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First Phenylenevinylene Based Organogels: The all-transphenylenevinylene8ab, 4ab, and5ab were
Self-Assembled Nanostructures via Cooperative prepared by a multistep synthetic scheme and characterized by
Hydrogen Bonding and z-Stacking spectral analyses (Supporting Information). Surprisingly, attempts

to recrystallizeda and 4b from various solvents resulted in the
formation of a thick nonflowing mass, particularly in solvents
such as hexane, cyclohexane, benzene, and tol§dre thick
Photochemistry Research Unit  gels thus obtained at room temperature were completely dissolved
Regional Research Laboratory, CSIR to form transparent homogeneous solutions at temperatures above
Trivandrum 695 019, India 48°C, and this thermoreversible sajel process was confirmed
. by several cycles of heating and cooling. Comparative study of
Revised Manusi?i%?vRegcgggirg?i?Ego’23820 compounds3ab, 4ab, 5ab, and6ab indicated the crucial role
’ of the hydrogen bonding motifs, alkoxy side chains, and the
Control over supramolecular ordering of molecules to nanoscale Conjugation length in controlling the gelatish.
dimension where hydrogen bondingstacking, solvophobic, and
donor—acceptor interactions are the main driving force is a
challenging topic of research. Organogels which prevent the
flowing of entrapped solvents are a novel class of materials that
emerged from the self-association of small molectii8sveral -
examples of organogels are known in the literafufeamong 3b: R=CjyHys 3a-b 6b: R= C)3Has
which, cholesterol based gels have been extensively studied for
their use as templates for the designing of a variety of matefrials.
m-Conjugated systems are one of the least exploited classes of
molecules in the designing of geélsierein we describe the first
observation of the thermoreversible gelation of fluorescent
p-phenylenevinylene derivativéds and4b and the control of their 4a-b, 5a-b
gelation as a consequence of a cooperative hydrogen bond and
m-stack induced self-assembly. The unique photophysical proper- The absorption and emission spectra of a hexane solution of
ties of phenylenevinylenes, particularly their strong emission 4p at room temperature showed considerable resemblance to the
characteristics, are of great advantage in providing insight into spectra of a sheared film (Figure 1) indicating the possibility of
the role of self-assembly in the observed thermoreversible sol self-assembled structures through H-bondingrestacking or
gel phenomena. Even though there are several reports on the liquichoth. To establish this possibility, we have recorded the absorption
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Sh: R=Cp,Hyss R'= CH;

crystalline behavio? solid-state packingf and self-assembtj*? and emission spectra @b in hexane at 50C, which resembled
of phenylenevinylene derivatives, there is no report pertaining to the spectra o#tb in chloroform (Figure 1). These observations
a phenylenevinylene based gelator. imply that4b forms self-assembled aggregates in hexane at room
(1) (a) Terech, P.; Weiss, R. Ghem. Re. 199797, 31333150 (b)van LcMperature whereas at elevated temperatures the self-assembly
Esch, J.; Feringa, B. LAngew. Chem., Int. E®00Q 39, 2263-2265. is disrupted to form isotropic solution as in chloroform. Variable-
(2) (@) Lin, Y. C.; Kachar, B.; Weiss, R. G. Am. Chem. S0d989 111, temperature absorption and emission spectral changetb of

5542-5551. (b) Ostuni, E.; Kamaras, P.; Weiss, R.ABgew. Chem., Int. ; indi ; ;
Ed. 1996 35, 1324-1326. (¢) Murata, K. Aoki, M.: Suzuki, T.; Harada, T..  Petween 20 and 5T in hexane indicated the possible existence
Kawabata, H.: Komori, T.: Ohseto, F.: Ueda, K.. ShinkaiJSAm. Chem. of a cooperative thermoreversible self-assembly (Figure 1, insets).

Soc 1994 116, 6664-6676. (d) Geiger, C.; Stanescu, M.; Chen, L.; Whitten, ~Addition of small amounts of H-bonding solvents such as

D. G. Langmuird.999 15,2241 2245, (€) V‘é%rgdo%-?lggi%%'ég%‘%%e”' L. methanol to a hexane solution 4b induces considerable blue
(3) For 1,2-diaminocyclohexane derived gels, see: (a) Hanabusa, K.; Shifting of their absorption and emission spectra similar to those

Yamada, M.; Kimura, M.; Shirai, Hingew. Chem., Int. Ed. Endl996 35, in chloroform indicating the disruption of the molecular assembly.
1949-1951. (b) Jung, J. H.; Ono, Y.; Hanabusa, K.; Shinkall. m. Chem. The role of H-bonding to induce the-stacked self-assembly

Soc 200Q 122, 5008-5009. :
(4) For bisurea derived organaogels, see: (a) de Loos, M.; van Esch, J.; and the consequent room-temperature gelatiofaaind4b are

Stokroos, I.; Kellogg, R. M.; Feringa, B. L1. Am. Chem. Sod 997, 119 further clarified by extending the studies to their methyl ether

12675-12676. (b) van Esch, J.; Schoonbeek, F. S.; de Loos, M.; Kooijman,

H.; Kellogg, R. M.; Feringa, B. LChem. Eur. J1999 5, 937-950. (c) (10) (a) Strehmel, B.; Sarker, A. M.; Malpert, J. H.; Strehmel, V.; Seifert,

Schoonbeek, F. S.; van Esch, J. H.; Hulst, R.; Kellogg, R. M.; Feringa, B. L. H.; Neckers, D. CJ. Am. Chem. Sod999 121, 1226-1236. (b) van Hutten,

Chem. Eur. J200Q 6, 2633-2643. (d) Estroff, L. A.; Hamilton, A. DAngew. P. F.; Wildeman, J.; Meetsma, A.; HadziioannouJGAm. Chem. Sod999

Chem., Int. Ed200Q 39, 3447-3450. 121, 5910-5918. (c) Renak, M. L.; Bartholomew, G. P.; Wang, S.; Ricatto,
(5) For luminescent and doneacceptor gels, see: (a) Brotin, T.; Uter-  P. J.; Lachicotte, R. J.; Bazan, G. £.Am. Chem. Sod 999 121, 7787

moehlen, R.; Fages, F.; Bouas-Laurent, H.; Desvergne, J.Bhem. Soc., 7799.

Chem. Commurl991 416-418. (b) Maitra, U.; Kumar, P. V.; Chandra, N.; (11) For hydrogen bonded self-assembly in phenylenevinylenes: (a) Eckert,

D’souza, L. J.; Prasanna, M. D.; Raju, A. Rhem. Commuril999 595— J.-F.; Nicoud, J.-F.; Guillon, D.; Nierengarten, J.Ffetrahedron Lett200Q

596. 41, 6411-6414. (b) El-ghayoury, A.; Peeters, E.; Schenning, A. P. H. J.;
(6) For miscellaneous gels, see: (a) Oda, R.; Hue, |.; CandauA8géw. Meijer, E. W.Chem. Commur200Q 1969-1970. (c) Schenning, A. P. H. J.;

Chem., Int. Ed. Engl1998 37, 2689-2691. (b) Hafkamp, R. J. H.; Feiters, Jonkheijm, P.; Peeters, E.; Meijer, E. W.Am. Chem. So2001, 123 409—

M. C.; Nolte, R. J. MJ. Org. Chem1999 64, 412-426. (c) Luo, X.; Li, C.; 416.

Liang, Y. Chem. Commur200Q 2091-2092. (12) For copolymer self-assemblies containing phenylenevinylenes: (a)

(7) (&) Ono, Y.; Nakashima, K.; Sano, M.; Kanekiyo, Y.; Inoue, K.; Hojo, Tew, G. N.; Pralle, M. U.; Stupp, S. I. Am. Chem. S0d.999 121, 9852
J.; Shinkai, SChem. Commurl998 1477-1478. (b) Jung, J. H.; Ono, Y.; 9866. (b) Wang, H.; Wang, H. H.; Urban, V. S,; Littrell, K. C.; Thiyagarajan,

Shinkai, S.Angew. Chem., Int. EQ200Q 39, 1862-1865. (c) Jung, J. H.; P.; Yu, L.J. Am. Chem. SoQ00Q 122 6855-6861.
Ono, Y.; Sakurai, K.; Sano, M.; Shinkai, 3. Am. Chem. SoQ00Q 122 (13) The gelling was highly efficient in the sense that a dilute solution of
8648-8653. 4b (7 mM in hexane) in a 1 cm diameter glass vial on standing at room
(8) (a) Swager, T. M.; Gil, C. J.; Wrighton, M. S. Phys. Chem1995 temperature could freeze the flow of the entrapped solvent when it was turned
99, 4886-4893. (b) Schoonbeek, F. S.; van Esch, J.; Wegewijs, B.; Rep, D. upside down. Statistically, each moleculedtfcould entrap as many as 1160
B. A.; de Haas, M. P.; Klapwijk, T. M.; Kellogg, R. M.; Feringa, B. Angew. molecules of hexane during gelation. Optical data and gel characteristics of
Chem., Int. Ed. Engl1999 38, 1393-1397. 4b are provided in Table 1 of the Supporting Information.
(9) (@) Maddux, T.; Li, W.; Yu, L.J. Am. Chem. Sod 997 119 844— (14) Gelling efficiency of4a was less compared #b revealing the role
845. (b) Bao, Z.; Amundson, K. R.; Lovinger, A. Mlacromoleculesl998 of alkyl chain length6a and6b formed gelatinous precipitates even at very
31, 8647-8649. high concentration due to lack of conjugation andtacking.
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Figure 3. Scanning electron microscopic pictures of a dried gedlof
from toluene.

Absorbance (a.u.)

300 400 500 600 700 Figure 4. Probable self-assembly of the gel in hexane.
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Figure 1. Absorption (a) and emission (b) spectradfin chloroform 150 nm width (Figure 3). X-ray diffraction (XRD) patterns of
at 25°C (- - -), hexane at 25+ (- -) and 50°C (-+), and as a sheared ~ 4b showed ad-spacing of 3.8 A, which is characteristic of
film (—). Insets show changes in absorption and emission with temperaturez-stacked lamellar packing and an intense signal at the small angle
(excitation at 380 nm). region corresponding to 23.4 A due to the length of a repeat unit
along the axis of the molecule. Variable-temperattileNMR

16 E studies of4b in benzeneds between 24 and 50C showed the
1.6 & appearance of well-resolved signals abové@@hat correspond
g 1.2 l1.2 £ to the various protons indicating the disordering of thstacked
§ 8 self-assembly to the isotropic form (Supporting Information). The
5 08 0.8 = FT-IR spectrum of a toluene gel @fb showed a broad band
204 lo4 B around 3400 cm' revealing the presence of hydrogen-bonded
£ OH groups in the gel state. A collective analysis of the available
0.0 0.0 w data supports the involvement of H-bond amdtack assisted

300 400 500 600 700

Wavelength,nm self-assembly as shown in Figure 4.

) ) o ) In conclusion, we are able to reveal the gelation, which was
Figure 2. Absorption and emission spectralf in hexane (---) and  hjtherto unknown for phenylenevinylenes, a class of molecules
chloroform ¢=) (excitation at 380 nm). that are receiving immense attention in recent years. The

derivatives5a and5b and to the aldehyde3a and3b. In these cooperative effect of H-bonding andstacking in the formation
. f the supramolecular gel nanostructurestafand 4b at room

cases, gelation could not be seen at room temperature even afte emperature is established by the unique chanaes in their
considerable increase in concentratiorr {&times). Surprisingly, h F hvsical i d by FT-IR NqMR DSCgXRD d
in the case obaand5b gelation occurred at temperatures below gEOMOp y|3|ca pg)perllleo'ls and_ yri- 'd ' d , an h
0 °C indicating that under extremely high concentrations and at analyses. Detailed studies are under way to determine the
low temperatures these molecules can induce stacking which IeadgOle of conjugation and Side chain Iengths in controlling the Self?
to supramolecular ordering. Interestingly, the gelling efficiency asse_mblél and ge'ig'ol!‘ hOf phenylenevinylenes (t)o tufned_thelr
of 4b was considerably reduced by the addition of small amounts f]em'?olrll U(?Itl":g C?':[l thlg (; errlmtlng rtJrofpertles. | Iur mflngls
of H-bonding solvents such as methanol. The above observationsbggee dulalmvivrllesecznt (e)m decoggﬁgﬁ\memnatoe ri";lgove class ot gel-
clearly reveal that H-bonding moieties play a crucial role to assist 9 )
m-stacking and thus the room-temperature gelatiodannd4b Acknowledgment. This is manuscript No. RRL-PRU-133. We thank
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4b from p-xylene showed endothermic changes around 48 and
71 °C when heated to 88C and an exothermic phase transition Supporting Information Available: Experimental procedures and
around 20°C, on cooling. Optical polarizing microscopic studies ~characterization data of compoundsb, 4ab, and 5ab, a table
showed birefringent textures above the critical gelator concentra- containing optical data and gelation characteristicétpfand variable-
tions revealing the presence of ordered structures. The scanningEMPeraturéH NMR data and an optical polarizing micrograph (PDF).
electron microscopic (SEM) image of a dried geHtfrevealed his material is available free of charge via the Internet at http:/pubs.acs.org.
the formation of entangled nanostructures of approximately-100 JA005933+



