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ABSTRACT: The nature of the “peculiarly strong” interaction between the poly(L-lactide) (PLLA) and
poly(D-lactide) (PDLA) chains was investigated by real time infrared spectroscopy during the isothermal
melt crystallization process of the PLLA/PDLA stereocomplex. A very small low-frequency shift (about 1
cm-1) of νas(CH3) and a larger low-frequency shift (about 5 cm-1) of ν(CdO) were observed. The typical
butterfly pattern in the two-dimensional (2D) asynchronous correlation spectrum and the second-derivative
spectra reveal that there is a “peak shift” for ν(CdO). The red shifts of the stretching vibration modes of
the methyl and carbonyl groups suggest that the interaction between the PLLA/PDLA stereocomplex is
ascribed to CH3‚‚‚OdC hydrogen bonding. Another interesting result is that the peak shift of the ν(CdO)
band already occurs in the induction period, which indicates that the CH3‚‚‚OdC interaction is the driving
force for forming the racemic nucleation of the PLLA/PDLA stereocomplex. Moreover, the 2D correlation
analysis indicates that the structural adjustment of the CH3 group occurs prior to that of the C-O-C
backbone during the stereocomplexation process of PLLA/PDLA. The CH3‚‚‚OdC interaction may be the
reason for this sequence of structural changes.

1. Introduction

Among the family of biodegradable aliphatic polyes-
ters, poly(lactic acid) (PLA) ([CH(CH3)COO]n-) has been
attracting much attention, because it is producible from
renewable resources, such as starch, and has very low
or no toxicity and high mechanical performance com-
parable to those of polyethylene and polystyrene.1 Due
to the presence of a heteroatom in the main chain (which
has a chemical polarity), PLA is a genuine chiral poly-
mer, the two enantiomers of which have been synthe-
sized.2 Crystalline poly(L-lactide) (PLLA) forms left-
handed helices, while crystalline poly(D-lactide) (PDLA)
adopts right-handed helices.3 Since Ikada et al.3 found
a stereocomplex formation from equimolar mixtures of
PLLA and PDLA in both melts and solutions, numerous
studies have been performed on the formation and
crystallization of the stereocomplex as well as its crystal-
line structure, morphology, and physical properties.4-8

It has been found that the stereocomplex crystallizes
in a triclinic unit cell to form a 31 helical conformation
known as the â-form.3-5 In contrast, the individual
polyenantiomers crystallize either in a pseudoorthor-
hombic system with two 103 helices (known as the
R-form)9-11 or in a “distorted 31-helix R-form”.11 The
â-form of PLLA can also be obtained by changing the
conditions used to form fiber samples.12,13 A new γ form
produced through epitaxial crystallization was also
recently described by Cartier et al.14 Table 1 sum-
marizes the crystalline structures, melting points, and
preparation conditions of different crystalline forms
acquired for the PLLA/PDLA stereocomplex and pure
PLLA (or PDLA). Noticeablely, the physical properties

of the PLLA/PDLA stereocomplex are markedly differ-
ent from those of the individual homopolymers of PLA,
for example, (1) higher thermal stability, having a
melting temperature (230 °C) that is significantly higher
than those of the enantiomeric R and â forms (180 and
170 °C, respectively), despite very similar or (for the â
structure) even identical helix conformations3,12,13 and
(2) higher hydrolysis resistance compared with that of
pure PLLA and PDLA even in the amorphous state.15

Obviously, the different helix structure is not the
main reason for the high stability of the PLLA/PDLA
stereocomplex. On the basis of the distinct physical
properties of the PLLA/PDLA stereocomplex above,
Tsuji et al.15 speculated that there are peculiarly strong
interactions between the left- and right-handed helices
of PLLA and PDLA in the stereocomplex. By force field
simulation of the stereocomplex unit cells and of their
powder patterns, Brizzolara et al.5 proposed that van
der Waals interactions are formed between opposite
oxygen atoms and hydrogen atoms, and such interac-
tions cause the stabilization of the 31 helix and the
higher melting point of the complex. However, experi-
mental evidence which elucidates the exact nature of
such “peculiar” interactions in the PLLA/PDLA stereo-
complex is still lacking.

In the past decade, the importance of C-H‚‚‚O
interactions has been recognized not only in simple
molecules but also in biological molecules such as
nucleic acids,16-18 proteins,19,20 and carbohydrates.21,22

The widespread occurrence of C-H‚‚‚O interactions has
made them an active topic of research from both
theoretical23-25 and experimental23,26 perspectives. How-
ever, conclusive experimental evidence for C-H‚‚‚O
hydrogen bonding in biological macromolecules is no-
toriously difficult to obtain, because the weak C-H‚‚‚O
interactions usually coexist with other stronger hydro-
gen bonds, making the contribution from the C-H‚‚‚O
interactions difficult to distinguish. Nevertheless, it has
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been suggested that the C-H‚‚‚O interactions play
important functional and structural stabilization roles
in biological systems.23,27 PLA is a kind of polyester with
simple molecular structure. There are no strong hydro-
gen bonds among the PLA chains, and only dipole-
dipole interactions, weak C-H‚‚‚O hydrogen bonds, and
van der Waals interactions are expected. Therefore, it
is a suitable model for investigating the weak C-H‚‚‚O
hydrogen bond.

On the basis of our previous studies on the spectral
changes of pure PLLA during the isothermal crystal-
lization processes by infrared and two-dimensional
infrared correlation spectroscopy,28,29 we explore in this
study the structural dynamics and intermolecular in-
teractions between the PLLA and PDLA chains during
the melt crystallization of the PLLA/PDLA stereocom-
plex at 220 °C by real time IR spectroscopy. A very small
low-frequency shift (about 1 cm-1) of the νas(CH3) band
and a larger low-frequency shift (5 cm-1) of the ν(CdO)
band were observed with the formation of the PLLA/
PDLA stereocomplex. These observations verify that the
PLLA/PDLA stereocomplex forms the CH3‚‚‚OdC in-
termolecular interaction between the PLLA and PDLA
chains that is attributed to a C-H‚‚‚O hydrogen bond.
The relatively large peak shift of the CdO band already
occurs in the induction period, indicating that the CH3‚
‚‚OdC interaction is the driving force for forming the
racemic nucleation of the PLLA/PDLA stereocomplex.

2. Experimental Section
2.1. Materials and Sample Preparation Procedures.

The synthesis and purification of PLLA and PDLA samples
(PLLA, weight-average molar mass (Mw) ) 150000 g mol-1 and
Mw/number-average molar mass (Mn) ) 1.80; PDLA, Mw )
100000 g mol-1 and Mw/Mn ) 1.85) used in this study were
performed according to the procedures reported previously.30

The blend films for studying the PLLA/PDLA stereocomplex
formation were obtained by the following casting method. A
chloroform solution with a concentration of 1 g/dL was
separately prepared for PDLA and PLLA, and then, the
solutions were admixed with each other under stirring. The
mixing ratio of the solutions was fixed at a 1:1 volume ratio.
The mixed solution was cast onto a KBr plate, and the solvent
was allowed to evaporate at room temperature for approxi-
mately 1 h. The resulting films were dried in vacuo for another
24 h.

2.2. FTIR Spectroscopy. For the IR experiment of the melt
crystallization process of the PLLA/PDLA stereocomplex, the
KBr plate with the solution cast film was set on a homemade
variable-temperature cell, which was placed in the sample
compartment of a Nicholet Magna 870 spectrometer equipped
with an MCT detector. The sample was first heated at 10 °C/
min to 240 °C (about 10 °C above the melting point of the
PLLA/PDLA stereocomplex) for 1 min to melt the polymer and
completely erase the thermal history. Then, it was cooled at 5
°C/min to 220 °C for the isothermal melt crystallization. IR
spectra of the specimen were collected with a 1 min interval
during the annealing process. The spectra were obtained by
co-adding 16 scans at a 2 cm-1 resolution.

2.3. 2D IR Correlation Analysis. Before the 2D correlation
analysis was performed, the IR spectra were preprocessed to
minimize the effect of baseline instabilities and other nonse-

lective effects. The frequency regions of interest were truncated
first and subjected to a linear baseline correction, followed by
offsetting to the zero absorbance value. Ten spectra at an equal
time interval in a certain wavenumber range were selected
for the 2D correlation analysis, which was carried out by using
the software 2D Pocha composed by D. Adachi (Kwansei-
Gakuin University). The time-averaged 1D reference spectra
are shown at the side and top of the 2D correlation maps for
reference. In the 2D correlation maps, regions without dots
indicate positive correlation intensities, while those with dots
indicate negative correlation intensities.

3. Results and Discussion
3.1. Crystallization Kinetics of the PLLA/PDLA

Stereocomplex. Usually, the melt crystallization of a
PLLA and PDLA stereomixture is followed by the
homocrystallization of PLLA and PDLA along with the
crystallization of the stereocomplex. To avoid the effect
of the homocrystallization, a crystallization temperature
(Tc) at 220 °C, which is between the melting point of
pure PLLA or PDLA (ca. 170 °C) and that of the PLLA/
PDLA stereocomplex (ca. 230 °C), is chosen. Under such
Tc, it is found that the crystallization rate is also
suitable for real time FTIR measurement.

Figure 1 shows the time-dependent IR spectra in the
range of 1500-800 cm-1 during the melt crystallization
process of a PLLA/PDLA cast film at 220 °C. The
enlarged spectra in the 1000-820 cm-1 region are
shown in the inset of Figure 1. In the inset, one can
clearly identify a new band at 908 cm-1, which is the
characteristic band of the PLLA/PDLA stereocomplex
(â crystals).31-33 On the other hand, the band at 923
cm-1, which is assigned to the coupling of C-C backbone
stretching with the CH3 rocking mode and is sensitive
to the 103 helix chain conformation of PLLA R crystals,
is missing completely.32,33 This observation provided the
evidence that only the stereocomplex of PLLA/PDLA is
formed and no homocrystallization of PLLA and PDLA

Table 1. Comparison of the Crystalline Structure, Melting Point, and Preparation Conditions of Different Crystalline
Forms for the PLLA/PDLA Stereocomplex and Pure PLLA (or PDLA)3-5,9-14

crystalline
form unit cell

helical
conformation

Tm
(°C) preparation conditions

PLLA (or PDLA) R pseudo-orthorhombic 103 ∼180 solution or melt
â trigonal 31 ∼170 high draw ratio and temperature
γ orthorhombic 32 epitaxial crystallization

PLLA/PDLA stereo-complex â triclinic 31 ∼230 1:1 blend

Figure 1. Time-dependent IR spectra in the range of 1500-
1000 cm-1 collected during the melt crystallization process of
the PLLA/PDLA stereocomplex at 220 °C.
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appears under such crystallization conditions. Since the
intensity change in the characteristic band at 908 cm-1

is very small, it is difficult to derive the crystallization
dynamics of the PLLA/PDLA stereocomplex at 220 °C
by following its intensity change.

In the range of 1500-1000 cm-1, bands are highly
overlapped (Figure 1). To emphasize spectral changes
and to relate the intensity changes of the bands to the
crystallization kinetics, difference spectra were calcu-
lated by subtracting the initial (amorphous state)
spectrum from the rest of the spectra in Figure 1. Figure
2 displays them. From the difference spectra, pro-
nounced spectral changes during the melt crystallization
of the PLLA/PDLA stereocomplex can be observed. In
the range of 1500-1300 cm-1, bands at 1455 and 1383
cm-1 are, respectively, due to CH3 asymmetric and
symmetric deformation modes and a band at 1365 cm-1

is associated with the combination of δs(CH3) and
δ(CH).31 Relatively small intensity changes take place
for these bands, while larger changes occur in the region
from 1300 to 1000 cm-1. In the range of 1300-1000
cm-1, it is well-known that most of the bands are related
to the C-O-C stretching vibration modes, although the
precise assignments for the bands in this region are
difficult. However, the band at 1039 cm-1 is well
assigned to the stretching vibration of the C-CH3
group,31 and we noticed in our previous study28,29 on the
crystallization behaviors of PLLA that the stretching
vibration of the C-CH3 group appears at 1044 cm-1 in
both the amorphous and semicrystalline samples. There-
fore, it is rational to assign the new band at 1039 cm-1

in Figure 2 as a characteristic band of the PLLA/PDLA
stereocomplex. Figure 3 plots the normalized peak
height of the crystalline sensitive band at 1039 cm-1 in
the difference spectra as a function of crystallization
time at 220 °C. It can be seen from the plot that it takes
about 25 min to complete the melt crystallization of the
PLLA/PDLA stereocomplex at 220 °C, and that the
induction time is about 2 min.

It has been well established that information about
the specific order of spectral intensity changes taking
place during spectral measurements can be derived from
the analysis of a 2D asynchronous spectrum.34,35 Figure
4 shows the synchronous Φ(ν1, ν2) and asynchronous Ψ-
(ν1, ν2) 2D correlation spectrum in the range of 1500-
1000 cm-1, calculated from the difference spectra in
Figure 2. In both 2D spectra, it can be seen that highly
overlapped peaks are deconvoluted effectively by spread-
ing the peaks along the second spectral dimension. An
asynchronous spectrum represents sequential or suc-
cessive changes of spectral intensities measured at ν1
and ν2. According to Noda’s rule,34,35 the sign of an

Figure 2. Time-dependent difference spectra calculated from
the spectra shown in Figure 1.

Figure 3. Normalized peak height of the crystalline sensitive
band at 1039 cm-1 of the PLLA/PDLA stereocomplex as a
function of crystallization time.

Figure 4. Synchronous and asynchronous correlation spectra of the PLLA/PDLA stereocomplex in the wavenumber region of
1500-1000 cm-1, calculated from the spectra obtained during annealing at 220 °C.
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asynchronous cross-peak becomes positive if the inten-
sity change at ν1 occurs predominantly before ν2 in the
sequential order of t. It becomes negative, on the other
hand, if the change occurs after ν2. This rule is, however,
reversed if the corresponding synchronous intensity
becomes negative, i.e., Φ( ν1, ν2) < 0. The crystalline
sensitive bands at 1455, 1190, 1129, and 1090 cm-1

show positive peaks in the difference spectra, indicating
that the intensities of all these bands increase with the
crystallization time. Accordingly, it is reasonable for
them to share the positive synchronous cross-peaks (Φ-
(ν1, ν2) > 0) in the synchronous spectrum (Figure 4a).
In the corresponding asynchronous spectrum (Figure
4b), they have the following asynchronous cross-peaks:
Ψ(1455, 1190), Ψ(1190, 1039), Ψ(1129, 1039), and Ψ-
(1090, 1039) > 0. These observations indicate that the
sequential order of these crystalline sensitive bands is
1455 cm-1 > 1190 cm-1 and 1190, 1129, and 1090 cm-1

> 1039 cm-1. As mentioned above, the bands at 1455
and 1039 cm-1 are assigned, respectively, to the CH3
asymmetric deformation mode and C-CH3 stretching
vibration and the bands at 1190, 1129, and 1090 cm-1

are related to the C-O-C stretching vibration modes.
Therefore, from the 2D correlation analysis, it seems
that the change of the CH3 group in PLLA or PDLA
occurs prior to that of the C-O-C backbone, and that
the structural adjustment of C-CH3 is slower than that
of the C-O-C backbone. During the cold crystallization
processes of pure PLLA,29 it is also found that the
structural adjustment of the CH3 group unambiguously
precedes that of the ester group.

3.2. Intermolecular Interaction Between the Cd
O Group and the CH3 Group. Because only CH3 and
CdO groups exist as the side groups in the PLLA or
PDLA chain, it is very important to investigate changes
in IR bands due to CH3 and CdO groups for exploring
the interchain interaction between the PLLA/PDLA
chains. The spectral evolution in the CdO stretching
region during the melt crystallization process of PLLA/
PDLA stereocomplexation is shown in Figure 5a. Dif-
ference spectra calculated by subtracting the initial
spectrum from the rest of the spectra in Figure 5a are
displayed in Figure 5b. Obviously, during the crystal-
lization process, the intensity of a positive peak at 1749
cm-1 increases gradually with time, while that of a
negative peak at 1765 cm-1 decreases. It seems rational
to assign the 1749 cm-1 band to ν(CdO) of the crystal-
line phase, and the 1765 cm-1 band to ν(CdO) of the
amorphous phase. Recently, Bourque et al.36 monitored
the compression behavior of equimolar mixtures of
PLLA and PDLA deposited on an air-water interface
by the polarization modulation IR reflection absorption
spectroscopy (PM-IRRAS) technique. They showed that
these two components can be associated with the A and
E modes of polylactide helices. However, in our trans-
mission spectra, such positive and negative peaks in the
difference spectra may be artificially generated by the
crystallization-induced frequency shift or bandwidth
narrowing of the actual IR spectra. Therefore, it is
necessary to try other spectral analysis methods also.
It is well established that 2D correlation spectroscopy
has powerful deconvolution ability for highly overlapped
bands.35 Especially, an asynchronous correlation spec-
trum is sensitive to a small frequency shift or a
bandwidth change. The asynchronous correlation spec-
trum calculated from the spectra in Figure 5a is
depicted in Figure 5c. It is clear that a so-called

“butterfly pattern” appears in the CdO stretching
region. Usually, the appearance of a butterfly pattern
in an asynchronous spectrum is attributed to a peak
shift combined with the intensity changes.37,38

Figure 6a shows the second derivative of some of the
spectra shown in Figure 5a. It can be seen that two
bands (1776 and 1754 cm-1) can be detected before the
sterecomplex formation of PLLA/PDLA. With the trans-
forming of the PLLA/PDLA sample from the amorphous
state to the semicrystalline state, the band at 1754 cm-1

shifts to 1749 cm-1, whereas the intensity and position
of the band at 1776 cm-1 change little. A new band at
1760 cm-1 is clearly detected at the end of the ster-
ecomplexation process. Obviously, the bands at 1760
and 1749 cm-1 are crystalline sensitive bands, which
can be assigned to ν(CdO) of the amorphous and
crystalline phases, respectively. The band at 1776 cm-1

is not a crystalline sensitive band, although it is difficult
to make clear its origin.

One possible interpretation for the low-frequency shift
of the crystalline band near 1749 cm-1 (Figure 6a) is
the transition dipole coupling of the ester groups in the
crystalline state. For polymer systems, a band splitting
often occurs due to the dipole-dipole coupling when the
molecules form an ordered structure.39 It is well-known

Figure 5. (a) Time-dependent IR spectra in the range of
1860-1660 cm-1 collected during the melt crystallization
process of the PLLA/PDLA stereocomplex at 220 °C. (b)
Corresponding difference spectra. (c) An asynchronous 2D IR
correlation spectrum generated from (a).
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that such dipole-dipole interaction provides quite dif-
ferent spectral patterns for IR and Raman spectra. A
comparison between the IR and Raman spectra of the
PLLA/PDAL stereocomplex in the literature,31 however,
does not give any support for the existence of the
dipole-dipole coupling. The other possibility is the
intermolecular hydrogen bond interaction between the
CdO and CH3 groups. The low-frequency shift of the
CdO stretching band is an important criterion for
hydrogen bond formation of the CdO group.40 Therefore,
it is rational to speculate that there is a CH3‚‚‚OdC
interaction between the PLLA/PDLA stereocomplex that
is attributed to the hydrogen bond. This hydrogen bond
must be weak because the low-frequency shift of the ν-
(CdO) band from the usual position for a free CdO
group (1754 cm-1) is so small.

To strengthen the above speculation, it is necessary
to check the spectral changes in the C-H stretching
region. Figure 7 illustrates the time-dependent spectral
evolution in the C-H stretching region during the melt
crystallization process of the PLLA/PDLA stereocom-

plex. Bands at 2995, 2944, and 2880 cm-1 are assigned,
respectively, to the CH3 asymmetric stretching, CH2
stretching, and CH stretching modes. Obviously, the
CH3 asymmetric stretching mode shifts from 2995 to
2994 cm-1, and its intensity also gradually increases
with the formation of the PLLA/PDLA stereocomplex.

It is well-known that both the frequency shifts and
intensities changes are characteristics for the specificity
or magnitude of hydrogen bonds formed.40 The fre-
quency of an A-H stretching vibration is very sensitive
to the H-bond formation and is generally shifted to a
lower value as a consequence of the weakening of the
A-H bond. The shift in the frequency of the A-H
stretch is often used as the simplest spectroscopic
criterion for the existence of H-bonding. Theoretical
calculations have estimated the CH‚‚‚O bonding inter-
actions to be about 1-2 kcal/mol.41-43 It has been
reported that the racemic crystal of the PLLA/PDLA
stereocomplex is formed by packing â form 31 helices of
opposite absolute configuration alternatingly side by
side. Brizzolara et al.5 proposed that van der Waals
interactions are formed between opposite oxygen atoms
and hydrogen atoms. However, our observations for the
frequency shifts of the ν(CdO) and νas(CH3) bands
indicate that the CH3‚‚‚OdC interaction is attributed
to the hydrogen bond between the PLLA and PDLA
chains. With the aforementioned shift of the C-H
stretching band at hand, it is possible to calculate the
CH3‚‚‚OdC bond strength using the empirical correla-
tion between the frequency shift and H-bond strength
proposed by Rozenberg and co-workers:44 ∆G ) 0.31∆ν1/2

kcal/mol. Thus, the frequency shift of νas(CH3) is indica-
tive of a H-bond energy of ∆G ) 0.31 kcal/mol, which is
lower than the value of the usual theoretical calculations
mentioned above. This value demonstrates that the
hydrogen bond strength between the CdO group and
CH3 group is weak. However, considering the long-chain
property of a macromolecule, the overall contribution
of such CH3‚‚‚OdC hydrogen bonds can account for the
significant stability of the PDLA/PLLA stereocomplex.
Moreover, the cooperatively of the hydrogen bonds can

Figure 6. (a) Second derivatives of the spectra measured during the melt crystallization process of the PLLA/PDLA stereocomplex
at 220 °C. The spectra were arranged with a 5 min interval from 0 to 20 min. (b) A plot of the peak position of the ν(CdO) band
in the second derivatives of the spectra collected during the melt crystallization process of the PLLA/PDLA stereocomplex at 220
°C.

Figure 7. Temporal changes of the IR spectrum in the range
of 3100-2850 cm-1 during the melt crystallization process of
the PLLA/PDLA stereocomplex at 220 °C.
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magnify and improve the overall hydrogen bond effect
between the PLLA and PDLA chains.

The distance between the oxygen atom of the CdO
group and the hydrogen atom of one of the C-H bonds
of the CH3 group in a crystal unit is an important
criterion for forming the hydrogen bond. However, we
found that it is difficult to calculate the distance
between them because of the lack of the reported atom
coordinates of PLA. By comparing Figures 3 and 6b, it
is found that the peak shift of the CdO band already
occurs in the induction period, indicating that the CH3‚
‚‚OdC interaction appears before the formation of the
PLLA/PDLA crystal unit. However, for the individual
polyenantiomer of PLA, it was found that the intermo-
lecular dipole-dipole interaction of the CH3 group
appears during both the induction period and growth
period of PLLA melt crystallization,28 which provides
direct evidence that the distorted 103 helix conformation
of the PLLA chain in R crystals is due to the interchain
interactions between CH3 groups. Moreover, recently,
Iwata et al.45 found that the surface-grafted PLLA
resists the adsorption of free PLLA chains but favors
the adsorption of free PDLA chains. These observations
show that the 31 helical chains of opposite absolute
configuration of PLA tend to form the CH3‚‚‚OdC
hydrogen bond, which is the driving force for forming
the PLLA/PDLA stereocomplex.

4. Conclusion
In this study, we have investigated the melt crystal-

lization behavior of a PLLA/PDLA blend film at 220 °C
by means of IR spectroscopy. It has been verified that
only the PLLA/PDLA stereocomplex is formed and no
homocrystallization of PLLA and PDLA appears under
such crystallization conditions. The crystallization dy-
namics of the PLLA/PDLA stereocomplex at 220 °C has
been derived by monitoring the intensity changes in the
C-CH3 stretching band at 1039 cm-1 as a function of
crystallization time. From the 2D correlation analysis,
it has been found that the change of the CH3 group in
PLLA or PDLA occurs prior to the conformational
adjustment of the C-O-C backbone, and that the
structural evolution of C-CH3 is slower than that of the
C-O-C backbone. Of particular importance is that a
very small low-frequency shift (about 1 cm-1) of the νas-
(CH3) band and a larger low-frequency shift (5 cm-1) of
the ν(CdO) band were observed. These observations
suggest that the CH3‚‚‚OdC among the PLLA/PDLA
stereocomplex is attributed to the weak H-bond and that
the energy of the H-bond is about ∆0.31 kcal/mol, which
is lower than the value of the theoretical calculations.
Moreover, it has been noted that the peak shift of the
CdO band already occurs in the induction period, which
indicates that the CH3‚‚‚OdC hydrogen bond is formed
before the formation of the regular crystal structure of
the PLLA/PDLA sterecomplex. In other words, the CH3‚
‚‚OdC interaction among the â form 31 helices of
opposite absolute configuration of PLA is the driving
force for forming the racemic nucleation of the PLLA/
PDLA stereocomplex. This situation is obviously differ-
ent from that in the crystallization behavior of pure
PLLA, in which the dipole-dipole intermolecular in-
teraction of the CH3 group among the 103 helices of the
same absolute chain configuration appears in the induc-
tion period.28 We have speculated that the CH3‚‚‚OdC
interaction is also the reason the change of the CH3
group occurs prior to that of the C-O-C backbone
during the sterecomplex process of PLLA/PDLA.
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