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Organogels made of pyridine-end oligo-p-phenylenevinylenes excess ethanol, indicating a crucial hydrophilic/hydrophobic
with tartaric acid exhibit remarkable J-aggregation induced s balance is operational for the self-assembly that leads to gelation.
red-shifts (AL = 55 nm) and notable chirality transcription.
Induction of liquid-crystalline behavior is also tuned in the
supramolecular assembly.
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Supramolecular organization to a well-defined architecture may s
occur by selective association of complementary components
through molecular recognition.! The information stored in the
individual components are expressed in the assembly.

1s Development of chiral supramolecular assemblies from achiral Yy o o o o o on
monomers through transcription of chirality have attracted much e TLTA SEEEEEEERE DTSR (S S IS A8 R
attention in mimicking the biological helical structures, liquid Scheme 1 The pre-gelators 1 and 2 and three different TA used here for
crystals, physical gels and recently the synthesis of self- the gelation studies. Snapshot of a typical gel and sol of 1+L-TA in 10:1
assembled one-dimensional stacks.” Supramolecular gelation via toluene/ethanol (v/v) mixture.

20 molecular recognition in a specific solvent or solvent mixtures Although, gelation occurred with 1+L-TA and 1+D-TA

. . . 03
could be a vehicle for generating such chiral nanomaterials® as a complexes with a minimum gelator concentration (MGC) of 0.93

consequence of various non-covalent interactions.” Specifically, and 1.1 wt% respectively in 10:1 toluene/ethanol mixture, 1+M-
n-st.acking interactions. play a major role in the gelati.on of TA (meso-tartaric acid) did not form gel at all. This suggests that
conjugated chromophoric molecules, where the chromogenic part the spatial orientation of the -COOH moiety in the chiral TA
25 offers an extra handle to probe tshelr aggregation-induced changes holds the key to favor the mode of aggregation that is conducive
in the optoelectronic properties.” In particular, Park et al. reported ) 1 gel formation.® Thus, a 1:1 mixture of 1+L-TA and 1+D-TA
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gelation-induced enhanced emission and chirality transcription in (above individual MGCs) did not form gel probably due to the
the H-bonded tartaric acid (TA) with a pyridine based non- inter-gelator interactions. However, the gelation was observed in
fluorescent molecule.® However, controlled organization of such each of the complexes (1:1) of 2 with L-TA, D-TA and M-TA

30 molecules dictated by another component to generate specific and having MGC 0.87, 0.92 and 1.14 wt% respectively presumably
predictable chiral nano-structures still remains a challenge.

Herein, we report organogelation of new chromophoric pyridine-
end oligo-p-phenylenevinylenes (OPV, 1 and 2, Scheme 1) in
assistance with isomeric TAs viz. L-tartaric acid (L-TA) and D-
tartaric acid (D-TA) as well as chirality transcription in the
supramolecular assembly via J-aggregate formation. Also,
thermal mesophases of the complexes could be tuned depending

75 due to the enhanced m-stacking and van der Waals interactions
through the five aromatic rings and six n-hexadecyl chains of 2
respectively. In contrast, 1 and 2 alone failed to form a gel.
Presence of hydroxyl groups on the TA moiety is also crucial, as
the gelation did not occur when tested with mixtures of 1 with
either oxalic or succinic acid. Protonation of the pyridine-ends of
1 and 2 by TA was evident from the IR stretching frequency of
on the TA isomers used. the free -COOH (1730 cm™") which decreased to 1612 cm™ upon
Pre-gelators 1 and 2 were synthesized using Wittig reaction complexation with 1 or 2 indicating formation of -COO™ species
40 and were characterized unambiguously (Scheme S1, ESIf). TA (Fig. S1%). Each gel was optically transparent (Fig. S21) and a
complexes of 1 and 2 in 1:1 molar ratio were prepared and tested typical gel e.g. 1+L-TA displayed a red color at 25 °C while it
for gelation. It was observed that none of the complexes were transformed into a yellow sol when heated to 60 °C (Scheme 1).
soluble in non-polar solvents like toluene or n-heptane. Although Morphological analysis of the complexes using transmission
soluble in polar solvents like ethanol or THF they did not form electron microscopy revealed the presence of fibrillar networks
ss gel either. However, gelation was observed in a mixture of with diameter ~200-300 nm. With increasing concentration, a

toluene and ethanol at a particular ratio (10:1 v/v respectively). ,, nycleation induced aggregated structures were observed under the
With less amount of ethanol in the mixture, the complexes could fluorescence and scanning electron microscopy (Fig. S3-S5%).
not be solubilized properly while it remained as a solution with
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Circular dichroism (CD) spectral studies verified the chiral
transcription abilities of the self-assembly of the isomeric TAs
with each of the pre-gelators 1 and 2. A uniform cast film of the
layered gels of 1+TA revealed a bisignated Cotton effect
producing a strong CD signal close to 500 nm with zero crossings
at 366 and 293 nm (Fig. 1). This leads to virtually mirror image
spectra for the complexes with two enantiomers (L- and D-TA)
indicating the transfer of chiral information of TA to the self-
assembled chromophores in a helical sense.' Similar mirror-
image spectra were observed in the CD signals of the 2+TA
complexes showing a strong band at 520 nm with zero crossings
at 610, 466 and 265 nm. The D-TA complexes showed a peak
first followed by a trough which indicates a right-handed helical
assembly (P) and conversely a left-handed helical assembly (M)
for L-TA complexes was indicated.” However, the complexes
containing M-TA for both 1 and 2 showed no helical bias.
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Fig. 1 Circular dichroism spectra of (a) 1+TA and (b) 2+TA complexes.
(c) AFM topographic images showing (i) M-helix for 1+L-TA, (ii) P-
helix for 1+D-TA and (iii) mixture of M and P-helices for 1+M-TA.

Under an atomic force microscope, ‘rope’-like M-helical fibers
from 1+L-TA and P-helices from 1+D-TA were clearly visible
with high aspect ratios (Fig. 1 and S67). The fiber diameters
ranged within 200-300 nm. Interestingly, 1+M-TA showed
presence of both P and M helices together, a resultant of which
averaged out in the CD spectra. The helix formation in the achiral
components of 1+M-TA could be a consequence of
supramolecular self-assembly with no preferable handedness. In
addition to the fibrillar morphologies, it also furnished ring-like
assemblies of average diameter of ~500 nm. The complexes of
2+L-TA and 2+D-TA showed M and P type helical fibers
respectively with the average fiber diameters of 100-150 nm.
Thus, the information stored in the individual TA components
was expressed specifically in the assembly through chirality
transcription, a phenomenon of particular interest.%*

Photophysical studies of 1 (10 uM) in 10:1 toluene/ethanol
mixture showed absorption maxima at 400 and 330 nm and an
emission maximum at 468 nm (A, 380 nm, Fig. S77).
Corresponding absorption and emission maximum of 2 appeared
at higher wavelengths at 456 and 525 nm respectively (Ao 450
nm) due to a greater conjugation length in 2. The excitation
spectra of both 1 and 2 are consistent with their respective
ss absorption spectra (Fig. S8%). A higher quantum yield of 1 (0.78)
over 2 (0.50) indicates a favorable non-radiative fluorescence
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decay of 1. Both 1 and 2 showed solvatochromic effect and the
solvent-induced shifts were greater in the emission maximum
than in the absorption maximum indicating that the excited states
are more sensitive towards the solvent polarity (Fig. S9t). Thus,
by changing the polarity of the solvent from n-heptane to
chloroform, the emission maximum shifted from 442 nm to 465
nm (AL =23 nm) for 1 and 506 nm to 527 nm (AA =21 nm) for 2.

Interestingly, in the gel phase, the emission spectra showed
remarkable red-shifts. The emission maximum of a gel of 1+L-
TA appeared at 575 nm (A 380 nm) and for 2+L-TA it was 660
nm (Ae, 540 nm) at 25 °C (Fig. S107). Corresponding emission
maximum of the ‘sol” at 60 °C appeared at 520 nm and 625 nm
respectively. Variable temperature fluorescence spectral studies
(Fig. 2) showed gradual hypochromic red-shifts in the emission
maximum from 520 nm to 575 nm (AA = 55 nm) for 1+L-TA and
625 nm to 660 nm (AAL = 35 nm) for 2+L-TA respectively on
transformation from sol-to-gel indicating a J-type of aggregate
formation (Fig. S111).° A plot of the intensity at the emission
maximum vs. temperature produces a sigmoidal curve showing a
sol-to-gel transition temperature at ~40 °C at this concentration
(1.15 wt% for both, Fig. S12+). The gels under a 365 nm UV-
lamp showed a light-red emission for 1+L-TA and a red emission
for 2+L-TA (Fig. 2 and S27). However, the sol at 60 °C showed a
bright yellow emission for 1+L-TA while a bright orange
emission for 2+LTA.
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Fig. 2 Variable temperature excitation and emission spectra of (a) 1+L-
TA (Aex 380 nm, Aew 575) and (b) 2+L-TA (hex 470 nm, Aew 660). ()
Snapshots showing (i) 1 as solution, (ii) 1+L-TA as ‘sol’ at 60 °C, (iii)
1+L-TA as gel at 25 °C and (d) corresponding emission spectra.
Concentration 1.15 wt% in 10:1 toluene/ethanol mixture in each case.

However, this type of spectral shift on temperature variation
was not observed for the solution of 1 alone at an identical
concentration (1.15 wt%, Fig. S10ct). It showed an emission
maximum at 482 nm which corresponds to a bright sky-blue
emission (Fig. 2¢). The emission color changed to bright yellow
in the ‘sol” of 1+L-TA at 60 °C leading to a red-shifted emission
band at 520 nm (Fig. 2d). Finally the emission color changed to
light-red in the gel at 25 °C showing an emission maximum at
575 nm. Therefore, these emission changes and the remarkable
red-shifts occur as a consequence of two consecutive phenomena-
(i) protonation of the pyridine N by TA leading to a shift from
482 to 520 nm (AL = 38 nm) and (ii) J-aggregation induces a
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further shift in the emission maximum from 520 to 575 nm (AA =
55 nm). Theoretical calculations were undertaken to explain the
effect of protonation on the red-shifts in the emission spectra (Fig
S13, S14%). It showed that upon protonation, the HOMO and
LUMO energy gap decreases significantly which accounts for a
higher emission A, (Table S17). It may be further noted that the
systems attain planarity on protonation and these planar aromatic
surfaces may offer effective m-stacking interactions leading to
excellent J-aggregation.

Presence of thermotropic mesophases in the pre-gelators and in
complexes were investigated using differential scanning
calorimetry and polarized optical microscopy (POM). Compound
1 alone showed a sharp phase-transition at 111.3 °C for melting
and at 102.3 °C for freezing (Fig. S157). The phase-transition
temperature of 1+TA showed a decrease of ~7 °C for the heating
cycle and ~11 °C for the cooling cycle (Table S27). Similar
extent of decrease in the phase transition temperature was also
observed for 2+TA complexes than 2 alone indicating a change in
the supramolecular organization'® in the TA complexes.

Fig. 3 POM images of (a) 1, (b) 1+L-TA, (c) 1+D-TA, (d) 1+M-TA and
(e) 2, (f) 2+L-TA, (g) 2+D-TA, (h) 2+M-TA.

POM images showed birefringent textures from 1, 2 and their
TA complexes which were monitored by taking snapshots upon
progressively decreasing temperature of the isotropic melts (Fig.
3, S16-S197). In case of 1, only a crystalline phase appeared all at
once at ~107 °C while for 1+L-TA, initially a rod-like texture
appeared at 120 °C followed by another type of smaller domain
of distinct morphology at ~110 °C and finally a crystalline phase
appeared rapidly at ~83 °C. However, 1+D-TA showed only the
smaller domain morphology followed by a crystalline phase.
Interestingly, 1+M-TA revealed focal-conic morphology possibly
due to the formation of smectic phase along with smaller
domains.'" The birefringent textures were liquid-crystalline in
nature before appearing the rapidly growing phase starting at ~83
°C for 1+L-TA, ~90 °C for 1+D-TA and ~85 °C for 1+M-TA
complexes. These observations suggest that the appearance of
smaller domains are predominantly due to the helical fibers (for
1+L-TA and 1+D-TA) while the focal-conic morphology is
possibly due to the ring-like structures of 1+M-TA. Interestingly,
an opposite phenomena appeared in case of 2 which showed
liquid-crystalline behavior upto ~130 °C while none of the
complexes of TAs with 2 showed any liquid-crystalline behavior,
rather they all showed crystalline phases. Thus the birefringent
textures are dictated by the spatial orientations of TA isomers.

In conclusion, it is shown for the first time, that pyridine-end
OPVs form supramolecular organogels via molecular recognition
of the chiral forms of TA. The chiral information stored in TA
induces exactly opposite sense of chirality in the complexes for
two optically active TA (L- and D-). This leads to the formation
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of P- and M-helical fibers for the complexes containing D-TA

and L-TA respectively while both helices exist in the complexes
derived from M-TA. Notable red-shifts in the emission maxima
are observed as a consequence of protonation and J-aggregation
induced gel formation. Thermal mesophases could also be tuned
depending on the spatial orientation of different TA isomers.
Such tunable systems deserve further research for the generation
of specific and predictable chiral supramolecular stacks through
chiral induction.
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Gelation of optically-active tartaric acid and pyridine-end oligo-phenylenevinylenes brings
about selective chirality transcription, fluorescence modulation and formation of altered
mesophases.
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