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Introduction

Two important issues that need to be addressed during the
bottom-up self-assembly of fluorescent p systems are the
controlled growth of the resultant hierarchical architectures
and the self-quenching of the fluorescence during the self-
assembly. Control of these two processes is essential for ap-
plications related to organic electronic devices. As a result
of the high propensity toward p stacking, longitudinal con-
trol of the self-assembly of linear p-conjugated molecules to
supramolecular architectures with controlled aspect ratio
and high fluorescence quantum yield is a challenging task.[1]

Earlier studies have shown that oligo(para-phenyleneviny-

lene)s (OPVs) when functionalized with weak hydrogen-
bonding groups spontaneously self-assemble to form supra-
molecular tapes several micrometers in length, thus leading
to the gelation of hydrocarbon solvents.[2] As a result, the
fluorescence is shifted to a long wavelength with a signifi-
cant decrease in the quantum yield. As a result of fast exci-
tation energy migration, energy transfer to a suitable accept-
or is possible in these systems, thus leading to tunable emis-
sions with improved quantum yields.[3] However, for a wider
application of OPV self-assemblies, it is necessary to control
the morphology and the photophysical properties. There-
fore, strategies to control the longitudinal propagation of
OPV self-assemblies without much decrease in the fluores-
cence emission are of great significance.

Perfluoroarenes are well-known synthons in crystal engi-
neering.[4–7] Grubbs and co-workers extensively used the
arene–perfluoroarene (ArH–ArF) interaction in favor of
[2+2] photocycloaddition, liquid crystal design, and hydro-
gel formation.[8] Moreover, this strategy is considered to be
an effective approach to prepare n-type molecular semicon-
ductors from p-type materials without altering the parent
carbon skeleton.[9] Despite its proven utility in the solid
state, the ArH–ArF interaction has not been widely exploited
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in the self-assembly of molecular architectures in solutio-
n.[8a,10] This is mainly as a result of the weak nature of the
ArH–ArF interaction in solu ACHTUNGTRENNUNGtion.[4] Recently, Feast and co-
workers reported that 4,4’-bis(2,3,4,5,6-pentafluorostyryl)stil-
bene self-assembles through ArH–ArF interactions, thus lead-
ing to a brickwall-type arrangement of molecules in the
crystal packing.[7] We took advantage of this property to
control the spontaneous, lengthwise self-assembly of p-con-
jugated systems with a controlled aspect ratio of the result-
ing fibers, thus leading to the gelation of organic sol-
vents.[2,11]

In addition to the above reasons, we thought of taking ad-
vantage of the proven ability of fluorinated p-conjugated
molecules to form exciplexes with electron-donating aromat-
ic amines. Bazan and co-workers have carried out extensive
studies on exciplex formation between fluorinated distyryl-
benzene derivatives and N,N-dimethylaniline (DMA).[5c,e]

Exciplexes of p-conjugated molecules are known to have
strong emissions.[12–15] However, this strategy has not been
utilized to improve the emission of supramolecular architec-
tures and organogels, although a few reports are available
on the enhanced induced emission of aggregates.[16] Herein,
we report for the first time the ability of the ArH–ArF inter-
action to control the aspect ratio of self-assembled architec-
tures of linear p-systems with enhanced emission through a
supramolecular exciplex formation exclusively in the gel
state.

Results and Discussion

Synthesis : The OPV derivatives 4 and 5 were synthesized as
outlined in Scheme 1 and were characterized by NMR spec-
troscopy, IR spectroscopy, and MALDI-TOF mass spec-
trometry. The pentafluorophenyl-functionalized OPV 5 was
prepared from the OPV bis-aldehyde 1 by the reaction of
the corresponding phosphonate ester 3 in THF in presence
of NaH in 86% yield.[2g,17] For a comparative study, the
OPV derivative 4 without the fluorine atoms was prepared
in 85% yield (Scheme 1).

Optical properties : Details of the photophysical parameters
of OPV derivatives 4 and 5 in THF and n-decane at a con-
centration of 1H10�5m are given in Table 1. The absorption

and emission maxima, fluorescence quantum yields, and life-
times of 4 and 5 were significantly different in these sol-
vents. For example, 5 exhibits a high fluorescence quantum
yield and a longer lifetime than 4 in THF. The absorption
spectra of 4 and 5 in THF (1H10�5m) exhibited maxima of
around lmax=442 and 447 nm, respectively, whereas in n-
decane (1H10�4m) they showed broad absorption with a
red-shifted shoulder at around l=520 nm, thus indicating
molecular aggregation (Figure 1).[2] In n-decane at 20 8C, the
absorption spectrum of 5 showed a shoulder band at l=

523 nm in addition to the p–p* transition band (lmax=

428 nm). As the temperature is increased to 65 8C, the
shoulder band disappeared with an increase in the intensity
of the p–p* transition band. Under these conditions, the ab-
sorption spectrum matches that in THF, except a small blue-
shift in the absorption maximum (lmax=506 nm).

The emission spectra of 4 and 5 in THF were broad with
an emission maximum of around lmax=520 nm. In n-decane
(1H10�4m) at 20 8C, the emission maximum at lmax=520 nm

Scheme 1. Synthesis of OPV derivatives 4 and 5.

Table 1. Optical parameters of OPV derivatives 4 and 5 in THF and n-
decane.[a]

Compd Solvent labs

[nm]
lem

[nm]
loge Ff t

[ns]

4
THF 442 520, 553 5.75 0.54 1.13
n-decane 427 536, 575 4.50 0.09 1.71 (61%)

0.74 (39%)

5
THF 447 511, 540 5.73 0.70 1.28
n-decane 428 541, 582 4.57 0.11 1.88 (68%)

0.83 (32%)

[a] Fluorescence quantum yields (�5% error) were determined using 10-
methylacridinium triflouromethanesulfonate as the standard (Fr=0.99 in
water).[18] All the measurements were carried out at a concentration of
1H10�5m, except the fluorescence quantum yield measurement in which
the absorbance at the excitation wavelength (lex=415 nm) was adjusted
at 0.1.
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exhibited strong quenching with a slight redshift, thus indi-
cating aggregation of the molecules. In addition, for 4 the
emission was broad in n-decane, whereas 5 exhibited a struc-
tured emission with three bands at l=540, 582, and 635 nm,
thereby indicating a better organization of the molecular
self-assembly in the latter. However, the emission spectrum
at 65 8C resembled those in THF as a result of breaking of
the aggregates. Molecules 4 and 5 and their aggregates in n-
decane (1H10�4m) are photochemically stable, which is es-
sential for any potential application of these molecules. This
stability is clear from the absorption and emission spectra,
which did not change even after irradiation at l=365 nm
for 48 h (see the Supporting Information).[19]

Aggregation and gelation properties : Even though 4 and 5
form aggregates in n-decane, significant differences in the
aggregate stability of these two molecules could be ob-
served, thus indicating the crucial role of the pentafluoro-
phenyl group. For example, comparison of the plots of the
melting temperature Tm of the aggregates at different con-
centration revealed a marked increase in the stability of the
aggregates of 5 (Figure 1b, Inset).

Compound 5 showed a sharp increase in the value of Tm

with increasing concentration compared with 4. In addition,
significant differences were observed in the spectral features
of 4 and 5, as indicated by the sigmoidal plots of the fraction
of aggregates versus temperature (see the Supporting Infor-
mation). These observations could be attributed to a rela-
tively strong and organized self-assembly of 5 because of the
possible arene–perfluoroarene (ArH–ArF) interaction and
additional C�F···H�C hydrogen-bonding interaction, which

strengthens the p stacking. This argument is supported by
the fact that 5 forms a stable organogel from hydrocarbon
solvents, whereas 4 failed to form gels. The remarkable var-
iation in the gelation abilities of 4 and 5 points toward the
importance of the ArH–ArF interaction in the fluorinated
OPV, which allows the extended self-assembly of these ag-
gregates to form fibers. The critical gelator concentrations
(CGCs) of 5 in n-decane, cyclohexane, and toluene at 20 8C
are 0.72, 0.76, and 0.97 mmol, respectively, thus indicating
that in these solvents 5 behaves as a super gelator (see the
Supporting Information).[11c] Plots of the gel melting temper-
atures Tgel versus concentration in n-decane, cyclohexane,
and toluene revealed that 5 is a better gelator of n-decane
(see the Supporting Information). The viscoelastic nature of
the gels was confirmed by rheological studies by using fre-
quency sweep experiments that indicated that the elastic
modulus G’ and the viscous modulus G’’ values are inde-
pendent of the oscillation frequency range of 0.01–10 rads�1

at a strain of 5% (Torque value=1.2H102 mNm). Complex
viscosity showed a linear decrease with increasing frequency,
thus indicating that the unbroken matrices of the gel show
good tolerance to external forces and are mechanically
strong. The G’ value is nearly an order of magnitude higher
than G’’, thereby indicating that the gel is elastically stron-
ger and dominates over the viscous properties. When the ge-
lator concentration was increased, the G’ value, which is
considered to be the measure of resistance to elastic defor-
mation or “stiffness”, also increased, thus revealing a gradu-
al increase in the viscoelastic solidlike behavior of the gels
(see the Supporting Information).

Morphological studies : Transmission electron microscopy
(TEM) studies of a dilute solution of 5 in n-decane, drop-
cast onto a carbon-coated grid showed the formation of
short fibrous structures 1—3 mm in length and approximate-
ly 10–100 nm in width, which form bundles of fibers (see
Figure 2a). Interestingly, as the concentration was increased
from 2.5H10�5–5H10�5 m, the length of the fibers gradually
increased without much change in the width (Figure 2b). It
must be noted that at these concentrations, the length of the
fibers formed are significantly shorter than the fibers
formed by the previously reported OPV gels, in which spon-
taneous self-assembly was observed that lead to supramolec-
ular tapes several micrometers in length.[2] A further in-
crease in concentration to 7.5H10�5m showed elongated
fibers with an increase in the fiber length with widths of ap-
proximately 10–100 nm (Figure 2c). The observed concen-
tration-dependent control of the fiber growth of 5 is remark-
able when compared with the spontaneous supramolecular-
tape formation of hydrogen-bond-assisted self-assemblies of
linear p systems, as reported earlier.[2g,f] Interestingly, TEM
analysis of 4 from n-decane (5H10�5m) showed the forma-
tion of clustered short aggregates. These aggregates failed to
form extended fibers on increasing concentration (Fig-
ure 2d).

Polarizing optical microscopy (POM) studies of a gel of 5
in n-decane (0.72 mmol) exhibited birefringent fibrous ag-

Figure 1. Absorption (a and c) and emission (b and d) of 4 and 5, respec-
tively, in THF (1H10�5m) and n-decane (1H10�4m ; lex=415 nm). (b)
THF at 20 8C, (c) n-decane at 20 8C, and (d) n-decane at 65 8C.
Insets: a) photograph of nongeling aggregates of 4, b) plot of the melting
temperature Tm of 4 and 5 versus concentration, c) photograph of a gel
of 5 in n-decane (0.72 mmol), and d) photographs of a gel of 5 at 20 8C
and a sol at 65 8C under illumination with 365-nm light. A=absorption,
Iem=emission intensity, C=concentration.
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gregates on cooling from the isotropic solution, whereas no
defined morphology was observed for 4, thus revealing the
anisotropic organization of the molecules in the former case
(see the Supporting Information). Possible molecular pack-
ing of 5 in the gel state could be achieved from previous re-
ports that pertain to the crystal packing in fluorinated
OPVs.[7] In analogy to these reports, it is believed that the
electrostatic potential of the opposite sign assists the aggre-
gation of molecules into a brick-wall-type arrangement in
which each molecule overlaps with nearly two halves of the
neighboring molecules in the row below and above and vice
versa (Figure 3a).[7] This behavior is supported by the elec-

tron-density distribution in 5, which showed an inverse elec-
trostatic potential with a partial positive charge at the inner
portion of the fluorinated ring (Figure 3b).[4a] It has already
been reported that the free energy of formation of benzene
and the hexafluorobenzene dimer is negative, and introduc-
tion of one fluorine atom to a phenyl ring decreases the
stacking repulsion between the phenyl rings by approxi-
mately 2 kJmol�1.[20]

In addition to the favorable ArH–ArF stacking interac-
tions, intermolecular C�F···H�C interactions may further
support the brick-wall-type arrangement.[4,7] Such a con-
trolled organization of 5 will lead to an extended lamellar-
type assembly in solution, thus resulting in the formation of
fibers that lead to the gelation of solvents. Evidence for the
proposed packing mode could be obtained from X-ray dif-
fraction (XRD) patterns of a xerogel of 5 in n-decane (Fig-
ure 3c). The diffraction signal observed at 3.69 Q in the
wide-angle region matches well with the reported value for
benzene–hexafluorobenzene co-crystals.[4a,6c,21] A diffraction
peak with d-spacing of 28.23 Q corresponds to the side-wise
packing of the alkyl side chains of the OPVs in the same
plane. The d-spacings of 9.3, 6.9, and 4.3 Q may correspond
to the packing of the alkyl side chains in the brick-wall-type
assembly of the OPVs.[2g]

Effect of DMA in the gelation and optical properties of 5 :
Surprisingly, 5 was found to gelate pure DMA (2.65 mmol)
and DMA/n-decane mixtures (Figure 4a). These gels were

Figure 2. TEM images (unstained) of 5 at different concentrations
a) 2.5H10�5, b) 5H10�5, and c) 7.5H10�5m and d) a TEM image of 4 (5H
10�5m) in n-decane.

Figure 3. a) A probable molecular-packing diagram of 5 in the gel state.
b) Electron-density distributions of 4 and 5 calculated with TITAN soft-
ware (Wavefunction, Inc). In the computation experiments, the hexadecy-
loxy side chains in the OPV structure were replaced with methoxy
groups. c) XRD pattern of a xerogel of 5 in n-decane; inset: a zoomed
region between 15–308.

Figure 4. a) Photograph of the 5+DMA gel in n-decane on illumination
with 365-nm light at 20 8C. b) TEM image (unstained) of 5 (5H10�5m) in
the presence of DMA (0.5m) in n-decane. c, d) Confocal laser scanning
microscopy images (40H) of the gels of 5 in the absence and presence of
DMA, respectively, in n-decane ([5]=0.72 mmol, [DMA]=7.2 mmol,
lex=453 nm, lem=520–580 nm).
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fairly stable, even though a slight decrease in the stability
was observed in the presence of DMA when compared to
pure n-decane gels (see the Supporting Information). A plot
of Tgel against the weight% of DMA for a n-decane gel of 5
showed a decrease with a difference of 5 8C in pure DMA.
This observation indicated the intercalation of DMA in be-
tween the self-assembly of 5 in the gel state. TEM analysis
of 5 in n-decane (5H10�5m) containing different amounts of
DMA (0.5m) revealed the formation of short, bundled fi-
brous assemblies a few micrometers in length and 10–
100 nm in width (Figure 4b). Although the size of the fibers
decreased in presence of DMA, the overall morphology re-
mained more or less the same. Interestingly, the addition of
DMA to the n-decane gel of 5 resulted in a considerable in-
crease in the emission intensity when compared to that of
the n-decane gel. This behavior is clear from a comparison
of the fluorescence of the confocal laser scanning microsco-
py (CLSM) images (Figure 4c,d) of the gels of 5 before and
after the addition of DMA.

The remarkable increase in fluorescence upon the addi-
tion of DMA could be ascribed either to breaking of the
self-assembly or to exciplex formation between 5 and DMA
in the gel state. The former possibility is ruled out because 5
forms gels in the presence of DMA. Moreover, TEM and
confocal analysis confirmed the presence of fibers, thus indi-
cating the self-assembly of 5 in the presence of DMA.
Hence, the reason for the enhanced emission could be the
result of exciplex formation between 5 and DMA. More-
over, DMA is chosen as the donor solvent because its role
in exciplex formation is well known.[12] The intercalation of
DMA in the brick-wall-type assembly of 5 in n-decane in
the gel state allows proximity between the two moieties,
which facilitates supramolecular exciplex formation when
the latter is excited (see the Supporting Information).[22] In
agreement with Jenekhe and Osaheni, it is reasonable to
expect excimer formation in such an assembly because the
OPV 5 is already organized into a potential excimer-forming
configuration in the supramolecular assembly.[13]

For better insight into the phenomenon, quantitative stud-
ies were performed by adding different amounts of DMA to
a gel of 5 (8.3H10�5m) in n-decane, and a gradual increase
in the emission intensity when excited at l=415 nm was
seen (Figure 5a). Upon the addition of 0.83m DMA, the in-
tensity of the weak structured emission of the gel increased
with broadening. The possibility of breaking of the self-as-
sembly for the observed fluorescence enhancement is ruled
out because the absorption spectrum of the gel did not vary
much upon the addition of DMA (Figure 5, inset). This ob-
servation also reveals that there is no ground-state charge-
transfer interaction between 5 and DMA, which was also es-
tablished from the comparison of the excitation spectra of 5
and 5+DMA monitored at l=565 nm at 20 8C in n-decane
(see the Supporting Information). In both cases, the excita-
tion spectra exhibited the broad absorption of the self-as-
sembled OPVs. Therefore, as stated previously, the likely
cause of the increase in emission intensity could be attribut-
ed to exciplex formation. This argument is supported by the

report by Wang and Bazan on exciplex formation between
DMA and distyrylbenzene derivatives.[5c] Because the mono-
mer emission was already shifted toward a longer wave-
length as a result of gelation, a further shift in the emission
was not observed for the supramolecular exciplex. However,
when compared to the monomer emission, the exciplex
showed a 50-nm redshift. The absolute quantum yields of 5
in the gel form (10.83%) showed a maximum threefold en-
hancement to 31.29% upon the addition of DMA.[23] The
fluorescence decay profiles of 5 showed a monoexponential
decay of 1.28 ns in the monomeric state (Figure 5c). The ex-
ciplex of 5 with DMA in the gel state exhibited a biexpo-
nential decay with lifetimes of 0.82 and 3.26 ns (31 and
69%, respectively). As the temperature was increased, the
broad emission became more intense with a blue shift, thus
indicating breaking of the exciplex to the corresponding
monomers (see the Supporting Information).

The time-resolved emission spectrum (TRES) of 5 ob-
tained at 56 ps after the excitation at l=440 nm exhibited a
broad emission that did not show any major shift with time
(Figure 5d, inset). However, the TRES of 5 in the presence
of DMA exhibited a relatively narrow emission at 56 ps
with a maximum around l=500 nm (Figure 5d). After a
time delay of 1.7 ns, a broad emission at l=550 nm was ob-
tained. It is important to note that the time delay required
for such a dynamic shift in the emission of 5 in the absence

Figure 5. Emission spectra of a) 5 (8.3H10�5m) and b) 4 (8.3H10�5m) in
n-decane at 20 8C (c), in n-decane at 65 8C (d), and in n-decane+

0.83m DMA at 20 8C (b) (lex=415 nm); inset: the corresponding
changes in the absorption spectra. c) Fluorescence decay profiles of 5 in
the monomeric state (*) and in the gel state in presence of DMA (&) in
n-decane monitored at l =565 nm (lex=440 nm). IRF= instrument re-
sponse function. d) TRES of 5 in the presence of 0.83 m DMA at 56 ps
(c) and 1.7 ns (b) after excitation at l =440 nm at 20 8C in n-decane
(8.3H10�5m); inset: the TRES of 5 in the absence of DMA in n-decane
at 56 ps (c) and 1.1 ns (b) after excitation at l =440 nm at 20 8C.
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of DMA is approximately 1.1 ns, which indicates fast excit-
ed-state decay dynamics. In the presence of DMA, this pro-
cess is delayed, which indicates the formation of an excited
complex between the intercalated DMA and 5.

Interestingly, the addition of DMA to the aggregates of 4
showed only a marginal increase in the emission, thus indi-
cating a weak interaction between the two in the excited
state (Figure 5b). It is also clear that DMA could not break
up the aggregates into monomers, in which case the emis-
sion intensity should have increased. Therefore, it is obvious
that the perfluoroarene moieties play an important role in
exciplex formation. Moreover, it must be noted that exci-
plex formation between 5 and DMA occurs only in the gel
state. In the solution state, the addition of DMA did not
result in any significant change in the emission spectrum or
fluorescence quantum yield of 5 (see the Supporting Infor-
mation). This observation in the solution state is analogous
to a report by Wang and Bazan and is ascribed to the effect
of conjugation length on exciplex formation.[5c] An increase
in the conjugation length of the acceptor may cause a drop
in the excited-state singlet energy more quickly than the
electron affinity and hence exciplex formation is not fa-
vored. However, this limitation could be overcome in the
case of 5 in the gel state. Thus, the ArH–ArF interaction
plays an important role in the gelation of OPVs and in mod-
ulating the photophysical behavior through supramolecular
exciplex formation.

Conclusion

In conclusion, we have unraveled the role of the ArH–ArF
interaction in the controlled growth of self-assembled archi-
tectures of linearly p-conjugated molecules on the nanome-
ter-to-micrometer scale. This strategy has been demonstrat-
ed for the first time in the hierarchical self-assembly of
OPVs in solution with controlled fiber size, which is other-
wise difficult to achieve. Moreover, the usually encountered
quenching of fluorescence emission of OPV gels could be
prevented to a great extent through exciplex formation. This
example of a p gel that forms supramolecular exciplexes ex-
clusively in the gel state with enhanced emission and con-
trolled size of the self-assembled architectures is unique.
Thus, the arene–perfluoroarene interaction has been demon-
strated not only to induce self-assembly of OPVs in solution,
thus leading to gelation, but also to be efficient in prevent-
ing the uncontrolled propagation and decreased fluores-
cence quantum yields of the self-assembly. These results
broaden the application of arene–perfluoroarene interac-
tions in the area of supramolecular chemistry.

Experimental Section

General methods : Unless otherwise stated, all the starting materials and
reagents were purchased from commercial suppliers and used without
further purification. The solvents were purified and dried by standard

methods prior to use. Melting points were determined with a Mel-Temp-
II melting point apparatus and are uncorrected. 1H and 13C NMR spectra
were measured on a 300 MHz Bruker Avance DPX spectrometer using
trimethylsilane (TMS) as an internal standard. Fourier-transform infrared
(FTIR) spectra were recorded on a Shimadzu IRPrestige-21 FTIR spec-
trophotometer. Matrix-assisted laser desorption ionization time-of-flight
(MALDI-TOF) mass spectra were obtained on a Perseptive Biosystems
Voyager DE-Pro MALDI-TOF mass spectrometer with a-cyano-4-hy-
droxycinnamic acid as the matrix. The starting bisaldehyde 1 was pre-
pared as reported previously.[2g]

Preparation of 4 and 5 : NaH (3.7 mmol) was added carefully to a solu-
tion of phosphonate ester 2 or 3 (1.12 mmol) and bis-formyl derivative 1
(0.56 mmol) in THF (35 mL) under argon. The reaction mixture was
stirred at 70 8C for 8 h, and the solvent was removed under reduced pres-
sure. The resultant residue was extracted with chloroform and washed
several times with saturated brine and water. The organic layer was dried
over anhydrous Na2SO4 and concentrated to give the corresponding
products. Further purification was carried out by column chromatography
(hexane/chloroform, 3:1) on silica gel (100—200 mesh).

4: Yield: 85%; m.p. 105–107 8C; 1H NMR (300 MHz, CDCl3, TMS): d=

0.85–0.87 (t, 18H, CH3), 1.24–1.87 (m, 168H, CH2), 4.04–4.06 (m, 12H,
OCH2), 7.11–7.16 (m, 8H, Ar-H), 7.34–7.38 (t, 6H, Ar-H), 7.46–7.55 ppm
(m, 10H, Ar-H); 13C NMR (CDCl3, 75 MHz): d=14.11, 22.69, 26.26,
26.34, 26.37, 28.30, 29.10, 29.37, 29.57, 29.73, 31.93, 69.19, 110.11, 110.54,
112.92, 114.08, 123.29, 126.49, 128.62, 135.38, 136.72, 138.35, 145.9 ppm;
FTIR (KBr): ñmax=692, 722, 750, 803, 849, 964, 1018, 1071, 1099, 1207,
1259, 1348, 1350, 1388, 1423, 1465, 1506, 1596, 2849, 2921 cm�1; MALDI-
TOF MS: m/z : calcd for 1929.19: found: 1929.27.

5: Yield: 86%; m.p. 114–116 8C; 1H NMR (300 MHz, CDCl3, TMS): d=

0.85–0.87 (t, 18H, CH3), 1.24–1.86 (m, 168H, CH2), 4.05 (t, 12H, OCH2),
7.07–7.16 (m, 8H, Ar-H), 7.64–7.5 (m, 4H, Ar-H), 7.7–7.76 ppm (d, 2H,
Ar-H); 13C NMR (CDCl3, 75 MHz): d=14.11, 22.71, 25.9, 26.32, 26.41,
28.33, 29.10, 29.36, 29.6, 29.75, 31.93, 69.10, 110.64, 111.01, 114.92, 116.08,
125.6, 126.51, 127.4, 128.62, 135.32, 137.71, 138.35, 145.93 ppm; FTIR
(KBr): ñmax=695, 721, 750, 801, 853, 1023, 1097, 1204, 1261, 1350, 1385,
1423, 1465, 1500, 1629, 2849, 2921, 2956 cm�1; MALDI-TOF MS: m/z:
calcd for 2107.61; found: 2107.22.

Optical measurements : Electronic absorption spectra were recorded on a
Shimadzu UV-3101 PC NIR scanning spectrophotometer and the emis-
sion spectra were recorded on a SPEX-Flourolog F112X spectrofluorime-
ter. Temperature-dependent studies were carried out with a thermistor
directly attached to the wall of the cuvette holder. Fluorescence quantum
yields Fs of OPVs in THF are reported relative to 10-methylacridinium
triflouromethanesulfonate (Fr=0.99 in water). The experiments were
done using optically matching solutions and the quantum yield is calcu-
lated by using Equation (1):[18]

Fs ¼ FrðArF s=AsFrÞðhs
2=hr

2Þ ð1Þ

where As and Ar are the absorbance of the sample and reference solu-
tions, respectively, at the same excitation wavelength; Fs and Fr are the
corresponding relative integrated fluorescence intensities, respectively;
and h is the refractive index of the solvents used.

Fluorescence quantum yield in the gel state : The fluorescence quantum
yield of gels was measured using a calibrated integrating sphere in an
SPEX Fluorolog spectrofluorimeter. A Xe arc lamp was used to excite
the sample placed in the sphere with l=415 nm as the excitation wave-
length.

The absolute fluorescence quantum yield was calculated based on the de
Mello method[23] by using Equation (2):

FPL ¼ ½EiðlÞ�ð1�AÞE0ðlÞ�=LeðlÞA ð2Þ

For Equation (2):

A ¼ ½LoðlÞ�LiðlÞ�=LoðlÞ ð3Þ

where Ei(l) and E0(l) are the integrated luminescence as a result of the
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direct excitation of sample and secondary excitation, respectively; A is
the absorbance of the sample calculated using Equation (3); Li(l) is the
integrated excitation when the sample is directly excited; L0(l) is the in-
tegrated excitation when the excitation light first hits the sphere and re-
flects into the sample; and Le(l) is the integrated excitation profile for
an empty sphere.

The fluorescence lifetimes and time-resolved emission spectra (TRES)
were measured by using the IBH (FluoroCube) time-correlated picosec-
ond single-photon counting (TCSPC) system. Details of the instrumental
set up are given in the Supporting Information.

Morphological studies : TEM was performed on a FEI, TEC NAI 30 G2
S-TWIN microscope with an accelerating voltage of 100 kV. Samples
were prepared by drop-casting solutions of OPV in n-decane onto
carbon-coated copper grids, and the TEM pictures were obtained without
staining.

CLSM images were recorded on a Leica-DMIR2 optical microscope
using UV light (l =453 nm) as the excitation source and the emission
was collected between l=520 and 580 nm with 40H magnification. The
samples were prepared by drop-casting a solution in n-decane onto a
glass slide followed by slow evaporation.

The samples for the XRD studies were prepared by transferring a hot so-
lution of OPV in n-decane onto a glass slide, which was allowed to cool
and dry slowly. The X-ray diffractograms of the dried films were record-
ed on a Phillips diffractometer by using Ni-filtered CuKa radiation.

Exciplex emission studies : Samples for exciplex emission studies were
prepared by transferring the required amount of the solutions of 4 or 5 in
n-decane and DMA from the stock solution to a 1-mm cuvette. During
these studies, the concentrations of 4, 5, and DMA were kept constant at
8.3H10�5 and 0.83 m, respectively. After thorough mixing, the solution
was heated to 50 8C and allowed to cool to room temperature. In the case
of 5, bright fluorescent gels were obtained. Samples for the solution-state
studies were also prepared in the same way by thorough mixing without
heating and cooling.

Detailed descriptions and the experimental data of the gelation, gel melt-
ing, spectroscopy, microscopy, and rheology studies are given in the Sup-
porting Information.
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