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A series of amphiphilic a-cyanostilbene derivatives consisting of an a-cyanostilbene rodlike
core with lipophilic and flexible alkyl chains at one end and a polar glycerol group at the
opposite end have been synthesized and investigated by polarizing microscopy, DSC, X-ray
scattering, SEM, UV-vis spectroscopy and photoluminescence measurements. These compounds
can self-assemble into liquid crystalline phase sequence of SmA- Colhex/p6mm- Cub/ Pm3n in
the bulk states and multistimuli responsive organogels in organic solvents. They have reversible
photoresponsive properties in solution, liquid crystalline state and gel state. They also show
aggregation-induced enhanced emission (AIEE) property, meanwhile, they present excellent
mechanochromic behavior and have a good reversibility of fluorescence conversion upon
grinding-fuming process.

2017 Elsevier Ltd. All rights reserved.

1. Introduction

n-Conjugated a-cyanostilbene derivatives have attracted great
interesting because of their tunable photophysical properties,
self-assembling characteristics, " charming functionalities, such
as aggregation-induced enhanced emission (AIEE) effect,"* solid
-state emission, photochromism, * photovoltaics® and biological
imaging ° etc. Nanoparticles,  nanowires, ® organogels, °
monolayers, ° quantum dots, * single crystals  and
polycrystalline films*® based on n-conjugated o-cyanostilbene
derivatives have been reported. Relevant relationship among
molecular structure, self-assembly and optical property has been
carefully reviewed recently." The excellent characteristics of the
a-cyanostilbene chromophore could be combined with the self-
asmmbly of liquid crystals (LCs).* Till now, few examples of a-
cyanostilbene based calamitic,"****star shaped,'® banana-shaped,’
polycatenar LCs**® with formation of columnar,*”*® nematic*® or
smectic phases’*® have been reported. These materials have led
to interesting phenomena such as fluorescence switching, *°
photoisomerization-induced phase transitions'®*® and surface
relief  gratings,”**** *  photoisomerization-induced ~ phase
separation,” and NLO'™ etc. However, so far as we know there
are few amphiphilic a-cyanostilbene LCs been explored, and 3D
spherical cubic mesophase has never been observed for o-
cyanostilbene derivatives.

Herein we reported the design, synthesis, self-assembly as
well as AIEE, mechanochromic properties of a series of
amphiphilic o-cyanostilbenes, consisting of a a-cyanostilbene
rodlike core with lipophilic flexible alkyl chains at one end and a
glycerol group at opposite end. Amphiphilic LCs” involving
glycerol units are potentially useful for the design of
nanostructured 1D, 2D or 3D ion conduction materials in
combination with ionic liquids etc.?

These amphiphilic a-cyanostilbenzes are assigned as 1"™/n and
IB™/n, where m stands for the number of the terminal alkyl chain,
n is the alkyl chain length, B means that the terminal alkyl chains
are the branching ones. The influence of the number, length and
type of the terminal alkyl chains on the self-assembly of these
compounds was investigated. These compounds can self-
assemble into LCs and gels. They have photoresponsible ability
in solution, LC state and gel state, additionally they show the
AIEE and excellent mechanochromic behaviors. Therefore these
compounds could be considered as multifunctional materials.

2. Results and discussion
2.1. Synthesis

The target compounds 1™/n and 1B™/n have been synthesized
via Knoevenagel reactions between benzaldehydes 1 with
phenylacetonitrile 3 as shown in Scheme 1. Firstly 4-
hydroxybenzaldehyde was etherified with  appropriate
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alkylsubstituted benzyl chlorides, leading to phenyl aldehydes
1. 3 was prepared from 2-(4-hydroxyphenyl)acetonitrile by
etherification with glycidol, followed by protection of the 1,2-
diol group as 1,2-isopropylidene ketal.”® Knoevenagel reactions
between benzaldehydes 1 with phenylacetonitrile 3, followed by
deprotection of the 1,2-O-isopropylidene glycerol units yielded

the final compounds.
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Ry = R3= H; Ry = -OCnHan+1 n=12
Ri = R3 = -OCnHons1; Rp = H n=16
R1= Ry = R3 = -OCnHan+1 n=10,12,14,16,18
R1= Ry = R3 = -OCH2CH(CnHzn+1)2 n=10

1n:
m-1%n:
Pin:
1B%/n

Scheme 1. Synthesis of compounds 1™/n and IB™/n; Reagents and
conditions: i) DMF, K,COs, reflux, 80 °C, 10 h, 54-89%; ii) PPTS, 2,2-
dimethoxypropane, THF, 40 °C, 3 h; iii) 4-hydroxybenzyl cyanide, tert-
butanol, potassium tert-butoxide, 70 °C, reflux, 12 h, 33-43%.

2.2. Mesomorphic properties

The LC properties of compounds 1™/n and 1B™/n were studied
by polarizing optical microscopy (POM, Optiphot 2, Nikon, in
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conjunction with a FP 82 HT heating stage, Mettler), differential
scanning calorimetry (DSC, NETZSH 200F3) and X-ray
diffraction (XRD) techniques. The transition temperatures of the
synthesized a-cyanostilbenes 1™/n and 1B%10 are reported in
Table 1.

2.2.1. Compounds (1'/12, meta-1?/16, 1°/n) and their
formation of smectic and columnar phases

Smectic A phase was observed in single chain compound
112 and columnar phases were observed in two alkyl chain
compound meta-1%/16 and triple alkyl chain compounds 1™/n (m
3, n = 10, 12, 14, 16, 18). Compound IB*10 with triple
branching alkyl chains shows a cubic phase. The smectic A phase
of single chain compound 1'/12 was characterized by its typical
fan-shaped focal conics textures® (Fig. 1a). The small-angle X-
ray scattering (SAXS) pattern of 1'/12 shows three equidistant
peaks (dip = 6.731 nm, dy = 3.407 nm, dy = 2.281 nm) with
reciprocal d-spacing ratio of 1 : 2 : 3, which confirms a layer
structure. The layer spacing in the SmA phase of compound 1'/12
is d =6.731 nm (Table. S1). Compared with the molecular length
in the most stretched conformation (L = 3.69 nm, see Table 2),
the layer thickness is larger than the molecular length (d/L =
1.82), but slightly smaller than twice the length, indicating a
bilayer structure with slightly intercalation of the alkyl chains
(SmA,). In this SmA, structure there is a non-intercalated
antiparallel end-to-end packing of the aromatic cores, allowing
the segregation of the polar glycerol units from the less polar
alkyl-substituted benzene rings at the opposite end, and the
reduction of the d value is in this case due to the intercalation of
the alkyl chains (Fig. 1c).

Table 1. Transition temperatures and associated enthalpy values (in brackets) of compounds 1'/12, meta-1%/16, I3/n and 1B%/10°

R4
Rzﬁj OH
LN
Rs D O O OH
NC

Comp Ry, Rz, Rs T/°C [AH /kJ mol™]

1712 R 1= Rs= H, R, = -OCy;Hys Cr 69.4[17.8] SMA 121.2 [2.7] Iso
meta-1%/16 R ;= R3=-OCysHzs, Ry = H Cr 70.9 [27.8] Coly, 116.2 [0.2] Iso
1°/10 R;= Ry= R3= -OCyoHz Cr < 20 Coly, 153 [0.2] Iso

112 R; = Ry= R3= -OC2Ha3 Cr 28 [30.2] Col, 143 [0.2] Iso
114 R;= Ry= R3=-OCy4H20 Cr 43 [21.5] Col, 125 [0.1] Iso
|3/16 Ri=Ry= R3= -OC15H33 Cr 66.4 [269] CO'h 98.1 [004] Iso
1°/18 Ry = Ry = R3= -OCgH Cr 60 [42.7] Col, 88 [0.2] Iso
1B/10 R:=R,=R3=-OCH,CH(CioHz21),  Cr 63.5 [11.0] Cub/ Pm3n 85" Iso

*Transition temperatures were determined by DSC (peak temperature from heating scans, at a rate of 1 K min™ for 1/16, 13/n; 2 K min™* for compounds
1'/12, and 5 K min~ for 1B%10, melting transitions were measured in the first heating scan), abbreviations: Cr = crystal; SmA = smectic A phase; Coly, =
hexagonal columnar phase; Cuby/ Pm3n = micellar cubic mesophase with space groups Pm3n; Iso = isotropic liquid. "Transition temperature was

determined by POM.
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Fig. 1 (a) Texture of SmA phase as seen between crossed polarizers at T = 95 °C on cooling process; (b) SAXS diffractogram of the SmA phase at T =
90 °C; (c) model of SmA, phase of compound 1/12.



Two chain compound meta-1%/16 and triple chain compounds
I*/n (n = 10, 12, 14, 16, 18) exhibit enantiotropic columnar
phases. Increasing chain number and length leads to a dramatic
reduction of the stability of the columnar phases as seen by
comparison of compounds 1¥/n (n = 10, 12, 14, 16, 18), in which
the Col-to-Iso transition is reduced by more than 105 K (Table
1). The columnar phases were identified by the typical spherulitic
fanlike textures under POM (Fig. 2a and Fig. Sla-e).
Investigation of the columnar phases by POM with an additional
A-retarder plate (Fig. 2a and Fig. Sla-e) indicates that the
columnar phases of compounds meta-1%/16, 1°/n (n = 10, 12, 14,
16, 18) are optically negative.”’ This means that the major
intramolecular z-conjugation pathway, which is along the long
axis of the aromatic cores, is perpendicular to the column long
axis. The columnar phases were also investigated by small-angle
X-ray scattering (SAXS) (Fig. 2b and Fig. S3). The X-ray
diffraction pattern of compound 1*/12 is shown as an example in
Fig. 2b. There are three small angle reflections with a ratio of
their reciprocal spacing 1: 3% 2, which can be indexed to the 10,
11, 20 reflections of hexagonal lattice with p6mm symmetry. The
lattice parameters a were calculated to be 5.6~5.9 nm for the
columnar phases of these compounds (Table 2 and Tables S2-
S7). The number of molecules organized in a slice of the columns
with a height of h = 0.45 nm (a typical value for the maximum of
the diffuse wide angle scattering) u, estimated using equation (1)
and assuming a density of p = 1 g/cm® is between u = 7 to 9 for
the investigated compounds (No = Avogadro constant; M =
molecular mass, see Table 2).

u :(%)ﬁh (N/M)p (1)

There is a slight decrease of this number with increasing chain
number and length, which is due to the increase of the taper angle
with the increasing space requirement of the terminal alkyl
chains.?®* The three alkyl chains of 1318 provide a stronger
interface curvature, leading to a clear decrease of the number of
molecules (u = 6.9) organized in the cross section of the column,
as compared to the number u = 9.2, 7.7, 7.5, 7.3 and 7.9 for 1°n
(n =10, 12, 14, 16) and meta-1%/16 respectively. The number of
molecules u = 7.9 of compound meta-17/16 is nearly the same as
u = 7.7-7.3 for the compounds 1°n (n= 12, 14, 16) with triple
medium length of alkyl chains. Therefore it can be assumed that
the taper angle of the meta substituted double chain compound
meta-116 were almost the same as those of triple chain
compounds 1¥/n (n = 12, 14, 16).

The introduction of the second or the triple alkyl chains
induces a change of the molecular shape from rodlike
(compounds 1'/12) to taper shape, leading to an organization of
the molecules in circular cylindrical aggregates, which can
organize into a hexagonal lattice. This is very similar to
observations made with other taper amphiphiles.** Therefore 7-9
molecules self-assemble into an overall disk-like stratum and
they successively stack one another to form supramolecular
columns (Fig. 2d and Fig. S5). The polar units form the column
centers, which are surrounded by the rigid o-cyanostilbene
aromatic cores, and assembled on a hexagonal lattice within the
lipophilic continuum mainly formed by the terminal alkyl chains.
The effective diameters of the columns correspond to the
experimentally observed hexagonal lattice parameters ayex. These
models are also supported by the electron density maps (Fig. S4),
which were reconstructed from the small-angle X-ray scattering
(SAXS) intensities of compounds meta-1%/16 (Fig. S3a), 1°/10
(Fig. S3b), 1312 (Fig. 2b), 1314 (Fig. S3c), 1316 (Fig. S3d) and
1°/18 (Fig. S3e), where the column centers with high electron
density (purple) are surrounded by medium electron density
shells (blue/green/yellow).

Fig. 2 Characterization of compound 1*/12: (a) Texture as seen between
crossed polarizers at T =118 °C (inset shows the same region with A-
plate); (b) SAXS diffractogram of the Colnex phase of I3/12 at T = 110
°C; (c) Reconstructed electron density map for the Colhe phase of 13/12;
(d) Model for molecular packing of compound I3/12 in Colye, phase.

Table 2. Comparison of X-ray data and molecular dimensions of the
columnar and cubic phases of compounds I™/n and 1B%10

Comp. Phase, Plane/space L [nm] a[nm] (T [°C]) u
group

1712 SmA 3.69 / /

m-1%/16 Colhex/pBMM 4.23 5.7 (100) 7.9
1*10 Colhex/p6mm 351 5.8 (90) 9.2
1¥12 Colpex/pbmm 3.69 5.6 (110) 7.7
1*14 Colhex/p6mm 3.93 5.8 (115) 75
1*/16 Colhex/p6mm 4.22 5.8 (90) 7.3
1°/18 Colhex/p6mm 4.47 5.9 (80) 6.9
1B%/10 Cub/Pm3n 3.67 11.18 (75) 728

Abbreviations: a = lattice parameter determined by XRD (anex and acup,
respectively); L= maximum molecular length in the most extended
conformation; u = number of molecules in the cross section of a column
in the Colnex phases (with assumed height of 0.45 nm) or number of
molecules in each aggregate of the Cuby/ Pm3n  lattice (Ucen/8).

a) S rems

Fig. 3 (a) SAXS diffractograms of compound 1B*/10; (b) Possible model
for molecular organization micellar cubic phase.

2.2.2. Compound IB%/10 and formation of micellar
cubic phases

Interestingly, micellar Pm3n cubic phase was observed in
compound 1B*10 with triple branching alkyl chains. For this
cubic phase, under POM, optically isotropic texture was
observed, which is not fluid, but soft and viscoelastic, by
increasing the temperature, sharp transitions to highly fluid
isotropic liquids occur at defined temperature (Fig. S1f). In the
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Such photoisomerizations could be ugggjl for light sensitive

cubic phase of compound 1B%10, the positions of the sharp
powderlike reflections in the small-angle region can be indexed
to be a cubic phase with space group of Pm3n with lattice
parameter a.,, = 11.18 nm (Fig. 3a and Table 2 and Table S8).
The Pm3n lattice is the most commonly observed lattice of
micellar cubic phases (Cub,) (Fig. 3b), occurring in thermotropic
systems formed by spheroidic aggregates with soft corona.® In
this type of cubic phase, the molecules are organized in closed
spheroidic aggregates, and there are eight of these aggregates in
each unit cell. By calculation, each micelle is built up of
approximately 73 molecules in the pm3n cubic phase of 1B*/10.
The spheroids should have a core shell structure with a
hydrophilic cores formed by the polar glycerol groups which
were surrounded by m-conjugated stratum, these core-shell
spheroids are encapsulated by the terminal alkyl chain moieties
in the micelles (Fig. 3b). The large volume of the flexible chains
gives rise to a large interface curvature, thus contributes to the
emergence of the cubic phase. The twist-bend a-cyanostilbene
core and possible trans-cis transformation of central unit could
lead to the relatively flexible rigid core, contribute to the
formation of softness of these spheres in cubic phase, and this is
favorable for the organization in a pm3n lattice instead of other
cubic phases.

Therefore the structure-property relationship of the
amphiphilic a-cyanostilbene derivatives focusing on the impact
of the number, length and type of terminal alkyl chains on the
self-assembly into  lamellar, columnar, and spheroidic
supermolecular aggregates are systematically studied. By
increasing the volume ratio of the terminal alkyl chains, namely
increasing the number and length of the alkyl chains or branching
the alkyl chains, the interface curvature between the
nanosegregated regions of the o-cyanostilbene cores and the
flexible chains should be increased, the molecular shapes have
been changed from rodlike to taper shapes. This structural
variation gives rise to the transition from the bilayer smectic
phases through hexagonal columnar (Coly,) to cubic
(Cub/Pm3n) LC phases. So far as we know, the Cub, phase as
well as the bilayer smectic phase are firstly realized here for the
a-cyanostilbene derivatives.

2.3. Photoisomerization behavior in
solution

liquid crystalline and

The effect of trans-to-cis photoisomerization caused by the
UV irradiation on the thermotropic LC phases of these
compounds was investigated. All the liquid crystalline phases can
respond to the UV irradiation immediately by change their
textures to isotropic states and recover to their original textures
after removing the UV source. This means that all the
compounds showed trans to cis photoisomerization under UV
irradiation and cis to trans isomerization under visible light
irradiation. For example, sample 1312 was cooled from the
isotropic liquid state to 115 °C in the range of the Col., phase
(Fig. 4a). After annealing for 5 minutes the sample was exposed
to UV irradiation at 365 nm (10 mW cm?) for 3s, the
birefringence texture of the Col,., phase was disappeared and
replaced by isotropic one (Fig. 4a-b). After removal of the UV
lamp, the birefringence texture of the Coly., phase was recovered
(Fig. 4b-a). It seems that the trans-to-cis photoisomerization
effect on the liquid crystalline property of the compound reported
here is very strong. Similarly, the homologous series compounds
showed photoisomerization reversible transition of Colpe,—Iso.
Additionally the homologous compounds also showed
photoisomerization reversible transition in solution (Fig. S6).

displays or for data storage applications.

UV-Light

iy ————
- ——

Vis-Light

Fig. 4 Textural changes as observed by POM at the photo induced
Colnex-1so transitions and the relaxation 1so-Colpex as observed for
compound 1312 at 115 °C: (a) before UV irradiation; (b) after UV
irradiation.

2.4. Gelation properties

The gelation ability of these compounds was evaluated by
using compound 1312 as a representative in various organic
solvents at a concentration of 5.0 mg/mL, and the results are
summarized in Table 3. 13/12 can gelate in ethanol and methanol,
solve in CHCI;, toluene and THF. Whereas it is insoluble in n-
butanol and acetone, and precipitates in cyclohexane and DMSO.
So far as we know there is few gelation behavior of a-
cyanostilbene  derivatives been reported.’  Intermolecular
hydrogen bonds, n—x interactions and intramolecular hydrogen
bonds as well as van der Waals forces should play an important
role for the aggregation of the compound in solvents.* Under
irradiation of UV lamp, the non luminescence gel become blue
luminescence (Fig. 5). The organogels exhibit multiple stimuli-
responsive behaviors namely gel-sol reversible process upon
exposure to a number of environmental stimuli including light,
temperature and shear etc (Fig. 6b). Irradiation with UV light,
application of heat or shear resulted in a sol state through
disruption of the non-covalent interactions between the
molecules. The gel state can be recovered by removal of such
stimuli. Such multiple stimuli-responsive behaviors could be
useful for drug controlled release,* energy transfer,® hardeners
of solvents and sensors etc.”’ In order to obtain a visual insight
into the morphologies of the molecular aggregation model, the
gel was investigated by scanning electron microscopy (SEM).
The SEM image of the xerogel formed by 1*/12 (Fig. 6a) shows
the formation of three-dimensional networks composed of
entangled fibrous aggregates. The approximate diameter of the
fibers is 80-130 nm.

a)

Fig. 5 Photograph of solution and gels prepared with 13/12 in ethanol, 10°
®M, T = 20 °C. (a) without irradiation; (b) under irradiation with 365 nm
light.



Table 3. Gelation properties of 13/12

Solvent %12 Solvent 1512
CHCl3 S CHCl, S
Ethyl acetate S Cyclohexane P
Hexane S Ethanol G
Methanol G n-Butanol |
Acetone | Toluene S
DMSO P THF S
®S = solution, P = precipitation, G = gelation, | = insoluble, gels formed
at room temperature (20 °C).
b) Theordr Ruquore s
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Fig. 6 (a) SEM images of xerogel formed by compound 1*/12 in ethanol ,
scale bar is 5 pm; (b) compound 1312 in ethanol (5.0 mg/ml),
photograph of multistimuli responsive organogels.

2.5. Solvent effect

The UV-vis and fluorescence spectra of compound 1312 in
different solvents (hexane, toluene, dichloromethane (DCM),
tetrahydrofuran (THF), acetonitrile, N,N-dimethylformamide
(DMF)) are shown in Fig. 7 and Fig S7, the corresponding
photophysical data are summarized in Table 4. As we know, the
solvents can change the energy levels of the absorption or
emission bands. As depicted in Fig. 7a, compound 1312 shows
one characteristic absorption band at about 330 nm in varying
solvents, which is attributed to the m—m* and intramolecular
charge transfer (ICT) transitions.* It can be obviously observed
that the absorption

—s—Hexane
—~e— Toluene

a) 1.0

—=—Hexane
—e—Toluene

—»— Acetonitrile

300 35( 400 450 400 450 500 550

0
AMnm A/nm

o & . . AE=315eV ", “
S INGE P s <o400dhe X o
L N ¥ L . ‘
- Jy

Fig. 7 The UV-vis spectra (a) and fluorescence spectra (hex = 330 nm) (b)
of compound /12 in different solvents (1 x 10°mol L™); (c) molecular
orbital amplitude plots of the HOMO and LUMO levels, energy gaps and
electron cloud distribution of 13/12 calculated using the B3LYP/6-31G*
basis set.

Table 4. UV-vis absorption and fluorescence spectroscopy data of
compound 1%/12

5
DMF, 335 nm 465 nm 464 nm 130 nm
Acetonitrile 338 nm 473 nm 470 nm 135 nm

Compd.  Solvent Nabs Nen Aem” Ahst®
Hexane 327 nm 431 nm 430 nm 104 nm
Toluene 330 nm 437 nm 436 nm 107 nm

1¥/12 THF 331nm  445nm  444nm 114 nm
DCM 334 nm 459 nm 456 nm 125 nm

)ex = Maxima absorption wavelength; ® ke = 330 nm; © The Stokes shift
was obtained from the difference of the emission and absorption
maximum (Arst = Aem’ - Aabs)-

wavelengths of compound 1*/12 exhibited red-shifts of 11 nm,
and the emission maximum of 1312 exhibited bathochromic
shifts of 40 nm from hexane to acetonitrile, respectively.
Meanwhile, Stokes shifts are also increased dramatically from
hexane to acetonitrile. To have a better insight into the ICT
process, the density functional of B3LYP with 6-31G™ basis sets
was used to investigate the electron cloud distribution (Fig. 7c).
The electron cloud of the highest occupied molecular orbital
(HOMO) was mainly localized on the linear m-conjugated
systems, while the electron cloud of the lowest unoccupied
molecular orbital (LUMO) was localized on the a-cyanostyrene
unit due to the strong electron withdrawing ability of the cyano
group. Compound 1%/12 exhibited obviously charge separation
and indicated a typical intramolecular charge transfer (ICT)
effect.

2.6. Aggregation-induced emission enhancement performances

Compound 1*/12 is soluble in common organic solvents in low
concentration, such as CH,Cl,, THF, ethyl acetate and almost
insoluble in water. To investigate the AIEE characteristic of
I*/12, its UV-vis and fluorescence spectra with different fraction
of water were studied (Fig. 8). The concentration of this
compound was kept at 1 x 10° mol L™ For UV-vis spectra of
compound 1%/12 (Fig. 8a), with an increasing fraction of water
from 0 to 30%, the absorption band almost remained at the same
position of 325 nm. With up to 40% of water content, molecules
began to form aggregates, and the absorption band showed red-
shifts slightly. The possible reasons are that the increase of the
polarity and the planarization of a twisted molecule caused the
extengc,gion of the effective conjugation lengths in the aggregated
state.

For the fluorescence intensity, compound 1%/12 showed a
dramatic change from weakly emitting in the monomolecular
state to strongly fluorescent in the aggregated state (Fig. 8b).
When the water fraction is inferior to 30%, the fluorescence
intensity of compound 1312 emitted weakly fluorescence
emission, whereas in the case of 40% volume fractions of water
addition, the molecule began aggregating and the fluorescence
intensity promptly increased and reached the maximum value at
50%. Meanwhile, the aggregates exhibit an enhancement of
green-yellow emission under UV irradiation.

Water fraction
A (vol %)
/ -0
.10
A2
3
40
<50
60
-*-70
80

a) 1.0 '/‘ \ wak(,-; ;ﬁzt;on b)

-0 80(
-1
-A-20
30 <60
40
450
60
70
>80
--90 20(
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Fig. 8 The UV-vis absorption (a) and fluorescence spectra (excited at
326 nm, 327 nm, 328 nm, 328 nm, 333 nm, 338 nm, 337 nm, 337 nm,
338 nm, 338 nm respectively) (b) of compound I*/12 in ethanol-water
mixtures with different water volume fractions; (c) optical photographs
recorded under 365 nm UV irradiation with various fractions of water.

The mechanism of AIEE may be attributed to the restriction of
intramolecular rotation (RIR) and intermolecular interaction.“
When the fraction of water is higher than 60%, the fluorescence
intensity gradually decreases. This phenomenon is reasonable
that aggregates begin to form and precipitate quickly at high
water content. This process leads to the decrease of fluorescent
species and lowers the fluorescence intensity. The other
compounds 1%/n have been found to display a similar behavior.

2.7. Mechanofluorochromic properties

The AIEE feature may be suggested that those compounds
could be used as stimuli responsive smart materials. To check
whether compound 1%12 has the mechanofluorochromic
property, its emission property was studied in the solid state. It
emitted green light after grinding with a spatula for 3 min. As
shown in Fig. 9, the emission peak showed an obvious red shift
for 1712 from 437 nm to 455 nm. When fuming with ethanol
vapor for 5 min, the emission peak almost returned to the original
fluorescence emission. For the UV-vis spectra of 112 in
different states (Fig. S8), it was found that the maximum
absorption peaks of the solid state showed an obvious red-shift
compared with that in dilute solution, mainly due to the reason
that effective conjugation increased through intermolecular
interaction in the solid state. Meanwhile, the absorption peak
appeared to red-shift after grinding (from 345 nm to 358 nm, Fig.
S9), which suggested that the molecular conformation became
more planarized and further increased the conjugation degree.
The results indicated that the pressure of grinding changes not
only the absorption spectra but also the emission spectra. The
conversion between the green and blue emission can be repeated
many times without fatigue due to the nondestructive nature of
the stimuli.”®
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Fig. 9 (a) Emission spectra of pristine, ground and fumed with
ethanol samples of compound 1%12. (h, = 345 nm) (b)
Photographs of pristine and ground powders under 365 nm light.

3. Conclusion

In summary, novel amphiphilic a-cyanostilbene derivatives
I™/n and IB™/10 have been synthesized. All of these compounds
exhibit enantiotropic liquid crystalline phases, increasing the
volumnar ratio of the terminal alkyl chains, not only bilayer
smectic A and columnar phases, but also pm3n micellar cubic
phase are found in these compounds. The formation of the
micellar cubic phase is due to the larger interface curvature
between the flexible chains and the polar regions. The reversible
photoresponsive behavior of these compounds in liquid crystals,

solutions and gels states was well demonstrated. In addition,
compounds 1™/n exhibited AIEE properties attributed to the
restriction of intramolecular rotation (RIR) and intermolecular
interaction. Meanwhile, the emission peak of compound 1™/n was
obviously red-shifted after grinding. Such multifunctional
materials should have great potentials in displays, photochemical
molecular switches, AIEE materials and mechano fluorochromic
materials etc.
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