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Abstract

The chiroptical properties and transient rheological behavior of (acetyl)(ethyl)cellulose (AEC) m-cresol
liquid crystalline solutions have been investigated. Chiroptical properties were manipulated through (i)
increasing degree of acetylation of ethyl cellulose (EC), and (ii) blending AEC with EC. At the same average
degree of acetylation (DA), the chiroptical properties of pure AEC were different from those of the EC/
AEC mixtures. However, at the same DA, the AEC and mixed AEC/EC solutions showed similar steady
state flow and oscillatory behaviors, but the transient behaviors were different. At high flow rates the mixed
AEC/EC solutions exhibited double recoil after cessation of steady-state flow, whereas the AEC solutions
showed double recoil only in the high DA AEC solutions. All solutions, pure and mixed, had the same
stress relaxation behavior. Both pitch and handedness affected the transient behavior. After cessation of
high shear rate flow, the rate of modulus evolution decreased with increasing pitch, and was faster in right-
handed mesophases than in left-handed ones at a similar pitch.

Introduction

Cellulose and some of its derivatives can form li-
quid crystalline solutions in a variety of solvents.
Most of the lyotropic liquid crystalline phases
formed by cellulose and its derivatives are chiral
nematic (cholesteric). These chiral nematic meso-
phases possess a unique helicoidal supramolecular
structure in which the alignment of cellulosic
molecules is at a slight angle in one layer to one
another. The helicoidal structure is characterized
by its handedness and pitch. Under a high shear
rate flow the chiral nematic structure changes to a
flow-induced nematic-like phase. However, the
shear-oriented phase is easy to disrupt after

removing the shear force. This is due to the driving
force for the liquid crystalline solution to form the
more thermodynamically stable helicoidal supra-
molecular structure (Asada et al. 1981). If a pseudo-
nematic cellulosic solution can be produced, the
behavior of the shear-induced orientation may be
well preserved after removal of the shear force.

There are several cellulosic lyotropic liquid
crystalline systems in which left-handed and right-
handed helicoidal structures can be formed and
the handedness is dependent on the various
macromolecule –solvent interactions (Guo and
Gray 1994a; Zugenmaier 1994). Under a critical
condition, when the left twist-power and right
twist-power are balanced, the helicoidal structure
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will have an infinite pitch. The mesophase will be
in a state very similar to a nematic mesophase.
Ethylcellulose, which forms a left-handed meso-
phase in many solvents, changes to a right-handed
mesophase when the free hydroxyl groups in EC
are substituted with acetyl groups. At a critical
degree of acetylation the mesophase forms a
pseudo-nematic mesophase in which the pitch is
infinite and there is no twist-sense (Guo and Gray
1994b). The solutions showed nematic textures
under crossed polarizers.

Recent investigations into the rheological
properties of liquid crystalline polymers (LCPs)
have focused on the relation between molecular
orientation and the rheology of lyotropic and
thermotropic liquid crystals and LCP/elastomer
blends (Burghardt 1998; Zhou et al. 2001). There
is little reported on the relationship between the
rheological and chiroptical properties of chiral
nematic liquid crystals. In the case of a lyotropic
polypeptide system, poly(c-benzyl-glutamate)
(PBG) solutions containing a single optical isomer
of either poly(c-benzyl-L-glutamate) (PBLG) or
poly(c-benzyl-D-glutamate) (PBDG) or in the case
of a racemic mixture of these two, there is no
support that the chiroptical properties of the chiral
nematic PBG/m-cresol solutions, either racemic or
enantiomeric, have any significant effects on the
rheological behavior (Kiss and Porter 1978;
Hongladarom and Burghardt 1993) or the micro-
structure (Vermant et al. 1994). This may be due
to the fact that PBG has a very rigid chain and the
mesophases of either optical isomer or the racemic
mixture have a large pitch and are nematic-like.
The situation may be different for the mesophases
from polymers with a small pitch and semi-rigid
chain. In this paper we report the rheological
behavior of various lyotropic (acetyl)(ethyl)cellu-
lose (AEC) systems and discuss the transient

behavior as a function of chiroptical properties
upon cessation of steady-state flow.

Experimental

Materials

Ethylcellulose was from Aldrich Chemical Inc.
with an ethoxyl content of 48% and viscosity
100 cps (5% solution in 80/20 toluene/ethanol).
Pyridine (99%), acetic anhydride (99%), m-cresol
(98%), and THF (99%) were from Fisher Scien-
tific. Pyridine was re-distilled prior to use.

Preparation of (acetyl)(ethyl)cellulose

(Acetyl)(ethyl)cellulose was synthesized according
to the procedure described by Guo and Gray
(1989a): ethylcellulose (EC) was dissolved in pyr-
idine and acetylated with acetic anhydride. No
catalyst was used. The acetyl content of the
product was dependent on the reaction time,
temperature and amount of reagent. The fully
acetylated AEC was prepared similar to the pro-
cedure described by Shimamoto et al. (2000): (EC)
was dissolved in pyridine and acetylated with
acetic anhydride. The acetylation solution was
reflux for 5 h with vigorous stirring. The raw
products were collected by precipitating the reac-
tion mixture into 50% aqueous methanol. The raw
products were then purified by re-dissolving into
THF, filtering, precipitating with 50% aqueous
methanol, washing with distilled water and freeze-
drying. For the mixed samples, a certain amount
of raw AEC (fully acetylated) and EC polymers
were dissolved in THF, mixed, filtered, and then
precipitated in 50% aqueous methanol, washed
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Scheme 1. Structural representation of (acetyl)(ethyl)cellulose.
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with distilled water and freeze-dried. The structure
of AEC is in Scheme 1. The acetyl content of the
products was determined by FTIR.

Preparation of lyotropic liquid crystalline solutions

The liquid crystalline solutions were prepared by
adding a certain amount of polymer and m-cresol
to a 7 ml glass vial. The vial was stopped and
sealed with Teflon tape. The vial was centrifuged
back and forth at 500 rpm until the polymer was
fully dissolved. The solution was then kept in the
dark at room temperature for at least 1 week prior
to analysis.

General analysis

The ethoxyl content of EC was determined by ele-
mental analysis (Perkin-Elmer Series II CHNS/O
Analyzer). FTIR spectra of thin AEC and EC films
were measured with a Perkin-Elmer FTIR spec-
trophotometer. The EC andAEC films were cast on
a ZnSn window from THF solution (�3% w/w).
The liquid crystalline phases were observed under
the polarized optical microscope (Olympus UH-2).
The handedness of the mesophase was measured
using a digital polarimeter (Jasco P-1010 Polarim-
eter). The pitch of the mesophase was determined
under polarized microscope by measuring the
fingerprint textures (Guo and Gray 1994b). For all
analyses the liquid crystalline solutions were sand-
wiched between amicroscope slide and a cover slide
using a �50l PET spacer.

Rheological measurements were performed on a
TA AR2000 stress-control rheometer at room
temperature (25 �C). A 40 mm cone –plate geom-
etry was used. Each sample was loaded and re-
laxed for at least 15 min prior to measurement.
For creep and recoil measurements, the samples
were pre-sheared at �0.5 and �5 s)1 for at least
100 strain units before the shear stress was re-
moved. For stress relaxation, the solution was pre-
sheared at 0.5 and 5 s)1 for at least 100 strain units
in the strain-control mode. Then, the shear rate
was decreased to 0.01 s)1. For the moduli evolu-
tion measurements, the samples were pre-sheared
at 0.5 and 5 s)1 for at least 100 strain units before
the removal of shear stress. Then the moduli evo-
lution was monitored by dynamic oscillation with
a frequency of 1 Hz and a strain of 0.5%.

Sample labeling

The AEC samples were labeled as AECmX or AE-
CpX, where AECm indicates that this AEC sample
was amixture of fully acetylated AECwith EC, and
AECp indicates that this AEC sample was a pure
acetylated EC sample. The number X represents the
degree of acetylation (DA) of the AEC sample or
blend (i.e. an X value of 45 represents a 0.45 DA).

Result and discussion

Determination of DA by FTIR

The degree of ethoxyl substitution was determined
by elemental analysis to be 2.4 for the commercial
ethylcellulose. Therefore, the maximum degree of
acetylation for AEC is 0.6.

FTIR was used to determine the degree of
acetylation of the AEC samples and mixtures.
Figure 1 shows the FTIR spectra of EC, partially
acetylated and fully acetylated AEC samples. The
carbonyl (tC@O) and hydroxyl (tO�H) stretching
bands are well separated from the other IR bands
and can be used to determine the DA. Since the
absorbance of both the carbonyl and hydroxyl
groups are affected by the DA, the absorbance of
neither group can be used as an internal reference.

According to the Beer –Lambert Law the
absorbance of a solution (or functional group) can
be expressed as

A ¼ e½C�b ð1Þ

where A is absorbance, e is the absorbance coef-
ficient, [C] is the concentration of the function
group, and b is the path length. For an AEC film,
Equation (1) can be expressed for both the car-
bonyl (tC¼O) and hydroxyl (tOAH) group absor-
bance’s as

ACO ¼ eCODAb ð2aÞ

AOH ¼ eOHðOH�DAÞb ð2bÞ

where DA is the degree of acetylation of AEC and
OH is the free –OH group before acetylation. The
relation between ACO/AOH and DA is therefore
expressed as
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ACO

AOH
¼ eCO

eOH

DA

OH�DA
ð3Þ

Previous work by Guo and Gray (1989a) and
Cowie and Rodden (2002) assumed a linear rela-
tionship between DA and ACO/AOH, and used the
ACO/AOH from fully acetylated AEC as a reference
to determine the DA of unknown samples. How-
ever, it is almost impossible to get an accurate value
of the tC¼O=tO�H ratio when all the free hydroxyl
groups are either acetylated or not acetylated. The
tO�H and tC¼O values respectively are basically
noise in the base line. Further, the value of ACO/
AOH is not proportional only to DA (Equation (3)).

To more accurately determine the DA, mixtures
of fully acetylated AEC and EC were utilized. By
mixing a certain amount of ethylcellulose and fully
acetylated AEC, the average DA can be accurately
calculated. By measuring the tC¼O=tO�H ratio of
the mixture, the experimental relation between DA
and ACO/AOH can be easily established. Then,
utilizing the calibration curve from the AEC/EC
mixtures, the DA of pure AECs (not mixtures) can
be determined. As shown in Figure 2, the rela-
tionship between DA and ACO/AOH is not linear;
the utilization of a linear relationship between DA
and ACO/AOH will under-estimate the DA.

For ethylcellulose with degree of ethoxyl sub-
stitution 2.4, the value of OH in Equation (3) is
0.6. For Equation (3), substitute ACO/AOH with X,

DA with Y and eOH=eOH with c. Then, Equation
(3) can be re-arranged as

Y ¼ 0:6

1þ c � e� loge X
ð4Þ

Equation (4) is a logistic function, which gives a
sigmoidal-type curve, as shown in Figure 2. Using
minimum mean-square error (MMSE) analysis the
experimental relationship between ACO/AOH and
DA was established (Figure 2). A correlation
coefficient (R2) of greater than 0.99 was obtained.

Chiroptical properties of AEC in m-cresol

Ethylcellulose (EC) and AEC form chiral nematic
liquid crystalline solutions in many solvents and
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Figure 2. FTIR calibration curve for DA.
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Figure 1. FTIR spectra of EC and AEC: (a) EC; (b) partially acetylated AEC; (c) fully acetylated AEC.
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were found to change handedness as well as pitch
with the change of degree of acetylation (Guo and
Gray 1989a, 1994a, b). In m-cresol, EC forms a
left-handed mesophase, while fully acetylated AEC
forms a right-handed mesophase (Guo and Gray
1989b). At a certain critical degree of acetylation
(DA*) the pitch becomes infinite and a nematic-
like, untwisted structure forms. When the degree
of acetylation of AEC increases across DA*, the
handedness of chiral nematic liquid crystalline
solutions changes from left-handed to right-han-
ded. Table 1 lists the DA and pitch values for the
various lyotropic AEC solutions in m-cresol (40%
w/w). Mixed AEC samples are mixtures of fully
acetylated AEC with EC at different ratios but
have the same average DA as the corresponding
pure AEC samples. Positive pitch values refer to a
right-handed structure and negative pitch values
refer to a left-handed structure.

At the same DA and concentration the mixed
AEC and pure AEC liquid crystalline solutions
have different pitch and/or handedness (Figure 3).
The same phenomenon was observed in the lyo-
tropic AEC/chloroform system (Cowie and Rod-
den 2002). However, as DA was calculated using
an assumed linear relationship between DA and
ACO/AOH, uncertainty exists surrounding those
results. Unlike the PBLG/PBDG lyotropic systems
which are enantiomers and form a simple racemic
mixture upon blending, there are multiple chiral
centers in pure AECs and mixed AECs. In addi-
tion, pure and mixed AECs are structurally dif-
ferent molecules. Therefore, the interactions in
pure and mixed AECs are more complex than
those in PBLG/PBDG. As the result, pure AECs
and mixed AECs have different observed chirop-
tical properties even with the same average DA.

Steady state flow and small amplitude oscillation

Steady state flow and small amplitude oscillation
experiments were used to measure the steady-state
rheological properties of the system. The steady
state flow curves of AEC/m-cresol are shown in
Figure 4. The typical three-region curve, shear-
thinning followed by a Newtonian plateau and
subsequent shear-thinning, typical of main-chain
liquid crystalline polymers (Onogi and Asada
1980) was not observed. The AEC/m-cresol system
displayed a monotonic shear-thinning behavior,

with all of the AEC solutions having similar vis-
cosity at the same shear rate.

Figure 5 shows the frequency sweep behavior of
the 40% AEC/m-cresol solutions. At the same
average DA and concentration, the pure AEC and
mixed AEC liquid crystalline solutions have the

Table 1. Acetyl content and pitch for AECs in m-cresol

(40% w/w).

AEC samples Degree of acetylation Pitch (lm)

AECp45 0.45 3.7

AECp25 0.25 )6.7
AECp12 0.12 )4.5
AECm44 0.44 3.1

AECm25 0.25 )4.9
AECm13 0.13 )4.4
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Figure 3. Twist power as a function of DA for 40% w/w lyo-

tropic AEC/m-cresol solutions.
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same oscillatory properties (within instrumental
error) even though their chiroptical properties are
different. The same phenomenon was observed for
the stress sweep measurements (not shown).

Recoil after cessation of steady-state flow

Although the lyotropic AEC/m-cresol solutions
have similar steady-state rheological properties,
the transient rheological behavior is quite differ-
ent. In monodomain nematic liquid crystalline
polymers there is no strain recovery after steady
state flow (Walker et al. 1996). However, in tex-
tured or polydomain liquid crystals strain recovery
or recoil is observed, the result of director tum-
bling which produces orientational inhomogenities
or defects. When the stress that produces flow is
removed, the Frank distortional energy drives
texture rearrangement and strain recovery (direc-
tor unwinding) (Burghardt and Fuller 1990).
Further, scaling rules are obeyed; recoil curves
collapse to a master curve when plotted as a
function of the product of previous shear rate ( _c0)
and time (t). Strain recovery experiments were
performed on the various lyotropic AEC solu-
tions. Figure 6 shows the strain recovery for the
40 wt% AECp12/m-cresol system after 0.5 and

5 s)1 steady-state flow. For all AEC solutions
strain scaling did not occur at high _c0t values. This
is likely due to director flow-alignment at the high
shear rate resulting in a drop in the total recov-
erable strain (Mewis et al. 1997).

Figure 7 shows the strain recovery curves for the
various AEC samples. At a pre-shear rate of
0.5 s)1 (Figure 7a), all curves display a monotonic
increase in strain recovery reaching a plateau, final
level of recoil at high _c0t values. ‘Double recoil’
(the presence of two distinct strain recovery
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Figure 5. Oscillatory properties of 40% AEC/m-cresol solutions.
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plateaus (Riti and Navard 1998)), was not detected
at the low pre-shear rate. By contrast, at high pre-
shear rate, 5.0 s)1, double recoil was observed in
some of the samples (Figure 7b). According to Riti
and Navard (1998), the appearance of the second
stage recoil is due to the formation of a band
texture. The band texture temporarily stops strain
recovery, but when the band texture disappears the
recoil resumes. At the 5.0 s)1 pre-shear rate the
fully acetylated AEC solution showed double re-
coil whereas the EC solution did not (data not
shown), consistent with the observation of Lizaso
et al. (1999). For the pure AECs, double recoil
appears only in the samples with high DA (Fig-
ure 7b), whereas the mixed AECs all appear to
show double recoil (the low DA mixture clearly
showing the onset of the 2nd recoil).

Under the conditions studied the double recoil
phenomenon seems to be associated with the fully
or highly acetylated AEC/m-cresol solutions. It is

well known that the formation of band texture
occurs only above a critical pre-shear rate value
(Ernst and Navard 1989). Therefore, it appears
that the AEC and EC solutions may have different
lower critical shear rates for band texture forma-
tion; the shear rate threshold for EC solutions to
form band textures is higher than that of AEC
solutions. For pure AEC samples the shear rate
threshold likely decreases with increasing DA, in
which the critical pre-shear rate of the relatively
high DA samples drops below 5.0 s)1. At the
concentration of 40 wt%, both EC and AEC form
anisotropic monophase in m-cresol individually. In
a mixed AEC solution, EC and AEC may form
immiscible anisotropic domains, similar to the case
of EC/hydroxypropyl cellulose (HPC)/acrylic acid
ternary system (Nishio and Fujiki 1991). However,
at a concentration of 40 wt%, it was impossible to
distinguish between the two anisotropic phases by
polarized optical microscope. At high shear rates,
the AEC and EC phases in mixed AEC solutions
may separate. The AEC and EC phases recoil
separately with the double recoil being due to the
AEC phase.

Stress relaxation

The relaxation behavior of cellulosic liquid crys-
talline solutions upon the cessation of steady flow
is unique for LCPs. Two kinds of relaxation exist,
quick bulk stress relaxation and slower structural
relaxation (Mewis and Moldenaers 1987). Stress
relaxation reflects fast relaxation at the molecular
level and is independent of the previous shear rate.
It is affected by temperature and molecular weight.
On the other hand, structural relaxation is the
gradual relaxation and reorganization of the tex-
tures on the supramolecular level. It has been
reported that stress relaxation shows two regions
of different relaxation behavior (Walker et al.
1996). The initial region accounts for about 70%
of the stress and does not scale with _c0t. It has
nematic origins and is dependent on solution vis-
cosity. The remaining 30% of the stress (final part
of the stress relaxation curve) exhibits strain scal-
ing, e.g. scaling with the product of previous shear
rate and time. It is determined by the textural
contribution and reflects the decrease in domain
size with shear rate, which controls the scaling
relationship. In the flow align region, the textural
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contribution disappears and fast relaxation be-
comes nearly independent of shear rate (Mewis
et al. 1997). Strain scaling was not observed for
the 40% AECp12/m-cresol solution at 0.5 and
5.0 s)1 shear rates (Figure 8), and may be due to
flow alignment at the higher pre-shear rate
(5.0 s)1).

The stress relaxation curves of all AEC solutions
collapse into one curve when the solutions were
pre-sheared with the same rate (Figure 9). A sim-
ilar trend was observed when the samples were
pre-sheared at 0.5 s)1 (data not shown). As stress
relaxation is predominantly a molecular level
phenomenon, and the chiroptical properties reflect
the supramolecular level, it is not surprising that
the lyotropic solutions with different chiroptical
properties have the same stress relaxation behavior
in both the tumbling and flow-align regions.

Dynamic modulus evolution upon cessation of flow

The development of storage and loss moduli after
flow cessation is a useful tool to analyze structural
relaxation of LCPs. Upon flow cessation, the flow-
induced orientation is lost (Burghardt and Fuller
1990). The evolution of moduli with time is due to
the recovery of flow modified structures (Grizzuti
et al. 1993; Hongladarom et al. 1994). By using
flow birefringence techniques to determine the
molecular orientation during modulus evolution,
Burghardt has found that the magnitude of dy-
namic modulus is associated with the degree of

molecular orientation for both hydroxypropyl
cellulose (HPC)/H2O and PBG/m-cresol lyotropic
solutions (Burghardt 1998); the smaller the mod-
ulus, the larger the birefringence and the higher the
degree of molecular orientation. It was found that
for lyotropic HPC/H2O solutions, upon flow ces-
sation molecular orientation decreases to a global
isotropic condition (Hongladarom et al. 1994) and
dynamic moduli increases to a maximum (Grizzuti
et al. 1993; Hongladarom et al. 1994). However,
the final relaxed state depends on the shear his-
tory. After high shear rates the solutions evolve
towards an ‘equilibrium’ state with a high modu-
lus, while after low shear rates the solutions relax
to an ‘equilibrium’ state with a low modulus
(Hongladarom et al. 1994). The low-modulus state
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is ordered and evolves out of a state that has no
macroscopic order upon cessation of flow. The
high-modulus state is much less ordered, although
it evolves from a rather well flow-aligned state
upon the cessation of flow (Godinho et al. 2003).
For the AEC/m-cresol system the final modulus
seems to depend strongly on the previous shear
rate. Figure 10 shows the complex modulus evo-
lution for an AECp12 solution. However, contrary
to the lyotropic HPC/H2O system (Hongladarom
et al. 1994), the AEC solutions develop a high
modulus state after low shear rates and a low
modulus state upon cessation of high shear rates.

Grizzuti et al. (1993) suggested that the moduli
evolution might follow a single exponential
behavior after being pre-sheared at low rates.
From this model, a characteristic relaxation time,
which is a function of the pre-shear rate, can be
derived. Unfortunately the exponential behavior
cannot be applied to high pre-shear rates. The
AEC/m-cresol solutions did not follow the expo-
nential relationship even at a low pre-shear rate of
0.5 s)1. Therefore, we utilized two methods to
estimate the rate of moduli evolution. First, the
rate of complex modulus evolution was deter-
mined from the slope of the modulus evolution
curve in Figure 10. For both pre-shear rates, the
slope was calculated over the range in which the
majority of the modulus evolved. For the low
pre-shear rate (0.5 s)1), the slope was calculated
between 100 and 1000 s, whereas for the high
pre-shear rate (5.0 s)1) the slope was calculated
between 10 and 250 s. The results are plotted in
Figure 11a. Second, a characteristic time was cal-
culated according to the method of Grizzuti et al.
(1993) and taken as 63% of the difference between
the initial and the final values of the complex
moduli. The results are plotted in Figure 11b. It
can be seen that at the pre-shear rate of 0.5 s)1,
both the slope for modulus evolution and the
characteristic time are the same for the mixed and
pure AEC/m-cresol solutions. This implies that the
rate for complex modulus evolution is the same
upon flow cessation. However, upon flow cessa-
tion after a high pre-shear rate of 5.0 s)1, the
modulus evolution shows a pitch dependence for
pure AEC/m-cresol solutions: the larger the pitch
the slower the modulus evolved. Further, the
modulus of the right-handed mesophases develops
faster than that of the left-handed mesophases
with a similar pitch. For mixed AEC solutions,

there is no difference in the rate of modulus evo-
lution. This may be due to AEC/EC phase sepa-
ration in which each phase evolves separately.

The difference in structural relaxation behavior
between various AEC and mixed AEC solutions
may be due to (i) the smaller driving force for the
mesophases with larger pitch (nematic-like) to re-
form the original helicoidal structures that had
become nematic under flow, and (ii) the difference
in the microstructure between mixed AEC and
pure AEC solutions with the same chiroptical
properties.

Figure 12 shows the shear stress relaxation, re-
coil and modulus evolution on a universal strain
scale to compare the time scale of the three
relaxation phenomena – stress relaxation, recoil,
and modulus evolution. It can be seen that after
complete stress relaxation, strain recovery or recoil
reaches equilibrium. This suggests that the recoil is
due to texture elasticity. Further, it can be seen
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shear rate.

221



that the moduli evolution starts after stress fully
relaxes and recoil reaches equilibrium (Walker
et al. 1996). This is the case for all AEC solutions.
For AEC solutions with ‘double recoil’, when the
band texture disappears and the second step recoil
starts, the complex modulus reaches a maximum.
This phenomenon confirms the suggestion that the
appearance of the maximum in moduli evolution is
due to the formation of band textures (Grizzuti
et al. 1993). This phenomenon also suggests that
right after the disappearance of the band texture,
the directors in the solution may re-align because
the modulus starts to drop.

Conclusions

Although the steady state behavior of lyotropic
liquid crystalline solutions of (acetyl)(ethyl)cellu-
lose in m-cresol were almost the same, some of the
transient behaviors were affected by the chiropti-
cal properties and compositions of the mesophase.
With the same average DA, the chiroptical prop-
erties of solutions of pure AEC were different from
those of EC/AEC mixtures. The critical degree of
acetylation for the AEC/m-cresol lyotropic solu-
tions to change from left-handed to right-handed
mesophases was lower for the mixed AEC system

than for the pure AEC system. All of the mixed
AEC/EC solutions and the pure AEC solution
with high DA showed double recoil. In stress
relaxation, both pure AEC solutions and mixed
AEC solutions have the same relaxation behavior,
which may be due to stress relaxation occurring at
the molecular level instead of the supramolecular
level. Complex modulus evolution with high pre-
shear rates showed that the larger the pitch the
slower the moduli evolved for pure AEC solutions.
Further, the moduli of right-handed mesophases
developed faster than left-handed mesophases.
The difference in structural relaxation behavior of
AEC solutions may be due to both the smaller
driving force for the mesophases with larger pitch
(nematic-like) to return to the relaxed state, and
the difference in the microstructure between mixed
AEC and pure AEC solutions with the same
chiroptical properties.
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