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Internal Probing of the Supramolecular Organization of PyreneBased Organogelators
Thanh-Loan Lai, David Canevet,* Narcis Avarvari, and Marc Sall¦*[a]
Abstract: A thorough study of the unexpected spectroscopic behavior of two new luminescent pyrene-urea-based organogelators is rationalized as a function of their aggrega-

tion state and provides a key method to probe the supramolecular organization of the material.

Introduction

expected spectroscopic behavior of a new bis-urea gelator
1 featuring pyrene units and demonstrate the opportunity
they offer to internally probe the structure of the corresponding gels in various solvents.

Organogelators have received much attention over the last decades[1] in very different research fields, such as sensing,[2] pharmaceutics,[3] optics and electronics.[4] Regarding the latter,
there is notably a growing interest in giving a well-defined
shape[5] and/or orientation[6] to these materials to implement
them in electronic or optical circuits. However, despite tremendous efforts already devoted to this issue, there is still a critical
need to increase the knowledge regarding the basics which
govern the supramolecular polymerization process and the related solvent effects. In this context and in order to gain control over the microstructuration of related materials, we recently contributed to the preparation of microcylinders made up of
urea-based organic gelators according to a template method
which involves porous alumina membranes.[7] One step further
lies the definition of new tools able to internally probe the
supramolecular organization, a role which can potentially be
played by the pyrene moiety. Indeed, this functional unit displays original luminescent properties,[8] with typical monomer
and excimer emissions as well as an electron-donor ability,[9]
which are characteristics of evident importance when aiming
at probing intermolecular interactions. In addition, pyrene has
already been successfully introduced into a variety of organic
materials for the preparation of transistors, organic light-emitting diodes or solar cells.[10]
While a significant number of bis-urea gelators has been
synthesized in the past,[11] luminescent units have only been
scarcely introduced into their molecular structures. With regard
to pyrene, only few examples have been reported in the
recent literature.[12–14] We describe herein the synthesis and un-

Results and Discussion
Given the difficulties encountered in synthesizing compound 1
by adaptation of a two-step one-pot procedure,[12g] we carried
out the synthesis and isolation of the 3-pyrenylpropylisocyanate intermediate 3 in 69 % yield by action of diphenylphosphoryl azide (DPPA)[15] and triethylamine over 1-pyrenebutyric
acid (Scheme 1). Subsequently, 1,9-diaminononane was treated
with intermediate 3 (4 equivalents) to afford the desired compound 1, which was isolated by simple filtration.

Scheme 1. Synthesis and molecular structure of compound 1.
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This bis-urea derivative displays organogelating properties in
five solvents among the sixteen solvents tested, namely
chloroform, 1,1,2,2-tetrachloroethane, chlorobenzene (CB), o-dichlorobenzene (oDCB), and 1,2,4-trichlorobenzene (TCB). These
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results show that despite its relatively high melting point (229–
231 8C) and poor solubility, and
hence strong intermolecular interactions, compound 1 forms
gels in chlorinated solvents
whatever their boiling points.
Scanning electron microscopy
(SEM) also confirmed the tendency of compound 1 to form
self-assembled nanofibers, as il- Figure 1. Evolutions of the UV/Vis absorption spectra of 1 (c = 10¢4 mol L¢1; l = 0.2 cm) upon lowering the temperlustrated in Figure S1 in the Sup- ature, DMSO (left) and oDCB (right).
porting Information, where networks of intertwined fibers can be observed after evaporation
to-sol transition temperature is about 75 8C (Figure S5, Supof the solvent.
porting information).
In order to gain insight on the forces and mechanisms inAt first glance, one will note two main differences between
volved in the growth of the network, NMR, UV/Vis absorption,
the two solutions: the absorbance is significantly lower in
and fluorescence spectroscopies are usually well-suited comoDCB and the relative intensities of the classical pyrene abplementary tools. In order to perform these studies, dimethylsorption bands at about 345, 330, and 315 nm differ. To explain
sulfoxide (DMSO) and 1,1,2,2-tetrachloroethane (TCE) were sesuch differences, the absorption spectrum of an oDCB solution
lected for the following reasons: i) compound 1 forms gels in
of 1 (c = 10¢4 mol L¢1), heated close to its boiling point
TCE and does not in DMSO; ii) both solvents have high boiling
(b.p.(oDCB) = 180 8C), was recorded. This spectrum proved to
points, which is crucial given the poor solubility of combe practically identical to the one measured in DMSO at 90 8C
pound 1 (b.p.(TCE) = 146 8C; b.p.(DMSO) = 189 8C); and iii) they
(Figure 1 and Figure S6). This control experiment demonstrates
do not display similar Hansen solubility parameters (Figure S2,
that the observed differences result from a stronger aggregaSupporting information), and hence, they most likely interact
tion in oDCB. Figure 1 shows isosbestic points, which underline
with the solute in different ways. In particular, DMSO has
the occurrence of an equilibrium between aggregated and isoa stronger propensity to compete with intermolecular hydrolated species in solution (liso = 356 nm in DMSO and liso =
gen bonding between gelating molecules.
352 nm in oDCB). At this stage, one should also note that the
Variable-temperature 1H NMR (VT-NMR) experiments were
aggregation process leads to the appearance of a new well-deconducted in DMSO-D6 and in C2D2Cl4. at 2 mg mL¢1 (c = 2.7
fined absorption band centered at l = 356 nm in the case of
mM), that is, a low concentration in order to favor the dissociaoDCB. The appearance of such an absorption band has already
tion of the aggregates. In both cases, these measurements
been observed in the case of polyaromatic derivatives and was
show a downfield shift of the NH proton signals upon decreasassociated to the formation of J aggregates.[16]
ing the temperature (Figures S3 and S4, Supporting InformaThe fluorescence spectroscopy measurements were first pertion), which is typical for the supramolecular polymerization of
formed under the same experimental conditions as for UV/Vis
urea functions, other signals being also affected.[11] However,
studies and the results are in line (see Figure 2 and Figure S7)
the evolution profile of the chemical shifts did not allow for
with a stronger proportion of aggregated pyrene in oDCB witquantifying the corresponding thermodynamic parameters.
nessed by a larger IExcimer/Imonomer ratio in this solvent. ImportantThis reasonably stems from the very strong tendency of comly, one will also notice that the fluorescence intensities tend to
pound 1 to aggregate, even at elevated temperatures.
globally increase upon decreasing the temperature, a behavior
This prompted us to consider UV/Vis absorption and fluoreswhich is expected since luminescence quantum yields generalcence spectroscopies in order to study this compound at
ly tend to decrease at high temperatures. Indeed, upon heatlower concentrations. Figure 1 shows the evolution of the UV/
ing, the number of collisions between fluorophores and solVis absorption spectrum of 1 (10¢4 m) in DMSO and oDCB
vent molecules increases and this favors the non-radiative reupon lowering the temperature (the critical gelation concenlaxation of the luminescent molecules.[17] Additionally, these
¢1
¢3
tration of 1 in oDCB is 10 mg mL (13.7 Õ 10 m) and the gelfigures display two types of non-structured emission bands
centered on 466 and 492 nm, which correspond to static and
dynamic excimer emissions, respectively.[8, 18]
However, in light of the literature, one could have expected
an excimer/monomer emission conversion upon changing the
Abstract in Vietnamese:
temperatures. Indeed, there are various examples of pyrenebased gelators, which show an increase of the monomer emission upon increasing the temperature, in other words, upon
breaking the aggregates. We therefore carried out similar experiments at a lower concentration (c’ = 10¢5 mol L¢1) in order
to promote the shifting of the equilibrium towards isolated
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Figure 2. Evolutions of the emission spectra of 1 in oDCB upon lowering the temperature (left: c = 10¢4 m; right: c’ = 10¢5 m; lexc = 344 nm).

molecules upon heating. While a similar behavior as
for c = 10¢4 mol L¢1 was observed in DMSO (Figures S7 and S8), the situation proved to be completely
different in the case of oDCB (Figure 2 (right)). An excimer/monomer fluorescence conversion was indeed
observed but, unexpectedly, the excimer emission
was favored at high temperatures in this case, that is,
when the molecules are supposed to disaggregate.
Two hypotheses may be proposed to account for
such an unexpected observation: i) intermolecular
forces occurring at low temperatures limit the formation of excimers, as reported by Kato and coworkers
with a pyrene-oligopeptide conjugate[19] and ii) a molecular folding[12d] of the gelator is provoked by desolvation at high temperature.
On this ground, the synthesis of the analogous derivative 2 endowed with a single pyrene unit
(Figure 3) appears as a relevant strategy to address
this issue, since with fluorophore 2, pyrene–pyrene
interactions are only possible through intermolecular
p–p stacking. Dissymmetrical compound 2 was isolated in two steps starting from 3-pyrenylpropylisocyanate 3. The latter was first reacted with an excess of

Figure 4. Evolution of the emission spectra of 2 in DMSO (top) and oDCB (bottom) upon
decreasing the temperature (left: c = 10¢5 mol L¢1; right: c = 10¢3 mol L¢1; lexc = 344 nm).

ering the 10¢5 m solution, the effect of the temperature on the
absorption (Figure S10) and emission spectra is moderate;
upon lowering the temperature, the former show a hyperchromic effect, while fluorescence spectra (Figure 4) present an enhanced quantum yield of emission, and emission bands which
are slightly shifted towards lower energies. In any case, whatever the temperature, no excimer emission was detected in
these diluted conditions. As a consequence, further studies
were performed at higher concentrations (5 Õ 10¢5, 10¢4, and
10¢3 mol L¢1; Figure 4 and Figure S11) in order to increase the
polymerization degree and observe the appearance of the typical excimer emission band.
Among these samples, the typical excimer emission was
only detected in the most concentrated solution in oDCB and
at room temperature. Upon cooling the sample from 90 8C to
room temperature, this excimer emission band increases,
which suggests that pyrene excimers are not generated at
high temperatures, in other words, when aggregates tend to
dissociate. This is in sharp contrast with what was observed in
the case of the bispyrenyl compound 1, which has a more intense excimer emission band at high temperatures. Altogether,

Figure 3. Molecular structure of compound 2.

1,9-diaminononane (4 equivalents) in order to prepare the
monourea intermediate 4 (54 %) which afforded 2 by reaction
with propyl isocyanate (23 % yield, see the Supporting Information for details).
Compound 2, which includes two urea functions, also displays gelating properties in chlorinated aromatic solvents (CB,
oDCB, TCB). The fact that compounds 1 and 2 only form gels
in chlorinated solvents shows that both gelators have similar
gelation spheres in the Hansen space.[20] Once isolated and
Chem. Asian J. 2016, 11, 81 – 85
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characterized through classical techniques, spectroscopic measurements were performed on 2 at variable temperatures (Figure 4). In DMSO, no significant
modification of the absorption (Figure S9) or emission spectra (Figure 4 and Figure S10) could be observed between 90 and 40 8C for the following concentrations: [2] = 10¢5 mol L¢1, 10¢4 mol L¢1, and
10¢3 mol L¢1. This suggests that intermolecular
pyrene–pyrene interactions do not exist, either in the
ground state or in the excited state. A different situation occurs with the samples prepared in oDCB, as illustrated by Figure 4 and Figure S10 and S11. Consid-
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these assessments prompt us to hypothesize the formation of
intramolecular excimers at high temperatures for fluorophore
1 and intermolecular excimers at low temperatures for the dissymmetric derivative 2. Such a behavior is likely to result from
a desolvation of the solute at high temperatures in the former,
which provokes a molecular folding and favors the formation
of pyrene dimer in the excited state (Figure 5).

2 h at room temperature, the reaction mixture was heated at 80 8C
overnight. Then, the solid was purified by filtration over hyflo supercel (Petroleum ether (PE)/CH2Cl2 = 75:25; TLC: PE/CH2Cl2 =
25:75). The residue was dissolved in toluene and washed with a saturated NH4Cl solution (50 mL) and water (50 mL). After evaporation of toluene, compound 3 was obtained as a light yellow liquid
(343 mg, 1.19 mmol, 69 % yield). 1H NMR (300 MHz, [D1]-Chloroform, TMS): d = 8.26–8.11 (m, 5 H, Ar-H); 8.04–7.98 (m, 3 H, Ar-H);
7.86 (d, J = 7.8 Hz, 1 H, Ar-H); 3.48–3.39 (m, 4 H, Ar-CH2- and -CH2NCO); 2.16 (m, 2 H, -CH2-CH2-CH2-). IR-ATR: ñ = 2911 (C¢H),
2264 cm¢1 (NCO). MS (MALDI-TOF; dithranol) C20H15NO: 285.2 (M + ·).

1-Pyrenepropyl-3-[9-(3-pyrenepropylureido)nonyl]urea (1)
1,9-Diaminononane (94 mg, 0.6 mmol) was slowly added to a solution of 3-pyrenylpropylisocyanate 3 (343 mg, 1.2 mmol) in acetonitrile (50 mL). A gel-like precipitate was formed immediately. The reaction mixture was heated at 50 8C for 50 h. The product was collected by filtration, washed with dichloromethane, and dried with
pentane. After drying under vacuum, a light yellow solid was obtained (1: 75 % yield). M.p = 229–231 8C. 1H NMR (300 MHz,
[D6]DMSO, 120 8C, TMS): d = 8.33 (dd, J = 7.7 Hz, J’ = 1 Hz, 2 H, ArH); 8.25–8.14 (m, 8 H, Ar-H); 8.10–7.99 (m, 6 H, Ar-H); 7.94 (d, J =
7.7 Hz, 2 H, Ar-H); 5.67 (br s, 2 H, NHa); 5.51 (br s, 2 H, NHb); 3.35 (t,
J = 7.6 Hz, 4 H, Ar-CH2-); 3.19 (dt, J = J’ = 6.6 Hz, 4 H, NHCH2-); 3.01
(dt, J = J’ = 6.6 Hz, 4 H, NHCH2-); 1.96 (tt, J = J’ = 7 Hz, 4 H, Ar-CH2CH2-); 1.4 (m, 4 H, -NH-CH2-CH2-CH2-CH2); 1.28 ppm (m, 10 H, -NHCH2-CH2-CH2-CH2-CH2-). IR-ATR: 3317 (N¢H), 2930 (C¢H), 1614 (C=
O), 1570 cm¢1 (C=C). MS (MALDI-TOF; dithranol) (C49H52N4O2 + Na) +
: 751.8.

Figure 5. Schematic representation of the conformational change experienced by compound 1 at high temperature.

Conclusions
In summary, two pyrene derivatives, which belong to the bisurea organogelator family, have been prepared and characterized through different spectroscopic techniques with a special
attention on temperature versus concentration/solvent effects.
We have first highlighted the peculiar behavior of the bispyrenyl compound 1 in oDCB. In order to gain insight into its unexpected spectroscopic properties, the analogous compound 2, which only bears one pyrene unit, was prepared and
investigated. The corresponding measurements show that this
gelator does not display excimer emission at high temperatures. This confirms that intramolecular excimer formation is
the most relevant mechanism to explain the more intense excimer emission observed upon heating for compound 1. This
result illustrates the potential of using a fluorophore (pyrene)
as an internal probe to fine-tune the supramolecular organization within a gelator solution as a function of concentration
and solvent nature, and therefore opens wide perspectives for
the construction and comprehension of alternative organogels.

Compound 4
A solution of 3-pyrenylpropylisocyanate 3 (725 mg, 2.54 mmol) in
DMF (70 mL) was added dropwise with an addition funnel into
a three-necked flask containing 1,9-diaminononane (1.608 g,
10.16 mmol, 4 equiv) in DMF (30 mL) at 80 8C. A white precipitate
appeared and the reaction mixture was allowed to react at 80 8C
overnight. Then, the white precipitate was filtered off and the filtrate was evaporated using a rotary evaporator. A yellow solid was
obtained after cooling. The latter was washed with dichloromethane under sonication, then rinsed with EtOAc and pentane to
afford the monoamine pyrene intermediate 4 as a white solid
(613 mg, 54 %). 1H NMR (300 MHz, [D6]DMSO, 120 8C, TMS): d = 8.34
(d, J = 7.8 Hz, 1 H, Ar-H); 8.29–8.19 (m, 4 H, Ar-H); 8.13 (m, 2 H, ArH); 8.07 (dd, J = J’ = 7.8 Hz, 1 H, Ar-H); 7.96 (d, J = 7.8 Hz, 1 H, Ar-H);
5.95 (t, J = 6 Hz, 1 H, NH); 5.81 (t, J = 5.6 Hz, 1 H, NH); 3.32 (t, J =
8 Hz, 2 H, Ar-CH2-); 3.14 (dt, J = J’ = 7 Hz, 2 H, NH-CH2-); 2.98 (dt, J =
J’ = 8 Hz, 2 H, NH-CH2-); 1.88 (tt, J = J’ = 8 Hz, 2 H, Ar-CH2-CH2-); 1.36
(m, 4 H, N-CH2-CH2-CH2-CH2-); 1.24 ppm (m, 12 H, NH-CH2-CH2-CH2CH2-CH2-CH2-CH2-CH2-). MS (MALDI-TOF; dithranol) (C29H37N3O +
H) + : 444.4.

Experimental Section
Materials and Methods
All reagents were of commercial reagent grade and were used
without further purification unless otherwise noted. Silica-gel chromatography was performed with SiO2 obtained from Sigma–Aldrich Chemistry. NMR spectra were recorded at room temperature
(unless otherwise stated) on a NMR Bruker Avance III 300 spectrometer or Bruker Avance DRX 500 spectrometer. MALDI-TOF MS
spectra were recorded on a MALDI-TOF Bruker Bifle III instrument
using a positive-ion mode. UV/Visible absorption spectra were recorded on a PerkinElmer Lamda19 spectrometer and fluorescence
spectra were recorded on a Photon Technology International
QuantaMaster 4 instrument.

Compound 2
Propyl isocyanate (258 mL, 2.75 mmol, 2 equiv) was added to a solution of monoamine pyrene intermediate 4 (610 mg, 1.375 mmol) in
DMF (50 mL). The clear brown solution was heated at 80 8C for
48 h. The resulting red brown solution was then cooled to room
temperature, the precipitate was filtered, and the brown filtrate
was evaporated under vacuum. Diethyl ether (200 mL) was added,
and the corresponding brown precipitate was filtered, rinsed with
diethyl ether, pentane, and finally dried under vacuum (165 mg,
23 % yield). M.p. 108–110 8C. 1H NMR (300 MHz, [D6]DMSO, 120 8C,

3-Pyrenylpropylisocyanate (3)
To a solution of 1-pyrenebutyric acid (500 mg, 1.73 mmol) in anhydrous toluene (30 mL) were added triethylamine (0.25 mL, 1 equiv)
and diphenylphosphoryl azide (0.37 mL, 1 equiv). After stirring for
Chem. Asian J. 2016, 11, 81 – 85
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TMS): d = 8.36 (d, J = 7.8 Hz, 1 H, Ar-H); 8.27–8.16 (m, 4 H, Ar-H);
8.10–7.94 (m, 4 H, Ar-H); 5.66 (br s, 1 H, NH); 5.50 (br s, 1 H, NH);
5.44 (br s, 2 H, NH), 3.36 (t, J = 6 Hz, 2 H, Ar-CH2-); 3.19 (t, J = 6 Hz,
2 H, NH-CH2-); 2.98 (m, 6 H, NH-CH2-); 2.00 (m, 2 H, Ar-CH2-CH2-);
1.45–1.20 (m, 16 H); 0.85 ppm (t, 3 H, -CH3). IR-ATR: 3314(N¢H),
2926(C¢H), 1616(C=O), 1572 cm¢1 (C=C). MS (MALDI-TOF; dithranol) (C33H44N4O2 + Na) + : 561.5.

[10] T. M. Figueira-Duarte, K. Mìllen, Chem. Rev. 2011, 111, 7260 – 7314.
[11] M. Yamanaka, J. Inclusion Phenom. Macrocyclic Chem. 2013, 77, 33 – 48.
[12] a) F. Werner, H.-J. Schneider, Helv. Chim. Acta 2000, 83, 465 – 478; b) J. R.
Moffat, D. K. Smith, Chem. Commun. 2011, 47, 11864 – 11866; c) N. E.
Botterhuis, S. Karthikeyan, D. Veldman, S. C. J. Meskers, R. P. Sijbesma,
Chem. Commun. 2008, 3915 – 3917; d) J. A. Foster, R. M. Edkins, G. J. Cameron, N. Colgin, K. Fucke, S. Ridgeway, A. G. Crawford, T. B. Marder, A.
Beeby, S. L. Cobb, J. W. Steed, Chem. Eur. J. 2014, 20, 279 – 291; e) A. Pal,
S. Karthikeyan, R. P. Sijbesma, J. Am. Chem. Soc. 2010, 132, 7842 – 7843;
f) N. E. Botterhuis, S. Karthikeyan, A. J. H. Spiering, R. P. Sijbesma, Macromolecules 2010, 43, 745 – 751; g) N. Chebotareva, P. H. H. Bomans, P. M.
Frederik, N. A. J. M. Sommerdijk, R. P. Sijbesma, Chem. Commun. 2005,
4967 – 4969.
[13] a) S. Roy, A. Baral, A. Banerjee, Chem. Eur. J. 2013, 19, 14950 – 14957;
b) J. Yip, J. Duhamel, Macromolecules 2011, 44, 5363 – 5372.
[14] For other examples of pyrene-based organogelators, see: a) D. Canevet,
A. P¦rez Del Pino, D. B. Amabilino, M. Sall¦, J. Mater. Chem. 2011, 21,
1428 – 1437 and references therein; b) H. Jintoku, M. Yamaguchi, M. Takafuji, H. Ihara, Adv. Funct. Mater. 2014, 24, 4105 – 4112; c) S. Bhattacharjee, S. Bhattacharya, J. Mater. Chem. A 2014, 2, 17889 – 17898; d) S. Mukherjee, T. Kar, P. Kumar Das, Chem. Asian J. 2014, 9, 2798 – 2805; e) D.
Canevet, V. Repussard, M. Sall¦, Asian J. Org. Chem. 2014, 3, 216 – 224;
f) Z. Ma, Z. Wang, Z. Xu, X. Jia, Y. Wei, J. Mater. Chem. C 2015, 3, 3399 –
3405.
[15] Q. Zhang, C. Shi, H.-R. Zhang, K. K. Wang, J. Org. Chem. 2000, 65, 7977 –
7983.
[16] a) B.-K. An, S.-K. Kwon, S.-D. Jung, S. Y. Park, J. Am. Chem. Soc. 2002, 124,
14410 – 14415; b) D. Oliveira, K. Baba, W. Teizer, H. Kasai, H. Oikawa, H.
Nakanishi in Nanocrystals (Ed.: Y. Masuda), InTech, 2011; c) L. Wang, W.
Li, J. Lu, Y.-X. Zhao, G. Fan, J.-P. Zhang, H. Wang, J. Phys. Chem. C 2013,
117, 26811 – 26820.
[17] B. Valeur, M. N. Berberan-Santos, Molecular Fluorescence: Principles and
Applications, 2nd ed., Wiley-VCH, Weinheim, 2012.
[18] An excess of tetrabutylammonium acetate was added to a solution of
compound 1 in similar conditions ([1] = 10¢5 m in oDCB) since acetate
ions are well-known for interacting with urea functions and thus, to
compete with inter or intramolecular urea–urea interactions. This experiment showed both static (preformed scheme) and dynamic excimer
(Birks’ scheme) emissions disappear together upon breaking urea–urea
interactions (see Figure S12, Supporting Information). This underlines
the fact that both mechanisms have to be considered together and
confirms that the singular behavior of bispyrenyl compound 1 results
from hydrogen bonding, which may occur in an intra- or an intermolecular manner.
[19] Y. Kamikawa, T. Kato, Langmuir 2007, 23, 274 – 278.
[20] a) M. Raynal, L. Bouteiller, Chem. Commun. 2011, 47, 8271 – 8273; b) J.
Bonnet, G. Suissa, M. Raynal, L. Bouteiller, Soft Matter 2014, 10, 3154 –
3160.

Acknowledgements
The authors gratefully acknowledge the Pays de la Loire
Region for funding the PHOTOGEL Project, as well as the analytical platforms PIAM and SCIAM from the University of
Angers.
Keywords: fluorescence · luminescence · organogels · pyrene ·
urea
[1] a) P. Terech, R. G. Weiss, Chem. Rev. 1997, 97, 3133 – 3159; b) D. J. Abdallah, R. G. Weiss, Adv. Mater. 2000, 12, 1237 – 1247; c) N. M. Sangeetha, U.
Maitra, Chem. Soc. Rev. 2005, 34, 821 – 836; d) J. W. Steed, Chem.
Commun. 2011, 47, 1379 – 1383.
[2] a) X. Yan, F. Wang, B. Zheng, F. Huang, Chem. Soc. Rev. 2012, 41, 6042 –
6065; b) M. D. Segarra-Maset, V. J. Nebot, J. F. Miravet, B. Escuder, Chem.
Soc. Rev. 2013, 42, 7086 – 7098; c) K. K. Kartha, S. S. Babu, S. Srinivasan,
A. Ajayaghosh, J. Am. Chem. Soc. 2012, 134, 4834 – 4841.
[3] a) A. Vintiloiu, J.-C. Leroux, J. Controlled Release 2008, 125, 179 – 192;
b) J. A. Foster, M.-O. M. Piepenbrock, G. O. Lloyd, N. Clarke, A. K. J.
Howard, J. W. Steed, Nat. Chem. 2010, 2, 1037 – 1043; c) F. Aparicio, E.
Matesanz, L. Sanchez, Chem. Commun. 2012, 48, 5757 – 5759; d) D. K.
Kumar, J. W. Steed, Chem. Soc. Rev. 2014, 43, 2080 – 2088.
[4] a) Optic and Electronic Applications of Molecular Gels, J. P. Luis, D. B.
Amabilino in Functional Molecular Gels, Vol. 1 (Eds.: B. Escuder, J. F. Miravet), RSC Soft Matter, The Royal Society of Chemistry, 2014, pp. 195 –
254; b) S. S. Babu, V. K. Praveen, A. Ajayaghosh, Chem. Rev. 2014, 114,
1973 – 2129; c) S. S. Babu, S. Prasanthkumar, A. Ajayaghosh, Angew.
Chem. Int. Ed. 2012, 51, 1766 – 1776; Angew. Chem. 2012, 124, 1800 –
1810.
[5] a) Y. Hou, F. Xin, M. Yin, L. Kong, H. Zhang, T. Sun, P. Xing, A. Hao, Colloids Surf. A 2012, 414, 160 – 167; b) J. C. Singer, R. Giesa, H.-W. Schmidt,
Soft Matter 2012, 8, 9972 – 9976.
[6] a) S. Prasanthkumar, A. Saeki, S. Seki, A. Ajayaghosh, J. Am. Chem. Soc.
2010, 132, 8866 – 8867; b) L. Sardone, V. Palermo, E. Devaux, D. Credgington, M. De Laos, G. Marletta, F. Cacialli, J. van Esch, P. Samor, Adv.
Mater. 2006, 18, 1276 – 1280; c) T. Kato, Y. Hirai, S. Nakaso, M. Moriyama,
Chem. Soc. Rev. 2007, 36, 1857 – 1867.
[7] T.-L. Lai, D. Canevet, Y. Almohamed, J.-Y. M¦vellec, R. Barill¦, N. Avarvari,
M. Sall¦, New J. Chem. 2014, 38, 4448 – 4457.
[8] F. M. Winnik, Chem. Rev. 1993, 93, 587 – 614.
[9] V. D. Parker, J. Am. Chem. Soc. 1976, 98, 98 – 103.

Chem. Asian J. 2016, 11, 81 – 85

www.chemasianj.org

Manuscript received: April 16, 2015
Accepted Article published: June 15, 2015
Final Article published: July 14, 2015

85

Ó 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

