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Constructing multiple-response smart materials is a great interest and challenge for material science.
Here we employed an ionic self-assembly (ISA) strategy to fabricate pH- and temperature-responsive
supramolecular materials with controllable fluorescence emission properties by using charged Congo red
(CR) and oppositely charged COOH-functionalized imidazolium-based surface active ionic liquid
(SAIL), N-decyl-N'-carboxymethyl imidazolium bromide ([N-C;;, N'-COOH-Im]Br. One-dimensional
(1D) slender fibers were obtained in aqueous solution at pH 3.2 by the self-assembly of CR/[N-Cy,, N'-
COOH-Im]Br (molar ratio =1:2) at room temperature. Noteworthy is that two-dimensional (2D) planar
structures, viz. bamboo leaf-like, spindly, discoid and rectangular structures, were then formed only by
further changing the pH of solution. Of particular interest is that the transition between 1D and 2D
structures are pH reversible. We also found the slender fibers could aggregate into fiber bundle structures
with  the increasing temperature. In  addition,
1D and 2D materials can be controlled by adjusting the morphologies of the aggregates. The electrostatic
and hydrophobic interactions, in concert with n- stacking between Congo red and [N-C;y, N'-COOH-
Im]Br molecules were regarded as the main driving forces. The dimer-type n-x stacking existing among
CR molecules was testified by DFT calculations.

fluorescence  emission of the obtained

Introduction

Supramolecular self-assembly avoiding complex organic synthesis
has become one of the primary frontiers in materials science.'™
Functional self-assembled nanomaterials with well-defined shapes,
sizes, and properties formed by organic small molecules are of great
interest for applications in non-linear optical devices, electro-optical
materials and light-energy conversion, etc.® In particular, fluorescent
switch  behavior of the supramolecular materials has attracted
considerable attention during recent years because it makes for
promising optoelectronic devices. It is interesting but also
challenging to find self-assembly systems which allow for
controlling the shape and size of materials using an external stimulus
such as temperature, light, pH or solvent.”' For example,

This journal is © The Royal Society of Chemistry 2013

controlling the transition of self-assembly from 1D fibers to
exclusively 2D planar structures is rarely reported.

Tonic self-assembly (ISA)'*"? offers a potent and versatile route to
prepare well-defined, discrete supramolecular architectures from
simple molecular components under thermodynamic equilibrium.
The strategy based on electrostatic interaction have made a great
influence due to generalizability, simplicity and cheapness. Faul and

Antonietti constructed supramolecular liquid crystal through
complexation of N,N’-
bis(ethylenetrimethylammonium)perylenediimide and surfactant

with opposite charges in water'*. Wu et al. prepared onionlike hybrid
assembled sphere by wusing ISA between surfactant and
polyoxometalates'”.
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Surface active ionic liquids (SAILs), referred to the ionic liquids
containing long alkyl chains which exhibit amphiphilic character,
have emerged as a novel kind of amphiphiles. In recent years,
various SAILs have been synthesized and the aggregates (e.g.
micelles, gels, and lyotropic liquid crystal) formed by them have
been widely investigated by some researchers'®!’, including our
group'®. It is demonstrated that compared to the trational surfactants,
they usually display superior surface-active properties and specific
phase behavior in aqueous media. However, until now there are few
reports using SAILs to prepare self-assembled supramolecular
structures by ISA strategy.

Herein, we used an ISA strategy to produce pH- and temperature-

sensitive supramolecular materials, which are capable of
transforming 1D materials into 2D planar structures, with
controllable fluorescence emission properties. The stimuli-

responsive ISA complexes are consisted of charged Congo Red (CR)
(Scheme 1a, b) units and oppositely charged COOH-functionalized
imidazolium-based SAIL, N-decyl-N'-carboxymethyl imidazolium
bromide ([N-C,o, N'-COOH-Im]Br) (Scheme 1c). Once upon a time,
we reported that the aggregation behavior of [N-C;y, N'-COOH-
Im]Br in aqueous solution. However, we did not use a ISA strategy
to build response materials.
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Scheme 1 The chemical structures of Congo Red at pH>5.2 (a) and
pH<3.5 (b), and [N-C,, N'-COOH-Im]Br (n=10, 12, 14) (c).

Slender fibers were observed for CR/[N-C;y, N'-COOH-Im]Br
(molar ratio =1:2) in pH 3.2 aqueous solution at room temperature.
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Scheme 2 Schematic showing the possible model for temperature-
and pH-response of the supramolecular materials.

At elevated temperature, the slender fibers could be bundled due to
the interdigitation between the hydrophobic domains on the fibers
via hydrophobic interactions. In addition, by changing the pH of the
aqueous solution, other various morphologies, including bamboo
leaf-like, spindly, discoid and rectangular 2D assemblies were
obtained. The changes of fluorescence for nanomaterials based on
pH between “on” and “off” states are significant in solution. At the
same time, the fluorescence emission could also be controlled by
adjusting the morphologies of the aggregates.

2| J. Name., 2012, 00, 1-3

Experimental Section
Materials

Congo red (99%) was purchased from J&K Chemical Technology,
China. 1-bromodencane (98%), 1-bromododecane (98%), 1-
bromotetradecane (98%), N-alkylimidazole (99%) and bromoacetic
acid (99%) were bought from Aladdin Chemistry Co., Ltd. of China.
Benzophenone (chemical pure) was obtained from Sinopharm
Chemical Reagent Co., Ltd. All the above reagents were used
without further purification. Triply distilled water was used in all the
solutions.

Synthesis

COOH-functionalized imidazolium SAILs* were prepared as
improved procedures according to our previous report**. N-
alkylimidazole was prepared as described previously. Bromoacetic
acid (86 mmol) was added to 50 mL methanol solution of N-
alkylimidazole (95 mmol) under the continuous stirring. The mixture
was refluxed at 70 °C for 6 h under the protection of nitrogen. After
methanol was removed, the residue was recrystallized five times
from methanol/ether to obtain [N-C,, N-COOH-Im]Br (20 g, 63%
yields). The chemical structures were ascertained by "H NMR
spectroscopy with a Bruker Avance 300 spectrometer. And the 'H
NMR peak of D,0 (6=4.70 ppm) was used as the reference in
determining the proton chemical shifts for [N-C,, N'-COOH-Im]Br.
For [N-C,y, N'-COOH-Im]Br, 'HNMR (D,0, ppm): 5=8.80 (s, 1 H,
CH), 7.46 (d, 1 H, CH), 7.46 (d, 1 H, CH), 4.88 (s, 2 H, CH,), 4.18
(t, 2 H, CH,), 1.83 (m, 2 H, CH,), 1.27 (m, 14 H, CH,), 0.80 (t, 3 H,
CH,).

Preparation of supramolecular structures

Aqueous solutions of CR (10 mL, 0.5 mM) and [N-C,y, N'-COOH-
Im]Br (10 mL, 1 mM) were mixed and stirred in a 50 mL flask.
After additional stirring for different time, the mixture was placed in
a thermostatic water bath with the uncertainty of within 0.1 °C. The
obtained products were collected by filtration, washed three times
with water to remove salts and possible precursors. The final
products were dried under vacuum at 55 °C for 24 h.

Characterizations of supramolecular structures

The sizes and morphologies of supramolecular materials were
characterized by scanning electron microscopy (SEM, JEOL JSM-
7600F) operated at 5.0 kV. The samples were prepared by placing a
drop of supramolecular aggregates in water onto a silicon wafer.

The nanostructures were characterized by transmission electron
microscopy (TEM) (JEM-100CX II (JEOL). The morphologies of
samples were also characterized by a polarized optical microscope

(POM) equipped with a charge-coupled device camera (Panasonic
Super Dynamic II WVCP460).

The 'H NMR spectra were recorded using a Bruker AV-300 NMR
spectrometer with a pulse field gradient module (Z-axis) and a 5 mm
sample tube. The instrument was operated at a frequency of 300.13
MHz at 25 [1 with tetramethylsilane as an internal reference.
Deuterated dimethylsulfoxide (DMSO) was selected as the solvent.

AFM images were collected in air under ambient conditions using

the tapping mode with a Nanoscopelll/Bioscope scanning probe
microscope from digital instruments.

This journal is © The Royal Society of Chemistry 2012
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UV/Vis spectra were measured in a quartz cell (light path of 1 cm)
by using a HP 8453E instrument.

Small angle X-ray scattering (SAXS) measurements were performed
using an Anton-paar SAX Sess mc? system with a Ni-filtered Cu Ka
radiation (1.54 A) operated at 50 kV and 40 mA. The solid samples
were placed in a stainless steel tank sealed by an aluminum foil. The
distance from sample to detector was 264.5 mm.

Fourier transform IR (FTIR) spectra were recorded between 4000
and 400 cm™ by using a VERTEX-70/70v FTIR spectrometer
(Bruker Optics, Germany) on pressed thin KBr disks of samples.

Results and discussion

For CR/[N-C;y, N-COOH-Im|Br system, the morphologies of
supramolecular materials formed at a molar ratio of 1:2 in pH 3.2
aqueous solution at room temperature were examined by
transmission electron microscopy (TEM). As shown in Fig. la,
slender fibers with an average width of ca. 100 nm were prepared
after 4 h. Fig. Sla shows a typical AFM image of the slender fibers
self-assembled by CR/[N-C,y, N'-COOH-Im]Br. Surprisingly, AFM
image and phase image (Fig. S1b) present that nanoparticles orient
themselves to fuse and then form 1D fiber structures to decrease the
surface energy'®?!, where dispersed and individual nanoparticles can
still be observed. With increasing time to 12 h, slender fibers could
aggregate into feather-like materials with 0.5~1 um in width (Fig.
1b). When prolonged to 48 h, the feather-like structures of 3 um in
width were observed (Fig. 1c). It is obvious that either the narrow or
wide feather-like supramolecular materials were assembled by
individual slender fibers?>. Meanwhile, a time-dependent color
change in the aqueous solution was observed by the naked eye (Fig.
1d). A characteristic red emission was observed for these materials
after irradiation, indicating their fluorescent properties (Fig.3a). To
further study the aggregation of CR/[N-C,;, N'-COOH-Im]Br with
aging, variable-time UV-Vis experiments were performed (Fig.S2).
the absorption bands are around 530 nm and 567 nm (n-m*),
respectively, which are the characteristic absorption peaks of the
chromophore. With the extension of time, the absorption intensity of
all the major bands decreases remarkably. When the time exceeded
to 24 h, a new shoulder peak was observed at approximately 740 nm,
demonstrating the occurence of a new aggregation®*,

Fig. 1 TEM images of supramolecular structures formed by CR/[N-
Cip, N'-COOH-Im] Br (molar ratio=1:2) in pH 3.2 aqueous solution

This journal is © The Royal Society of Chemistry 2012
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at room temperature after 4 h (a), 12 h (b), and 24 h (c); the photos
of CR/[N-Cy, N'-COOH-Im]Br solution at different time (d).

To understand how these highly ordered materials are formed by
using the ISA strategy, their composition was investigated first. As
is shown in Fig. S3, all proton signals of CR and [N-C,o, N'-COOH-
Im]Br molecules in the nanofibers prepared in pH 3.2 aqueous
solution were obviously observed. The stoichiometry of these two
molecules in the supramolecular materials is proved to be 1:2 by
comparing the peak integral intensities”. The electrostatic
interaction between CR and [N-C;y, N'-COOH-Im]Br molecules was
confirmed by FTIR pattern (Fig. S4). FTIR band of CR molecule at
1058 cm! corresponds to the vibrations of sulfonic groups. After the
formation of materials, this peak shifts from 1058 to 1039 em’,
which can be ascribed to the existence of electrostatic interaction',
To further investigate the m-m stacking during process of the
supramolecular self-assembly, UV-Vis absorption spectra of CR and
CR/[N-C;p, N'-COOH-Im]Br samples in pH 3.2 aqueous solution
were obtained (Fig. S5). The strong absorption of CR molecules
occurs around 570 nm (n-n*). For the slender fibers, the maximum
absorption is blue-shifted by 30 nm and is significantly reduced,
which can be ascribed to the m-m stacking aroused by the
supramolecular self-assembly of CR and [N-C,y, N'-COOH-Im]Br
molecules”®?’. The shift of the maximum absorption in the UV-Vis
spectra is typical for the parallel arrangement of chromophore
dipoles (H-aggregation)®®. SAXS diffractogram (Fig. S6) shows two
scattering peaks, indicative of the highly ordered supramolecular
structures. The calculated interplanar distance (d) of the typical
lamellar structure is 1.39 nm. The ratio of the two peaks is 1:2,
suggesting a typical lamellar structure of nanoparticles. The energy
minimized structures of [N-C;y, N'-COOH-Im]Br and CR molecules
are shown in Fig. S7, which demonstrates that the hydrophobic chain
length of [N-Cyy, N'-COOH-Im]Br is 1.36 nm. The width of CR is
0.61 nm. Thus the theory of layer spacing is 1.66 nm. Apparently,
the layer spacing of experiment is less than that of theory. It may be
originated from the loose stacking and tilting stacking of [N-C;,, N'-
COOH-Im]Br molecules in the theoretical calculation®. At the same
time, frequencies for the antisymmetric v,; (CH,) and the symmetric
stretching v; (CH,) bands are sensitive to the conformation of the
alkyl chains. When the alkyl chain are highly ordered (all-trans
conformation), the bands appear near 2918 and 2850 cm’,
respectively. However, when they are arranged in a poor orderly
way, the frequencies may shift to higher bands and the gauche
conformation will increase. In the FTIR spectra (Fig. S4) of the
complex, the v,; (CH,) and vy (CH,) bands appear around 2922 and
2851 cm', respectively, the hydrocarbon chains stack loosely®’. This
result is consistent with that of SAXS.

To explore the role of hydrophobic interaction provided by the
hydrophobic chain of SAIL playing in the formation of
supramolecular structures, we changed the hydrophobic chain length
of SAIL and synthesized [N-C,, N'-COOH-Im|Br (n=12, 14)
(Scheme 1c). When [N-C;y, N'-COOH-Im]Br was replaced by [N-
Ci2, N'-COOH-Im]Br, aquatic plant-like materials were generated
(Fig. S8). As for [N-Cy4, N'-COOH-Im]Br, only irregular
precipitates appeared. These phenomena prove that only appropriate
hydrophobic effect can contribute to the fabrication of 1D slender
fibers. An increase in the hydrophobic chain length can result in the
enhancement of the hydrophobic interaction. Consequently, the
aggregates tend to grow to reduce the chain’s contact area with
water’'. Therefore, during the formation of supramolecular fibers,
the appropriate hydrophobic chain length of [N-Cj,, N'-COOH-
Im]Br molecule plays a crucial role in the modification of effective
molecular stacking and unique morphology formation.

J. Name., 2012, 00, 1-3 | 3
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In order to obtain a better insight into the assembly mechanism of
CR/[N-Cyy, N'-COOH-Im]Br, we attempted to carry out
computational studies on small aggregates, which are the probable
building units for the larger molecular aggregates by the dispersion-
corrected semiempirical PM7 method®?. Firstly, We optimized the
geometries of the dimeric (C2) at the level of ©wB97X-D/6-
31G(d,p)®. In the preliminary models, we chose two CRs and four
counters to model this aggregation. Here, for computational
convenience, we replaced the longer hydrophobic chains by methyl
groups. Noncovalent weak interactions, such as hydrogen bonding,
electrostatic interaction or n- stacking are satisfactorily captured by
®B97X-D/6-31G(d,p). Hence it is an ideal choice for predicting the
stability of dimeric (C2). As is shown in Fig.S9, CR molecule and
two [N-Cjp, N'-COOH-Im|Br molecules can be connected by
electrostatic interaction. The CR dimers exhibits an interplanar
distance between the two aromatic rings is 3.48A, indicative of n-n
stacking (face-to-face stacking), viz. H-aggregates™. This has also
been supported by the experimental results of UV-Vis
measurements. Then we also expanded our investigations by energy
minimization of the original monomer and larger aggregates
comprising of six CRs and twelve [N-C;p, N'-COOH-Im]Br. The
calculated inerplanar distance between the two aromatic rings is
3.56A (Fig.S10). Obviously, PM7 method also predicts C2 dimers
formed by 7-r stacking with comparable stability”>>°,

Based on the above results, structural models can be proposed
to explain the formation of these materials, as illustrated in
Scheme 3. To begin with, CR and [N-C;y, N'-COOH-Im]Br
molecules can self-assemble into building block by electrostatic
interaction. Next, the building block associates through =n-m
stacking, leading to the formation of “H-type” aggregates.
Hydrophobic interaction can make a larger aggregation.

Eventually, supramolecular materials can be formed by
electrostatic interaction, =m-m stacking and Hydrophobic
interaction.

Qo
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Scheme 3 The possible model for the self-assembly of CR/[N-C,,
N'-COOH-Im]Br.

To clarify the structural changes upon the pH stimulus,
examinations of CR/[N-C;;, N'-COOH-Im]Br supramolecular
materials assembled at other pH (3.5, 3.8, 4.5, 5.8 and 9.0) were
carried out by TEM, scanning electron microscopy (SEM) and
polarizing optical microscopy (POM). The results reveal an
interesting morphology evolution with pH for the assembled
materials from 1D fibers to 2D planar structures. As presented
above, slender fibers (Fig.1a) in the aqueous solution at pH 3.2 were

4| J. Name., 2012, 00, 1-3

fabricated via the self-assembly of CR and [N-C;,, N'-COOH-Im]Br
molecules. It is noted that, only a slight increase at pH 3.5, bamboo
leaf-like 2D planar structures were observed in the SEM (Fig. 2a)
and TEM (Fig. S11a) image, respectively. At pH 3.8, slender fibers
absolutely disappeared and completely transformed into bamboo
leaf-like structures (Fig. S11b). Fig. 2b demonstrates that bamboo
leaf-like structures are consisted of free fibrils. As the pH of solution
was increased to 4.5, uniform spindle-shaped supramolecular
materials were obtained (Fig. 2¢). In the aqueous solution at pH 5.8,
discoid-like structures with a diameter of about 20 pm were
observed (Fig. 2d). At pH 9.0, the discoid-to-rectangle shape
transition occurred (Fig.2e). Both the macroscopic discoid- and
rectangle-shaped ~ supramolecular  structures  show  strong
birefringence (Fig. S12). It is also noteworthy that slender fibers
could be rebuilt when pH of solution turned back to 3.2 (Fig.S13).
The pH-dependent series transformation of the assembled structures
can be attributed to the different protonation states of CR and [N-
Ci9, N'-COOH-Im]Br in various pH aqueous solutions. This can be
detected by UV-Vis absorption and 'HNMR spectra. As depicted in
Fig. 2f, when the pH in solution is changed from 3.2 to 3.8, UV-Vis
absorption spectra exhibit a slight blue shift and the intensity of
absorption is reduced, which can affect the electrostatic interaction
and n-m packing between CR molecules. With the change of pH
from 3.5 to 4.5. UV-Vis absorption spectra exhibit a strong blue shift
and the intensity of absorption is reduced. At the same time, a
shoulder peak is observed at approximately 600 nm, which can
suggest the CR molecule undergoes a transformation from quinoid to
azobenzene structure. When the pH increases to 5.8, the shoulder
peak around 600 nm disappears, which indicates the CR molecule
has completely turned into azobenzene structure (Scheme 1a).
What’s more, simultaneously, "THNMR spectra (Fig. S14) show that
the CR/[N-C;y, N'-COOH-Im]Br material composition has changed
into 1:1. The reduction of hydrophobic chains lead to formation of
micrometer materials. When the pH changes into 9.0, 'HNMR
spectra (Figure. S15) present the composition of CR and [N-Cy, N'-
COOH-Im]Br is 1:1. At the same time, we optimized the aggregation
between two CRs and two counters using ©B97X-D/6-31G(d,p)
(Fig.S16). The CR dimers exhibits an interplanar distance between
the two aromatic rings is 3.52A. indicative of m-m stacking (face-to-
face stacking). As reported, the isoelectric point (PI) of [N-C,y, N'-
COOH-Im]Br is 6.5°7. Therefore, as pH increases from 5.8 to 9.0,
the COOH group of [N-C;o, N'-COOH-Im]|Br molecule turns into
COQO', indicating the original cationic amphiphile converts into
zwitterion. Thus, the electrostatic repulsive interaction between CR
and [N-Cj,, N'-COOH-Im]Br molecules appears at pH 9.0. This can
be supported by the 'HNMR spectra of CR/[N-C,o, N'-COOH-Im]Br
complex and pH 9.0, respectively (Fig. S17). The signal of the
methene on the carboxymethyl of [N-C;y, N'-COOH-Im]Br shifts
obviously, which can be ascribed to the changes of electrostatic
interaction as a result of deprotonation of [N-C;y, N'-COOH-Im]Br
molecule.® But the electrostatic repulsive interaction can not
separate CR and [N-C10, N'-COO™-Im]Br molecules and can only
influence n-n stacking between two CRs molecules. The interplanar
distance between the two aromatic rings has a change from 3.52A to
3.68A (Fig.S18). Furthermore, the fluorescence emission of the 1D
and 2D materials can be controlled by adjusting the morphologies of
the aggregates (Fig. 3). The fluorescence spectral changes of
nanomaterials in solution are presented in Fig. S19. When pH=9.0,
there exists a strong peak around 635 nm. When pH change into 3.2,
the peak of 635 nm disappears and the peak of 830 nm appears.
Fluorescence switching of nanomaterials based on the change of pH
was performed for numerous times in solution. The nanomaterials
present relatively good fluorescence switching on-off property (Fig.
4).

This journal is © The Royal Society of Chemistry 2012
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Fig. 2 SEM (a, b), TEM (c) and POM images (d, e) of CR/[N-Cyq,
N'-COOH-Im]Br assembled materials at room temperature in
aqueous solutions with different pH: 3.5 (a), 3.8 (b), 4.5 (c), 5.8 (d)
and 9.0 (e). pH-dependent UV/Vis absorption spectra of CR/[N-Cyq,
N'-COOH-Im]Br complex at room temperature (f).

20pm
-—

pH=3.2

20um
s

Fig. 3 Confocal fluorescence microscopy image of supramolecular
materials formed by CR and [N-C;y, N'-COOH-Im]Br (molar
ratio=1:2) in pH 3.2 (a), 5.8 (b) and 9.0 (c) aqueous solution at room
temperature. Confocal fluorescence microscopy image of CR/[N-
Cip, N'-COOH-Im]Br assembled materials reversed at pH 3.2 (d).

This journal is © The Royal Society of Chemistry 2012
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Fig. 4 Fluorescence switching on-off cycles of nanomaterials in
pH=3.2 and 9.0 aqueous solution.

To study the temperature response of the supramolecular materials,
temperature-controlled self-assembly experiments for CR/[N-Cj,
N'-COOH-Im]Br (molar ratio=1:2) solutions at pH 3.2 were
performed. Upon increasing the temperature to 40 °C, the mixture of
CR and [N-C,y, N'-COOH-Im]Br produced the thick fibers with ~0.2
um (Fig. 5a). Incubating the mixture at 60 °C accelerated thick fibers
clustering, leading to reduction in the free fibers fraction and
formation of bigger fiber bundles with approximate 0.3~0.4 um (Fig.
5b). Interestingly, we captured the TEM image of intermediate
structures which further aggregated into fiber bundles. As reported®,
the above observed profound effect of temperature on the
supramolcular structures can be ascribed to the changes of short-
range attraction, which is most probably of entropic origin. When the
temperature increases from room temperature to 40 °C or 60 °C, the
solvophobic interactions of hydrophobic domains on the surface of
the slender fibers are enhanced. It leads to the shielding of the
hydrophobic patches from the surrounding polar medium. which
then enables and facilitates the interdigitation between the
hydrophobic parts via hydrophobic interactions, resulting in
bundling of the slender fibers®. The temperature-dependent self-
assembly of CR and [N-C;o, N'-COOH-Im]Br in aqueous solution
can also be revealed by the UV-Vis spectroscopic investigation (Fig.
S20). At room temperature, for CR/[N-C;, N'-COOH-Im]Br
complex, the absorption bands are around 530 nm and 567 nm (n-
n*). which are the characteristic absorption peaks of the
chromophore. The absorption band at about 330 nm belongs to the
electronic m-mt* transition superimposed with vibrational transitions.
With the increasing temperature up to 40 °C or 60 °C, there is only a
slight change in the absorbance around 330 nm. However, the
absorption of embedded chromophore exhibits a significant shift.
Moreover, the shoulder peak is not detectable. These phenomena
suggest that temperature-induced fibers aggregation can exert an
effect on the chromophore of CR/[N-C,, N'-COOH-Im]Br
complex**,

J. Name., 2012, 00, 1-3 | 5
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Fig. 5 TEM images of CR/[N-C;y, N'-COOH-Im]Br supramolecular
structures in the aqueous solution at pH 3.2 after 4 h at different
temperature, 40 °C (a), 60 °C (b).The inset in b is the magnified
TEM image of the selected fiber bundles.

Conclusions

Based on ISA strategy, supramolecular materials were
generated from CR and oppositely charged COOH-
functionalized imidazolium-based SAIL, [N-C;,, N'-COOH-
Im]Br. Dual-stimulus (temperature and pH) induced structure
transformation of CR/[N-C;y, N'-COOH-Im|Br was observed.
The fabricated supramolecular materials shown 1D slender
fibers were obtained via self-assembly in aqueous solution at
pH 3.2 and room temperature. Of particular interest is that 2D
planar structures, viz. bamboo leaf-like, spindly, discoid and
rectangular structures. This can be attributed to the hydrophobic
interaction depending on temperature and different protonation
states of CR and [N-C;,, N'-COOH-Im]Br molecules related to
the pH of aqueous solutions. Noteworthy is that the transition
between 1D and 2D structures are pH reversible. In addition,
these supramolecular fibers also manifest superior fluorescent
properties. The fabrication of the self-assemblied structures is
considered to base on the electrostatic and hydrophobic
interactions, cooperative with the m-m stacking. DFT
calculations prove that the dimeric entities of CR molecules are
energetically favorable due to an intermolecular n-m stacking
interaction, which contributes significantly to the resulting
aggregates. This work provides an important clue in the
achievement of fluorescence emission inversion in
supramolecular materials with different dimmensions only by
choosing appropriate temperature or pH, which may have
potential application in optoelectronics and fast switching.
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