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ABSTRACT: Polymers having soft segments with bio-degradability has wide applications in the biomedical engineering. This tempted us to do the present investigation. Poly(tetrahydrofuran) (PTHF) (a
soft polymer with bio-degradability) was synthesized by solution polymerization at 450C for 24 hours
under nitrogen atmosphere in the presence of phthalicanhydride (PAH) as a co-monomer cum activator
and with three different mercaptoacid initiators through ring opening polymerization (ROP) method.
Thus obtained polymer, PTHF was characterized by various analytical techniques like fourier transform
infrared (FTIR) spectroscopy, UV-visible spectroscopy, differential scanning calorimetry (DSC),
thermogravimetric analysis (TGA), field emission scanning electron microscopy (FESEM), scanning
electron microscopy (SEM) and antimicrobial properties. The band gap energy was determined from the
Tauc’s plot. The PTHF-MSA-Ag system exhibited a gel like morphology. The results are carefully analyzed
and critically compared with the literature.
Keywords: ROP, PTHF, mercaptoacids, synthesis, characterization
INTRODUCTION
Synthesis of water soluble polymers in the
presence of multi-functional initiator is a
fascinating field of research, because further
drug conjugation is easy and inexpensive
process. Among the water soluble polymers,
PTHF receives the top priority because of its
ease of preparation. PTHF is one of the biodegradable polymers and has wide application
in bio-medical field.
Commonly, PTHF is
synthesized through ROP of THF by using
cationic initiators.1-3 In 2007, Akbulut et al4
synthesized PTHF and used as a polymer
electrolytes.
Tasdelen and co-workers5
reported about the synthesis of PTHF/clay
nanocomposites by click chemistry. Magnite
initiated ROP of THF was reported in the
literature.6 Cationic ROP of THF was catalyzed
by keggin type heteropolyacids.7 Functionalized
AIBN initiated ROP of THF was reported in
theltieature.8 Tailored synthesis of branched
PTHF was synthesized and characterized by
Oike et al.9 ROP of THF was carried out by using
different initiators such as tungstophosphoric
acid,10
MMT,11
perchloricacid,12
SmI2,13
14
15
polypyrrole
and mangate.
By thorough

literature survey we could not find any report
based on the mercaptoacid initiated ROP of THF
in an aqueous medium. In the present
investigation, we took this job as a challenge and
successfully synthesized the same by using three
different mercaptoacids as an individual
initiator.
Experimental
Materials
Tetrahydrofuran
(THF,
monomer),
mercaptoaceticacid
(MAA,
initiator),
mercaptosuccinicacid (MSA, initiator) and
mercaptobenzoicacid (MBA, initiator) were
purchased from Reachem, India. Phthalic
anhydride (PAH, co-monomer cum activator)
was purchased from Spectrum chemicals, India.
Stannous octoate (SO, catalyst, Aldrich
chemicals, India) was purchased and used
without any further purification. Sodium
hydroxide (NaOH) was purchased from
Reachem and used as received. Double distilled
(dd) water was used for preparing solutions.
AgNO3 was purchased from Nice chemicals,
India.
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Synthesis of PTHF

Characterizations

5 mL THF monomer was taken in a 25 mL
capacity round bottomed flask (RBF). The comonomer cum activator PAH (0.05g) was added
with the RBF. 0.50 g mercaptoacid was added as
an initiator. 10 mL dd water was added to the
reaction mixture.6 The contents were stirred
well under nitrogen atmosphere at 450C for 24
hours in the presence of SO as a ROP catalyst. At
the end of the reaction 25 mL NaOH solution
was added to terminate the reaction. The
reactants were dried in an oven at 1100C for 6
hours. Thus obtained pale yellow product is
PTHF. The product is weighed and stored in a
zipper lock cover. Please refer Scheme-1.

The surface morphology and particle sizes of the
grafted samples were determined by FESEM,
Hitachi S4800 Japan instrument. DSC and TGA
were measured by using Universal V4.4A TA
Instruments under nitrogen atmosphere at the
heating rate of 10 K min−1 from room
temperature to 373 K. The second heating scan
of the sample was considered to delete the
previous thermal history of the sample. FTIR
spectra for the samples were recorded with the
help of a Shimadzu 8400 S, Japan instrument by
the KBr pelletization method from 400 to 4000
cm−1. Surface morphology of the sample was
measured by JSM 6300, Jeol product, SEM
instrument. UV-visible spectrum was measured
by
using
Shimadzu
3600
NIR
spectrophotometer, Japan.

Synthesis of nano Ag end capped PTHF
1.0g polymer from the above step was dissolved
in 100 mL dd water. 0.10 g AgNO3 in 10 mL dd
was added to the polymer solution, stirred well
under nitrogen atmosphere at 40oC for 6 hours.
During the course of the reaction the Ag(+) was
converted into Ag(0). At the end of the reaction
the contents were dried at 1100C, over night.
The dark brown color precipitate obtained is
nano Ag end capped PTHF (Scheme-1). The
dried sample was weighed and stored in a
zipper lock cover.
The % yield was determined as follows:

Results and discussion
% yield study
The ROP efficiency of initiators was calculated
based on the amount of polymer formed. The %
yield of PTHF was noted as 63.8%, 72.1% and
70.3% for MBA, MSA and MAA systems
respectively. The MSA initiator system yielded
the highest one due to the better miscibility with
water molecules. The MBA system exhibited the
lowest one due to the less hydrophilicity nature.
Based on the % yield the following queue was
made. MBA < MAA < MSA.
FTIR spectroscopy

Antimicrobial study
Antimicrobial activity of Ag NP was done by
using the standard procedure against e-coli.16,17
Suspend 51.53 g of agar medium in 100 mL DD
water. Boil the medium until the solute dissolve
completely and sterilize by autoclaving at 15 lbs
pressure and 121 0C temperature for 15 min.
pour the agar medium to the petri dish, mix it
well before pouring. Spread out the 0.1 mL of
broth culture of e-coli over the agar medium.
Puncher a well at the centre of the Petri dish for
3 mm. Take 25 mL of polymer sample and
incubate it for 24 h and inject it into the puncher
well.

An FTIR spectrum gives an idea about the
functionalities present in the system. Figure 1a
indicates the FTIR spectrum of PTHF-MBA-Ag
system. The important peaks are explained
below. A broad peak around 3428 cm-1 is due to
the –OH stretching of PTHF. A hump at 2922
cm-1 explains the C-H stretching.
Peak
corresponding to the tetrahydrofuronium ion
appeared at 1643 cm-1.18 The C-H bending
vibration (1457 cm-1), C-S stretching (1328 cm1), C-O-C ether linkage (993 cm-1), aromatic
stretching (1255, 1159 cm-1) and C-H out of
plane bending vibration (781 cm-1) confirmed
the ROP of THF by MBA. The Ag-S stretching can
be seen at 506 cm-1. Figure 1b indicates the
FTIR spectrum of PTHF-MSA-Ag system. Here
also the above said peaks can be seen. One new
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peak at 1577 cm-1 is appeared due to the –OH
bending vibration of water molecules. MSA is
more hydrophilic than MBA.
Figure 1c
represents the FTIR spectrum of PTHF-MAA-Ag
system. Here also the above said peaks were
observed. It is very interesting to note that all
the systems exhibited peaks corresponding to
the tetrahydrofuronium ion, C-S stretching, C-OC linkage, and which confirmed the ROP of THF.
The formation of tetrahydrofuronium ion during
the ROP of THF was recently reported by
Murugesan et al.18
DSC profile
Figure 2 indicates he DSC thermogram of
mercaptoacid initiated ROP of THF. Figure 2a
represents the DSC thermogram of PTHF-MBAAg system.
The system exhibits one
endothermic peak at 63.80C corresponding to
the Tm of PTHF. Figure 2b denotes the DSC
heating scan of PTHF-MSA-Ag system with one
endothermic peak at 49.30C. Figure 2c indicates
the DSC thermogram of PTHF-MAA-Ag system
with an endothermic peak at 59.10C. In overall
comparison, the MSA initiator produced PTHF
with very low Tm. This is due to the following
reasons. I)MSA contains two carboxyl groups
with one thiol group. Among those one carboxyl
group was involved in the ROP of THF, another
one carboxyl and thiol groups should be free.
Hence, there is a chance for more moisture
absorption. As a result, the Tm of PTHF was
found to be very low. ii)the possible second
reason must be lower molecular weight. The
PTHF-MAA-Ag system produced the highest Tm
due to the less hydrophilic nature of MAA
initiator. In 2014, Murugesan et al18 explained
the Tm of PTHF based triblock copolymer. PTHFMSA-Ag system exhibited lower Tm value when
compared with the literature whereas the other
two systems exhibited higher Tm values. Our
results are in accordance with the literature
report. By comparison, the following queue is
obtained based on the Tm value of PTHF. MSA <
MAA < MBA.
TGA history
Figure 3a indicates the TGA thermogram of
PTHF-MBA-Ag system. The system shows three
step degradation processes. The first minor
weight loss below 1000C is due to the loss of
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moisture and physisorbed water molecules. The
second weight loss step around 2150C is
corresponding to the removal of chemisorbed
water molecules and breaking of linkage
between MBA and PTHF chains. The third
weight loss around 5050C is ascribed to the
degradation of PTHF backbone. Above 6500C,
the system exhibited 83% weight residue
remained.
Figure 3b shows the TGA
thermogram of PTHF-MSA-Ag system. Here also
one can observe the three step degradation
process. The first major weight loss below 1500C
is ascribed to the removal of moisture and loss
of physisorbed water molecules. ~35% weight
loss occurred. This is supported by the FTIR
results. The second and third weight loss steps
are corresponding to the breaking of MSA-PTHF
linkage and degradation of PTHF backbone.
Above 6500C, the system exhibited 56% weight
residue remained. Figure 3c denotes the TGA
thermogram of PTHF-MAA-Ag system. The
present system exhibits four step degradation
processes. The first, second and third weight
loss steps are explained above. The fourth major
weight loss step above 5500C is a new one. This
must be due to the degradation of PTHF
backbone. This can be explained as follows: The
MBA system is having rigid structure whereas
the MSA system is having more flexible, soft
structure. In the case of MAA system which has
a medium soft structure. Based on the % weight
residue remained above 6500C, the following
queue was made. MSA < MAA < MBA. In 1998,
Kizilar et al19 explained the trifluoromethanesulfonicacid initiated ROP of THF with the
degradation temperature (Td) of 4230C. The
present investigation yielded somewhat higher
Td.
UV-visible spectral study
The UV-visible spectrum of PTHF-MBA-Ag (Fig.
4a), PTHF-MSA-Ag (Fig. 4b) and PTHF-MAA-Ag
(Fig. 4c) are shown here for comparison. At 381
nm all these three systems exhibited a small
hump. This is due to the n-Pi* transition of
mercaptoacids. By using these absorbance
spectra, one can calculate the band gap energy
of Ag NP attached with mercaptoacids by
drawing Tauc’s plot. Figure 4d shows the Tauc’s
plot for PTHF-MBA-Ag system with the band gap
energy of 3.91 eV. Figure 4e and 4f are
corresponding to the PTHF-MSA-Ag and PTHF-
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MAA-Ag systems with the band gap values of
3.66 and3.66 eV respectively. The high band gap
value of PTHF-MBA-Ag system confirmed the
hydrophobic nature of the nanohybrid having
less interaction with Ag NP. The remaining two
systems are having almost equal band gap value
which confirmed the existence of strong
interaction between Ag NP and PTHF-MA-Ag or
PTHF-MSA-Ag systems. Based on the band gap
value the following queue was made. MSA~MAA
< MBA. The allowed direct band gap energy of
Ag NP was calculated to be 5.6 eV.20 Due to the
encapsulation effect offered by the PTHF, the
present investigation exhibited lower band gap
energy and exhibited an excellent result.
FESEM study
The size of Ag NP was determined from the
FESEM. Figure 5a confirms the FESEM image of
PTHF-MBA-Ag system. The surface looks like a
dumped broken stone. The size of Ag NP was
calculated as ~800-900 nm. This confirmed that
the size reduction occurred in a slow manner.
The thiol group of MBA might reduce the size of
Ag by donating one electron. As a result of
transfer of electron, the Ag(+) was converted
into Ag(0). The thiol group of MBA is binded
with the surface of Ag NP. Figure 5b represents
the FESEM image of PTHF-MSA-Ag system. Here
also one can observe a similar morphology and
size. Figure 5c denotes the FESEM image of
PTHF-MAA-Ag system with the similar
morphology. The size was found to be greater
than 1 µm because of agglomeration. Based on
the size, the following queue was made. MSA ~
MBA < MAA.
SEM analysis
The surface morphology of PTHF initiated by
different initiators was studied by SEM. Figure 6
represents the SEM image of PTHF initiated by
MBA (Fig. 6a), MSA (Fig. 6b) and MAA (Fig. 6c).
The PTHF-MBA-Ag system exhibited the
uniform distribution of Ag NP on the PTHF
backbone with the broken stone like
morphology. The PTHF-MSA-Ag system showed
an entirely different morphology. It produced a
gel like morphology with more microvoids on
the surface of PTHF. The Ag NP was dispersed
on the PTHF surface. The size of the voids
varied from 1 to 10 um.21This type of material is
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very much useful for the bio-medical application
particularly for the drug carrier application.
Figure 6c explains the surface morphology of
PTHF-MAA-Ag system. Here also one can see a
broken stone like morphology with some
agglomerated structure. The MSA system
produced an excellent morphology.
Antimicrobial study
The peculiar property of Ag NP is its
antimicrobial property.
In the present
investigation, the antimicrobial property of Ag
NP against e-coli was carried out. After 24 hours
time, there appeared a black dot which
confirmed the antimicrobial zone developed by
the Ag NP. This is indicated in Figure 7. The
antimicrobial study was done for the following
systems: PTHF-MBA-Ag (Fig. 7a), PTHF-MSA-AG
(Fig.7b)
and
PTHF-MAA-Ag
(Fig.
7c).
Development of black dot confirmed the
antimicrobial activity of Ag NP. This proved that
our polymer system has antimicrobial activity.17
Conclusions
The important points are summarized are as
conclusion. The % yield indicated that the MSA
is a best initiator for the ROP of THF. The
appearance of tetrahydrofuronium ion at 1643
cm-1 in the FTIR spectroscopy confirmed the
ROP of THF. The DSC results informed that the
MSA system produced the lowest Tm for PTHF
due to hydrophilic nature of the initiator. The
MBA initiator produced the highest thermal
stability in the TGA. The FESEM study declared
the formation of Ag NP with the size of ~800900 nm. The PTHF-MSA-Ag system exhibited a
gel like surface morphology. The PTHF-MBA-Ag
system exhibited the highest band gap energy
which confirmed the heterogeneous nature of
Ag NP.
All the three initiators exhibited
antimicrobial activity against e-coli.
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1 FTIR spectrum of a) PTHF-MBA-Ag, b) PTHF-MSA-Ag and c) PTHF-MAA-Ag systems

2 DSC thermogram of a) PTHF-MBA-Ag, b) PTHF-MSA-Ag and c) PTHF-MAA-Ag systems
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3 TGA thermogram of a) PTHF-MBA-Ag, b) PTHF-MSA-Ag and c) PTHF-MAA-Ag systems

4 UV-visible spectrum and Tauc plot of a,d) PTHF-MBA-Ag, b,e) PTHF-MSA-Ag and c,f) PTHF-MAAAg systems
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5 FESEM image of a) PTHF-MBA-Ag, b) PTHF-MSA-Ag and c) PTHF-MAA-Ag systems

6 SEM image of a) PTHF-MBA-Ag, b) PTHF-MSA-Ag and c) PTHF-MAA-Ag systems

7 Antimicrobial activity of a) PTHF-MBA-Ag, b) PTHF-MSA-Ag and
c) PTHF-MAA-Ag systems

© Virtu and Foi.
A Non-Paid Journal

8

IJCBS RESEARCH PAPER VOL. 1 [ISSUE 8] NOVEMBER, 2014

ISSN:- 2349–2724

Scheme-1: Structure of Nano Ag end capped PTHF
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