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ABSTRACT: Self-assembly of a series of poly(oxyethylene) (POE) cholesterol ethers (ChEO5, 10, 15,

20, 24, 30, and 45) bearing both liquid crystalline (LC) and crystalline moieties was studied by differential scanning
calorimetry, wide-angle X-ray diffraction, Raman spectrometry, and small-angle X-ray scattering. In ChEO5
where POE is amorphous, the LC moiety was found to be dominant in determining morphology, and the repeating
lamellar structure of ChEO5 is composed of double layers of cholesterol and a single layer of amorphous POE.
In ChEO10 and ChEO15, LC and crystalline phases coexist and polymorphism is observed. The repeating lamellar
structures of ChEO10 and ChEO15 are similar to that of ChEO5, except for the crystalline helical conformation
of POE. With further increase in the chain length of POE, the crystalline POE becomes dominant in determining
morphology, and the LC phase is not detected. The crystalline conformation of POE induces LC moieties to
pack more closely, and the two LC layers gradually merge into a single LC layer in the repeating lamellar structure.
Nonisothermal and isothermal crystallization experiments show that the preexisting LC phase can nucleate and
accelerate POE crystallization, whereas the dimension of crystal growth of POE is reduced.

Introduction H;C CH;
Self-assembly of organic molecules into an ordered structure ¢

is usually driven by various driving forces, such as hydrogen HsC

bonding! liquid crystalline? crystallization® microphase separa-

tion in block copolymerg,and so orf. When two or more

driving forces are introduced into the same molecules, self- HO(CH,CH,0%,

assembly becomes more complicated, and hierarchical structures ChEOn (n=5, 10, 15, 20, 24, 30)

at different scales may be forméct! Although the morphol-

ogies of some systems containing combined driving forces, for ) o

example, microphase separation/liquid crystafn® and mi- need to be addressed. Since the degree of the ccompetition

crophase separation/crystallizati#33 have been well stud- between_crystalllzatlc_)n and LC d_epends on the _cham length of

ied, the self-assembly driven by simultaneous crystallization and POE moiety, the chain conformation of POE moiety should not

liquid crystalline has been seldom reported. Kunieda and othersPe the same in all ChE®. In this paper, we demonstrate how

investigated the phase behavior of poly(oxyethylene) cholesterolthe competmon between the LC and crystalline moieties affects

ethers (ChE®) with various lengths of poly(oxyethylene) (POE) the packing of POE moiety and the superstructure of QO

in wate?4-3 as well as the morphology of ChEGn the bulk We als_o investigate 'the effect of the preexisting LC phase on

state¥” Two different types of moieties exist in ChEQthe crystallization behavior of POE crys'galllne moiety. The present

cholesterol LC and POE moieties). They showed that for short Study would be helpful for controlling and regulating more

chain length of POE (an < 15) the LC phase of the cholesterol ~ Precisely the self-assembly of amphiphilic molecules.

moiety and the POE crystalline phase coexist. But only the

crystalline phase of the POE moiety was detected for GhEO

with n > 15. Then, they conclude by using small-angle X-ray Materials. Poly(oxyethylene) cholesterol ethers, ChiE@hose

scattering (SAXS) measurement that the conformation of POE Structure is shown in Figure 1 amds the number of oxyethylene

in ChEQn with n < 30 was zigzag, whereas that in ChEO units,n =5, 10, 15, 20, 24, and 30), were kindly donated by Japan

; — ; ; ; Nihon Emulsion Co., Ltd. The samples were dried at8Cfor 24
with n = 30 was meandering.However, some questions still h and then stored at18 °C. The polydispersity indexes of all the

samples were measured by gel permeation chromatography (GPC)
* Corresponding author: e-mail xujt@zju.edu.cn; Fax 0086-571- USIng tetrahydrofuran as a solvent. It was found that the polydis-
87952400. persity indices of ChE@with n > 15 are 1.11, but those for ChEO5

Figure 1. Chemical structure of poly(oxyethylene) cholesterol ethers.
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and ChEO10 are 1.20 and 1.22, respectively. The chemical structuremage. The set-point ratio, the ratio between the set-point amplitude
and the weight fraction of POE moiety in ChB®Owere verified and the free vibration amplitude (the lowest amplitude when tip
by 'H NMR (Bruker AMX500 NMR spectrometer). The GPC traces and sample are not in contact), was chosen to-Be3. Thin films

and NMR spectra of all ChE®are given in the Supporting  were prepared by spin-coating from dichloromethane solution of
Information. ChEOA45 was prepared by coupling of cholesterol and ChEO10 and ChEO15 (1.0% w/v)on a clean mica. After complete
poly(ethylene glycol) monomethyl etheMf = 2000, M,,/M, removal of the solvent, the thin films were stored-8 °C for 2
1.06) using terephthaloyl chloride (TPC) as coupling reagent. 4.0 days to complete crystallization. The thickness of the lamellar
g of poly(ethylene glycol) monomethyl ether was dissolved in 60 structures was obtained directly from the cross-sectional profiles.
mL of chloroform, and 4.03 g of TPC was dissolved in 30 mL of Raman Spectroscopy.Raman spectra were recorded on a
dry chloroform. The PEG monomethyl ether/chloroform solution Nicolet Almega XR dispersive Raman spectrometer equipped with
was slowly dropped into a TPC/chloroform solution. The resulting an Olympus BX50 microscope. Measurements were operated at a

solution was stirred under nitrogen at 85 for 24 h. Chloroform

laser wavelength of 785 nm, and the laser irradiation spot size was

was removed under vacuum, and the excessive TPC in the solidabout 10um. Before experiments, the samples were storedls

was washed by diethyl ether for at least five times under nitrogen.

The residue was dried by vacuum and dissolved in 60 mL of
chloroform. This solution was slowly dropped into another chlo-
roform solution containing cholesterol (5 g in 20 mL) and stirred
under nitrogen at 65C for 24 h. The solution was cooled to room

°C for 2 days to complete crystallization.

Polarized Optical Microscopy (POM). POM experiments were
conducted at room temperature on an Olympus BX-51 polarized
optical microscope equipped with a digital camera. A small amount
of samples was placed on a glass slide and covered with a thin

temperature and Wgshed by d!ethyl ether, and a white solid glass slide. The thickness of samples was aboutdD The
precipitated. The solid was dried in a vacuum at room temperature traatment of samples was the same as that in Raman experiments.

for 24 h. The product was characterized with NMR.
Differential Scanning Calorimetry (DSC). DSC experiments

were carried out on a TA Q100 instrument. The samples were first

held at 160°C for 5 min to erase thermal history, then cooled to
—50 °C at a rate of 10C/min, and again heated to 16C at a
rate of 10°C/min. To investigate the effect of LC phase on
crystallization of POE moiety, the samples were cooled from 160
to 20 °C at two different cooling rates, 100 and 1G/min; then

the samples were cooled from 20+&0 °C at a constant rate of
10 °C/min. Finally, the samples were also heated to 160at a
rate of 10°C/min.

For isothermal crystallization experiments for ChEO10, the
sample was directly cooled from 16T to a crystallization
temperature . = —14 °C) at a rate of 100C/min. To facilitate
the formation of LC phase, the sample was first cooled t6Q@t
a rate of 10°C/min and held at 20C for 5 min and then cooled
to the same crystallization temperatuiig € —14 °C) at a rate of
100°C/min. The change of heat flow with time was recorded upon
crystallization. The isothermal crystallization kinetics of polymer
was analyzed by using the Avrami equatf§n:

C C

— Hl _
= exp(—kt")

t=oc0
1-Xt)=———
AHl=oo - AH1=0

@)

where X(t) is the relative crystallinity at time; AHZ_,, and AH{
are the enthalpies at complete crystallization and at time
respectively. The crystallization rate constantand Avrami
exponentm can be determined from the intercept and slope in the
plot of In[—In(1 — X(t))] vs In(t).
IN[—=In(1 — X()] =Ink+mint 2)

Wide-Angle X-ray Diffraction (WAXD) and Small-Angle
X-ray Scattering (SAXS). WAXD experiments were carried out
on a Rigaku D/max 2550PC diffractometer (40 kV, 300 mA) using
Ni-filtered Cu Ko radiation in a step of 0.02from 3° to 60C°.

Results and Discussion

Structure of ChEON. Figure 2a,b shows the cooling and
heating DSC traces of ChEOFor ChEO5, only the liquid
crystal/isotropic transition of the cholesterol unit was observed.
The crystallization (or melting) peak of POE was not detected
due to the presence of the LC unit, though neat POE with
5 can be crystallizable at a lower temperature. The melting
temperature of neat POE with= 5 was reported to be €40
On the other hand, for ChEOwith n = 20, 24, 30, and 45,
only the crystallization (or melting) peak of POE was observed.
Interestingly, fom = 10 and 15, both crystallization (or melting)
transition from POE moiety and LC/isotropic transition from
LC moiety were seen. These findings are similar to those
reported previously’ It is seen from Figure 2 that with an
increase in the chain length of POE the LC/isotropic transition
temperature decreases gradually, while the melting (or crystal-
lization) temperature of the POE moiety increases.

Figure 3 shows the WAXD patterns of ChE@easured at
25 °C after crystallization at-18 °C for 2 days. Except for
ChEOS5, all ChE@s exhibit two crystalline peaks appearing at
20 = 19.0° and 23.0, corresponding to (120) and (1#2032)
reflections of monoclinic POE crystals, respectively. This shows
that the crystal structure of POE in ChE® similar to that of
high molecular weight POE homopolymer. Crystallinity of POE
in ChECns increases dramatically with increasing the chain
length of POE. But, ChEO5 exhibits two broad peaks: one
appearing at 2 ~ 16° due to cholesterol LC moiety and the
other appearing at2~ 23° due to amorphoust crystalling
POE. To confirm these arguments, the CliE€amples were
first melted at 160°C and then quenched to 2& at a rate of
100 °C/min. Under this cooling condition, the POE moiety in
all ChE(ns except ChEO30 and ChEO45 cannot crystallize at

Synchrotron SAXS measurements were performed at beamline25 °C (see Figure 2a). Figure 4 gives WAXD profiles of all

4B9A at the Beijing Synchrotron Radiation Facilfwith q ranges
of 0.005 A1 < q < 0.15 AL, whereq = 4x sin(0/2)/A, with 6
and A being respectively the scattering angle and incident X-ray
wavelength of 1.54 A. The exposure time wa8 min for each

ChEOns measured at 25C after quenching from 16%C. Two
amorphous peaks were clearly seen for three samples (ChEOS5,
ChEO10, and ChEOL15). The ratio of the peak intensityéat 2

~ 16° to that at & ~ 23° decreases gradually with increasing

sample. The distance between the sample and the detector was 1.58 A|so, the peak at@~ 16° disappears fon greater than 20.

m. Scattering profiles of the samples were obtained by an image

plate (Mar345) detector and analyzed with a Fit2D program.
Atomic Force Microscopy (AFM). The thin film morphology
of ChEO10 and ChEO15 was investigated by atomic force

This is in accordance with the DSC result given in Figure 1
that LC/isotropic transition was not observed for these samples.
The distanced = 1/(2 sin 6*) in which 6* is the diffraction

microscopy (SPA 300HV/SPI3800N Probe Station, Seiko Instru- angle atthe peak intensity) between two cholesterol LC moieties
ments Inc., Japan) in tapping mode with a silicon microcantilever and the distances between (120) and (112) reflections of POE

(spring constant 16 N/m and resonance frequent$8 kHz). The crystals are shown in Figure 5. It is found that the distance
scan rate ranged from 0.5 to 2.0 Hz to optimize the quality of AFM between two cholesterol moieties decreases rapidly with in-
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Figure 4. WAXD patterns of ChE@s measured at 25C after
quenching from molten state (16@€). ChEO30 crystallizes at this
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Figure 2. DSC traces of ChE®@s (a) during cooling run from 160 to
—50°C at rate of 10°C/min and (b) heating run from50 to 160°C
at rate of 10°C/min. The isotropic/LC transition is indicated by the

temperature. The arrows indicate the peaks from LC phase.
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chain length of POE.

Intensity (a.u.)

10 20 30 40

20 (Degree)

50 60

Figure 3. WAXD patterns of ChE@s measured at 23C after

crystallization at—18 °C for 2 days.

creasingn, whereas thd-spacing of (120) and (112) reflections
maintain nearly constant irrespective of This shows that
crystallization of POE moiety could induce more dense packing

of cholesterol LC moiety.

Figure 6 shows Raman spectra of ChisOneasured at 25
°C after crystallization at-18 °C for 2 days. The peaks at 1441
and 1481 cm? correspond to Cklbending mode for amorphous 6.
POE with TGG and TGT conformations (T and G designate C'ystallization at=18 °C for 2 days.

El
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Figure 6. Raman spectra of ChE® measured at 25C after

trans and gauche conformations, respectively) and the mono-

clinic structure of crystalline POE with TGT conformation,
respectively*! For ChEO5, the peak at 1481 chis barely seen,
indicating that POE moiety in ChEOS5 could not form crystalline
structure. With increasing, the relative intensity ratio of the
peak at 1481 cmt to that at 1441 cm! increases gradually,

suggesting that POE crystallinity increases, which is in ac-
cordance with WAXD results.

Figure 7 shows the SAXS profiles of ChE®at 25°C after
crystallization at—18 °C for 2 days. The peak positions show
that lamellar structure is formed for all samples. However, only
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Figure 7. SAXS profiles of ChE@s measured at 25C after
crystallization at-18 °C for 2 days. Thef* and 2y* indicate the first-
and second-order SAXS peaks of a lamellar structgre. g.*, and
gs* represent the first-order peaks of different lamellar structures.

one type of lamellar structure is observed for ChEO5, ChEO20,
ChEO24, ChEO30, and ChEO45, whereas more than two kinds
of lamellar structure are present in ChEO10 and ChEO15. Notice
that ChEO10 and ChEO15 exhibited coexistence of crystalline
and LC phases, as evident from DSC and WAXD results.
Different types of lamellar structures seen in ChEO10 and
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Figure 8. AFM height images (a and c) and cross-sectional height profiles (b and d) of ChEO10 and ChEO15 thin film prepared by spin-coated
onto a clean mica: (a) and (c) for ChEO10; (b) and (d) for ChEO15.
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ChEO15 were confirmed from AFM images given in Figure 8.
Lamellar structure was observed for these two samples (Figure
8a,c). The existence of other structures (such as hexagonal or
sphere structure) can be excluded to a large extent. Since mica
strongly absorbs the POE unit and the hydrophobic cholesterol
units tends to locate at the polymer/air interface, the pattern
should have been observed by AFM, if there exist other
structures. However, we find that the lamellar thickness is not
uniform, as shown in the cross-sectional height AFM profiles
(Figure 8b,d). This suggests that ChEO10 has indeed two
lamellar structures with two different lamellar thicknesses of
6.1 and 6.8 nm, which are very close to the values (6.1 and 7.1
nm) determined from SAXS. On the other hand, ChEO15 has
three lamellar structures with thicknesses of 5.8, 7.3, and 8.5
nm which are similar to those determined from SAXS. The
above conclusion based on the SAXS profiles is not consistent
with the result given by Kunieda et &f. even if the results of
DSC and WAXD in this study are essentially the same as those
in ref 37. We consider that this difference might be due to the
fact that these two samples in ref 37 were not fully crystallized
at low temperature prior to SAXS experiment. The other
possibility is that we employed synchrotron SAXS, which is
much more powerful in detecting small change of morphology
compared with conventional SAXS employed in ref 37.

To explain the lamellar structure in all samples, three possible
packing models are considered for an amphiphilic molecule
composed of both rigid and flexible unitsas shown in Figure
9. The repeating structure contains two layers of rigid units and

ChEO10

| 6.0 nm
6.6 nm

500 1000 1500 2500

2000 3000
Distance (nm)
(b)

ChEO15

800 1200

Distance (nm)

(d)
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Table 1. Experimental and Calculated Long Periods of Poly(oxyethylene) Cholesterol Ethers after Crystallization
calculated. (A)2

n experimental (A) 2a+nb 2a+nb a+nb a+nb 2a+ 2nb 2a+ 2nb possible structurés
5 50.8 50.0 30.0 60.0 |

10 715,615 60.0 68.5 40.0 48.5 80.0 97.0 I

15 87.1,75.5,58.3 70.0 82.8 50.0 62.8 100.0 125.6 I, NF, IV

20 92.9 97.0 77.0 154.0 ]

24 98.7 108.4 88.4 176.8 1]

30 108.1 125.5 105.5 210.0 v

45 154.6 168.3 148.3 296.6 [\

aThe size of hydroxyl end group is not includédCorresponding to the structures in Figure 1The conformation of poly(oxyethylene) moiety is not
fully helical. d The size of terephthaloyl from coupling reagent is not included.
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Figure 9. Three possible packing models for an amphiphilic molecule
with both rigid and flexible units.
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one layer of flexible unit for model A, but it consists of a single
rigid layer and single flexible layer for model B. Finally, it is
composed of two layers of rigid units and two layers of flexible T
units for model C. In these models, we do not consider chain |

tilting effect. When the cross-sectional areas of the rigid and L L

the flexible units mismatch and the rigid unit occupies larger

cross-sectional area, chain tilting occurs to gain larger cross-

sectional area for the flexible chain. In monoclinic POE crystals,

the cross-sectional area per POE chain is about 28 dhile

the cross-sectional area per cholesterol molecule is calculated

to be 55 Ax 4.2 A = 23 A2 by using the software of

“ChemOffice” (see the Supporting Information), which is Iv) V)

slightly larger than that of POE chain. However, since one Figure 10. Schematic of different lamellar structures for ChsO

cholesterol molecule is not symmetric at both ends, antiparallel

packing of two cholesterol molecules will lead to a smaller

cross-sectional area. Therefore, we consider that the crossthe basis of model C is distinctly larger than the measured

sectional area occupied by the LC moiety in Chis@vould be Thus, model C is not valid for all samples.

similar to that of the crystalline moiety, and thus chain tilting Based on Table 1, the lamellar structures of all samples are

does not happen. For ChE® with amorphous POE chains, schematically given in Figure 10. The lamellar structure of

the cross-sectional area per POE chain is larger than that inChEO5 contains two layers of LC moiety and one layer of

crystalline state due to loose packing, and there is no need ofamorphous POE (structure I). In ChEO10, there are two types

chain tilting either. of lamellar structure, and both are in accordance with model
In ChEOns the POE chains may exhibit different conforma- A. The difference in these two lies in the conformation of

tions, varying with POE chain length. The amorphous POE POE: amorphous (structure I) and crystalline (structure ).

moiety adopts a meander conformation with the size of one EO Three types of lamellar structures are identified in ChEO15 from

unit (b) of about 2 A% while monoclinic PEO crystals take ~SAXS. The largest lamellar structure with = 87.1 A is

helical conformation with one EO unib) of about 2.85 A5 composed of two layers of LC moiety and one layer of

The size §) of extended cholesterol moiety was about 20.88A.  crystalline POE (structure 1l). The smallest long peritd=f

Then, the long periods ate= 2a + nb (or L = 2a + nb’) for 58.3 A) suggests that the lamellar structure might result from

model A,L = a + nb (or L = a + nb) for model B, and. = model B with different conformations (structure 1V), suggesting

2a+ 2nb(or L = 2a + 2nk) for model C. From WAXD results,  that the POE is partially crystallized. The middle value of the

the POE in ChEO5 becomes amorphous; thus, only the meandetong period [ = 75.5 A) corresponds to the lamellar structures

conformation is considered. Also, only the helical conformation based on either model A or model B with crystalline conforma-

is used for POE in ChEO20, ChEO24, ChEO30, and ChEO45. tion (structure ). ChEO20 and ChEO24 also have lamellar

But both amorphous and helical conformations are used for structure lIl.

ChEO10 and ChEO15. Experimentally obtainedy SAXS For ChEO30 and ChEO45, the calculatedrom model B

and the calculatet based on three models for the crystallized in Figure 9 are very close to the experimental values, showing

ChEOn are summarized in Table 1, where the calculdtezh that the lamellar structure in these two samples contains only a
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single layer of cholesterol moiety and a single layer of crystalline
POE (structure IV). But another possible structure might exist
for ChEO30 and ChEOA45 that contains double layers of once-
folded POE moiety and one layer of cholesterol (structure V).
This structure has the same long period as structure 1V.
However, this possibility is excluded because the calculated
melting temperatures of once-folded POE moiety in ChEO30
and ChEO45 are 35.1 and 456, respectively/ which are

distinctly lower than the observed values (50CGfor ChEO30

and 54.0°C for ChEO45). Based on results given in Table 1
and Figures 9 and 10, the morphology changes from one F
lamellar structure composed of double layers of cholesterol units
and a single layer of amorphous POE unit into another consisting
of double layers of cholesterol units and a single layer of
crystalline POE unit; then the double cholesterol layers are £
gradually merged into a single layer, with increasimgThe 2.3
merging of a double layer of cholesterol units into a single layer [ 5 5% | ?
is very interesting, and this phenomenon has not been reportec ChEOL15
in the literature. The reason can be explained on the basis of,
the change of POE chain conformation with differenilamely,
POE chains become more extended and closely packed wit
increasingn. In this situation, the interfacial area occupied by
one cholesterol unit is reduced, which induces more close
packing of cholesterol units by decreasing the distance betwee
two cholesterol units (Figure 5).

The packing structures of ChE® based on SAXS data are b | ~
not consistent with those proposed by Kunieda € dlhey ChEO24 ChEO30
proposed that in all ChE@ except ChEO30 the repeating Figure 11. POM micrographs of ChEG measured at 25C after
structure contains a single layer of POE chains and double layerscrystallization at-18 °C for 2 days.
of cholesterol molecules, in which the POE chains are anti-
parallel packed with a zigzag conformation and totally over- we consider that the LC phase and POE crystalline phase coexist
lapped, while in ChEO30 the POE chains take a meander in the same lamellar structure for ChEO15.
conformation and are partially overlapped. However, this model ~ Morphology of ChEOn. The competition of LC and crystal-
contradicts the observed DSC and WAXS results that the POEline moieties affects not only the packing model but also the
in ChEOS5 is amorphous but is crystallizable in other ChEO  superstructures of ChE®. Figure 11 shows the POM micro-
Finally, we consider the detail of polymorphism observed for graphs of ChE@s measured at 25C after crystallization at
ChEO10 and ChEO15. One might consider that partial melting —14 °C for 2 days. ChEO5 and ChEO10 exhibit LC morphology
of POE crystals in ChEO10 and ChEO15 at the SAXS with band structure. This indicates that the cholesterol LC unit
measurement temperature, which can be judged from DSCis dominant in determining the final morphology for these two
results, leads to the existence of polymorphism. But partial samples, although POE in ChEO10 is crystallizable. Tiny and
melting cannot play a major role in the formation of polymor- imperfect spherulites are observed in ChEO15 and ChEO20,
phism in ChEO10 and ChEO15 because the crystallinity of POE showing that the crystalline POE unit already overwhelms the
becomes quite low in ChEO10 and ChEO15, indicating that LC unitin deciding the final morphology for these two samples.
most of POE chains remain amorphous in both samples, evenWith further increase in the length of POE, ChEO24 and
though these two samples were cooled to a low temperature.ChEO30 form large and perfect spherulites, and the LC unit
On the basis of the morphological development of Ch&®ith has little effect on the superstructure of POE.

nand the fact that LC and crystalline phases coexistin ChEO10  Effect of Preexisting LC Phase on Crystallization of POE
and ChEO15, we consider that the existence of polymorphism Moiety. In ChEO10 and ChEO15, the LC phase and crystalline
in both samples is due to the fact that LC moiety and crystalline phase coexist. Since the LC phase is formed prior to the
POE moiety have a similar effect on the final morphology. crystalline phase during cooling, the preexisting LC phase may
Namely, neither LC moiety nor crystalline moiety prevails over influence the crystallization of POE moiety. To investigate this
the other to affect the final morphology. Another issue that effect, ChEO10 and ChEO15 were cooled from 160 t°@0
should be addressed is whether the LC phase and crystallineat two different cooling rates: 100 and 1G/min. The higher
phase can be accommodated in the same lamellar layer. Thecooling rate retards the formation of LC phase, and the slower
SAXS results show that ChEO10 has two lamellar structures. cooling rate was used to develop a well-defined LC phase.
By comparing the experimenthland calculatedl from various Subsequently, these two samples were cooled from 265
models, we know that POE adopts amorphous and crystalline°C at the same rate of C/min to complete the crystallization
conformation in these two structures, respectively. It is possible of POE moiety. After crystallization the samples were heated
that the LC phase observed in ChEO10 is located at the lamellarto molten state at a rate of 2C/min. Figure 12 illustrates DSC
structure containing amorphous POE, or the LC phase coexiststraces of ChEO10 and ChEO15 during cooling, and Figure 13
with crystalline POE in the same structure. For ChEO15 having shows DSC traces of ChEO10 during heating. The DSC traces
three types of lamellar structures as evident from SAXS results of ChEO15 during cooling are not shown because the-LC
(Figure 7), the conformation of the POE moiety is not isotropic transition and melting temperatures overlapped. It can
completely amorphous even at the smallest 58.3 A. Thus, be seen from Figure 13 that the melting enthalpy of LC phase
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@) Figure 14. Avrami plots for ChEO10 crystallized at14 °C after
_ _ cooling from 160°C with two cooling histories: [{)) represents constant
cooling rate from 160°C to 20°C cooling at a rate of 100C/min, and Q) represents cooling to 2T at
1:10°C/min a rate of 10°C/min, then held for 5 min, and finally cooling te 14
o 2: 100°C/min ) °C at a rate of 1L00C/min.

°C at a rate of 1C/min, held at 20°C for 5 min to form
perfect LC phase, and finally cooled+t4 °C. Figure 14 shows
the Avrami plots for two crystallization conditions. When the
LC phase is preexisting, the Avrami exponent is smaller. This

ChEO15

Heat flow (mW)
s

20t indicates that a preexisting LC phase might have a weak
confinement effect on the crystallization of POE and the
dimension of crystal growth of POE is reduced, whereas it gives
40 30 20 20 0 10 20 a larger crystallization rate constak},(which is consistent with
Temperature(°C) the above nonisothermal crystallization result.
®

Figure 12. DSC traces of (a) ChEO10 and (b) ChEO15 during cooling Conclusion

run from 20 to—50°C at a rate of 10C/min after experiencing cooling We have shown via DSC, WAXD, Raman spectra, POM,

history from 160 to 20°C at two different cooling rates (18C/min

for curve 1 and 100C/min for curve 2). and SAXS that the crystallization of POE moiety becomes the

dominant factor in determining the final morphology of ChizO
20 - ~ ~ The coexistence of crystalline POE phase and LC phases was
000 e from 160°C t0 20C found for ChEO10 and ChEO15. With increasind-C moieties
| 2: 100°C/min ChEO10 pack more closely so that the two LC layers merge into one
LC layer in the lamellar structure. The preexisting LC phase
leads to higher crystallization temperature and faster crystal-
lization rate of the POE moiety, showing that the LC phase
can nucleate and accelerate the crystallization of POE moiety.
However, the Avrami exponent was reduced, indicating that
crystallization of POE moiety is slightly confined by the
preexisting LC phase.

- —
~ a
T
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