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Gelation of organic solvents by low-molecular-mass compotinds,
known as gelators, is the subject of increasing attention because of
numerous potential applications as well as properties exhibited by
these low-molecular-mass gelators (LMMG) with respect to the
self-assembly phenomena. Different types of LMMGs have been
developed, including sterofdamino acic? bis-ureat and sugar
compounds. Several functional groupge.g., cyanostilbene and
bithiophene) were successfully integrated into LMMGs, leading to
gels showing high charge-carrier mobility and enhanced fluores-
cence. Moreover, LMMGs featuring stilbene and azo groups were
described, and the corresponding gels were found to be photore-
sponsive. It should be noted that development of “smart” or Scheme 1. Chemical Structure of LMMG 1 and the Schematic
“responsive” gels is very appealing. It has been reported very Representation of the Design Rationale for Multi-Stimuli

Responsive Organic Gel
recently that the selgel transition can be tuned by oxidation of

Figure 1. SEM image of the gel o in cyclohexane (A) and that of the
CT complex ofl with TCNQ (B); the inset shows the tube-like structure.
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The design rationale is shown in Scheme 1. LMNI@ontains ﬁ\u’*

one TTF and one urea group. Neighboring urea groups tend to form TTF ﬂb_a)kN

intermolecular H-bonds leading to extended structures, and for this JL_+

reason, urea compounds are good candidates for LMMGE- ﬂb—‘h‘}\"ww\

and its derivatives act as good electron donors to form CT HoA

complexes with electron accept@r&ormation of CT complexes
will cause the TTF unit to bear positive charge. As a result, the 2times as long as that of the molecular lengtfLat is interesting
interaction of adjacent TTF units @fwould be altered, which would ~ to note that direct cooling of the hot solution ®fin 2-propanol
influence the intermolecular H-bonding interactions arising from led to precipitation and no gel was formed; however, if the solution
urea groups. TTF group can also easily be transformed to thewas subjected to ultrasonic treatment for a few minutes before
corresponding radical cation (TTH and even dication (TT¥) cooling, gelation occurrett.
either chemically or electrochemically.Conversion of the TTF The IR signals at 3339, 1641, and 1549 ¢mbserved for the
group to either TTE or TTF* would largely modulate the  diluted solution ofl in CHCI; (1.0 mM) were due to the urea unit.
interaction of adjacent TTF units df, which would impair the By increasing the concentration df the signals at 3339 and 1641
intermolecular H-bonding interaction and hence affect the gel cm™! were shifted toward shorter wavenumbers, while that at 1549
formation. Jorgensen et Hl.reported the hydrogel induced by a cmt was shifted toward higher wavenumbers (see Table S2).
TTF derivative, but tuning the gel formation by CT interaction and According to previous studi¢8 such IR spectral variation is indi-
oxidation was not tried yet. cative of the formation of the intermolecular H-bonding of adjacent
The synthesis and characterization Iofire provided in Sup- urea groups ofl. The!H NMR data also supported the formation
porting Information (p S2). LMMGL gels five organic solvents  of H-bonding. The signals at 4.58 and 4.25 ppm detected for the
among tens of solvents tested at room temperature (see Table SICDCl; solution of 1 (3.4 mM) were due to the urea group bf
of Supporting Information). Figure 1A shows the SEM images of When the concentration dfwas increased, the corresponding sig-
xerogell in cyclohexane. As expected, an entangled network of nals due to urea group were gradually shifted to downfield, as shown
thin solid fibers with diameters of ca. 480 nm and lengths up to  in Figure S5 of Supporting Information. Furthermore, tHeNMR
tens of microns was formed as illustrated (also see Figure S9 of spectra ofl were also recorded in CDgét different temperatures
Supporting Information for TEM image). The gels bdfin these (see Figure S6). A gel of in CDC; resulted at 300 K. In this
solvents listed in Table S1 of Supporting Information show a similar case, broadH NMR signals were observed, and the signals due to
XRD pattern exhibiting a peak around 1.€orresponding tal = the urea group were found at 5.24 and 4.90 ppm. By increasing
5.5 nm (see Figure S7 of Supporting Information), which is about the temperature, the gel dfwas transformed into solution. As a
 Institute of Chemistry, Chinese Academy of Sciences. result, the sig_nals due_ to urea group were shifted to 5.98 and 4.76
* Graduate School, Chinese Academy of Sciences. ppm, respectively. This result implies that the H-bonding due to
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& one around 1.5 which is similar to the gel ol in cyclohexane.
TCNQ 9 Further investigation with respect to the mechanism has yet to be
T . X
cyclohexane carried out.
S In summary, we report a new gelator bitontaining one TTF
and one urea group. The gelation ability bfvas tested, and it
& TCNQ was interesting to find that ultrasonic treatment can induce the gel
1 2-dichlorocthene formation for 1 in 2-propanol. The reaction df with TCNQ in
g cyclohexane, a nonpolar solvent, led to a dark-green gel, for which
— tubular structure was observed. On the contrary, formation of CT
e | Fe(C10.), : complexes in polar solvents caused the disappearance of the gel
| 1,2-dichloroethene state. Direct oxidation of the TTF group either chemically or
electrochemically also resulted in destroying the gel state. These

results clearly show that it is possible to tune the formation of the
gel of 1in organic solvents by either reaction with electron acceptors
or oxidation of the TTF group. It is proposed that positively charged
TTF group would impair the intermolecular H-bonding of urea

groups ofl. Therefore, the presence of a TTF group enables the
corresponding organic gels to become multi-stimuli responsive, not
only to thermal heating but also to CT interaction and oxidation.

Figure 2. Tuning the gel formation by formation of CT complexes and
oxidation.

urea groups is responsible for the gel formationlah organic
solvents.

Gelatorl can form CT complexes with electron acceptors, such
as TCNQ (7,7,8,8-tetracyanoquinodimethane). The CT complexes
of 1 with TCNQ were formed in these solvents, listed in Table S1.  Supporting Information Available: = Synthesis ofl, CV, IR, *H
The CT complex formed in cyclohexane can form a dark-green NMR, XRD, SEM, and TEM characterization of the gels, tuning the
gel in cyclohexane. However, in other solvents, the reactioh of gel formatlon by electrochemical oxndatloq and re_du_ctlon,_and the
with TCNQ led to destruction of the gel state and generation of a absorption §pectra of the CT complexes. This material is available free
dark-green suspension, as illustrated in Figure 2. When 1.1 equivmc charge via Internet at http://pubs.acs.org.
of TCNQ was directly added on top of a gel ®f(10 mg in 1.0
mL of CICH,CH,CI), the gel was gradually destroyed after 10 h _

(see p S6 of Supporting Information), leading to a dark-green @) gcﬁ?fﬁ.‘; Eér%vséfsé.ﬁr%gevmér?:m.lﬂﬂ Eéé&é%?%?é;%%’,‘
suspension. (2) (a) Kawano, S. 1.; Fujita, N.; van Bommel, K. J. C.; ShinkaiChem.

It is generally accepted that the charge-transfer degree from a Eit;rﬁoolﬁt?’é d%*oﬁéb)lgzug)iaz%% K.; Fujita, N.; Shinkai, 8ngew.
neutral electron donor to a neutral acceptor is comparably larger (3 (a) Gao, P.; zhan, C. L.; Liu, L. Z.; Zhou, Y. B.; Liu, M. FChem.
in polar solvents than in nonpolar solvents in that the corresponding Commun.2004 1174-1175. (b) Escuder, B.; Marti, S.; Miravet, J. F.

: : . L ir2005 21, 6776-6787.
radical cation and anion generated through CT process would be @ (2)”8;’;“E5ch,51; Schoonbeek, F.; de Loos, M.: Kooijman, H.; Spek, A.
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