSB-Zn(II) < PSB-Cu(Il) > PSB-
Co(II) > PSB-Ni(II) > PSB-Mn(II). This order matched
with Irving—Williams order of stability of the complexes of
divalent metal ions [36]. A continue mass loss was observed
up to 863 K indicating the decomposition and volatilization
of aromatic part into low molecular mass fractions.

The TG results revealed that a reduced mass
19.07-30.96% for all the polyesters was found at 1073 K
which corresponds as metal oxides. The observed reduced
mass of the polyesters is more than the calculated value due
to the formation of other compounds during thermal reac-
tion. Thermal behavior results indicated that PESB—Cu(II)
complex was more stable than the other polyester com-
plexes due to higher stability constant of Cu(Il) ion. The
glass transition temperature (1,) of PESB-M(I) was
obtained from the same instrument in which thermal
analysis was done and the obtained T, values are as fol-
lows, PESB-Mn(Il) = 155 °C, PESB-Co(Il) = 160 °C,
PESB-Ni(Il) = 157 °C, PESB-Cu(Il) = 162 °C, and
PESB—Zn(II) = 159 °C. All the polyesters showed single
T, value while PESB—Cu(II) exhibited highest value. This
may be due to the absence or formation of any homo-
polymers or block copolymers and heterogeneous impuri-
ties in the polymers. The higher the T, the better will be the
long term thermal stability of a material.
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Antimicrobial assessment

The fungicidal and bactericidal effects of these polyesters,
Schiff base diol, and chelated diols were determined and
described in the experimental section by using agar well
diffusion method [37]. This method was employed for the
bacteria and yeasts with respect to the Kanamycin and
Miconazol as standard drugs. The antimicrobial activity of
chelated diols and polyesters was recorded same. So that
the antimicrobial studies of resulting polyesters derived
from chelated Schiff base diol and Schiff base are sum-
marized in Tables 4 and 5. The results of activity showed
that some compounds are very effective on some of
microorganisms. The PESB-Mn(Il) and PESB-Co(II)
complexes showed the maximum zone of inhibition (23
and 21 mm) against P. aeruginosa and moderate zone of
inhibition (17, 16, and 16 mm) against B. megaterium,
B. subtilis, and S. aureus, respectively. The PESB-Ni(Il),
Cu(II), and Zn(II) complexes exhibited the maximum zone
(23, 25, and 22 mm) against S. typhi while the moderate
zone of inhibition (15 and 17 mm) against E. coli and
S. aureus was found for PESB-Zn(II). Antibacterial results

Table 4 Antibacterial activity of polyester complexes

indicate that the PESB—Cu(II) complex showed the highest
zone of inhibition than other metal complexes.

The antifungal activity of all the polyesters was also
investigated gainst seven fungi C. albicans, T. longifusus,
A. flavus, A. niger, F. solani, M. canis, and P. graminis.
The PESB—Cu(Il) complex showed the maximum inhibi-
tory zone 24 and 25 mm against A. flavus and M. canis
while the minimum (14 mm) was found for PESB-Ni(II)
against C. albicans. The inhibitory zone, i.e., 21 and
23 mm observed for the PESB-Mn(II) and PESB-Co(II)
complex against F. solani and A. flavus, where as the
moderate inhibition zone (19 and 18 mm) against M. canis
and P. graminis. The PESB-Ni(Il) and PESB-Zn(II)
complex showed the zone of inhibition 21 and 22 mm
against A. flavus and A. niger while PESB—Ni(Il) showed
the moderate activity (14, 18, and 19 mm) against
C. albicans, F. solani, and M. canis.

The result reveals that antimicrobial activity these
polyesters are due to the presence of nitrogen and oxygen
groups. It has been suggested that the compound with N
and O donor system might have inhibited enzyme pro-
duction and chelation reduces the polarity of the central

Abbreviation Zone of inhibition® (mm) 50 pg/disk

E. coli B. subtilis B. megaterium S. aureus S. typhi P. aeruginosa S. boydii
PESB-Mn(II) 16 18 17 18 21 23 16
PESB-Co(II) 17 16 19 16 20 21 18
PESB-Ni(II) 16 17 18 17 23 22 17
PESB-Cu(II) 18 19 22 19 25 24 21
PESB-Zn(II) 15 18 19 17 22 21 19
Kanamycin 15 16 18 17 20 20 18
DMSOP - - - - - - -
# Standard drug (positive control)
® Solvent (negative control) antifungal activity
Table 5 Antifungal activity of polyester complexes
Abbreviation Zone of inhibition® (mm) 50 pg/disk

C. albicans T. longifusus A. flavus A. niger F. solani M. canis P. graminis
PESB-Mn(II) 17 19 19 20 21 19 19
PESB-Co(II) 17 17 23 19 20 21 18
PESB-Ni(II) 14 20 21 18 18 19 19
PESB-Cu(Il) 19 21 24 21 22 25 20
PESB-Zn(II) 16 18 20 22 20 21 19
Miconazol® 16 15 18 19 19 20 17

DMSOP - - -

 Standard drug (positive control)

° Solvent (negative control) antifungal activity
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metal ion by partial sharing of its positive charge with the
donor groups [38], increasing lipophilic nature of the
central metal ion, which in turn favors its permeation to
the lipid layer of the membrane. Other factors viz., stability
constant, molar conductivity, solubility, and magnetic
moment, are also responsible for increasing the anti-
microbial activity of the complexes [39].

Conclusions

As a conclusion, PESB-Cu(II) was found to be more stable
than the other polyester complexes. All the synthesized
compounds showed single T, value due to the absence of
any homopolymers, block polymers, and heterogeneous
impurities in the polymers. Synthesized polyesters were
also screened against some microorganism by using agar
diffusion methods to investigate their antimicrobial activ-
ity. PESB—Cu(Il) complex exhibited a wide effective
antibacterial and antifungal activity than the other com-
plexes due to higher stability constant of Cu(Il) ion.
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