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ABSTRACT: A detailed analysis of the IR spectrum ofmelt-quenched PLLA-PEG-PLLA sample and its
change with temperature is presented. It was found that, in the initial state of the melt-quenched
PLLA-PEG-PLLA sample, the PLLA constituent does not exist as a normal amorphous or crystalline
phase but as a kind of mesophase, which is confirmed by the WAXD data. The IR data suggest that both
chain conformation and chain packing are disordered to some extent in such a mesophase. Therefore, this
mesophase is less thermally stable than the orderedR phase and even the disordered R phase (R0) of PLLA. In
the heating process, the mesophase of PLLA in the PLLA-PEG-PLLA copolymer starts the partial melt
first upon heating in a stepwise way, and subsequently it is reorganized directly into the stableR phase but not
through theR0 phase of PLLA. These phase transition behaviors are examined and discussed at themolecular
functional group level.

1. Introduction

Poly(L-lactic acid) (PLLA) is one of themost popular bioplastics
nowadays.1,2 The “bio-” means that it is not only biodegradable
at the ambient environment but also can be produced from
the renewable biomass such as corn.3 Moreover, PLLA exhibits
the biocompatibility and excellent mechanical performances
comparable to those of petroleum-based traditional polymers.
Therefore, the biomaterials based on PLLA have gained bio-
medical attention in recent years due to their acceptance by living
organism and have been used to construct three-dimensional
scaffold and as suture and drug delivery matrix materials.

Recently, the synthesis, characterization, and medical applica-
tions of the triblock copolymer, PLLA-PEG-PLLA, have
attracted great interest from a number of researchers.4-8 It is
well-known that poly(ethylene glycol) (PEG), a kind of water-
soluble polymer, has excellent biocompatibility. The copolymers
of L-lactide with hydrophilic monomer of ethylene glycol show
great potential inmedical andpharmaceutical applications due to
its amphiphilic nature and biodegradability. Both drug perme-
ability and biodegradability depend on the crystalline and phase
structure. Thus, it is necessary to understand the phase behavior
of the PLLA-PEG-PLLA copolymer.

Self-assembly of a soft matter into ordered structure is an
important issue in material and biology sciences. It has been
recognized that three physical events compete with each other in
forming final morphologies in amorphous-crystalline or crystal-
line-crystalline block copolymers (BCPs).9-11 These are the
microphase separation of the copolymer, the crystallization of
crystallizable blocks, and the vitrification of amorphous/crystal-
line blocks. Accordingly, three temperature parameters associ-
ated with these physical events are the order-disorder transition

temperature of block copolymer (TODT), the crystallization
temperature of crystallizable blocks (Tc), and the glass transition
of amorphous/crystalline blocks (Tg). Depending on the segrega-
tion strength and the relative values of Tg, Tc, and TODT, many
different morphologies can be generated in BCPs. Both PLLA
and PEG are crystalline polymers. PEG has a flexible chain with
low Tg (-30 to -20 �C) acting as soft segments in BCPs,11

whereas PLLA has stiff chain with relative higher Tg (50-60 �C)
as the hard blocks.1 Meanwhile, the melting point of PEG with
low molecular weight is around room temperature. Therefore, in
some cases, the PLLA-PEG-PLLA copolymer can be treated
as a crystalline-amorphous copolymer, and the self-assembling
of the PLLA constituent plays a main role in deciding the final
morphologies and phase structures. To our knowledge, there is
no systematic research reporting on the phase behavior of the
PLLA-PEG-PLLA copolymer.

The morphologies and phase behavior of BCPs are usually
investigatedmainly by time-resolved small-angleX-ray scattering
(SAXS) and wide-angle X-ray scattering (WAXS) techniques.9-13

By these scatteringmethods, somequantitative information, such
as the long period, lamellar thickness, and lattice spacing, can be
unambiguously deduced with the Bragg equation. However, no
information about the molecular configurations and molecular
interaction involved in the microphase separation or crystalliza-
tion process of BCPs can be derived by these scattering methods.
Fourier-transform infrared spectroscopy (FTIR) is sensitive to
the molecular conformation, interaction, and local chemical/
physical environment of polymers.14-17 Therefore, an introduc-
tion of IRmethodmay give us complementary information to the
SAXS and WAXS techniques.18,19

In our previous work, we have studied the various crystal modi-
fications of PLLA and their crystallization processes in detail by
using IR spectroscopy.20-23 It is found that IR spectroscopy is a
very useful tool to characterize the polymorphism of PLLA. For
example, based on the IR spectra of PLLA crystallized at various
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temperatures, a kind of disorder R form (R0) of PLLA was first
revealed and suggested in our previous work.22 Compared with
the studies by other researchers and ours,20-26 the spectra-struc-
ture relationship of various PLLA crystal modifications has been
well established.

The purpose of this study is to explore the complex thermal/
phase behavior of PLLA-PEG-PLLA triblock copolymer at
the molecular level by using temperature-dependent IR spectro-
scopy. Unexpectedly, a kind of mesophase of PLLA in the melt-
quenched PLLA-PEG-PLLA sample is identified, and it is
found that this mesophase can be transferred to the ordered
R phase of PLLA via the partial melt-reorganization process.

2. Experimental Section

2.1. Material and Preparation Procedures. The synthesis and
purification of PLLAx-PEG2000-PLLAy (xþy=100,weight-
average molecular weight (Mw)= 8800 Da, Mw/number-aver-
age molecular weight (Mn) = 1.04) used in this work were
performed according to procedures reported previously.6,7

2.2. FTIR Spectra. FTIR spectra were measured with a
Thermo Nicholet Magna 870 spectrometer equipped with a
MCT detector. The normal transmission mode was employed
for the IR measurement. The PLLA-PEG-PLLA sample for
IR analysis was casted on a KBr plate and then melt-quenched
with liquid nitrogen for erasing the thermal history. For study-
ing the thermal behavior of PLLA-PEG-PLLA via in situ
FTIR, the sample thus prepared was set on a Instec HCS302
variable temperature cell, which was placed in the sample
compartment of the spectrometer. The sample was then heated
at a 1 �C/min up to 165 �C from room temperature (25 �C).During
the heating process, FTIR spectra of the specimens were recorded
at a 1 �C interval from 25 to 165 �C with a 1 min interval. The
spectrawere obtained by coadding 16 scans at a 2 cm-1 resolution.

The intensities of IR bands were automatic calculated by a
numerical data processor program for vibrational spectroscopy,
Spina Version 3, which was developed by Yukiteru Katsumoto
in the Ozaki Group of Kwansei Gakuin University.

2.3. Differential Scanning Calorimetry (DSC).DSCmeasure-
ment of melt-quenched PLLA-PEG-PLLA (sample weight:
ca. 5 mg) was performed on a Perkin-Elmer Pyris6 DSC system
over a temperature range from 20 to 170 �C at heating and
cooling rates of 10 �C/min under a nitrogen gas flow at a rate of
50 mL min-1.

2.4.WAXD and SAXS.The Bruker D8 focus was used for the
WAXD measurement, and the X-ray beam used was Cu
KR radiation. SAXS measurement of melt-quenched PLLA-
PEG-PLLAwas performed at the ShanghaiNational Synchro-
tron Radiation Center, China. The wavelength of the incident
X-ray beam was 1.24 Å.

3. Results and Discussion

3.1. Thermal Behavior of PLLA-PEG-PLLA Copoly-
mer. Figure 1 shows a DSC heating curve of PLLA-
PEG-PLLA sample. For erasing the thermal history, the
melt-quenched sample was used. Upon heating from room
temperature, a small endothermic peak appears first in a
wide temperature range of 69-86 �C. Subsequently, a very
sharp exothermic peak is observed around 92 �C. In this
work, PEG2000 was used for the synthesis of PLLA-
PEG-PLLA sample. As reported, the melting point of
PEG2000 homopolymer is around 56 �C,7 whereas the glass
transition temperature and melting point of PLLA homo-
polymer with the normal molecular weight is 59 and 170 �C,1
respectively. Therefore, this sharp exothermic peak around
90 �C should be associated with the crystallization of PLLA
rather than that of PEG. Another endothermic peak at
145 �C is attributed to the melting of PLLA component with
low molecular weight.

However, it is unclear that what the origin for the small
endothermic peak around 86 �C is (note the red arrow in
Figure1). At this temperature range of 69-86 �C,which is far
above themelting point of PEG, the PEG component should
be always in the molten state. Therefore, this weak endo-
thermic peak may also be related to the phase transition
behavior of PLLA constituent. In effect, the small melting
peak just prior to the crystallization peak of PLLA was also
observed in the DSC data of PLLA-PEG-PLLA copoly-
mer based onPEG4600 as reported byKricheldorf et al.7 But
at that time, no explanation was assigned to this phenom-
enon. Before we clarify this point by temperature-dependent
IR spectroscopy, it is necessary to explore the initial state/
phase structure of the melt-quenched PLLA-PEG-PLLA
sample.

3.2. Initial State of PLLA in the Melt-Quenched
PLLA-PEG-PLLA. Under normal crystallization condi-
tions, that is, melt or cold crystallization from bulk, PLLA
homopolymer is known to form two kinds of crystal modi-
fications, order R and disorder R (R0) at crystallization tem-
perature above 120 �C and below 100 �C, respectively.22,23,27,28
An IR spectrum of melt-quenched PLLA-PEG-PLLA co-
polymer is depicted in Figure 2. For comparison, IR spectra
of amorphous and crystalline PLLA (R0 and R form) mea-
sured at room temperature are also included in the same
figure. The amorphous PLLA sample was prepared by melt
quenching method, whereas the PLLA R0 and R form was

Figure 1. ADSC heating curve of melt-quenched PLLA-PEG-PLLA
copolymer.

Figure 2. IR spectra of three kinds of PLLA samples (amorphous, R0,
and R form) and the melt-quenched PLLA-PEG-PLLA copolymer.
The inset graph is the chemical structure of the PLLA-PEG-PLLA
triblock copolymer.
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obtained by annealing the melting-quenched PLLA at 80
and 150 �C for 1 h, respectively.

Compared with the spectra of PLLA homopolymer, a
characteristic band of PEG is identified at 2867 cm-1, which
is assigned to CH2 stretching vibration of PEG. The
PLLA-PEG-PLLA copolymer lacks polar groups in the
PEG blocks, and the weight fraction of PEG (ca. 18 wt %)
constituent is relatively low in our sample so that the
spectrum of PLLA-PEG-PLLA copolymer is dominated
by the signals of PLLA in the spectral region of 1800-
800 cm-1. At the first glance, the IR spectra of PLLA in
the three states are very similar to each other in Figure 2,
except a band at 1267 cm-1 as indicated by the red arrow,
which is associated with the coupling of νas(C-O-C) and
δ(CH) vibration modes.24 Pan et al.27 had assigned this
band to the less energy-favorable gg conformers of PLLA.
However, vibrationalmodes in this spectral region are highly
coupled with skeletal modes, and the chance to assign this
band to individual conformers is very unlikely. Our pre-
vious IR studies on the crystallization process of PLLA show
that the intensity of this band decreases with crystalliza-
tion time.20-23 Thus, it is safe to conclude that this band is
sensitive to the amorphous phase of PLLA. As shown in
Figure 2, it is obvious in the spectrum of amorphous PLLA,
whereas it is relative weak in those of the crystalline PLLA
(R and R0) and melt-quenched PLLA-PEG-PLLA co-
polymer.

It is noted that obvious spectral differences can be identi-
fied in the CdO stretching vibration region (1800-
1720 cm-1) and the chain backbone vibration region (970-
730 cm-1) of the PLLA samples as shown in the enlarged
spectra of Figure 3. First, in the CdO stretching region,
typical IR bands for amorphous, R0, and R form of PLLA
homopolymer are located in 1757, 1761, and 1759/1749 cm-1,
respectively.21,22 It is surprising to notice that none of them
are consistent with a characteristic band (1753 cm-1) of
PLLA in the melt-quenched PLLA-PEG-PLLA sample.
The band at 1753 cm-1 shows a noticeable shift compared to
the location observed for the amorphous phase (1757 cm-1).
In the lack of specific interactions, shifting of IR bands is
usually associated with conformational sensitivity. In this
context, Meaurio et al.28,29 had proposed that the bands in
the CdO stretching region of PLLA are sensitive to chain
conformers. They assigned the observed bands at 1776, 1759,
and 1749 cm-1 corresponding respectively to gg, gt, and tt
conformers. Therefore, the band at 1753 cm-1 may suggest

an increase of the relative population tt conformers in the
melt-quenched PLLA-PEG-PLLA sample.

It should be mentioned that the band splitting phenom-
enon (1759/1749 cm-1) of PLLAR form is due to the ordered
chain packing in the unit cell, which induces the so-called
correlation field splitting effect.29 On the basis of the this
observation, we have proposed that theR0 form has loose 103
helical chain packing, and it is less thermally stable than the
standardR form of PLLA.22Recently, detailedX-ray studies
in several groups strongly evidence this viewpoint.23,30

In the backbone vibration region (970-730 cm-1, as-
signed to skeletal C-C stretching coupled with CH3 rocking
mode24), the melt-quenched PLLA-PEG-PLLA sample
shows a band at 915 cm-1, whereas a band at 923 cm-1 is
observed for the R0 and R forms of PLLA homopolymer and
there is no band around 920 cm-1 for the amorphous PLLA.
It has been found that the band around 920 cm-1 is related to
the ordered helical chain conformation of PLLA.24-27 For
example, the bands at 923 and 908 cm-1 are the characteristic
bands of 10/3 (R0 and R form) and 3/1 (β form) helical chain
conformation of PLLA, respectively . The β form of PLLA is
acquired by uniaxailly drawingPLLAat high temperature or
high pressure.31,32 According to the temperature-dependent
IR spectra, it will be evidenced later that this band does not
come from PEG constituent. Therefore, this may be the
first report of the observation of a conformational band
at 915 cm-1 for PLLA.

Meanwhile, it is found that the band at 872 cm-1, which is
attributed to the C-C backbone stretching ν(C-COO),21 is
sharper in the melt-quenched PLLA-PEG-PLLA than
that in the amorphous PLLA, and there is a lowwavenumber
shift of 872 cm-1 band in the amorphous sample. These
spectral observations strongly suggest that the PLLA chains
in the melt-quenched PLLA-PEG-PLLA sample are more
ordered than in the amorphous state, and their ordering is
also totally different with those in the normal crystalline
states (R0 andR) of PLLA. The observed characteristic bands
of various PLLA modifications are summarized in Table 1.
These new observations in the CdO stretching region
(1800-1720 cm-1) and the C-C backbone vibration region
(970-730 cm-1) stimulate us to speculate that the PLLA
component exists as a kind of mesophase with distinct chain
packing and chain conformation in the melt-quenched
PLLA-PEG-PLLA sample.

As reported,33-35 for semicrystalline polymers with very
fast crystallization rate, a mesophase can often be acquired
by the melt-quenched method. For example, isotactic poly-
propylene (iPP) is a crystalline polymer also having a fast
crystallization rate, and it can be solidified into an inter-
mediate state between crystal and amorphous states when a
thin specimen of molten state is rapidly quenched.33 Such an
intermediate state of iPP is called “mesomorphic phase” or
abbreviated as “mesophase”. However, the crystallization
rate of PLLA homopolymer is not so high that amorphous

Figure 3. Detailed IR spectral comparison of three kinds of PLLA
samples (amorphous, R0, and R form) and the melt-quenched PLLA-
PEG-PLLA copolymer in the regions of CdO stretching vibration
(a) and C-C backbone vibration (b).

Table 1. Observed Characteristic Bands of Various
PLLA Modifications

vibration mode observed bands assignment

ν(CdO) (localized vibration mode) 1759/1749 R
1760 R0
1753 mesophase
1757 amorphous

ν(C-C) þ r(CH3) (backbone
vibration mode)

923 R

923 R0
915 mesophase

amorphous
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rather than mesophase sample can be attained by the melt-
quenched method.

In the PLLA-PEG-PLLA copolymer used here, the
molecular weight of the PLLA block is very low and the
PEG block has very low Tg (<0 �C), which should enhance
the molecular mobility of PLLA blocks. Therefore, the self-
assemble mobility or crystallization rate of the PLLA in the
copolymer is enhanced so that the mesophase can be formed
under the melt-quenched condition.

Of particular note, the term “mesophase” has also been
used to indicate “transition layer” or “interface” between the
crystalline and amorphous regions of semicrystalline poly-
mers, such as PET.36 For differing these concepts, rigid
amorphous phase (RAP) rather than mesophase may be
better for describing the confined interface phase between
the crystalline and amorphous regions.37 Here, the proposed
mesophase of PLLA in the melt-quenched PLLA-PEG-
PLLA copolymer seems be an intermediate state between
crystal and amorphous states, which is more similar to the
mesophase of iPP rather than the RAP of PET.

To support our speculation, the WAXD data of melt-
quenched PLLA-PEG-PLLA sample are presented in
Figure 4. For comparison, the WAXD data for a PLLA-
PEG-PLLA sample annealed at 100 �C for 1 h is also inclu-
ded. As shown in the DSC data of Figure 1, a crystallized
samplewill be obtained at such annealing temperature. It can
be clearly seen that only a broad diffraction peak is observed
for the melt-quenched sample, while the annealing sample
show the characteristic diffraction peak of the PLLA R/R0
phase. The WAXD data strongly support that a mesophase
rather than a crystalline phase is formed in the melt-
quenched PLLA-PEG-PLLA copolymer. As indicated
by the previous IR data, the PLLA chain conformation in
the melt-quenched copolymer is disordered to some extend
compared to the regular helical chain of PLLA, and there is
also disordering in the chain packing mode in such a
mesophase. Therefore, no diffraction peak can be observed
for the melt-quenched PLLA-PEG-PLLA copolymer.
Because the WAXD profiles of PLLA R and R0 phase are
highly similar,23 we will discuss the actual crystal modification
after the cold crystallization process of melt-quenched PLLA-
PEG-PLLA by the temperature-dependent IR data later.

Usually, some ordering structure in larger scale (nano-
meters) exists in the mesophase of polymer. As shown in
Figure 5a, the 2D-SAXS data reveal that a microphase-
separated structure is presented in the melt-quenched PLLA-
PEG-PLLA copolymer. The corresponding one-dimen-
sional profile is shown in Figure 5b, in which q = (4π/λ)
sin θ = 2π/L, where 2θ is the scattering angle, λ is the

wavelength of the X-rays, and L is the long period, from
which it can be calculated that the long period for such
ordering structure is around 60 nm. In summary, these data
of WAXD/SAXS and IR data suggest that PLLA constitu-
ent does exist as a kind of mesophase in the microphase-
separated domains of melt quenched PLLA-PEG-PLLA
copolymer.

3.3. Phase Transition in the Heating Process of Melt-
Quenched PLLA-PEG-PLLA Triblock Copolymer. Tem-
perature-dependent IR spectra of melt-quenched PLLA-
PEG-PLLA copolymer during the heating process from 25
to 165 �C are displayed in Figure 6. An obvious spectral
change in the characteristic amorphous band of PLLA at
1267 cm-1 can be observed. The intensity changes of this
amorphous band as a function of temperature is depicted in
Figure 7. The intensity changes of the amorphous band at
1267 cm-1 clearly indicate that there are twomelting and one
crystallization processes in the whole temperature range
from 25 to 165 �C. That is, a relatively small melting process
around 80 �Cand a biggermelting process around 165 �C.By
comparing the relative intensities of the amorphous band at
1267 cm-1 at the end of these two melting processes (that is,
H1 and H2 indicated in Figure 7), it can be found that only
partial melting (around 20 wt%, calculated byH1/H2) of the
mesophase takes place in the early stage of the first melting
process. Subsequently, the abrupt decrease of the amor-
phous band indicates that there is a recrystallization or phase
transition process. Does the mesophase totally melting or
disappear in the recrystallization or phase transition process?
This point can be clarified by monitoring the characteristic
crystalline bands in the CdO stretching region and C-C
backbone vibration region.

Figure 4. WAXD of melt-quenched PLLA-PEG-PLLA copolymer
and that of annealed at 100 �C for 1 h.

Figure 5. 2D-SAXS of melt-quenched PLLA-PEG-PLLA copoly-
mer (a) and its corresponding one-dimensional profile (b).

Figure 6. IR spectral evolution of melt-quenched PLLA-PEG-PLLA
during the heating process from 25 to 165 �C in the region of CdO
stretching vibration.
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Enlarged spectral evolution of the CdO stretching region
and the backbone vibration region is depicted in parts a and
b ofFigure 8, respectively. It can be clearly seen that the band
at 1753 cm-1 for mesophase turns to the band at 1759 cm-1

forR phase and the PLLAmesophase (915 cm-1) transforms
to the ordered R phase (923 cm-1) with increasing tempera-
ture above 90 �C.

For investigating the phase transition behavior in the
smaller melt process around 80 �C in detail, the DSC curve
together with the intensity changes in the amorphous region
(1267 cm-1), mesophase (1753 cm-1/915 cm-1), and R phase
(1759 cm-1/923 cm-1) in the temperature range of 50-
110 �C are plotted in Figure 9. Corresponding to the smaller
melting peak in the DSC curve of Figure 1, it can be found
that a partial melting appears in the temperature range of
68-86 �C because the intensities at 1753 and 915 cm-1

decrease slowly. The increases of the band at 1759 and
923 cm-1 starting from 86 �C indicate PLLA ordered R phase
is formed after the partial melting of mesophase. Of note, the
intensity of the band at 915 cm-1 reaching zero value at 94 �C

suggests that the mesophase is totally disappeared after the
formation of R phase. The disappearance of this band at
94 �C also shows that it is the IR band of PLLA rather than
that of PEG constituent.

It is found that, in the temperature range from 87 to 93 �C,
the formation of PLLA R phase and the melting of the
mesophase take place simultaneously. As shown in Figure 10,
the overlapped IR spectral evolution of the CdO stretching
vibration in this temperature range demonstrates such a
trend clearly. The appearance of the band at 1749 cm-1 also
evidenced that the R phase rather than R0 is formed. Of
particular note is that an isosbestic point is observed, which
may indicate that there is a first-order transition between the
mesophase and the R phase of PLLA.

Figure 7. Intensity changes of the amorphous band at 1267 cm-1 of
PLLA during the heating process of melt-quenched PLLA-PEG-
PLLA copolymer from 25 to 165 �C.

Figure 8. IR spectral evolution of melt-quenched PLLA-PEG-
PLLA during the heating process from 25 to 165 �C in the region of
CdO stretching vibration (a) and C-C backbone vibration region
(b) of PLLA. The spectra are arranged with a 2 �C interval.

Figure 9. Comparison of the DSC heating cure (top) and the intensity
changes of several characteristic IR bands of PLLA during the heating
process (bottom) of melt-quenched PLLA-PEG-PLLA copolymer
from 50 to 110 �C.

Figure 10. Overlapped IR spectral evolution of the CdO stretching
vibration in the temperature region of 87-93 �C.
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As mentioned previously, the ordered R and disordered R
(R0) are usually formed at crystallization temperature above
120 and below 100 �C. Here, the crystallization of PLLA
around 90 �C produces the ordered R phase instead of the R0
phase. This phenomenon may be ascribed to two reasons.
One is that the molecular mobility in the PLLA-PEG-
PLLA copolymer is higher than that of the PLLA homo-
polymer. The other is that different crystallization mecha-
nisms exist in these two cases. That is, the crystallization of
PLLA homopolymer is from the glassy state or molten state.
However, in the case shownhere, the crystallization of PLLA
is from the mesophase.

Usually, a mesophase is believed to be a precursor for a
polymer crystallization, which will accelerate the crystal-
lization process.33 In the present case, the mesophase-to-
crystal phase transition by partial melting is observed. A
schematic illustration of the phase transitions of the meso-
phase-to-partial melt-to ordering crystal in the heating pro-
cess of the melt-quenched PLLA-PEG-PLLA is depicted
in Figure 11. By the above analysis, the origin of the smaller
melting peak as shown in Figure 1 is clearly clarified.

In the view of larger scale (>1 nm), the melt and reorga-
nization process of such PLLAmesophasemay be associated
with the order-to-disorder (ODT) phase transition of PLLA-
PEG-PLLA triblock copolymer. The correlation between
the order-to-disorder (ODT) phase transition and the partial
melt-recrystallization of the PLLAmesophase in the PLLA-
PEG-PLLA copolymers should be further clarified by the
morphology methods, such as SAXS and AFM.

4. Conclusion

The present study has revealed that, in the initial melt-
quenched PLLA-PEG-PLLA sample, the PLLA constituent
does not exist as a normal amorphous or crystalline phase but as a
kind of mesophase, which is totally different than the conven-
tional R phase and the recently proposed disordered R phase (R0)
of PLLA. The confined self-assembly process in the microphase-
separated domains should be the reason for the msophase
formation. On the basis of the C-C backbone vibration modes
of PLLA constituent in the PLLA-PEG-PLLA triblock copoly-
mer, we have proposed that the PLLA chain conformation in
such mesophase is disordered to some extent. The lack of sharp
diffraction peaks in the WAXD data of melt quenched PLLA-
PEG-PLLA sample suggests that there is also disordering in the
chain packing mode of such mesophase. Thus, it is less thermally
stable than the standard R phase and even the R0 phase of PLLA.

This conclusion has been evidenced by the in situ temperature-
dependent IR measurements of melt-quenched PLLA-PEG-
PLLA sample. During the heating process, partial melting of the
PLLAmesophase appears upon heating to the temperature range
of 69-86 �C in a stepwise way. Subsequently, the remaining
mesophase is quickly transformed to the orderedR phase without
through the disorder R phase.
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