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ABSTRACT: Single crystals of the poly{lactide) (PLLA) block and the poly(ethylene glycol) (PEG) block in
poly(L-lactide)-poly(ethylene glycol) diblock copolymer were obtained by melt crystallization. The morphology,
structure, and evolution process of the single crystals were investigated using transmission electron microscopy
(TEM), selected-area electron diffraction (SAED), and real-time atomic force microscopy (AFM). Two types of
crystal morphology were obtained. One was the regular morphology of a single crystal: lozenge-spiral dislocation,
lozenge multilayer, and hexagonal (or truncated-lozenge) multilayer, which was layer-by-layer structure. The
foregoing crystallization of the PLLA block determined the regular morphology of single crystal. The other type
of crystal morphology was that the layer-dendritic crystal, which was affirmed to be the PEG crystal by real-time
AFM, formed at the edge of the regular single crystal and grew along some certain directions on the crystal
surface of the PLLA block. The forming of layer-dendritic crystal was through the reorganization of metastable
phase crystal of the PEG block. The SAED results indicated that the (001) plane of the PLLA crystal was parallel
to the (16-4) plane of the PEG crystal and the substrate. The foregoing crystallization of the PLLA block had
an effect on the crystal orientation of the PEG block.

Introduction the low-T,, block acts as a dilute solvent and influences its

Double crystalline block copolymers with good properties crystallization. In addition, the accomplished crystallization of
such as biodegradability, biocompatibility, innocuity, tissue the highT, block has a restraining effect on the crystalhza_tlon
absorbability, and so on, have attracted many researchers’©f the low-Tp, block. Moreqver, unlike a blend of two crystallln_e
attention because of their potential application in medical areas.POlymers, the two crystallizable blocks of the double crystalline
Therefore, in recent years, many double crystalline block block copolymer are connected by chemical bonds and constrain

copolymers have been studied extensiveRf,such as poly(- their activity with each other. ,
lactide)b-poly(e-caprolactone) (PLLAPCL)48 poly(L-lac- PLLA—PEG block copolymer is one of the most important
tide)J-poly(ethylene glycol) (PLLA-PEG)?~15 poly(ethylene biomaterials and is widely used in medical areas because of its
glycol)-b-poly(caprolactone) (pEGpCL),lIG—lS and polyp- predominant properties. The melting temperature of the PEG

dioxanone)s-poly(e-caprolactone) (PPDXPCL)1%2The crys- block (T, ~ 55°C) is muc_hllower than that of the PLLA _blogk
tallization behavior of double crystalline block copolymers (Tm ~ 165°C). Moreover, itis also lower than t.h.e crystallization
is complicated because two crystallization processes work temperatureT ~ 120°C) and the glass transition temperature
cooperatively when the copolymer is quenched from the (Tg” 60°C)ofthe PLLA block. Many reports on the properties
homogeneous or microphase-separated melt state into variougd a@pplication in the medical aré&s®and on their condensed
temperatures below the melting temperatures of both blocks. If state structufe1® are available in the literature. However, almost
the melting temperatures of both blocks are very close, for N Work about single crystals of the PLEAEG block
example in the case of PEGCL copolymer, the crystallization ~ COPolymer was reportef.In the present study, we investigate
temperatures of both blocks are also very close, and the the morphology and struqture of the single c;rystals of the PLLA
crystallization precedence is determined by the relative molec- Plock and the PEG block in the PLIAPEG diblock copolymer
ular weight of both blocks. Moreover, simultaneous crystal- obtained by meIF crystallization. Furthermore, the evolut_|on
lization of both blocks may occur under some conditions. If Process of the single crystal was also followed by real-time
the melting temperature of one block is far from that of the AFM.

other one, especially when the melting temperature of one block
is lower than the crystallization temperature of the other, the
crystallization of the highF, block is from fully amorphous _ Materials. PLLA—PEG diblock copolymer was prepared by
state to amorphoussemicrystalline state, and the crystallization "iNg-0pening polymerization of I-lactide (supplied by Purac) in the
of the low-Tr block is in a three-phase morphology in which presence of monomethoxy-terminated poly(ethylene glycol), which

L ) . . . has one methyl end group and a number-average molecular weight
two distinct crystalline phases coexist with a mixed amorphous of 5000 (supplied by Aldrich), catalyzed by stannous octoate

phase. During the crystallization process of the highblock, (Sn(Oct), 10 mol % relative to PEG) according to the method

reported earlie?* The molecular weight of the PLLA block was
* To whom correspondence should be addressed. E-mail: ligao@ciac.jl.cn. 5000, and the polydispersity,/M,) of the PLLA—PEG diblock
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Figure 1. Single-crystal morphologies and corresponding electron diffraction patterns §£G§ diblock copolymer observed by TEM.
Specimen was stained by Ry@a) Lozenge-spiral dislocation single crystal; (b) ED pattern of (a) where the Grgiaveera* axes of the PLLA
block and the PEG block is 21(c) lozenge multilayer single crystal and its E@= 22°; (d) truncated-lozenge multilayer single crystal and its
ED, 6 = 30°; (e) hexagonal multilayer single crystal and its ED= 30°.

copolymer was 1.25. LAEGS represents the PLLAPEG diblock regarded as the actual recording temperature. The specimen was

copolymer, where the superscript indicates the number-averageheated at a rate of about 2€/min from room temperature (27

molecular weight of the block in kg/mol and the subscript indicates °C) to 175°C and kept for 10 min at 175C, and then it was

the content of a particular component in weight percent. cooled slowly to find the appropriate temperature for observing
Preparation of LASEGS, Single Crystal. Using the solution-  the evolution process of LAEGE, single crystal.

cast technique, about 0.05 mL of a 0.1% (g/mL) benzene solution ) )

of the copolymer was placed on mica and a silicon wafer covered Results and Discussion

with carbon film, respectively (substrate dimensions, 1 eni Morphology and Structure of Single Crystals. Figure 1

cm). After the benzene was evaporated, the thin film on the substrate, : .
was heated to 17%5C and kept for 5 min for complete melt. Then shows the morphologies and corresponding SAED patterns of

the temperature was decreased to A2@apidly, and the copolymer LAZEGS, single crystals, which were obtained by melt crys-
was allowed to crystallize isothermallyrfa h (the PEG block was  tallization, in bright field TEM images. After LAEGS, was
in the melt state). Finally, the temperature was decreased €35 melted completely at 175C, it was quenched to the crystal-
rapidly and maintained fol h for the PEG block to crystallize. In  lization temperature quickly in two steps. The sample was first
order to prevent oxidation of the PEG block, melting and annealing held at 120°C for 1 h for the crystallization of the PLLA block
of LAZEG, were both carried out under a nitrogen atmosphere. and then at 35C for 1 h for the crystallization of the PEG
‘TEM Observations. A JEOL JEM-1011 transmission electron  pjock. Single crystals with lozenge-spiral dislocation, lozenge
microscope (TEM) was Usef to examine the morphology and mytilayer, and hexagonal (or truncated-lozenge) multilayer were
electron diffraction of LAEGE, single crystal at an acceleration || obtained simultaneously. Parts a and ¢ of Figure 1 are TEM
voltage of 100 kV. A piece of carbon and polymer film was floated j5qe5 of lozenge-spiral dislocation and lozenge multilayer
on water and picked up with 400 mesh copper grids. For clearer single crystals, respectively. Figure 1d shows a lozenge mul-

recognition of morphological features, particularly in multilayer . . : S
structures, they were stained by RO tilayer single crystal with two clearly truncated, which is also

AFM Observations. Real-time experiments of the evolution called truncated-lo_zenge r_nultllayer single crystal. Figure le is
process of L/SOEGg0 single crystal on silicon wafer covered with & hexagongl multilayer smglg c_rystal whose truncate_d area
carbon film were performed on a heating stage under vacuum Pecomes bigger. Close examination reveals that there is a step
(1075—10"7 Pa) with an SPI 3800/SPA 300HV (Seiko Instrument in the crystals where these new sectors and consequently the
Inc.) microscope operating in a dynamic force microscope (DFM) truncation face starts and develops. Thus, growth conditions
mode. AFM height images and phase images were obtained at themust have changed at that stage. The above morphology results
same time. A 15@:im scanner and a commercially available SiN  are similar to that of lwata and D@Bi about the PLLA
cantilever with a spring constant of 42 N/m were used in all real- homopolymer. They reported that the hexagonal, truncated-
time experiments. Silver paste was used to fix the specimen on thelozenge, and lozenge-shaped single crystals with spiral growth

heating stage. The temperatures of the specimen surface and thgqre hrepared simultaneously from solution crystallization.
heating stage (corresponding to the bottom of the specimen) were

monitored. The former was measured by a thermocouple glued on !t IS quite unusual that large single crystals of §QE_G'550_

the silicon surface. Temperature gap between the two was founddiblock copolymer can be obtained by melt crystallization.

to increase with the temperature. The gap was ab8Qt at above Generally speaking, single crystals are obtained by solution
100°C. In our study, the surface temperature of the specimen was crystallization while melt crystallization produces spherulites
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Figure 2. Single-crystal morphology that has layer-dendritic crystals

at the edge and its electron diffraction pattern forSiGy, diblock
copolymer,0 = 21°. Specimen was stained by RyO

for polymers. In solution crystallization, the molecules assume
macroconformations close to random coils. Different molecules

are separated from each other and arrive on slow crystallization

PLA—PEG Diblock Copolymer 2793

stronger diffractions belonging to the PLLA crystal and the four
strong diffractions with a tetragonal symmetry and a basic
spacing corresponding to 4.75 A belonging to the (120) planes
of the PEG crystal. According to our WAX® and SAED
results, all of the diffractions of single crystal are well indexed
with the o-phase of PLLA (pseudo-orthorhomba= 1.06 nm,

b = 0.61 nm,c = 2.88 nm¥° and the monoclinic crystal form

of PEG @ = 0.805 nmb = 1.304 nmc = 1.948 nm, ang} =
125.#).30 The indexed results of the diffraction patterns suggest
that thea*b* plane of the PLLA crystal is parallel to the*b*
plane of the PEG crystal and the substrate. In other words, the
(001) plane of the PLLA crystal is parallel to the (18) plane

of the PEG crystdh32and the substrate. The electronic beam
is alongc axes (chains direction) of the PLLA and PEG crystals,
and the chain stems of the PLLA and PEG blocks in the crystal
are perpendicular to the substrate.

Furthermore, it is interesting that the angleetween the*
axes of the PLLA and PEG crystals is about230° in SAED

independently, one after another, at the crystal surfaces. Thesdatterns. It indicates that the foregoing crystallization of the

conditions are expected to be suitable for growing large, perfect,

and equilibrium single crystaf$.0On the other hand, there are
two possible reasons why the PLLA blocks in } &G,
diblock copolymer can form single crystals from melt crystal-
lization. Above the PLLA crystallization temperatufe$ 120

°C), the PEG blocks are melted adequatély & 55 °C), and

the PEG blocks are miscible with the PLLA blocks in the melt
state!>2?” Therefore, the PEG blocks have good mobility and
may play a dilute solvent. It is able to provide a favorable
environment where the PLLA blocks may assume macrocon-

formations and individual blocks are separated from each other

before crystallization. In addition, the molecular weight of the
PLLA block is only 5000, which is not high. Thus, the degree
of entanglement of the molecular chains is very low in the melt

state, which is advantageous for the molecules to fold and form

single crystals. After the copolymer crystallizes isothermally
at 120°C, basic regular morphology of L%EGEO crystal has
formed. In other words, the crystallization of the PLLA block

determines the morphology of the single crystals because of its

foregoing crystallization. At the same time, the PEG blocks are
frozen out onto the surface of the PLLA crystals gradually.
After the PLLA blocks have crystallized completely, the
temperature is decreased to ¥5 quickly and the PEG blocks
crystallize isothermally. Although crystallization of the PEG
blocks doubtless occurred on the surface of the PLLA crystals,
the basic morphology of single crystal does not change. This
regular morphology of single crystal was layer-by-layer structure
for both blocks. The foregoing single crystal of the PLLA block
may have an induction effect on the forming of the PEG single
crystal. But at the same time, the crystallization of the PEG

PLLA block has an effect on the orientation of the PEG crystal.
That is to say, the PLLA crystal determines the growth direction
of the PEG crystal. A similar result was also obtained for PCL
PEG block copolymer crystallizing from solutidd.ls there
epitaxial relation between them? Generally speaking, there are
two alternative conditions for polymer crystallizes epitaxially
on the polymer substrate. Lattice match is one of the basic
conditions, and the mismatch (mismatch=94(dgepos — Osubg/
dsubg is generally smaller than 15%. Spatial match (incom-
mensurate epitaxy) is another alternative condition. Sometimes
spatial match is more important than lattice match. Take the
PE/PP system, for example; PE which crystallizes epitaxially
on PP is determined by spatial match, and the relation of lattice
match is not found#3°Figure 3 is a schematic representation
of the epitaxial relation that the PEG block crystallizes on the
PLLA crystal. Figure 3c shows the angle betweendhaxes

of the PLLA and PEG crystals is about 30/Ne should pay
attention to Figure 4. For the PLLA crystal, the angle between
[1—-10Candaor a* axis is also 30. Thereforea* pegis parallel

to [1—100J Along this direction, the mismatch (2dapec —
d[llO]PLLA)/dEllO]PLLA = (2 x 0.656 nm— 1.223 nm)/1.223 nm

= 7.3%. The mismatch is smaller than 15%. Therefore, the
condition that the angle is about 3 advantageous for PEG

to crystallize epitaxially on the PLLA crystal. But as the angle
is about 22, it is complicated and difficult to find the obvious
relation of lattice match (Figure 3d). Spatial match may play
an important role during crystallization of the PEG block. The
ditch between the folding chains of the PLLA crystal provides
favorable space for the PEG chains to fold and crystallize.

As discussed above, the crystallization of the PLLA block

block is restricted in two aspects. First, because of the foregoing determines the basic morphology of crystals. It should be noticed

crystallization of the PLLA block, crystallization of the PEG
block is restricted spatially (geometric restriction). Second, with
the chemical bond linking the PLLA and PEG blocks, the
molecular diffusion and migration of the PEG blocks are
restricted (restriction of chemical bond). Moreover, looking
closely to Figure 2, we can observe the layer-dendritic crystals
at the edge of the regular single crystal except for the layer-
by-layer single crystal. This is another type of crystal morphol-

ogy compared to the previous one shown in Figure 1. The layer-

dendritic crystals will be proved to be PEG crystals in the later

that there is a layer crystal under the regular single crystals,
which is formed on the substrate, and we will discuss it later
on. From lozenge shape to truncated lozenge shape and finally
to hexagonal shape, they should have an intimate relationship.
According to the morphologies and the diffraction patterns of
the PLLA crystals, thd 110 planes are the growth faces of
the lozenge-shaped crystals. But fi®0 growth faces emerge
besides the[110, planes for the truncated-shaped crystals.
Therefore, the final morphology is the result of the competition
between the growth rates alofiy0C; planes and11G planes.

part by real-time AFM. When these growth rates are almost the same, hexagonal-shaped
SAED patterns corresponding to single crystals are also crystals that are pseudo-hexagonal symmetrical can be obtained,

shown in Figures 1 and 2. The main feature of the diffraction which is shown schematically in Figure 4. The angles between

patterns is that there are two groups of diffractions: the six the growth faces are about%6@nd 120 for the lozenge-shaped
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Figure 3. (a) Unit cell of the PLLA crystal along projection; there
are two chains per cell. (b) Unit cell of the PEG crystal alang
projection; there are four chains per cell. (c) The epitaxial relationship
of the PEG block crystallizes on the PLLA crystals alangrojection

for the angle® = 30°. (d) The epitaxial relationship of the PEG block
crystallizes on the PLLA crystals alomgprojection for the anglé =

21°.

single crystal and about 12@or the hexagonal-shaped single
crystal. The calculated angles are’ @hd 120 between{ 110G
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Figure 4. Schematic representation of hexagonal-shaped (or truncated-
lozenge shaped) and lozenge-shaped single-crystal lattice ZIELA
Ggo diblock copolymer: (a) the chain folding direction in ti&1G}
sectors of hexagonal and lozenge single crystals along(xhé]
direction; (b) the chain folding direction in thg10G} sectors of
hexagonal single crystals happens al@agxis in the[1100and 1—
100directions successively.

PEG block). Both blocks affect their crystallization behavior
each other. The foregoing crystallization of the PLLA block
severely constrains the crystallization of the PEG bRSakhile

the PEG block proffers a dilute solvent for the crystallization
of the PLLA block and accelerates its crystallization R&t€he
evolution process of LAEGY, crystal was observed using
real-time AFM, and the result is shown in Figure 5. In order to
observe the crystallization process of the PLLA block in detall,
the temperature was decreased from the melt state’@y o

129 °C slowly (at about 0.5C /min) and then crystallized
isothermally at 129°C, which is somewhat higher than the
crystallization temperature (12C) for TEM sample. The PLLA
crystal emerges very quickly after annealing at 12%or 1592

s (Figure 5a). It is the first time to observe the crystal which
formed in 300 s (the time that need to scan an image). The
phenomena indicate that it needs a long induction time to
nucleate, yet the crystallization rate at the early stage is too
high for us to observe the evolution process of the nucleation
using real-time AFM. As reported in our other wotkhe PEG
block, introduced acting as a dilute solvent in the crystallization
process of the PLLA block, increases the crystallization rate of
the PLLA block. At the early stage, two layer crystals have
formed: the first layer crystal on the substrate is star-shaped,
while the second layer crystal is approximately hexagonal-
shaped. The crystal goes on growing with the annealing time
increasing at 129C, as shown in Figure 5b,c. The growth rate
of the first layer is much higher than that of the second layer
because of enough material, and the third layer crystal also
emerges slowly. The outline of the hexagonal-shaped crystal
becomes more distinct, indicating that the crystal is getting more

planes and between (110) and (100) planes, respectivelyperfect. After annealing at 129C for about 1 h, the crystals

(parameters useda = 1.06 nm,b = 0.61 nm,c = 2.88 nn?9).

stop growing.

The calculated and experimental results are almost equal. Italso  Then the film is cooled to 35C slowly and annealed at this

proves that the foregoing crystallization of the PLLA block

temperature for the crystallization of the PEG block. Some

determines the basic morphology of the single crystal. The chain crystals emerge at the edge of the foregoing crystals, and more

folding direction of the crystal growing alod 1G is parallel
to the{ 110 growth face, while that of the crystal growing along
{100 happens along-axis in the[1100and [1—10directions
successively.

Evolution Process of LAEGZ, Crystal. LAZEGZ,, which
is a type of double crystallizable diblock copolymer, has a
complicated crystallization process. During the crystallization
process, the LAEGS, system changes from an amorpheus
amorphous state (melt state) to an amorphaesnicrystalline
state (after crystallization of the PLLA block) and finally to a
semicrystalline-semicrystalline state (after crystallization of the

layer crystals are obtained (Figure 5d). It is doubtless that they
result from the crystallization of the PEG block. More and more
crystals are obtained at the edge of the second layer crystal and
grow along certain directions on the first layer. The morphology
of the foregoing regular hexagonal-shaped crystals is changed
and takes on the form of layer-dendritic crystals because of the
crystallization of the PEG block (Figure 5e,f). Moreover, in
Figure 6 we see that the morphology of a regular hexagonal-
shaped single crystal remains unchanged, and layer-dendritic
crystals form simultaneously at 3&. The results are the same
with the previous TEM study.
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Figure 5. A series of AFM height images and cross-sectional profile data showing the crystallization proceégl:‘:ﬁe/tiiblock copolymer. (a),

(b), and (c) show the crystallization process of the PLLA block. (d), (e), and (f) show the crystallization process of the PEG block. (a) the first time
to find single crystal when Léf,EGgo was annealed at 12€ for 1592 s, the crystal formed in 300 s, but it had a long induction time; (b) annealed

at 129°C for 2610 s; (c) annealed at 12@€ for 3897 s; (d) at 35C, the black arrows indicate the PEG crystal that formed just now at the edge

of the PLLA crystal; () annealed at 3& for 1085 s; (f) annealed at 3% for 2878 s; (g) cross-sectional profile data corresponding to the dotted
lines indicated in (a), (b), and (c); (h) cross-sectional profile data corresponding to the dotted lines indicated in (f).
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Figure 6. AFM height images and cross-sectional profile data oﬁmo single crystal: (a) height image at 12G; (b) height image at 3%C;
(c) cross-sectional profile data corresponding to the dotted lines indicated in (b).

It has been reportéd 2 that the crystallization of PEO or  namic stability of the NIF crystal. Therefore, the reason for the
PEG can involve noninteger folding (NIF) chain and integer forming of layer-dendritic crystals for the PEG block is as
folding (IF) chain. NIF crystals are unstable and will change to below: During the crystallization of the PLLA block, the PEG
the stable IF crystals. The folding number has a close relation block is frozen out onto the surface of the PLLA crystal, but
with crystallization temperature and crystallization time. The the material distribution of the PEG block is not uniform. When
lamellar thickness increases jumpily with the crystallization the temperature is decreased to°85 the amorphous and the
temperature and crystallization time increasing. Stephen Chengmetastable phase crystal of the PEG block (NIF crystal) are
et al. have proveld that PEO crystals grow first as a transient distributed on the first layer crystal of the PLLA block. At the
state, and IF chain crystals form later through an isothermal edge of the regular single crystal, it has more defects and
thickening or thinning process depending upon the thermody- materials. The defects induce the crystallization of the PEG
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Figure 7. Schematic representation of the structure models foEJEGS, at different temperatures: (a) the maximum length of both block
molecules in the helical form and the melting state at I¢5(b) at temperature between 60 and 229 (c) the metastable phase crystal for the
PEG block at 35°C; (d) the regular morphology crystal at 3€; (e) the layer-dendritic crystal at 3&.

block and thickening of the metastable phase crystal, and theand the coils in the melting state at 1%5. Figure 7b is LAE
metastable phase crystal reorganizes along certain directionz_“,g0 at a temperature between 60 and 129. Using I(K)
where there is enough material. Moreover, its reorganization is represents the length &ffolding. At 129°C, the thickness of
not free and should be in some domain because it bonds withthe sample is 14.2- 0.3 nm, i.e.Jpi A(K) + Imelting state of PEG=
the PLLA block chemically. 14.2+ 0.3 nm. Considering the molecular chain length of the
As is known, in crystalline state PLLA chain adopts a 10/3 PLLA block and the melt state of the PEG block, it is obvious
helical conformation and = 2.88 nm? while PEG is known  thatke; o = 1, Ip (1) = 10 nm, and the thickness of the melt
to take a 7/2 helical conformation awd= 1.948 nm2° In our PEG block is 4.2 nm. Figure 7c shows the metastable phase
case, the molecular weights of both are 5000. If the end-group crystal for the PEG block at 35C. Figure 7d is the regular
effect is neglected, the maximum length of the molecules in morphology crystal at 35C, and Figure 7e is the layer-dendritic
the fully extended form i4¢ = LmN, whereLn, is the length of  crystal at 35°C. Considering the molecular chain length of the
the repeat unit along the chain axis in the helical sthafe=€ PEG block and the crystal thickness, for the regular morphology
c/n, n being the repeat number in the length of a unit cell crystal,lp  a(1) + lpegk) = 16.5+ 0.5 nm andpedK) = 6.5
parametec) andN is the degree of polymerization. Therefore + 0.5 nm. Therefore, 31.8¢:c + 1) = 6.5+ 0.5 nm andkpec

= 4. For the layer-dendritic crystdhegk) = 10+ 1.5 nm and
Lo, s = (2.88/10)x (5000/72)= 20 nm koo = 3.

Loeo = (1.948/7)x (5000/44)= 31.6 nm Conclusion
The PLLA block and the PEG block are homogeneous or weakly ~ BY using the method of melt crystallization, the single crystals
segregated (miscible) in the melt st&é’ As the temperature  Of the PLLA block and the PEG block in LHEGE, diblock

is decreased, crystallization is the dominating driving force copolymer were obtained successfully. The single crystals with
leading to extensive rearrangement of the morphology when lozenge-spiral dislocation, lozenge multilayer, and hexagonal
the PLLA block crystallizes first. During its crystallization ~ (or truncated-lozenge) multilayer are layer-by-layer structure.

process, the lamellar thickness increases from #2@®5 nm The foregoing crystallization of the PLLA block determines the
(Figure 5a) to 13.4= 0.3 nm (Figure 5b). After the PLLA block ~ crystal morphology. On the other hand, the layer-dendritic
crystallizes completely, the lamellar thickness is 14.0.3 nm crystals also formed at the edge of the regular single crystals

(Figure 5c¢), which consists of the lamellar crystal thickness of and grew along some certain directions. The melt PEG block

the PLLA block and the thickness of the amorphous PEG layer Which acted as a dilute solvent is advantageous to form single

if the thickness of the amorphous PLLA block is neglected. crystal of the PLLA block. Furthermore, the PEG block is able

The cross-sectional profile data are shown in Figure 5g. When to crystallize epitaxially on the PLLA crystal. The (3@) plane

the temperature decreases to 36 and the PEG block of the PEG crystal is parallel to the (001) plane of the PLLA

crystallizes completely, the lamellar thickness increases to 16.5Crystal and the substrate. The anglbetween thea* axes of

+ 0.5 nm on average, which now consists of the lamellar crystal the PLLA crystal and the PEG crystal is 2130°. The

thickness of both the PLLA and the PEG blocks if the morphology evolution of L,éoEGgo crystal during annealing at

amorphous layer is neglect. Figures 5h and 6c¢ indicate that the129 and 35C was successfully followed using real-time AFM.

thickness of the layer-dendritic crystal is 30 1.5 nm on The layer-dendritic crystals, which formed at 35 at the edge

average. of the regular single crystal, result from the reorganization of
Based on these numbers and the SAED results, a schematignetastable phase crystal of the PEG block.

representation of the evolution process of two types of crystal

morphology is presented in Figure 7. Figure 7a shows the Acknowledgment. This work was supported by the fund of
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