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Abstract In the present study, an amphiphilic diblock copolymer made of poly(e-
caprolactone) (PCL) and poly(tetrahydrofuran) (PTHF) was synthesized via ring
opening polymerization (ROP) of e-caprolactone (CL) and tetrahydrofuran (THF)
with rose bengal (RB) as a bridging agent in a two-step process. In the first step,
RB-PCL was synthesized by the ROP of CL, while in the second step the diblock
copolymer was prepared by the ROP of THF with RB-PCL moiety as a chemical
initiator in the presence of phthalic anhydride (PAH) as a co-monomer. The diblock
copolymer was characterized by 'H and '*C nuclear magnetic resonance (NMR)
spectroscopy, Fourier transform infra red (FTIR) spectroscopy, UV-visible spec-
troscopy, fluorescence spectroscopy, differential scanning calorimetry (DSC),
thermogravimetric analysis (TGA), scanning electron microscopy (SEM), field
emission scanning electron microscopy (FESEM), gel permeation chromatography
(GPC) and EDX studies.

Keywords Amphiphilic diblock copolymer - Poly(e-caprolactone) -
Poly(tetrahydrofuran) - Synthesis - Characterization - Polymer nanoparticles

Introduction

Dyes are used in MRI applications as a fluorescent probe. Unfortunately, after the
scanning process, such a fluorescent probe is not removed from the cells or it is not
induced for its degradation by the external stimulating agents. Sometimes, the dye
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itself is a carcinogenic one and the heavy dose leads to unwanted diseases.
Moreover, the conjugation of dye molecules with a carrier material includes the
consumption of a lot of hazardous solvents, loss of economy, time and consumables
and is sometimes not an eco-friendly approach. This is one of the problems polymer
scientists recently face. Conventional chemotherapeutic agents have certain
limitations such as poor solubility of drug in an aqueous medium and their side
effects. As a result, we need to search for an alternate or a new material. The above-
mentioned two problems can be overcome by a simple eco-friendly method. This is
the novelty of the present investigation. The present methodology follows an eco-
friendly and economically cheaper approach and the dye molecule can be induced
for its degradation by the carrier material itself after its utilization. Generally, the
drugs are incorporated into the nanosized polymeric micelles and act as promising
nanocarrier systems for drug and gene delivery. Such diblock or triblock copolymer
based amphiphiles include nanosized polymeric micelles, which are a medical
miracle in the drug delivery system. The induced bio-degradation of dye and nano
micelles as an effective drug carrier is the key ideas of the present investigation. We
have prepared such a material.

Polymeric micelles consisting of hydrophilic and hydrophobic segments have
received special attention due to their potential application and academic interest in
many interdisciplinary fields. The most widely studied amphiphilic polymers for
drug delivery systems are diblock and triblock copolymers, because of their
biocompatibility and biodegradability as well as minimum cytotoxicity. PCL is a
semi-crystalline linear aliphatic polyester and has been studied intensively due to its
good biodegradability, nontoxicity and biocompatibility. PCL can be prepared by
the ROP of lactone. In 2013, Wang et al. [1] reported about the novel amphiphilic
block copolymers for drug delivery applications. PCL and PEG based star
amphiphilic block copolymers for drug carrier application were synthesized [2]. Li
and co-workers [3] reported the synthesis of super paramagnetic amphiphilic
copolymers. A novel polyisocyanate amphiphilic copolymer with hydroxyl side
group was reported by Chen et al. [4]. Similarly, various amphiphilic copolymers
have been reported in the literature [5—10]. A thorough literature survey indicates
that PCL based amphiphilic copolymer reports are rarely available in the literature.
This urged us toward the present investigation. The advantage of using PCL is the
availability of micro pores on its surface that is used as temporary accommodation
for the drug moieties.

PTHF has been synthesized via cationic ROP of THF [11]. PTHF plays a vital
role in biomedical engineering as a drug carrier. Moreover, PTHF is a water soluble
and biocompatible polyether. This motivated the synthesis of PTHF-based
amphiphiles. Synthesis, characterization and controlled architecture of PTHF-based
multiblock copolymer have been reported by Gardella et al. [12]. In 2001, Kusan
et al. [13] synthesized a block copolymer comprising PTHF and one or two [5]
polyurethane blocks. Diblock copolymers of poly(3-hexyl thiophene) and PTHF
were synthesized via Grignard metathesis and cationic polymerization [14].
Synthesis and crystallization behavior of PTHF-based diblock copolymer were
studied by Fan et al. [15]. After a thorough literature survey, we could not find any
report based on the fluorescent PTHF-based amphiphilic diblock copolymers. In the
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present investigation, we took this as a challenge and successfully synthesized the
same.

Photodynamic therapy (PDT) is an emerging treatment used for the apoptosis of
cancerous cells. For this purpose, dyes are used to generate reactive oxygen species
(ROS). Among the dyes used, RB plays a vital role in PDT as a photo sensitizer
[16]. RB finds application in the biochemistry field also as a staining agent [17]. RB
is used to test liver disease in infancy and childhood [18]. Apart from biomedical
applications, the xanthene-type dye is also useful in ROP as a catalyst [19]. In the
photo-oxidation process, RB acts as a catalyst [20]. To the best of our knowledge,
RB-initiated ROP of CL and THF toward the amphiphilic polymer system is not
available in the literature. To achieve the target, RB is used as an initiator for the
ROP of CL and THF. This methodology offers a self-alignment system leading to
nanoparticle formation, which is the novelty of the present investigation. On
thorough literature survey, we could not find any report based on the synthesis and
characterization of amphiphilic diblock copolymer using the dye as a bridging
agent.

Materials and methods
Materials

g-Caprolactone (CL, monomer) and stannous 2-ethyl hexanoate [Sn(Oct),, catalyst]
were purchased from Sigma Aldrich, India, and were used as received. Tetrahy-
drofuran (THF) was purchased from Merck, India, and was used as such. Rose
bengal (RB, initiator), chloroform, diethyl ether and phthalic anhydride (PAH, co-
monomer) were purchased from Spectrum Chemicals, India, AR grade, and were
used without further purification. Double distilled water (DDW) was used for
making solutions.

Step I: synthesis of the RB-PCL system

The ROP of CL with RB was carried out in the presence of Sn(Oct), as catalyst
according to the literature (Scheme 1) [13]. The procedure in brief is given below:
PCL was prepared by the bulk polymerization method. 4.0 g of CL was introduced
into a three-necked flask containing 0.40 g of RB and 0.004 g of Sn(Oct),. Here, the
monomer to initiator ratio (M/I) is equal to 100, whereas the monomer to catalyst
ratio (M/C) is equal to 1000. The [M/I] and [M/C] play a vital role in the molecular
weight of the polymer. From the literature, it was found that while increasing the
[M/T] or [M/C], the molecular weight of the polymer was increased due to the
availability of lesser number of initiating species or centers. The resulting mixture
was then placed in an oil bath at 160 °C and stirred slowly for 2 h under a nitrogen
atmosphere. At the end of the polymerization reaction, the resulting product was
cooled and dissolved in 25 mL chloroform solvent and re-precipitated by the
addition of 200 mL of diethyl ether.
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Scheme 1 Synthesis of PCL-RB-PTHF

Step II: synthesis of PCL-RB-PTHF diblock copolymer

About 2.0 g of the monoblock polymer of RB-PCL obtained in the previous step
was dissolved in 25 mL THF. 5 mL DDW and 0.02 g of PAH were added. The
mixture was then refluxed at 45 °C for about 24 h. After the reaction was over, the
polymer was cooled to room temperature and evaporated to dryness. The pale
brown diblock copolymer thus obtained is PCL-RB-PTHF. The polymer was dried
and weighed and stored in a zipper lock bag. The reaction is mentioned in Scheme 1

[11].
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Characterization

The FTIR spectra were recorded on a Shimadzu 8400 S spectrometer in the range of
400 to 4000 cm™' at room temperature. The block copolymer was powdered,
ground with spectral grade KBr and pelletized. The spectra were taken for samples
obtained in both the synthesis steps. UV-visible spectral analysis was carried out for
samples from both the synthesis steps by making a solution with THF solvent
([PCL-RB] = 1.8 x 10~° M, [PCL-RB-PTHF] = 2.2 x 107® M) and then using
a Shimadzu 3600 NIR Japan instrument and measurements were carried out in the
range 250-650 nm. Thermal analysis of the samples was carried out using Universal
V4.4A TA Instruments under a nitrogen atmosphere in a platinum pan at the heating
rate of 10 °C min~' from room temperature to around 800 °C. Fluorescence
measurements were carried out with an Elico SL 172, (India) for both samples
obtained in steps I and II in THF solvent with the above-mentioned concentrations.
The excitation wavelength was 310 nm. The morphology of the samples was
examined using a Jeol (JMS-840) SEM instrument. The samples were coated with
carbon to avoid charging under the electron beam. 'H and '*C-NMR (500 MHz)
spectra were obtained using an NMR apparatus (Varian, Unity Inova-500 NMR) at
room temperature in CDCI; solvent with tetramethylsilane as an internal reference
standard. The surface morphology and particle size of the PCL-RB-PTHF
polymeric nanoparticle (step II sample) were determined by FESEM, Hitachi
S4800 Japan instrument. The molecular weight determinations of diblock copoly-
mer samples were carried out in GPC, Perkin Elmer Series 200 at 30 °C. THF was
used as an eluent.

Results and discussion

The main aim of the present investigation is synthesis and characterization of an
amphiphilic fluorescent diblock copolymer using RB as an initiator as well as
bridging agent. The ROP of CL was carried out by the bulk polymerization method
and is shown in Scheme 1 [11]. In the first step, the ROP of CL was carried out
using RB as a lone chemical initiator. In the second step, the polymer prepared in
the first step was used as an initiator for the ROP of THF and PAH as a co-
monomer. The polymer prepared in each step was characterized by various
analytical tools to confirm the functionalities present, chemical structure, melt
transition temperature (7,,,) and surface morphology etc. Here, a polymer with low
processing temperature was prepared and is suitable for biomedical application.

FTIR spectral study

The FTIR spectrum of RB-initiated ROP of CL and THF is shown in Fig. 1.
Figure la indicates the FTIR spectrum of RB—conjugated PCL. The important peaks
are characterized below. A broad peak around 3436 cm™' explains the —OH
stretching of PCL. The C-H symmetric and anti-symmetric stretching are noted at
2862 and 2943 cm™" respectively. The C=O stretching appeared at 1724 cm™".
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Fig. 1 FTIR spectra of RB-PCL (a) and PCL-RB-PTHF (b) systems

When Meenarathi et al. [21] synthesized PCL, they also observed the C=0
stretching around 1724 cm™'. The C—O—C ester linkage (1188 cm™") and C—H out
of plane bending vibration (725 cm™") confirmed the ROP of CL by RB. The
aromatic peaks corresponding to RB do not appear because of the low concentration
of RB ([M/I] ratio = 100). Figure 1b represents the FTIR spectrum of RB-bridged
diblock copolymer. Apart from the above-mentioned peaks, some new peaks are
also observed. They are characterized below. The aromatic C—H symmetric and
anti-symmetric stretching appeared at 2530 and 2655 cm ™' respectively. The peaks
at 1686 and 1288 cm™' confirmed the C=O stretching and aromatic ester C—O—C
linkage of PAH respectively. PAH acts as a co-monomer to induce the ROP of THF
in an aqueous medium. The aromatic C-H bending vibrations were noted at 666 and
793 cm™! respectively. The peaks at 1403 and 1369 cm™' correspond to the
formation of the tetrahydrofuronium ion of PTHF. Thus, the appearance of new
peaks confirms the ROP of THF in the presence of PAH using RB-PCL as a macro
initiator. Recently, Murugesan et al. [22] observed similar results during the ROP of
THEF in the presence of PAH using poly(anthranilic acid) (PAA) as a macro initiator.
Our results agree with them.

NMR studies

To confirm the structure of RB—initiated ROP of CL and THF, NMR spectra were
recorded. Figure 2 represents the 'H and '*C-NMR spectra of the RB—PCL system.
A peak at 4.22 ppm is formed due to the —OCH, protons (Fig. 2a). A peak at
2.4 ppm confirmed the —CO,CH, protons. The peaks between 1 and 2 ppm
confirmed the remaining protons of PCL. This is in accordance with the literature
report [23, 24]. The peak at O ppm is due to the standard tetramethylsilane (TMS).
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Fig. 2 "H-NMR spectrum of the PCL-RB system (a), '*C-NMR spectrum of the PCL-RB system (b),
"H-NMR spectrum of the PCL-RB-PTHF system (¢) and '*C-NMR spectrum of the PCL-RB—PTHF
system (d)

F.ﬂ

The peak at 7.3 ppm is due to the deuterated chloroform used as solvent. Small
humps at 6.9 and 7.1 ppm correspond to the aromatic protons of RB. This confirmed
the ROP of CL by RB. Figure 2b represents the '?*C-NMR spectra of the PCL-RB
system. The peak at 173 ppm corresponds to the C=O signal. A small hump at
131 ppm is formed due to the aromatic carbon signals of RB. The -OCH, carbon
signals of PCL appeared at 63 ppm. The —CO,CH, carbon signal appeared at
34 ppm. The remaining carbon signals between 30 and 40 ppm match with the
structure. Figure 2c, d indicates the '"H-NMR and '*C-NMR spectra of the PCL—
RB-PTHF system respectively. Here also peaks corresponding to PCL-RB
appeared. No new peaks which corresponded to the PTHF and PAH segments
were observed. This is due to the non-solvation effect of CDCI; for PTHF and PAH.
The presence of PCL segments in the diblock copolymer shows the solubility in the
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CDCl; solvent, but actually the PTHF or PAH segments are not solvated by the
CDCl; solvent. Hence, the signals due to the PTHF and PAH segments are not
shown.

UV-visible spectroscopy study

The UV-visible spectrum of pristine RB is given in Fig. 3a and shows two peaks.
The peak at 545 nm corresponds to the monomeric form of RB, whereas a small
shoulder at 507 nm is due to the dimeric structure of RB. In 2011, Chen et al. [25]
reported that the Eosin Y, structurally similar to RB, initiated the ROP of CL. Eosin
Y also has both a monomeric and dimeric structure. Figure 3b indicates the UV—
visible spectrum of the PCL-RB system. Here, the system exhibits one absorption
peak at 477.5 nm corresponding to the monomeric form of RB. The dimeric
structure of RB disappeared due to the ROP of CL. This revealed that the
dimerization or aggregation of RB dye was absent in the RB-PCL system [26].
After the ROP of CL, the absorption peak of RB was blueshifted due to the decrease
in conjugation length of RB. The blueshift in the UV-visible spectrum confirmed
the active participation of RB in the ROP of CL. The RB contains two functional
groups, —OH and -COOH. The —OH group is more active toward the ROP of CL
than —COOH. As a result, the —OH group of RB is attached to the PCL chain. This is
similar to that of Eosin Y-PCL system [25]. The broadening of the absorbance peak
indicates the agglomeration of RB in the medium. Figure 3c denotes the UV—visible
spectrum of the PCL-RB-PTHF system. Here also, the dimeric structure of RB has
disappeared. The system exhibits an absorption peak at 477 nm corresponding to the
monomeric structure of RB. The further blueshift in the absorption spectrum
confirms the ROP of THF in the presence of PAH. The slight blueshift in the
absorption spectrum can be explained as follows. The ROP of THF was carried out
using RB-PCL as a macro initiator. The RB still contains one active carboxyl group.

0.00 T T T T T T T T —
350 400 450 500 550 600
Wavelength(nm)

Fig. 3 UV-visible spectra of pristine RB (@), RB-PCL system (b) and PCL-RB-PTHF system (c)
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The carboxyl group is more active toward the ROP of ether rather than the —-OH
group of PCL. The stress via the incorporation of polymer chains on either side
through the —OH and the —COOH groups destabilizes the optical property of RB.
The blueshift in the absorption spectrum of RB also indicates the reduction in the
size of the grafted polymer. This size reduction can further be supported by FESEM
results. Here also, broadening of the peak was noticed due to the agglomeration of
RB dye units. The dimeric structure of RB disappeared due to the ROP of CL,
followed by THF in the presence of PAH.

Fluorescence emission study

The fluorescence emission spectrum of the RB—PCL system is given in Fig. 4a with
a fluorescence emission intensity (FEI) value of 45 cps. The emission peak was
noted at 522.2 nm. The fluorescence emission spectrum of the PCL-RB—PTHF
system is shown in Fig. 4b. The system exhibits one emission peak at 527.9 nm
with an FEI value of 32 cps. The results indicated that after the conjugation of the
PCL-RB system with PTHF chains, the emission wavelength was redshifted
slightly due to the formation of a new chemical linkage between the RB and PTHF
chains. This is similar to the work of Chen et al. [25]. It means that the —-CO,H
group of RB is involved in the ROP of THF. In the preparation of the RB-PCL
system, [M/I] = 100, whereas in the PTHF-RB-PCL system preparation, RB—PCL
was used as an initiator in the same ratio. This includes the amount of both PCL and
RB and hence the net quantity of RB was found to be reduced. Due to the difference
in the molecular weight of the PCL-RB and PCL-RB-PTHF systems, automatically
the emission intensity of the diblock copolymer is found to be low. The
concentration of each system is mentioned in the experimental part. The molecular
weights of the polymer systems are confirmed in the forthcoming GPC analysis
section.
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Fig. 4 Fluorescence emission spectra of the RB—PCL system (a) and PCL-RB-PTHF system (b)
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DSC study

The primary aim of the DSC study is to analyze the influence of hydrophobic and
hydrophilic segments on the phase transition temperature of the polymer. The
thermal melt transition temperature of PCL was determined by DSC. Figure 5a
represents the DSC scan of the RB-PCL system. The thermogram exhibits an
endothermic peak at 67.1 °C corresponding to the melting of PCL chains. From the
literature, it was found that the T,, of PCL varied slightly when varying the PCL
chain end group and molecular weight of PCL [27, 28]. The DSC of PCL-RB-
PTHF is given in Fig. 5b. The system exhibits one endothermic peak at 66.2 °C.
The decrease in T, is due to the introduction of THF segments into the RB-PCL
chains. The T, of PTHF varies between 48 and 65 °C [29]. There is no surprise in
the T}, of the diblock copolymer, because both PCL and PTHF have low T, values.
Moreover, their T,,, values overlap. It is well known that PCL is a semi-crystalline
polymer. Here, the main aim is to analyze the T}, value of the diblock copolymer
and not the crystallinity of the same.

TGA profile

The thermal stability of the homopolymer and diblock copolymer was studied with
TGA. The TGA thermogram of the RB-PCL system is shown in Fig. 6a with three
degradation steps. The first minor weight loss around 310 °C is due to break of the
linkage between the RB and PCL chain. The second major weight loss around
385 °C is ascribed to the degradation of the PCL backbone. Recently, Kannammal
et al. [30] found this type of degradation step for PCL. Our results coincide with
their report. The minor weight loss around 500 °C is accounted by the degradation
of RB with the evolution of carbon dioxide. It means, at lower temperature the
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Fig. 5 DSC heating scan of the RB-PCL system (a) and PCL-RB-PTHF system ()
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Fig. 6 TGA thermogram of the RB-PCL system (a) and PCL-RB-PTHF system (b)

linkage between the RB and PCL chain is broken, whereas at higher temperature
(around 500 °C) the RB alone degrades. The TGA thermogram of the PCL-RB—
PTHF system is given in Fig. 6b with a three-step degradation process. The first
major weight loss around 242 °C is due to the degradation of PTHF segments
present in the diblock copolymer. Our recent publication also confirmed the low
degradation temperature (7y) of the PTHF chains [29]. It also showed that the T4 of
PTHF depends on the nature of the initiator used for ROP of THF. The second
major weight loss around 391 °C is explained by the degradation of the PCL
backbone [28, 30]. The third minor weight loss around 500 °C is again due to the
degradation of the RB dye with the evolution of carbon dioxide. In comparison, the
RB-PCL system exhibited higher thermal stability than the PCL-RB-PTHF system
due to the hydrophobic nature. Hence, the appearance of a separate degradation
process confirmed the ROP of THF in the presence of PAH using RB-PCL as a
macro initiator. Even then, the PTHF chains are hydrophilic in nature, and there is
no separate weight loss peak corresponding to the moisture. Above all, PTHF itself
has very low degradation temperature [29].

SEM analysis

The surface morphology of RB-initiated ROP of CL is shown in Fig. 7a. The image
exhibits the presence of some microvoids on the surface of PCL. The length of the
voids varied from 0.1 to 1 um. The appearance of microvoids confirmed the
possible biomedical application of PCL as a drug carrier [22]. Generally, a drug
carrier requires a polymer with sufficient molecular weight with some functional
groups to hold the drug molecules via hydrogen bonding, presence of microvoids to
temporarily accommodate the drug moieties and the existence of biocompatibility.
The present polymer system satisfies the last two requirements and is hence
suitable for drug carrier application. Figure 7b indicates the SEM image of the RB—
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View field: 5.37 pm Det: SE 1pm
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Fig. 7 SEM images of the RB-PCL system (a, b)

PCL system. Here, one can see the presence of some polymer nanoparticles of size
approximately 100 nm. The appearance of polymer nanoparticle is the novelty of
the present investigation. The polymer nanoparticles are responsible for an effective
drug carrying or releasing application.

FESEM analysis

The FESEM image of the PCL-RB-PTHF system is given in Fig. 8. Figure 8a
represents the broken stone-like morphology with microvoids corresponding to the
PCL morphology [23, 28]. Figure 8b shows the FESEM image of the PCL-RB-
PTHF system with more polymer nanoparticle formation with size less than 50 nm.
The polymer nanoparticle formation can be explained as follows: the hydrophobic

m  100nm

Fig. 8 FESEM image of the RB-PCL system (a) and PCL-RB-PTHF system (b)
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PCL and the hydrophilic PTHF are attached through RB. Hence, there will be
formation of nano particles in the interface region between the hydrophobic and
hydrophilic regions. The conjugation of hydrophobic and hydrophilic segments
leads to the self-assembly process. That is, hydrophilic PTHF segments act as a
core, whereas the hydrophobic PCL segments act as a shell-like structure. Self-
assembly of the amphiphilic structure led to the formation of polymer nanoparticles.
Again, this proved the biomedical application of the amphiphilic copolymer,
particularly as a drug carrier.

GPC analysis

The ROP of CL and THF in the presence of RB was confirmed by GPC analysis.
Figure 9a indicates the GPC trace of the RB—PCL system. From the image, the M.,
M, and polydispersity (PD) values were calculated as 2594.8 g/mol, 1365.2 and 1.9
respectively. This confirmed the presence of 22 repeating units in the PCL chain.
Here, [M/I] = 100. In the literature, it has been reported that the structurally similar
xanthene-type dye (i.e.,) Eosin Y produced My, of 3856 g/mole for PCL [27]. This
proves that the ROP initiating efficiency of a dye molecule depends on the structure,
substituents present on the dye molecule and the nature of the functional group
involved in the ROP process. The PD value indicated the absence of crosslinking
and branching during the ROP process of CL. This proved that RB was a good
initiator for the ROP of CL. Figure 9b indicates the GPC trace of the PCL-RB-
PTHF system with the M, M, and PD values as 3211 g/mol, 1783.8, and 1.8
respectively. Again, the PD value confirmed the absence of crosslinking and
branching. The increase in M,, confirmed the ROP of THF in the presence of RB—
PCL as a macro initiator. The difference in the M,, values indicated that ten
repeating units of THF are present in the diblock copolymer. The increase in
molecular weight co-supported both DSC and TGA results. The homo PCL contains
22 repeating units of CL, whereas in the copolymer also the same number of CL
repeating units must be present. In addition, some THF with PAH repeating units is
present. Thus, the increase in molecular weight of the copolymer confirmed the

[mV x 10°1]
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2.4

[mV x 10~1]

3.0+ B

2.64

[ [ | | I [ [ [ I
.00 12.00 1400 0o ' 300 ' 600 ' obo | 12001350
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Fig. 9 GPC trace of the RB-PCL system (a) and PCL-RB-PTHF system (b)
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ROP of THF in the presence of PAH by using RB-PCL as a macro initiator. The
molecular weight determination by 'H-NMR is not useful, because the diblock
copolymer is not solvated in CDCl; solvent. Hence, peaks corresponding to the THF
segments are absent. But both the homopolymer and the diblock copolymer are
soluble in the THF solvent. Hence, GPC measurement is possible. For the
dissolution of diblock copolymer, one cannot use trifluoroacetic acid because it
degrades the structure of the copolymer. The degradation of the structure will lead
to the decrease in molecular weight of the diblock copolymer. This can be explained
on the basis of strong acidic pH.

EDX report

Figure 10 represents the EDX spectrum of the RB—PCL system. The presence of Cl
and I peaks confirmed the attachment of RB to PCL chains. The appearance of
carbon and oxygen peaks indicated the ROP of CL by RB. The percentage contents
of C, O, I and Cl are 75.06, 19.87, 2.53 and 2.54 % respectively. The Cl and I
content confirmed the attachment of RB to one end of PCL.

Band gap study

From the UV-visible absorbance (Fig. 3) spectrum, one can easily find out the band
gap using Tauc’s plot. Figure 11a indicates the Tauc’s plot of pristine RB with a
band gap value of 4.36 eV. Figure 11b, c represents the Tauc’s plot of RB-PCL and
PCL-RB-PTHEF systems respectively, with band gap values of 4.49 and 4.54 eV. It
is very interesting to note that while increasing the molecular weight of the polymer,
the band gap value is increased correspondingly; i.e., when the My, of PCL attached
to RB was 2594.8 g/mol, the band gap value was determined as 4.49 eV. After the

cps/eV

2 4 6 8 10 12 14 16 18 20
keV

Fig. 10 EDX spectrum of the RB-PCL system
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Fig. 11 Tauc’s plot for the pristine RB (a), PCL-RB (b) and PCL-RB-PTHF (c¢) systems

diblock copolymerization, the M,, increased to 3211 g/mol with the band gap value
of 4.54 eV. The influence of M,, of the polymer on the band gap value is under
further investigation in our laboratory. Generally, it can be explained as follows:
While increasing the molecular weight of the polymer, there will be an increase in
coil structure. This coil structure leads to the encapsulation of the bridging agent. As
a result of an encapsulation, more stress is enforced on the RB in the opposite
direction due to diblock copolymerization.

In the present investigation, a fluorescent biodegradable synthetic polymer was
prepared by the bulk polymerization method. It is well known that both PCL and
PTHF have lower T,,. Polymers with lower processing temperature have wide
application as a bioprobe in the biomedical engineering field . We tried to synthesize
such a biomedical candidate. PTHF has lower T4 than PCL. The interface region
between the hydrophobic PCL and hydrophilic PTHF led to the formation of
polymer nanoparticles. The nanoparticle is a key element for an efficient drug
delivery process. The FESEM results confirmed polymer nanoparticle formation.

Conclusions

In the present work, a diblock copolymer from CL and THF was prepared with RB
as the bridging agent. Both the FTIR and UV-visible studies confirmed the ROP of
CL and THF in the presence of RB and in the presence of PAH. The TGA study of
the polymer systems clearly indicated the higher thermal stability of RB-PCL
system than the PCL-RB-PTHF system due to the hydrophobic nature of the
former. The DSC thermograms of RB—PCL and PCL-RB-PTHF systems exhibited
endothermic peaks at 67.1 and 66.2 °C respectively, corresponding to the melting of
PCL and PTHF chains, and the decrease in Ty, of the latter is due to the introduction
of THF segments into the RB—PCL chains. The surface morphology of RB-initiated
ROP of CL exhibited some micro voids on the surface of PCL and some polymer
nanoparticles of size approximately 100 nm which confirmed the suitability of PCL
as a drug carrier in biomedical application. The FESEM image of the PCL-RB—
PTHF system showed more polymer nanoparticle formation with size less than

@ Springer



2162 Polym. Bull. (2016) 73:2147-2163

50 nm, which further confirmed the application of the copolymer as a drug carrier.
The PD value from the GPC study indicated the absence of branching and
crosslinking in both systems, and the increase in M, of the PCL-RB-PTHF system
was attributed to the introduction of THF into the RB—PCL system. Proton and
carbon NMR spectra clearly confirmed that RB initiated ROP of CL.
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