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Supramolecular induction of chirality to a n-stacked dialkoxy-
naphthalene (DAN)-fiber (made of achiral building blocks) from
a neighbouring helical naphthalenediimide (NDI)-fiber is reported.
CD-studies helped in understanding the nature of co-assembly in
the donor-acceptor chromophore mixture from molecular to
macroscopic scale.

Helical assembly plays a key role in many elegant functions
performed by biopolymers in living systems with ultimate
perfection. Chemists have been fascinated to study helicity in
polymeric' and supramolecular systems® to mimic such biological
objects, if not by function, then at least from structural aspects. In
supramolecular systems, most often helicity is originated from
asymmetric building blocks by transfer of chirality from molecular
to macroscopic scale. It is well established that even a very small
fraction of a chiral building block is sufficient to induce chirality
in the entire supramolecular or polymeric assemblies by the
so-called “sergeant-and-soldiers” effect.® Induction of chirality in
1-D supramolecular assemblies has also been observed by external
perturbations using various types of physical and chemical inter-
actions,” chiral solvent,” and even vortex effect ® generated by
unidirectional magnetic stirring.

We have recently demonstrated self-sorting” among bis-amide
functionalized dialkoxynaphthalene (DAN-1, Scheme 1) donor
and naphthalenediimide (NDI-2, Scheme 1) acceptor due to
hydrogen-bonding and m-stacking.® To gain further insight into
this interesting phenomenon herein we have studied self-assembly
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Scheme 1 Structure of the various chromophores.
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of a structurally similar NDI-chromophore containing an
asymmetric centre in the peripheral alkyl chain (NDI-1,
Scheme 1) with achiral DAN-1 by circular dichroism (CD),
which revealed chirality transfer from the acceptor-stacks to the
donor-stacks. To the best of our knowledge, as yet there is no
report of such unique chirality induction by helical neighbours,
which in turn helped in spectroscopic visualization of the nature
of macroscopic level organization among the molecularly self-
sorted donor and acceptor supramolecular n-stacked fibers.
Self-assembly of NDI-1 was studied by absorption spectroscopy
(Fig. 1a) by varying the solvent from CHCI; to methylcyclohexane
(MCH). In CHCI; well resolved absorption bands are seen in the
range of 300400 nm due to m—7* transition polarized along
the long axis of the chromophore, suggesting the presence of
monomers. With increasing amount of MCH, the spectra
remained almost invariant till 80:20 MCH-CHCI; and beyond
this point with further increase in MCH composition, a strong
hypochromic shift with concomitant red shift (~3 nm) was
observed suggesting mt-stacked assembly.®® The mole fraction of
the aggregate (ocagg)8 is plotted as a function of solvent composition
in Fig. 1b and from this plot the s (critical solvent composition
where a,,, = 0.5) was estimated to be 83% (v/v) MCH-CHCl,.
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Fig. 1 Solvent dependent UV/vis spectra (a) and variation of o,,,
with solvent composition (b) for NDI-1 at rt; Variation of CD spectra
of NDI-1 with solvent (c¢) and temperature (d) (solvent = 95:5
MCH-CHCI;). Concentration of NDI-1 = 0.5 mM. Arrows in
(a) indicate spectral variation from CHCI; to MCH.

8934 | Chem. Commun., 2011, 47, 8934-8936

This journal is © The Royal Society of Chemistry 2011


http://dx.doi.org/10.1039/c1cc11178g
http://dx.doi.org/10.1039/c1cc11178g
http://dx.doi.org/10.1039/c1cc11178g
http://pubs.rsc.org/en/journals/journal/CC
http://pubs.rsc.org/en/journals/journal/CC?issueid=CC047031

Published on 20 June 2011. Downloaded by McMaster University on 31/10/2014 12:55:58.

View Article Online

Furthermore, it was observed that self-assembly could be
completely destroyed by addition of ~5% (v/v) MeOH to the
chromophore solution in 95: 5 MCH-CHCI; (Fig. Sla, ESIY)
suggesting strong influence of H-bonding. The value of oso(7)
(temperature at which o,,, = 0.5) for self-assembly in 95:5
MCH-CHCIl; was estimated to be 60 °C from variable-
temperature UV/vis experiments (Fig. S1, ESI{). Similar to
recently reported NDI-2,'® NDI-1 also showed very efficient
gelation ability'' in non-polar organic solvents with extremely
low critical gelation concentration (0.55 wt% in cyclohexane).
Further the self-assembly of NDI-1 was probed by CD. In
CHCI; where the NDI-1 chromophores remain as monomers,
no CD band was observed, but in 95:5 MCH/CHCI; an
intense positive Cotton effect was observed (Fig. 1c) in the
region of 300400 nm which corresponds to the absorption
due to m—n* transition polarized along the long axis (band 1)
of NDI. The observed positive Cotton effect was attributed to
the formation of P-type helical assembly based on previously
reported systems.'> We further noticed that in presence of
5% (v/v) MeOH, the CD-band completely disappeared (Fig. 1c),
clearly suggesting that the CD-band originates due to self-
assembly. A variable-temperature CD-experiment (Fig. 1d)
revealed the Cotton effect even at 60 °C suggesting very good
thermal stability of the helical assembly. Atomic force
microscopy (AFM) images of NDI-1 (sample prepared from
solution in 95:5 MCH-CHCI;) revealed micrometre long
fibrils (Fig. 2) with average height and diameter of 5.9 + 0.5
and 70.6 £ 1 nm, respectively. However, the resolution of the
images does not allow us to assign helicity conclusively.
Having established the self-assembly of NDI-1 alone we
now examined the co-assembly pattern for a mixture of
NDI-1 + DAN-1. NDI-1 is structurally almost identical to
NDI-2 except in one of the three peripheral alkyl chains which
contains the chiral centre, and thus it is expected to show similar
self-sorting behaviour® with DAN-1. This was confirmed by
comparing the UV/vis spectrum of NDI-1 + DAN-1 (1:1) in
95:5 MCH-CHCI; with that generated by mathematical
summation of the spectra of the two individual components
(Fig. S2, ESIf), and both were found to be almost identical,
suggesting self-sorting. Furthermore, absence of any charge-
transfer absorption band in the spectrum of the mixture
(Fig. S2, ESI}) confirmed lack of alternate co-assembly
between donor and acceptor chromophores. Now we examined
the co-assembly by CD (Fig. 3a). In CHCl;, NDI-1 + DAN-1
(1:1) mixture does not show any CD-signal due to lack of

Fig. 2 (a) AFM height-images of NDI-1 in cyclohexane (conc. =
0.05 mM); inset: photo of the NDI-1 gel in cyclohexane at 0.55 wt%;
(b) zoomed region of the AFM-image shown in (a).
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Fig. 3 (a) CD spectra of NDI-1 and its mixture with DAN-1 under
various conditions. (b) Variation of CD intensity at 386 nm (solely due
to NDI-1) with temperature for NDI-1 alone and NDI-1 + DAN-1 (1:1)
in 95: 5 MCH-CHCl;. Concentration of individual chromophore =
0. 5 mM.

aggregation. However an intense positive Cotton effect was
observed (green line) in 95: 5 MCH-CHCI; suggesting helical
self-assembly. Surprisingly in the CD-spectrum of the mixture,
in addition to the NDI-1 band at 386 nm, additional bands
were observed (orange line) in the region of 320-340 nm which
correspond to the DAN-1 absorption in the aggregated state®
although the chromophore does not contain any chiral center.
To confirm that the new band appears due to self-assembly of
DAN-1, the CD spectrum of the mixture was examined at an
intermediate temperature (55 °C) where self-assembly of NDI-1
should remain intact, but the relatively less-stable m-stacked
assembly DAN-1 should be converted to monomers.>"® In
Fig. 3a, it can be clearly seen that at 55 °C the additional bands
in the CD-spectrum corresponding to the donor-absorption
disappear (blue line) and the spectrum is very similar to that
observed for NDI-1 alone (black line). This clearly demonstrates
that the new band in the 320-340 nm region indeed corresponded
to the self-assembly of DAN-1. Further we carried out variable-
temperature CD-experiments of the NDI-1 + DAN-1 mixture
(Fig. S31) and compared the variation of intensity at 386 nm
(DAN molecule does not absorb in this region) with that for
NDI-1 alone (Fig. 3b). An almost identical nature of the curve
in both cases' confirmed no significant interference of the
neighboring chromophoric-stack on the strength of self-
assembly for NDI chromophore, which is governed by inter-
chromophoric interaction among the NDI building blocks. To
explain this we considered the possibility of chiral induction by
the “sergeant-and-soldiers™ effect due to insertion of small
fraction of chiral NDI-1 into the achiral DAN-1 stack. In such
a situation, one would expect appearance of a CT-band due to
donor—acceptor interaction. To check this we examined the
UV/vis spectra of DAN-1 mixed with 5% and 10% of NDI-1
but no CT-band was visible in either case (Fig. S6). However,
one may argue that intrinsically weak and broad CT-bands
may not be detectable at very low concentration. However,
when we mixed the same amount of NDI-1 (5% and 10%) in
DAN-4'° (see Fig. S5 for structure), we could trace a distinct
CT-band (Fig. S67) clearly suggesting even at this concentration it
is detectable. Thus we eliminate the possibility of chiral induction
by “sergeant-and-soldiers” effect in the present study and propose
the following hypothesis (Scheme 2). Individual donor and
acceptor chromophores self-assemble in orthogonal fashion as
revealed from UV/vis studies. Such self-sorted NDI- and
DAN-homo-aggregates do not macroscopically differentiate
among them because both types of fibers are encased with
similar hydrocarbon chains. Thus clustering of individual
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Scheme 2 Schematic of chiral-induction by helical neighbour.

fibers happens indiscriminately which results in chiral induction
from the helical NDI-1 fibers to the adjacent DAN-1 fibers
through hydrophobic interaction among the peripheral alkyl
chains. To support this hypothesis we studied self-assembly of
NDI-1 in the presence of another donor DAN-2 (Scheme 1)
which contains peripheral oligo-oxyethylene units instead of
hydrocarbon chains but in which the remaining part of the
molecule is structurally identical to DAN-1. Self-assembly of
DAN-2 alone'® was primarily investigated by solvent-dependent
UV/vis studies (Fig. S4t) which indicated J-type n-stacking."
The CD-spectra of NDI-1 + DAN-2 in 95:5 MCH-CHCl;
was found to be fully matching to that for NDI-1 alone
(Fig. S7%). This clearly supports the hypothesis that indeed
the hydrophobic interaction among the peripheral alkyl chains
of the individual fibers is responsible for the observed chiral
induction for the (NDI-1 + DAN-1) pair which is not possible
for (NDI-1 + DAN-2) because of the immiscibility among
hydrocarbon and oligooxyethylene chains.!”

Herein we have probed H-bonding mediated assembly in
bis-amide functionalized chiral acceptor (NDI) and achiral
donor (DAN) molecules. Due to the mismatch in the distance
between the two amide groups, self-sorting was achieved
resulting in two types of homo-aggregated fibers. CD-experiments
revealed helical assembly for both the donor and acceptor
stacks although an asymmetric centre was present only in the
acceptor building block. This was attributed to induction of
helical-bias from the acceptor-stack to the donor-stack due to
mixing of the self-sorted fibers at macroscopic level by hydro-
phobic interaction among the peripheral alkyl chains. We are
exploring this as a general tool for spectroscopic visualization
of macroscopic-organization of chromophores and polymeric
mixtures which is highly relevant in bulk hetero-junction solar
cells.'
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