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Studies on photoreactive and biodegradable
copolymers composed of poly(s-caprolactone)
and 4-hydroxycinnamic acid

Jihang Li, Huaqing Xu, Na Hu, Dongjian Shi, Weifu Dong, Chao Wu and Mingqing Chen

A novel group of photoreactive and biodegradable copolymers known as poly(s-caprolactone)-co-poly(4-hydroxycinnamic acid)
(PCL-co-P4HCA) was obtained by the thermal melt polycondensation of poly(c-caprolactone) (PCL) with 4-hydroxycinnamic
acid. The chemical structures of the PCL-co-P4HCA copolymers were analyzed by Fourier transform infrared spectroscopy and
nuclear magnetic resonance. The melting points of the PCL-co-P4HCA copolymers were dependent on the PCL and 4HCA
compositions, as observed by differential scanning calorimetry measurements. Wide-angle X-ray diffraction (WXRD) analysis
showed highly crystalline structures of the P4AHCA, PCL and PCL-co-P4HCA polymers. The PCL-co-P4HCA copolymers were
fluorescent and had good photoreactivities. Crosslinking of the cinnamoyl groups in the copolymers via ultraviolet (UV)
irradiation significantly affected the fluorescence, thermal stability, hydrophobicity and water absorption of the resultant
copolymers. The PCL-co-P4HCA copolymers underwent degradation when placed in buffer solutions at pH 7.4 and pH 13.3,
and UV irradiation was able to regulate the degradation process. The photoreactive and biodegradable copolymers with high
thermal stability may be potentially applied in both the biomedical and environmental fields.
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INTRODUCTION

The development of biodegradable polymers derived from nature
monomers is considered to be an effective method of solving
environmental and resource problems.? Polylactide, poly(e-
caprolactone) (PCL), poly(hydroxyalkanoate) and poly(butylenes
succinate) are widely known to be environmentally degradable
polymers. PCL is a type of aliphatic polyester typically prepared by
the ring-opening polymerization of e-caprolactone (e-CL) using the
primary hydroxyl groups of an alcohol (ROH) or H,O as initiators.
PCL is widely utilized in numerous biomedical applications such
as sustained-release drug-delivery systems and tissue-engineering
scaffolds  because of its excellent biocompatibility and
biodegradability.>® Nevertheless, the applications of PCL for
biomedical purposes are limited by its poor hydrophilicity, low
melting temperature (T;,), low mechanical properties and slow
degradation rate. Therefore, it is necessary to improve its properties
for increasing the scope of its applicability. One of the most effective
methods for improving the properties of PCL is to copolymerize with
other monomers or polymers. There have been recent reports
documenting the copolymerization of &-CL or PCL with other
materials such as lactide, acrylic acid, N-isopropylacrylamide
(NIPAAm) and poly(ethylene glycol).#’-!! Although the solubility
and degradation rate of the PCL copolymers were enhanced, the

mechanical and thermal properties still require further improvements.
Generally, the introduction of aromatic polymers with rigid benzene
ring components into aliphatic polymers such as PCL is an efficient
method to significantly improve the mechanical and thermal
properties of these aliphatic polymers. Moreover, functional
materials that respond to environmental stimuli, such as
photoresponsive materials, can be introduced into PCL to widen its
applicability in tissue engineering, controlled drug-delivery systems
and other fields.

4-hydroxycinnamic acid (4HCA) is a derivative of coumaric acid
that exists in plant cell walls as an intermediate metabolite of lignin
and other biological materials. It is a typical biomonomer, and
its photoreactivities involving an addition reaction with [2+ 2]
cyclobutane and other trans—cis transformations are notable.'?
The homopolymer of 4HCA, P4HCA, has good photoreactivity,
cell compatibility, degradability, liquid crystallinity and thermal
properties, but it also exhibits poor solubility and is a brittle
material. Akashi and coworkers selected 3,4-dihydroxycinnamic
acid, lactic acid, cholic acid and Ilithocholic acid for
copolymerization tests with 4HCA, and the resultant copolymers
showed high solubilities and thermal and mechanical properties in
addition to excellent photoreactivities, biocompatibilities and
biodeglradabilities.13‘16 However, the influences of UV irradiation
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on the thermal and fluorescence properties of these polymers have not
yet been investigated.

To increase the thermal and stimuli response properties of the PCL
polymer, a novel photoreactive and biodegradable copolymer known
as poly(e-caprolactone)-co-poly(4-hydroxycinnamic acid) (PCL-co-
P4HCA) was prepared in this paper. The copolymers are expected
to possess both the characteristics of PCL and P4HCA, such as
thermal stability, photoreactivity, fluorescence and biodegradability.
The effects of the monomer composition and UV irradiation on the
degradable, photoreactive, thermal and fluorescence properties of the
copolymers were investigated in detail. Moreover, the thermal proper-
ties before and after UV irradiation were analyzed and are specifically
discussed in this paper. The PCL-co-P4HCA copolymers have good
biocompatibility and low toxicity and can therefore be used in
biomedical, drug-controlled release and fluorescent probe fields.

EXPERIMENTAL PROCEDURE

Materials

4HCA monomer was purchased from Wuhan Yuancheng Technology
Development Co. Ltd., Wuhan, Hubei, China, and purified in DMF/H,0
(v/v=1:50) before use. &-CL was purchased from Acros Organics (Geel,
Belgium) and was used without further purification. Anhydride acetic acid
(Acy0), sodium acetate (NaOAc), tetrahydrofuran (THF), N,N-dimethylfor-
mamide (DMF), dichloromethane (DCM) and methanol were purchased from
a Shanghai Chemical Reagent Stationsed (Shanghai, China) directly.

Synthesis of PCL

PCL was synthesized by a ring-opening polymerization method shown in
Scheme 1. First, a dry round-bottom flask was filled with e-CL under a
nitrogenous atmosphere. A solution of Sn(oct), (containing 0.3 mol% of ¢-CL)
in DCM was then added into the flask as a catalyst. The reaction mixture was
heated at 110 °C in vacuum for 8 h. Later, the reaction mixture was cooled to
room temperature, dissolved in a minimal amount of THF and precipitated by
dropwise addition into methanol with continuous stirring. The resultant
precipitate was redissolved in THF and reprecipitated into cold water. The final
product was freeze—dried for 24 h.

Synthesis of PCL-co-P4AHCA

PCL-co-P4HCA copolymers were synthesized via a thermal polycondensation
method shown in Scheme 2. 4HCA was mixed with a certain amount of PCL
in a round-bottom flask containing Ac,O (30 ml) with NaOAc (1 mol% of the
monomers). After purging with dry nitrogen to remove moisture and oxygen
in the flask, the mixture was placed in a silicon oil bath at 150 °C and stirred
for 1h until the solution became homogeneous. The reaction system was
further heated to 200 °C for an additional 6 h. The viscosity of the solution
increased gradually along with reaction time. The product was then cooled to
room temperature and washed with ethanol twice. All the polycondensation
reactions were carried out under shading and under a nitrogen atmosphere.
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Scheme 1 Synthesis of PCL homopolymer.
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Scheme 2 Synthesis of PCL-co-P4HCA copolymers.
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Preparation of the polymer sheet

The polymer sheets (30 mm x 10 mm, 0.2 mm in thickness) were prepared by
the melt-pressing method at 180 °C at a pressure of 15MPa for 10 min and
then cooled to room temperature.

Characterization

Fourier transform infrared spectroscopy (FTIR, FTLA2000, ABB Bomen,
Quebec QC, Canada) and nuclear magnetic resonance (‘H NMR, Bruker
AVANCEIIL, 400 MHz, Bruker Co., Fillanden, Switzerland) were used to identify
the polymer structures and determine the monomeric compositions of the PCL-
c0-P4HCA copolymers. A UV-visible spectrum (UV-1100, Beijing Rayleigh
Analytical Instruments Co., Beijing, China) was used to determine the
absorption of the PCL-co-P4HCA copolymers dissolved in THE. The solutions
were irradiated by UV light (A= 302nm, 1 mW/cm?, UV-100, Tanon Science
And Technology Co. Ltd., Shanghai, China) for various times. The average
molecular weight of the copolymers was determined by gel permeation
chromatography (Aligent 1100, Santa Clara, CA, USA) using N,N-Dimethyl-
formamide (DMF) as the eluent and polystyrene as the standard with a flow rate
of 1mlmin~! at 37°C. The thermal properties were analyzed by differential
scanning calorimetry (DSC 822e, Mettler Toledo, Zorich, Switzerland) and
thermogravimetric analysis (TGA/DSC1/1100SE, Mettler Toledo). DSC analysis
was carried out by scanning the samples at a heating rate of 10 °Cmin~! from
20 to 240 °C. The melting temperatures (T;,) of the samples were obtained from
the DSC curves of the second heating. The thermal degradation behavior of the
samples was observed from the TGA curves by heating from 50 to 600 °C at
a rate of 10°Cmin~! under a nitrogen atmosphere with a flow rate of
~50 ml min L X-ray diffraction (Bruker D8 Advance, Rheinstetten, Germany)
was used to investigate the crystallinity of the polymers. All the samples were
cooled from the molten state. The fluorescence spectra (Shimadzu RF-5301PC,
Kyoto, Japan) of the samples were measured at room temperature. The samples
were dissolved in THF (0.5mgml~!) and the excitation and emission slit width
were both set at 3nm. The contact angle of the sheets was measured using an
OCA 40 instrument (Dataphysics Co., Ltd., Stuttgart, Germany) with ultrapure
water droplets. Several droplets of water were placed on the sheet surface to
determine the average value of the contact angle. Each sheet, regardless of UV
irradiation, was then placed in a test tube (with a stopper) containing potassium
chloride-sodium hydroxide buffered solution (pH =13.3) or phosphate buf-
fered saline (pH=7.4) at 37°C for predetermined periods of time. The
hydrolyzed sheets were washed thoroughly with distilled water at room
temperature and dried at 40°C for 24h. The degree of degradation was
estimated from the weight percentage (W;) of the remaining products, which
was calculated using the following equation: W, (wt %) = 100 x Wy/W,, where
Wy and W, are the weights of the dry sample before and after the degradation.
The calculated weight percentage was the average of three experimental values.

RESULTS AND DISCUSSION

Synthesis of PCL and PCL-co-P4HCA polymers

The PCL polymer was obtained by ring-opening method as shown in
Scheme 1. The M, and M,/M, of PCL were 9.6 x 10* and 1.21,
respectively. PCL-co-P4HCA copolymers of varying compositions were
synthesized from PCL and 4HCA (showed in Table 1), which
introduced photoreactive groups into the main chains by the thermal
polycondensation method, shown in Scheme 2. The average molecular
weight of the PCL-co-P4HCA copolymers was also listed in Table 1.

Chemical structures of the PCL-co-P4HCA copolymers

The chemical structures of the PCL-co-P4AHCA copolymers were
analyzed by FTIR and 'H NMR spectroscopy. Figure 1 shows the
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Table 1 Synthesis conditions of PCL-co-P4HCA polymers

Sample 4HCA (mmol) CL (mmol) 4HCA:CL? (mol%) 4HCA:CL® (mol%) M, x 10~* (gmol—1) MM, Yield (%)
PCL-co-PAHCA100 40 0 100.0 100.0 0.7 1.06 87.4
PCL-co-P4HCA75 30 7.5 80:20 75:25 8.7 1.10 86.3
PCL-co-P4HCA50 30 20 60:40 50:50 10.1 1.23 94.3
PCL-co-P4AHCA33 20 30 40:60 33:67 10.1 1.22 85.9
PCL-co-P4HCA12 7.5 30 20:80 12:88 9.5 1.20 82.8
Abbreviation: CL, caprolactone.
aMolar ratios were calculated by amounts of the feed monomers.
PMolar ratios were estimated by !H NMR spectra.
©As measured by GPC with DMF as an eluent.
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Figure 1 FTIR spectra of 4HCA, PCL-co-P4HCA, PAHCA and PCL polymers.
A full color version of this figure is available at Polymer Journal online.

FTIR spectra of the 4HCA, the PCL-co-PAHCA copolymer, the
P4HCA and the PCL homopolymers. It can be observed that the
C=0 stretching peak corresponding to carboxylic acid groups at
1672cm ! in the spectrum of the 4HCA monomer was absent from
the spectra of the PCL-co-P4AHCA and P4HCA polymers, while
carbonyl (C=0) stretching bands of the ester group at
1732-1763 cm ! appeared in the spectra of the PCL-co-P4HCA and
P4HCA polymers, suggesting that carboxylic acids were successfully
converted to esters. The peaks appearing approximately at the
1635¢cm ! region of the 4HCA, the P4HCA and the PCL-co-
P4HCA polymer spectra can be attributed to the doubly bonded
carbon atoms (C=C) of the cinnamoyl groups that remained
unchanged during the high-temperature polycondensation reaction.
The peaks at 1763cm~! in the PAHCA and the PCL-co-P4HCA
spectra were attributed to the characteristic carbonyl (C=0)
stretching bands of the acetyl groups.

The chemical structures of P4AHCA and PCL-co-P4HCA75 were
further identified by 'H NMR spectra, shown in Figure 2. The
multiple peaks at 0, =7.15 and 7.64 and at §,=7.94 and 6.51 p.p.m.
shown in Figures 2a and b were assigned to the protons of benzene
and double-carbon groups, respectively. The chemical shifts in the
PCL-co-P4HCA75 spectrum (d.=4.25, 1.77, 1.50 and 2.50 p.p.m.)
can be attributed to the different proton groups found in PCL.
Moreover, the compositions of 4HCA in the copolymers can be
calculated by comparing the peak area of the doubly bonded carbon
atom groups in PAHCA (c) and the methylene groups in PCL (e). The

Acetyl group

Acetic acid

h+Acetyl group
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Figure 2 'H NMR and PCL-co-PAHCA75

(b) polymers.

spectra of P4HCA (a)

obtained results are shown in Table 1 and correspond well to the feed
amounts. These results suggested a successful preparation of the
PCL-co-P4HCA copolymers.

Photoreactivity

The cinnamoyl group is well known to undergo cis—trans isomeriza-
tions and inter- and intramolecular [2+ 2] cycloaddition with UV
irradiation (Figure 3a).!”2° The photoreactivity of the produced
PCL-co-P4HCA copolymers was examined in THF solutions at room
temperature by UV-visible spectrophotometery. Figure 3b shows the
changes in the UV absorption of the PCL-co-P4AHCAI12 polymer
during UV irradiation at 2 =302 nm as a function of irradiation time.
The absorption of the cinnamoyl group at 306 nm decreased rapidly
within 15min of UV irradiation, and then decreased gradually with
increasing irradiation time. This phenomenon indicated that the
photoreaction (crosslinking) occurred rapidly at the early stages of
UV irradiation, where there was a high initial concentration of
cinnamoyl groups. Other PCL-co-P4HCA copolymers with different
4HCA compositions showed the same photoreactive behavior during
UV irradiation, as shown in Figure 3c. PCL-co-P4HCA copolymers
with higher 4HCA compositions showed greater photoreactivity rates.
The crosslinking degree of PCL-co-PAHCA copolymers was also
reduced with a decrease in 4HCA content.

Polymer Journal
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Figure 3 (a) Reaction schematic of the E-Z transformation and
photodimerization of two forms of 4HCA into its dimer linked by

cyclobutane groups. (b) UV-vis spectra of PCL-co-P4HCA12 in THF during
UV irradiation at 2A=302nm. (c) Absorption (ima=306nm) changes of
PCL-co-P4HCA copolymers during UV irradiation at 1=302nm. A full color
version of this figure is available at Polymer Journal online.

Thermal properties

The thermal properties of PCL, PAHCA and PCL-co-P4HCA were
investigated by DSC (Figure 4). DSC analyses were performed twice to
remove the previous thermal history of the samples. The heating
curves of PAHCA and PCL each showed a solitary melting endotherm
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Figure 4 DSC curves of PAHCA, PCL-co-PAHCA and PCL polymers. A full
color version of this figure is available at Polymer Journal online.

Table 2 Thermal properties of PCL, PAHCA and PCL-co-P4HCA
polymers

Sample Tm1 CC) Tmz (°C) AHp, (Jg) Xe (%)
PCL 59.6 — 58.6 43.4
PCL-co-P4HCA12 59.8 220.2 45.8 37.5
PCL-co-P4HCA33 56.6 225.3 30.8 28.0
PCL-co-P4HCA50 56.2 224.1 4.5 6.0
PCL-co-P4HCA75 55.8 220.6 3.8 9.5
P4HCA — 218.2 — —

Abbreviations: GPC, gel permeation chromatography; PCL, poly(e-caprolactone).

peak (Ty,), which occurred at 218.2 and 59.5 °C, respectively. These
two melting endotherm peaks appeared in the heating curves of the
PCL-co-P4HCA copolymers. The phase transition temperatures and
heat of fusion (AH,,) of the polymer samples are summarized in
Table 2. The relative crystallinity of PCL chain in the polymers (Xc)
could be estimated with respect to PCL content in the polymer using
the following formula:

Xe( %) =100xAHpm/w>x AH®,

where AHY is the heat of fusion of 100% crystalline of the PCL
homopolymer (135] g ~1),2! AHy, is the fusion heat of the sample and
o is the weight fraction of the PCL in the polymer. With the increase
in PCL chains in the PCL-co-PAHCA polymers, the melting
endotherm peak at 55-60 °C increased. The Tj,; and X, of PCL-co-
P4HCA polymers were almost lower than the ones of pure PCL, and
the results illustrated that the 4HCA chain disturbed the crystal
growth of PCL compositions.

Table 3 showed the thermal stability of PAHCA, PCL and PCL-co-
P4HCA polymers. The half-decomposition temperatures (T7/,) of
P4HCA and PCL were 575 and 406 °C, respectively, and the T/, of
the PCL-co-PAHCA copolymers decreased with a decrease in the
4HCA content in the copolymers. The residual sample weight of these
polymers at 500 °C (wsgo) showed a similar trend. These results
demonstrate that the P4AHCA and the PCL-co-P4HCA polymers
possess excellent thermal stabilities that are induced by the highly
regular and abundant rigid benzene rings, as well as the conjugated
structure formed by the benzene rings and the double-carbon bonds
in the PAHCA chains. Moreover, the thermal stabilities of the PAHCA
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PCL-co-P4HCA50 417 35.3 405 30.5
PCL-co-P4HCA33 411 21.2 404 13.8
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Abbreviation: PCL, poly(e-caprolactone).
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Figure 5 The effect of 4HCA composition on ATy, of PCL-co-P4AHCA
copolymers before and after UV irradiation. A full color version of this figure
is available at Polymer Journal online.

and PCL-co-P4HCA polymers decrease when irradiated with UV rays,
which may be possibly due to the change of the copolymer structure.
Isomerization and [2+2] cycloaddition of the cinnamoyl groups
occurred under UV irradiation, which destroyed the regularity and
the conjugated structure of the copolymers. In addition, the bond
energy of the carbon—carbon double bond was much higher than the
bond energy of the carbon—carbon single bond in the four-ring
structure, which may also lead to a decrease in the thermal stabilities
of the copolymers. A comparison of the T}, between the PCL-co-
P4HCA copolymers before and after UV irradiation allowed for the
obtaining of AT, which is shown in Figure 5 as being dependent on
4HCA content in the copolymer. The PCL-co-P4HCA copolymers
with a higher 4HCA content showed larger ATy, values due to the
higher degree of photoreactivity. These results indicated that the
photoreaction would significantly affect the thermal stabilities of
the copolymers.

Fluorescence properties

The polymers based on cinnamic acid derivatives have fluorescence
properties.?>?* The fluorescence emission spectra were obtained at an
excitation wavelength of 375nm. The characteristic fluorescence
emission peaks of PAHCA and PCL-co-P4HCA polymers are shown
in Figure 6, which exhibit broad and strong emission peaks at the

5044
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T
500 550
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T
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Figure 6 Fluorescence emission spectra of P4HCA and PCL-co-P4HCA
polymers. The inset shows how the fluorescent intensity changes with 4HCA
composition. A full color version of this figure is available at Polymer
Journal online.

220
250 200
S 180
T @ 1804 "
I N, ;g 140
200 4 i T Irradiation
/ v i e time
3 L 80 : 0 (min)
o i f‘ ! \_\ o 10 20 30 40 50 5 min
2z 150 / P \ Irradiatien time (min) 10( (mi?\)
o 15 (min)
£ 1004 20 (min)
b 25 {min)
| 30 (min)
50 4 35 (min)
! 40 (min)
45 (min)
0 T T T T T —= 1
400 450 500 550 600 650

Wavelength (nm)

Figure 7 Fluorescence emission spectra of PCL-co-P4HCA50 with UV
irradiation at /=302 nm for various times, and the inset shows how the
fluorescence intensity changes with UV irradiation time. A full color version
of this figure is available at Polymer Journal online.

400-650nm region corresponding to the benzene rings and the
conjugated system of C=C double bonds within the polymers. The
maximum emission peak intensity at 450 nm of these polymers
decreased with a decrease in 4HCA content, and a linear relationship
was found between the peak intensity and the composition of 4HCA in
the polymers (inset in Figure 6). It was also confirmed that the reaction
between 4HCA and PCL was successful. Figure 8 shows the fluores-
cence emission spectra of PCL-co-PAHCAS50 after UV irradiation at
A=302nm over a given period of time. The fluorescent intensity
decreased with an increasing irradiation time (inset in Figure 7), which
was similar to the previous results obtained from UV absorption tests.
This phenomenon indicated that the cinnamoyl group could undergo
photoreaction in the absence of a photo initiator, and the degree of
conjugation within the polymers was reduced.

Crystallinity
The crystallizations of PAHCA and PCL-co-P4HCA polymers were
characterized by WXRD measurements, as shown in Figure 8. PAHCA

Polymer Journal
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Figure 8 WXRD diagrams of P4AHCA, PCL-co-P4HCA and PCL polymers. A
full color version of this figure is available at Polymer Journal online.

showed five diffraction peaks at 20=11.0° (dl), 18.6° (d2), 21.0°
(d3), 23.8° (d4) and 27.8° (d5) (6 = diffraction angel) consistent with
the results presented by Kaneko et al.,>* and PCL showed two sharp
diffraction peaks at 20=21.4" (d3) and 23.7° (d4).® The WXRD
pattern indicates that the PAHCA and PCL homopolymers are all
crystalline. The copolymerization of 4HCA and PCL produced a
crystalline PCL-co-P4HCA copolymer. When the composition of
4HCA in the PCL-co-P4HCA copolymers decreased, it was observed
that the intensity of crystal diffraction peaks derived from the PAHCA
phase became weaker, while the peaks derived from the PCL phase
became stronger.

Wettability of the PCL-co-P4HCA copolymers

Investigating the interaction between water and any materials used as
biological implants is very important, which requires an evaluation of
the contact angles and the water absorption capacities of the PCL-co-
P4HCA sheets. The contact angles of the copolymer sheet surfaces
with different 4HCA compositions were compared to evaluate the
surface wettability (Figure 9). The water contact angles of the PCL-co-
P4HCA12, PCL-co-P4HCA33 and PCL-co-P4HCA50 sheets were
found to be 74 £2°, 70 £ 3° and 68 £ 2°, respectively, which decreased
with an increase in 4HCA content, possibly due to the high
hydrophobicity of the PAHCA chains. Moreover, the contact angles
of PCL-co-P4HCA sheets increased to 81+5°, 80+2° and 78 +2°,
respectively, after UV irradiation. These results suggest that cross-
linking caused by UV irradiation increased the surface hydrophobi-
city. Therefore, it can be said that the surface wettability of the PCL-
co-PAHCA sheets are controlled by adjusting the chemical composi-
tions and the conditions of UV irradiation. The water absorption of
the PCL-co-P4HCA sheets in deionized water was performed for 24 h,
and the results are shown in Table 4. The water absorption was only
0.54% of because of the hydrophobic property of the copolymer, and
decreased to 0.32% after the UV irradiation. PCL-co-P4HCA12 and
PCL-co-P4HCA33 sheets showed zero water absorption when put into
contact with deionized water for 24 h.

Degradation behavior

The hydrolytic degradation behaviors of the PCL-co-P4HCA sheet
with and without UV irradiation were investigated using buffer
solutions of pH =7.4 and 13.3 at 37 °C. Figure 10 showed the weight
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Figure 9 Contact angle images of PCL-co-PA4HCA sheets without (a) and
with (b) UV irradiation for 30 min.

Table 4 Water absorptions of the PCL-co-P4HCA sheets with and
without UV irradiation

Sample Without UV With UV irradiation for 30 min
PCL-co-P4HCA12 — —
PCL-co-P4HCA33 — —
PCL-co-P4HCA50 0.54% 0.32%

Abbreviation: UV, ultraviolet.

loss of the PCL-co-P4HCA sheets as a function of degradation time. A
rapid weight loss was observed at the initial period of immersion into
both solutions, but the hydrolysis rate became slower and stabilized
during the latter period of degradation. The initial weight loss might
be caused mainly by the degradation of the low molecular weight
polymer chains. The hydrolysis rate of the PCL-co-P4AHCA sheets
increased with an increase in 4HCA content, and the rates of
hydrolysis were significantly higher under alkaline conditions than
under neutral conditions. The degradation rates of the copolymers
after UV irradiation were slightly slower than the copolymers that did
not undergo UV irradiation (Figure 10c and d), which was different
from the results reported by Thi et al.2%2¢ This phenomenon might be
caused by a fixed structure induced from crosslinking and the higher
surface hydrophobicity of the PCL-co-P4AHCA sheets.

CONCLUSIONS

PCL-co-P4HCA copolymers were synthesized successfully by the
thermal polycondensation of 4HCA with PCL. The copolymers
showed two melting endotherm peaks belonging to PCL and
P4HCA chains, and the WXRD patterns also indicated that the
copolymers were crystalline. The introduction of rigid, conjugated
4HCA polymer segments could increase the thermal stability of the
copolymers, which was observed to increase with an increase in 4HCA
content. The thermal stability of PCL-co-P4HCA declined upon
irradiation with UV rays, and the thermal stability declined with an
increase in 4HCA content. PCL-co-P4AHCA copolymers showed
fluorescence and photoreactive properties, and the strongest fluores-
cence emission peak decreased with a decrease in 4HCA content. The
results of accelerated degradation tests showed that the contact angles
of PCL-co-P4HCA sheets decreased and degradation rate increased
with an increase in 4HCA composition within the copolymers. After
UV irradiation, the contact angle increased and the degradation rate
decreased. Therefore, the degradation of the copolymers could be
controlled by changing the copolymer components and by introdu-
cing UV irradiation. The copolymers would have good compatibilities
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and useful applications as novel environmental and biomedical
materials.
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