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Abstract: Synthesis of materials with antimicrobial property is a fascinating field of research in material
science. In this category, biologically active triazine based Schiff base (SB) was prepared and made
complex with Cu metal ion and characterized by Fourier Transform Infra Red (FTIR) spectroscopy and
electron spin resonance (ESR) techniques. Further, the metal complex was subjected to initiate the ring
opening polymerization (ROP) of ε-caprolactone (CL). The metal complex conjugated poly(caprolactone)
(PCL) was synthesized at various [M/I] ratio at 160oC under N2 atmosphere. Thus obtained materials
were characterized by FTIR spectroscopy, differential scanning calorimetry (DSC), thermogravimetric
analysis (TGA), scanning electron microscopy (SEM) and gel permeation chromatography (GPC) like
analytical techniques. The antimicrobial and antifungal behaviour of the metal complex conjugated PCL
system was also studied.
Keywords: Cu metal complex synthesis, Ring opening polymerization, poly(caprolactone),
characterizations.
INRODUCTION
Schiff bases and their metal complexes play a
vital role in science and engineering fields,
particularly in biosciences as antibacterial and
antifungal agents. In 2012, Bhattacharya
(Bhattacharya et al., 2012) studied about the
spectral and diuretic activity of metal complex of
sulphanamides. The Schiff base complexes were
derived
from
salicylaldehyde
and
ophenylenediammine and characterized by
several physical techniques (Ajaily et al., 2007).
A novel fluorescent Schiff base was prepared
between azodyes and amino phenol by Patel
(Patel, 2012). Cui and co-workers studied about
the crystal structure of Schiff base of Vanadium
complexes (Cui et al., 2011). Nitro benzaldehyde
based fluorescent Schiff base was synthesized
and characterized by Thorat and research team
(Thorat et al., 2011). In 2010, Rao and his team
reported about the lanthanide based fluorescent
Schiff base (Rao et al., 2010). Applications of
Schiff base and their metal complexes were
reviewed in the literature (Prakash et al., 2011).
Some unsymmetrical new Schiff bases from
azodyes were reported in the literature
(Yahyazadeh et al., 2013). A phthalimide based

Schiff
base
with
anticonvulsant
and
neurotoxicity screening was reported by Bhat
(Bhat et al., 2011). Aniline based Schiff base with
transition metal complexes were reported with
antimicrobial property (Sunitha et al., 2011). By
thorough literature survey we could not find any
report based on the triazine-Copper complex. In
the present investigation, we took this job as a
challenge and successfully synthesized the same
with antimicrobial property. Moreover, this
triazine Schiff base - Copper complex initiated
ring opening polymerization of CL is not
available in the literature. This is the novelty of
the present investigation.
PCL is a bio-medical polymer with micro voids
on its surface and this makes more suitable for
the drug carrying and releasing activity. In
general, PCL was synthesized by ROP method in
the presence of an initiator (Chen et al., 2010).
Recently, Anbarasan and research team
synthesized PCL by using various chemical
initiators by bulk polymerization method
(Anbarasan et al., 2015, 2014 a,b,c). The triazine
SB-Cu-complex initiated ROP of CL is not
available in the literature. By considering this
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fact, the present investigation was made
successfully.
EXPERIMENTAL
Materials
Ortho carboxy benzaldehyde (OCB, Sigma
Aldrich, India), Triazine (Sigma Aldrich), εcaprolactone (CL, Sigma Aldrich), stannous
octoate (S.O, Sigma Aldrich), ethanol were
received from the above mentioned laboratory
and used as received. Chloroform and
diethylether were received from Spectrum
Chemicals, India. Double distilled water was
used for solution preparation work.
Synthesis of SB-Cu complex system
The SB prepared according to the literature
report (Sowkath et al., 2014) was dissolved in
50 mL ethanol and refluxed with CuSO4.5H2O in
a ratio 2:1. The refluxation was continued for 8
hours and then filtered. The precipitate was
repeatedly washed with hot ethanolic solution
till the filtrate becomes colourless. The complex
was dried under vacuum and the yield was
noted as 75% with the melting point above
3000C. The reactions are mentioned in Scheme1.
Synthesis of PCL by using SB - Cu complex
A two way necked 25 mL capacity round
bottomed (RB) flask was taken and dried well.
One neck acts as a sulphur free N2 inlet, whereas
the second one acts as a N2 outlet. 1g CL was
charged in the above said two way necked RB
flask. With this 0.001g SO, as a catalyst was
charged. Here the [M/C] =1000. ROP of CL was
carried out at various [M/I] ratio. Required
amount of SB or SB-Cu complex was accurately
weighed and mixed with the two way necked RB
flasks. The contents were mixed for 10 min
under N2 purging at room temperature. After the
thorough mixing the two ways necked RB flask
was kept in an oil bath. The temperature of the
oil bath was maintained at 160oC. The ROP was
allowed for next 2 hrs under mild stirring
condition. At the end of the reaction the N2
purging was stopped and the highly viscous
liquid was dissolved in the 25 mL chloroform
solvent. Thus obtained polymer was purified by
the re-precipitation with diethylether, as a non
solvent (Anbarasan et al., 2014 a,b). After the
drying process for 6 hrs, the SB or SB-Cu
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complex end capped PCL was obtained as a
white crystalline powder. Thus obtained white
crystalline powder was weighed and stored in a
zipper lock cover. The ROP of CL was carried out
at various [M/I] of 10, 50, 100, 200 and 400.
Further the samples were subjected to analytical
characterizations.
Characterization
Bruker EMX Plus instrument with the
microwave frequency of 9.783743 GHz was used
for the measurement of ESR spectrum. FTIR
spectra were recorded with the help of
Shimadzu 8400 S, Japan model instrument by
KBr pelletization method from 400 – 4000 cm-1.
3 mg of polymer was ground with 200 mg of
spectral grade KBr and made into disc under the
pressure of 7 tons. Surface morphology of the
sample was measured by JSM 6300, Jeol
product, SEM instrument. Thermal stability of
the polymer sample was measured by Dupont
951
thermogravimetric
analyzer,
USA.
Thermograms were recorded under air
atmosphere in a temperature range of 30 to
800oC at the heating rate of 10oC/min. A Waters
2690 GPC instrument was used to determine the
Mw of the polymer samples using THF as an
eluent at room temperature at the flow rate of
1mL min−1 against polystyrene (PS) standards.
The melting temperature (Tm) of the polymer
samples were determined by using Dupont
Thermal Analyst 2000 Differential Scanning
Calorimeter 910S, USA model instrument. All the
measurements were done under N2 atmosphere
in a temperature range of RT to 100oC with
10oC/min heating rate.
Antimicrobial assay
Antimicrobial analysis was followed using
standard agar well diffusion method to study the
antimicrobial activity of compounds. Each
bacterial isolate was suspended in Brain Heart
Infusion (BHI) broth and diluted to
approximately 105 colony forming unit (CFU)
per mL. They were flood-inoculated onto the
surface of BHI agar and then dried. 5 mm
diameter wells were cut from the agar using a
sterile cork-borer and 30 µL (5µg compound in
500 µL DMSO) of the sample solution were
poured into the wells. The plates were incubated
for 18 h at 370C for bacteria. Antimicrobial
activity was evaluated by measuring the
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diameter of the zone of inhibition in mm against
the test micro-organisms. DMSO was used as
solvent control. Ciprofloxacin was used as
reference antibacterial agent. The tests were
carried out in triplicates.
RESULTS AND DISCUSSION
Characterisation of SB-Cu complex
In order to confirm the formation of Cu complex
with the above synthesised SB, FTIR spectrum
was recorded and shown in Fig.1. The important
peaks of Cu complex are explained below: The
Cu-O stretching is appeared at 532 cm-1. The MN coordination linkage can be confirmed by
noting a peak at 457cm-1. The –CH=N stretching
in the SB can be confirmed by a peak at 1612 cm1 (Sowkath et al., 2014). The C-H out of plane
bending vibration can be seen at 805 cm-1. Thus
the appearance of new peaks corresponding to
M-N stretching, M-O stretching confirms the Cu
complex formation with SB.
The metal ion environment in the Cu complex
can be evidenced by ESR spectrum (Fig. 2) taken
in DMSO solvent under nitrogen atmosphere at
room temperature. The prepared Cu complex is
isotropic in nature with the g value at 2.08. The
unpaired electron presence predominated in
dx2-y2 orbital. This can be authenticated by
calculating gII and g value from 2.08-2.26. This
confirms the square planar geometry of Cu
complex.
Characterisation of Cu complex-PCL system
The FTIR spectrum of PCL synthesised at
various [M/I] ratio in the presence of Cu
complex as an effective initiator is shown in Fig.
3. Here also one can observe the peaks
corresponding to PCL (Anbarasan et al., 2014
a,b). The novelty of present investigation is the
free –NH2 group of 2,4-diamino-6-phenyl-1,3,5triazine unit involved in the ROP of CL. In the
case of Cu complex two –NH2 groups are
available at both the ends of Cu complex. Both
the –NH2 groups were involved in ROP of CL and
resulting with increase in Mw of PCL.
The Tm of PCL synthesised at various [M/I] ratio
in the presence of Cu complex is shown in Fig. 4
(a-e). The DSC thermogram exhibits one
endothermic peak around 620C due to the
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melting of PCL. At higher [M/I] ratio, the Tm of
PCL was slightly increased to 66 0C due to the
increase in Mw of PCL. This is in accordance with
the report of Anbarasan et al., 2014 a,b.
The thermal stability of Cu complex mediated
synthesis of PCL is shown in Fig. 5. The
thermogram exhibits two step degradation
processes. The first minor weight loss around
300 0C is due to breaking of linkage between Cu
complex and PCL. The second major weight loss
around 400 0C is due to degradation of PCL
backbone (Anbarasan et al., 2014 a,b,c). Here the
important point noted is at lower [M/I] ratio,
the PCL exhibits lower thermal stability due to
the low Mw of PCL. This is because at lower
[M/I] ratio, the availability of initiator for the
ROP of CL is very high and results with low MW
PCL at the same time more number of PCL
chains (Anbarasan et al., 2014 a,b).
GPC measurements confirmed the initiating
efficiency of Cu complex towards the ROP of CL
(Fig. 6). The polymer exhibits the Mn of 4001
and Mw of 11083 g/mole with the P.D value of
2.21. In the case of SB one –OH and one -NH2
group is available, but in the case of Cu complex
two –NH2 groups are available. Moreover, they
are present very nearer to each other with some
steric effect and hence the involvement of –NH2
groups towards the ROP of CL is restricted to
some extent. Due to this reason, the Cu complex
yielded the PCL with somewhat low molecular
weight.
Figure 7 represents the surface morphology of
Cu complex initiated ROP of CL. Figure 7 (a)
indicates the surface morphology of PCL with
micro voids. Figure 7 (b) also confirmed the
same. After the formation of chemical
interaction with Cu complex, the surface
morphology of PCL is entirely different. The
present system exhibits a hydrogel like
morphology which recommends the polymer
can be useful in the drug carrier application.
During the drug loading process, the drugs are
inserted into the micro voids of PCL.
The antimicrobial activity of Cu complex and its
polymer were carried out in the presence of
different micro organisms like Micrococcus
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luteus, Escherichia coli, and Pseudomonas
aeruginosa using ciprofloxacin as an internal
standard. The invitro analysis reveals that the
antimicrobial activity of both Cu complex and Cu
complex-PCL systems are exhibiting lower
values when compared to ciprofloxacin
standard. Table 1 indicates the antimicrobial
results of copper complex and Cu complex-PCL
towards various micro organisms. The
antifungal activity of Cu complex and Cu
complex-PCL systems towards various fungus
are shown in Table 2 using amphotericin B as an
internal standard. In general, PCL does not have
any antimicrobial or antifungal activities. By the
way of conjugating with Cu complex, the
antimicrobial properties were imported to PCL.
As a result, the Cu complex chain end capped
PCL exhibiting antimicrobial or antifungal
activities.
CONCLUSION
From the above study the following important
points are summarized here as conclusion. The
appearance of a peak at 1612 cm-1 confirmed the
-CH=N stretching of SB. The ESR spectrum
confirmed the square planar structure of copper
metal complex. The FTIR spectrum confirmed
the C=O and C-O-C linkage present in the PCL.
While varying the [M/I] ratio, the melting
temperature of PCL was varied between 62oC
and 66 oC due to the increase in molecular
weight of PCL. The TGA thermogram exhibited a
two step degradation process and the major
weight loss occured around 400 oC due to the
degradation of PCL backbone. While decreasing
the initiator concentration the molecular weight
of PCL was linearly increased. The hydro gel like
morphology with micro voids confirmed the
surface morphology of PCL. The copper metal
complex
tagged
PCL
exhibited
good
antimicrobial and antifungal activities.
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Figure 1 FTIR spectrum of SB-Cu complex

Figure 2: ESR spectrum of SB-Cu complex
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Figure 3 FTIR spectrum of SB-Cu complex-PCL synthesized at various [M/I] ratio of
(a)10, (b)50, (c)100, (d)200, (e)400
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Figure 4: DSC thermograms of SB-Cu complex-PCL system synthesized at various [M/I]
ratio of (a)10, (b)50, (c)100, (d)200, (e)400

Figure 5: TGA of SB-Cu complex-PCL system synthesized at various [M/I] ratio of (a)10,
(b)50, (c)100, (d)200, (e)400
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Figure 6 GPC of SB-Cu complex-PCL system synthesized at the [M/I] ratio of 100

Figure 7 SEM images of (a,b) of SB-Cu complex-PCL system
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Table 1 Antimicrobial activity of Cu complex and its polymer
-------------------------------------------------------------------------------------------------------------Microorganism DMSO
System 1 Chloroform System 2 Ciprofloxazin
-------------------------------------------------------------------------------------------------------------Micrococcus
------12 mm
20 mm
Luteus
Escherichia
Coli

---

4 mm

5 mm

13 mm

22 mm

Pseudomonas
--2 mm
4 mm
9 mm
21 mm
Aeruginosa
-------------------------------------------------------------------------------------------------------------System 1 – SB-Cu complex, System 2 – SB-Cu complex-PCL

Table 2 Antifungal activity of Cu complex and its polymer
-------------------------------------------------------------------------------------------------------------Fungi
DMSO
System 1 Chloroform System 2 Amphotericin B
-------------------------------------------------------------------------------------------------------------Aspergillus
--3 mm
5 mm
11 mm
6 mm
niger
Candida
albicans

---

7 mm

---

8 mm

17 mm

Candida
--9 mm
--10 mm
20 mm
kefyr
-------------------------------------------------------------------------------------------------------------System 1 – SB-Cu complex, System 2 – SB-Cu complex-PCL
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