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ABSTRACT: Supramolecular symmetry breaking, in which
chiral assemblies with imbalanced right- and left-handedness
emerge from achiral molecular building blocks, has been
achieved in the organogels of a C3-symmetric molecule only
via π−π stacking. Specifically, an achiral C3-symmetric benzene-
1,3,5-tricarboxylate substituted with methyl cinnamate through
ester bond was found to form organogels in various organic solvents. More interestingly, when gels formed in cyclohexane,
symmetry breaking occurred; i.e., optically active organogels together with the helical nanofibers with predominant handedness
were obtained. Furthermore, the stochastically appeared imbalanced helicity could be driven to desired handedness by utilizing
slight chiral solvents such as (R)- or (S)-terpinen-4-ol. Remarkably, the handedness of supramolecular assemblies thus formed
could be kept even when the chiral solvents were removed. For the first time, we show that symmetry breaking can occur in
supramolecular gel system driven exclusively through π−π stacking.

■ INTRODUCTION

Although it remains a mystery for the origin of homochirality in
nature,1 many researchers do have found that achiral or
dynamically racemic molecules could generate optical activity
with symmetry breaking. This situation has been found in
crystals,2 liquid crystals,3 self-assembled molecular systems such
as aggregates,4 and supramolecular gels.5 Such a phenomenon
is also found in the confined systems such as micelles6 and
Langmuir or Langmuir−Blodgett (LB) films7 organized
through the air/water interfacial assembly, which adds much
knowledge to the better understanding of the origin of chirality
in nature. In the confined systems such as LB films, many
molecules can show symmetry breaking phenomenon, where
unilateral compression plays an important role. However, in the
self-assembled solution, gels, or liquid crystals, only limited
molecules have such properties. Moreover, in these molecular
systems such as tetraphenylporphyrin sulfonate (TPPS),
organic dyes, and other related molecules, combined non-
covalent interactions including hydrogen bonding, electrostatic
interaction, and π−π stacking are generally necessary. For
example, in the case of TPPS aggregates,4b both the hydrogen
bonding and electrostatic interaction played important roles. In
the other case, Meijer and co-workers have found that the
symmetry breaking occurs in the self-assembled achiral partially
fluorinated benzene-1,3,5-tricarboxamides in solution, where
the 3-fold hydrogen bonding and dipole−dipole interaction
play important roles.4i In supramolecular gel system, we have
also found that the self-assembly of an achiral C3-symmetric
benzene-1,3,5-tricarboxamide substituted with ethyl cinnamate
can form assemblies with macroscopic chirality, in which

hydrogen bonding and π−π interaction play very important
roles.5c Unfortunately, for supramolecular assemblies in
solution or gel systems, symmetry breaking is never driven
exclusively by weak π−π interaction.
In a series of work on the C3-symmetric π-gel research, we

have designed four achiral C3-symmetric molecules, which have
three π-conjugated cinnamate substituents connected to the
benzene ring via ester linkage rather than amide groups
(Scheme 1). These molecules have methyl ester (BTECM),
ethyl ester (BTECE), n-propyl ester (BTECP), or n-butyl ester
(BTECB) end chains. We have unexpectedly found that only
BTECM could form supramolecular gels in different solvents,
while the other three molecules could not gelate any solvents.
Remarkably, although BTECM was achiral, it could form chiral
supramolecular gels in cyclohexane with symmetry breaking.
The supramolecular chirality of the gels could be proved by
both optical activity and chiral nanostructures. Since there is no
any other noncovalent interactions except for π−π stacking, we
have discovered that purely π−π stacking can also drive the
symmetry breaking in the supramolecular gel system.
On the other hand, for the symmetry breaking system, the

control of the handedness is very important. Although the
vortex force4e,f,8 and magnetic force4h have been proved to be
effective, the addition of the chiral substance through the
sergeant and soldier rule9 is quite usual. We have found that
through addition of a small amount of chiral solvents the
symmetry breaking could be controlled. More interestingly,

Received: October 7, 2015
Published: December 8, 2015

Article

pubs.acs.org/JACS

© 2015 American Chemical Society 16109 DOI: 10.1021/jacs.5b10496
J. Am. Chem. Soc. 2015, 137, 16109−16115

pubs.acs.org/JACS
http://dx.doi.org/10.1021/jacs.5b10496


when the chiral solvents were removed, the chirality could be
maintained. By using an “add−remove chiral solvents”
procedure, the handedness of BTECM assemblies could be
easily controlled without damaging the purity of these
supramolecular gels (Scheme 1). Thus, constructing chiral
supramolecular gels from the symmetry breaking of achiral
molecules purely via π−π interaction and controlling their
handedness by chiral solvents with chiral memory have been
established.

■ RESULTS AND DISCUSSION
Self-Assembly of Achiral C3-Symmetric Molecules in

Various Solvents. The achiral C3-symmetric molecules had
three rigid π-conjugated cinnamate substituents connecting to
the benzene ring core with only ester groups. On the edges of
these achiral molecules, different alkyl esters groups were
introduced, as shown in Scheme 1. These molecules could
disperse in many organic solvents. Upon heating, BTECM
could form transparent solution in both nonpolar solvents
(toluene and cyclohexane) and polar solvents (methanol and
ethanol), which then changed into supramolecular gels after
cooling down to the room temperature (Table 1). For all the
BTECM gels, the temperature responsive sol−gel transitions
were fully reversible (Figure S1). In cyclohexane, BTECM
could be supergelator with very low critical gelation
concentration (0.1% w/v). Interestingly, although BTECE
had a similar molecular structure to BTECM, it could not form
supramolecular gels in any solvents (Table 1). Furthermore, the
molecules containing longer end chains (BTECP and BTECB)
also could not form gels (Table 1).
The self-assembled nanostructures from BTECM gels were

studied by scanning electron microscopy (SEM) measurements
(Figure 1). The results showed that BTECM self-assembled
into one-dimensional nanostructures, such as nanofibers and
nanoribbons, depending on the solvents. It was worth
mentioning that these self-assembled one-dimensional nano-
structures were relatively thick in methanol and could be very
thin in cyclohexane. BTECE formed precipitates instead of gels,
and the morphologies of BTECE precipitates in ethanol,
methanol, and cyclohexane were also investigated by SEM, as
shown in Figure 1. In polar solvents like ethanol or methanol,
BTECE self-assembled into spherical structures (Figure 1b,d).

However, for the BTECE assemblies in cyclohexane, only
disordered morphologies could be observed (Figure 1f).
Considering the fact that the structural difference between
BTECE and BTECM was only one methylene group, these
different self-assembled morphologies and gelation properties
were remarkable. Presumably, the steric hindrance from the
ethyl ester end chain played an important role. Although
BTECP and BTECB also could not form gels, their
nanostructures were studied by SEM measurements (Figure
S2). The results showed that these molecules always self-
assembled into very huge ribbon or rodlike morphologies.

Scheme 1. Molecular Structure of the Achiral C3-Symmetric
Derivatives and Schematic Illustration of Symmetry
Breaking in Cyclohexane Purely through π−π Stacking and
Supramolecular Chirality Memory with the “Add−Remove
Chiral Solvents” Procedure

Table 1. Gelation Properties of BTECM, BTECE, BTECP,
and BTECB in Various Solventsa

solvent BTECM BTECE BTECP BTECB

H2O I I I I
acetonitrile S S S S
methanol G P P P
ethanol G P P P
acetone P S S S
dioxane S S S S
CHCl3 S S S S
ethyl acetate P P S S
CH2Cl2 S S S S
toluene G S S S
cyclohexane G P P P
n-hexane I P P P
THF S S S S
DMF S S S S
DMSO S S S S

aG: stable gel; S: soluble; I: insoluble; P: precipitate.

Figure 1. SEM images of the BTECM gels (0.3% w/v) and BTECE
precipitates (0.3% w/v) in various solvents: (a) BTECM in ethanol,
(b) BTECE in ethanol, (c) BTECM in methanol, (d) BTECE in
methanol, (e) BTECM in cyclohexane, and (f) BTECE in cyclo-
hexane.
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Chiral Helices from Symmetry Breaking of Achiral
BTECM. More interestingly, the enlarged SEM image of
BTECM gels in cyclohexane showed very nice left- (M) and
right-handed (P) uniform helical fibers with the diameter about
50 nm (Figure 2a). Additionally, the circular dichroism (CD)

spectra of these BTECM assemblies showed a positive or
negative Cotton effect at 340 nm (Figure 2b), even though
BTECM was an achiral molecule. Furthermore, the authenticity
of the circular dichroism was confirmed by the negligible linear
dichroism (LD) artifacts in the system (Figure S3a). This result
indicated that symmetry breaking could occur in the cyclo-
hexane gels of BTECM. The statistical distribution of the
handedness and intensity of the CD signals from 30 samples of
BTECM gels in cyclohexane was analyzed (Figure S3b). The
results showed that the supramolecular chirality obtained from
the assembly of achiral molecules was random.10 Moreover, the
distribution of optical activity from totally 30 samples was
Gaussian-like (Figure S3c).2b Although BTECM could also
form supramolecular gels in methanol, ethanol, and toluene, no
helical nanostructures and optical activity were detected from
these assemblies. The symmetry breaking within BTECM
assemblies could only happen in cyclohexane. In contrast,
BTECE, BTECP, and BTECB could neither form the gels nor
show the chiral structures.
π−π Interaction as Driving Force for Gelation and

Symmetry Breaking. In order to further investigate the
gelation mechanism of BTECM and symmetry breaking in
cyclohexane, UV−vis spectra, fluorescence spectra, X-ray
diffraction (XRD) pattern, and temperature-dependent 1H
NMR spectra of BTECM assemblies were measured. Figure 3a
showed the UV−vis spectra of the gels in comparison with that
in solution. The diluted BTECM cyclohexane solution (0.1
mmol L−1) showed a sharp absorption band at 282 nm, while
the BTECM gels in cyclohexane exhibited a red-shift of the
absorption band, indicating the J-aggregation of π-conjugated
substituents within assemblies.11 The fluorescence spectra of
BTECM solution and gels were also studied. The strong
fluorescence enhancement after gelation could be detected
(Figure S4). These results all supported the close packing of π-
conjugated systems via π−π interaction within the helical
fibers,12 which were formed upon BTECM gelation in
cyclohexane.
The XRD pattern of BTECM gels in cyclohexane clearly

suggested the π−π stacking and columnar aggregates, as shown
in Figure 3b. Specifically, the XRD diffraction peaks with 2θ
values at 4.96, 6.98, 9.87, 10.87, 16.57, and 18.69 fully matched
the ratio of 1:√2:2:√5:√11:√14, indicating the formation of
a rectangular columnar aggregate in the helical fibers with

diameter of columnar aggregate 1.78 nm.13 In addition, a broad
diffraction peak with 2θ value of 23.84 corresponded to the d-
spacing of 0.37 nm, which suggested the π−π stacking between
π-conjugated substituents within BTECM assemblies. The π−π
stacking could also be clearly proved by temperature-dependent
1H NMR measurements. When the temperature was decreased
from 95 to 25 °C, BTECM could form compacted assemblies.
In this case, the changes of the corresponding 1H NMR spectra
were followed, as shown in Figure S5. The signals of all the
aromatic protons showed downfield shift upon decreasing the
temperature. These results strongly suggested that every
aromatic rings of BTECM were involved into the π−π
interaction during the self-assembly.
For the gelation and symmetry breaking of BTECM

assemblies in cyclohexane, the π−π interaction plays a very
important role, which has been demonstrated by a variety of
spectroscopic measurements, as described above. On the other
hand, overcrowded molecular packing is necessary for the
symmetry breaking within supramolecular assemblies. For
BTECM gels with supramolecular chirality, the overcrowded
molecular packing has been constructed by π−π interaction.
Comparing with the hydrogen bonding, the π−π interaction
can be relatively weak. Therefore, the larger ethyl group at the
edge of BTECE molecules could interfere the π−π stacking,
and BTECE could not form chiral assemblies and gels.
Similarly, the steric hindrance could also come from the longer
end chains of BTECP and BTECB. However, for BTECM, the
π−π interaction between different benzene rings and cinnamate
substituents were still strong enough to make BTECM
assemble into chiral helical fibers. Thus, the aggregation of
BTECM could initially generate P or M conformer by chance,
and those small helical aggregates could grow up to become
longer one-dimensional helical aggregates by following the
original chiral conformation. Several one-dimensional helical
aggregates further twisted into larger helical fibers. At last, those
helical fibers intertwined with each other to gelate the solvent
(Figure 3c).14

Molecular Dynamics Simulation for Symmetry Break-
ing. For further understanding the effect of substituent groups
during self-assembly with symmetry breaking, molecular
dynamics (MD) calculations were performed on BTECM and
BTECE. Considering the C3-symmetrical character of
BTECM/BTECE, we optimized their molecular structure in
C3-symmetry at B3LYP/6-31G(d,p) level with the Gaussian09

Figure 2. SEM image (a) and CD spectra (b) of the translucent
BTECM gels (0.2% w/v) in cyclohexane. For the CD spectra, gels
from different batches showed different CD signs due to symmetry
breaking.

Figure 3. (a) UV−vis spectra of BTECM gels (0.2% w/v, red curve)
and solution in cyclohexane (0.1 mmol L−1, black curve). (b) XRD
pattern of BTECM gels (0.2% w/v) in cyclohexane. (c) The possible
mechanism of BTECM gelation in cyclohexane.
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program.15 The freely rotating benzenes in side chains led to
two equilibrium conformations with equal energies (Figure S6).
With optimized molecular geometry, we built columnar
aggregates containing 20 molecules with 3.7 Å d-spacings for
BTECM/BTECE in the MD simulations (Figure S7). We
solvated the preassembly aggregates of BTECM/BTECE in the
solvent cyclohexane (2800 molecules) with the PACKMOL
program.16 Then MD simulations of the systems were
performed within NPT ensemble (constant number of atoms,
pressure, and temperature) in GROMACS-4.6.7.17 A Berend-
sen thermostat with a time step of 1 fs was employed to
regulate the temperature at 298 K. All simulations were carried
out for 3 ns to achieve a fully relaxed configuration by using the
General Amber Force-Field (GAFF).18 Both the total energy
and density reached a dynamic equilibrium after 200 ps for two
systems (Figure S8), and the average density was 0.77 g mL−1,
which agreed with that of cyclohexane liquid. We extracted the
configurations every 0.1 ps and calculated the average structures
for both BTECM and BTECE aggregations after 200 ps of
dynamics. The average configurations presented in Figure 4 and

Figure S9 demonstrated that the helix could exactly be formed
for BTECM rather than BTECE in cyclohexane. The
cinnamate substituents of BTECM molecules were closer to
their neighbors with stronger π−π interaction, resulting in the
formation of a helix. While for BTECE, the steric hindrance of
ethyl in the terminal group greatly decreased the π−π
interaction among different cinnamate substituents, so
BTECE molecules could not form helical nanostructures.
By assuming both BTECM and BTECE can self-assemble

into columnar aggregates, we fitted the helical pitch and radius
according to their regular aggregation structures in Figure 4.
When the d-spacings between BTECM/BTECE molecules
were all set as 0.37 nm, the fitted radius and pitch for BTECM

helix were 0.83 and 5.34 nm, respectively (Figure 4c). The
calculated radius of BTECM helix matched well with the results
from XRD measurements. However, for the fitted radius and
pitch of BTECE assemblies, 3.83 and 30.4 nm were obtained,
respectively (Figure 4c), indicating that BTECE assemblies
could not form reasonable helical structures.
Furthermore, we built the models of BTECM single helix

and BTECE assemblies, as shown in Figure 5. From the models

simulated by molecular dynamics combined with mathematical
method, the difference between BTECM and BTECE could be
easily observed. BTECM assemblies were easy to form a
beautiful helix, while the assembly of BTECE molecules could
hardly form a regular helix. Therefore, the effect of end alkyl
chains length on symmetry breaking during self-assembly of
achiral C3-symmetric molecules has been determined by both of
the experimental data and theoretical MD simulations.

Determined Handedness of Supramolecular Chiral
Assemblies and the Chiral Memory by Trace Chiral
Solvents. Although BTECM can self-assemble into supra-
molecular gels with macroscopic chirality, the handedness of
the assemblies is produced by chance. Actually, the chiral
supramolecular gels formed by achiral molecules with control-
lable handedness can be much more useful, especially when

Figure 4. Molecular models illustrating the average configurations in
the supramolecular columnar aggregates of BTECM (a) and BTECE
(b) after 200 ps of dynamics. (c) The fitted helices of BTECM and
BTECE columnar aggregates according to the average configurations.

Figure 5. Models of BTECM (a) and BTECE (b) helical columns
contained 30 molecules.
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there are no any chiral dopants remaining in the systems.
Because the driving force for forming BTECM assemblies is
weak π−π interaction, the chirality of BTECM gels can be
easily changed by physically mixing some chiral organic
molecules or solvents.19 In order to prove the effect of the
solely π−π stacking interaction, we selected two kinds of chiral
solvents with π−π stacking ability.
We tried to add several types of chiral solvents into the

BTECM gels in cyclohexane to control the handedness of
corresponding supramolecular chirality. These chiral solvents
could have either aromatic rings or hydroxyl groups or be just
simple alkane with alkene groups (Chart 1). Interestingly, all

these chiral solvents with low molecular weight could help
BTECM self-assemble into chiral gels with determined
handedness, as demonstrated by the CD spectral measurements
(Figure 6a and Figure S10). For example, for the BTECM gels

containing S-(+)-terpinen-4-ol and cyclohexane with volume
ratio of terpinen-4-ol/(cyclohexane + terpinen-4-ol) equal to
0.125, a strong CD signal with a positive Cotton effect at 336
nm could be detected (Figure 6a). In addition, the SEM image
obtained from the same sample showed mainly P helical fibers
(Figure 4c). In contrast, in the case of BTECM gels containing

R-(−)-terpinen-4-ol, the mirror-imaged CD spectrum (Figure
6a) and M helical fibers could always be observed (Figure 6d).
Moreover, for controlling the handedness of supramolecular

chirality within BTECM gels, the volume ratios between chiral
solvents and cyclohexane were very important. This issue has
been investigated by measuring the G value of the CD spectra
as well as the SEM of BTECM gels formed in cyclohexane/R-
(−)-terpinen-4-ol mixture with different volume ratios. Since G
value is independent of absorption intensity or sample
thickness, the quantitative analysis of G value can clearly
suggest the optical activity of the systems. In general, more
chiral R-(−)-terpinen-4-ol in the system could produce
stronger supramolecular chirality (Figure 6b). However, too
much chiral solvent could also destroy the helical fibers (Figure
S11) and lead to the disappearance of CD signals (Figure 6b).
Although 7.5% chiral R-(−)-terpinen-4-ol was good enough to
control the handedness of supramolecular chirality of BTECM
gels, the sample with volume ratio of terpinen-4-ol/(cyclo-
hexane + terpinen-4-ol) equal to 0.125 gave the maximum G
value upon the CD spectral measurement.
Particularly, within these chiral supramolecular gels, chiral

solvents were included by physically mixing, and the boiling
points of these chiral solvents are relatively low. Thus, these
chiral solvents can be completely removed from the systems by
high vacuum. This issue could be proved by 1H NMR
measurements, as shown in Figure S12. No signals of chiral
solvents were detected from the 1H NMR spectra of vacuum-
dried chiral supramolecular gels. Most importantly, the CD
spectra of BTECM xerogels after vacuum-drying also showed
obvious Cotton effects similar to the BTECM gels containing
chiral solvents, which suggested the “chirality memory” of
BTECM gels (Figure 7).20 Although chirality memory has been

achieved in synthetic polymers or other self-assembled systems,
to the best of our knowledge, this is the first time achieving
“chirality memory” within low-molecular-weight supramolecu-
lar gels. Therefore, by using an “add−remove chiral solvents”
procedure, the chiral supramolecular gels without any chiral
molecules but with controllable handedness have been
constructed.

■ CONCLUSIONS
In conclusion, an achiral C3-symmetric benzene-1,3,5-tricarbox-
ylate substituted with methyl cinnamate (BTECM) through
ester bond was found to form supramolecular gels and further
showed symmetry breaking. Since the compound had no
hydrogen bonding sites, no long alkyl chains, and no charges, it
was demonstrated that symmetry breaking was driven purely by

Chart 1. Chiral Solvents Used for Controlling the
Handedness of Supramolecular Chirality of BTECM Gels

Figure 6. (a) CD spectra of the BTECM gels (0.2% w/v) containing
R-(−)-terpinen-4-ol (red curve) or S-(+)-terpinen-4-ol (black curve)
with volume ratio of terpinen-4-ol/(cyclohexane + terpinen-4-ol)
equal to 0.125. (b) G value of BTECM gels (0.2% w/v) centered at
336 nm as a function of volume ratio of R-(−)-terpinen-4-ol/
(cyclohexane + R-(−)-terpinen-4-ol). (c, d) SEM images of the
BTECM gels (0.2% w/v) containing S-(+)-terpinen-4-ol (c) or R-
(−)-terpinen-4-ol (d) with volume ratio of terpinen-4-ol/(cyclohexane
+ terpinen-4-ol) equal to 0.125.

Figure 7. Chiral memory effect demonstrated by the CD spectra of
BTECM xerogels with chiral solvents completely removed by high
vacuum. Either R-(−)-terpinen-4-ol (a) or S-(+)-terpinen-4-ol (b) can
be used as chiral solvents. The volume ratio of terpinen-4-ol/
(cyclohexane + terpinen-4-ol) is equal to 0.125.
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the π−π stacking in the supramolecular gel system. Although
the emergence of the macroscopic chirality in the system was
by chance, the handedness of the supramolecular assemblies
could be further controlled by small amount of chiral solvents.
Moreover, upon removing the chiral solvents, the chirality of
the assemblies could be memorized. This work provides the
solid example that only weak π−π stacking other than the
hydrogen bonding and electrostatic interaction can also lead to
the symmetry breaking in the self-assembled system and gives a
further understanding of the homochirality in nature.

■ EXPERIMENTAL SECTION
Materials Preparation. All the starting materials and solvents

were obtained from commercial suppliers and used as received. 1,3,5-
Benzenetricarbonyl trichloride was purchased from Alfa Aesar. Methyl
4-hydroxycinnamate and ethyl 4-hydroxycinnamate were purchased
from TCI and Adamas, respectively. R-(−)-Terpinen-4-ol and S-
(+)-terpinen-4-ol were purchased from TCI. R-(+)-1-Phenylethanol
and S-(−)-1-phenylethanol were purchased from Alfa Aesar. R-
(+)-Limonene and S-(−)-limonene were purchased from TCI. (R)-
(−)-sec-Butanol and (S)-(+)-sec-butanol were purchased from TCI.
The experimental details for the synthesis of BTECM, BTECE,
BTECP, and BTECB are provided in the Supporting Information.
Gels Formation in Organic Solvents. A typical procedure for the

gels formation in methanol, ethanol and cyclohexane is as follows: 3
mg of BTECM and 1 mL of solvent were mixed in a sealed tube. The
BTECM was dissolved completely upon heating, then the solution was
slowly cooled to room temperature, and the gel was obtained after 1 h.
Gelation was confirmed by the absence of flow, as observed by the
tube inversion method.
Precipitates Formation in Organic Solvents. A typical

procedure for the precipitates formation in organic solvents is as
follows: 3 mg of BTECM, BTECE, BTECP, or BTECB and 1 mL of
solvent were mixed in a sealed tube. The derivative was dissolved
completely upon boiling, then the solution was slowly cooled to room
temperature, and white precipitates were obtained overnight.
UV−Vis Absorption Spectra. UV−vis spectra were recorded in

quartz cuvettes (light path 0.1 mm) on a JASCO UV-550
spectrometer.
Fluorescence Emission Spectra. Fluorescence spectra were

recorded in quartz cuvettes (light path 2 mm) on a Hitachi F-4500
fluorescence spectrophotometer. The EX slit and EM slit were set as 5
nm, and the PMT voltage was set as 400 V. Excitation wavelengths are
specified in the corresponding figure captions.
Circular Dichroism (CD) Spectra. CD spectra were recorded in

quartz cuvettes (light path 0.1 mm) on a JASCO J-810
spectrophotometer. For the study about chiral memory, the samples
were prepared as cast films on quartz plates and dried upon high
vacuum. For the measurement of the CD spectra, the quartz cuvettes
or quartz plates were placed perpendicular to the light path of CD
spectrometer and rotated within the quartz cuvettes plane to rule out
the possibility of the birefringency phenomena and eliminate the
possible angle dependence of the CD signal.

1H NMR Spectra. 1H NMR (400 MHz) spectra were recorded on
a Bruker Avance 400 spectrometer with TMS as internal standard at
298 K. Temperature-dependent 1H NMR (300 MHz) spectra were
recorded on a Bruker DMX300 spectrometer with TMS as internal
standard.
Mass Spectra and Elemental Analysis. Mass spectral data were

obtained by using a BIFLEIII matrix-assisted laser desorption/
ionization time of fight mass spectrometry (MALDI-TOF MS)
instrument. Elemental analysis was performed on a Thermo Flash
EA-1112 Series NCHS-O analyzer.
Scanning Electron Microscopy (SEM). SEM images were

recorded on a Hitachi S-4800 FE-SEM instrument with an accelerating
voltage of 10 kV. Before SEM measurement, the samples on silicon
wafers were coated with a thin layer of Pt to increase the contrast.

X-ray Diffraction (XRD). XRD analysis was performed on a
Rigaku D/Max-2500 X-ray diffractometer (Japan) with Cu Kα
radiation (λ = 1.5406 Å), which was operated at a voltage of 40 kV
and a current of 200 mA. Samples were cast on glass substrates and
vacuum-dried for XRD measurements.

Handedness Control of Chiral BTECM Gels. A typical
procedure for adding chiral solvents into BTECM gels in cyclohexane
is as follows: 2 mg of BTECM, x mL of cyclohexane, and (1 − x) mL
of R/S-terpinen-4-ol were mixed in a sealed tube. The BTECM was
dissolved completely upon boiling, then the solution was slowly cooled
to room temperature, and the gel was obtained after 1 h.

Chiral Memory Effect. The chiral BTECM gels containing chiral
solvents R/S-terpinen-4-ol were casted on the quartz plates. After that,
the quartz plates with BTECM gels were dried in the high vacuum for
24 h in order to completely remove the chiral solvents R/S-terpinen-4-
ol. After vacuum-drying, the quartz plates with BTECM xerogels were
measured using the CD spectrophotometer.
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