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ABSTRACT: We report the synthesis of one-dimensional supramolecular polymers composed of one-handed helical
macromolecules bearing fluorescent pendant groups, and the generation of circularly polarized light based on hierarchical chiral
amplification starting from a tiny amount of chiral substituent. Copolymerization of benzo[1,2-b:4,5-b’]dithiophene-appended
achiral/chiral isocyanides (99:1, mol/mol) with a solid-state photoluminescence feature afforded sub-micrometer supramolecular
fibers, in which almost perfect single-handed helical polyisocyanides were noncovalently connected end-to-end. The resulting helical
supramolecular polymers were further helically assembled to form a cholesteric liquid crystal film with an intense circularly polarized
luminescence (CPL) signal. Surprisingly, the supramolecular system containing only 0.01 mol% of the chiral monomer unit also
emitted the observable circularly polarized light owing to multiple chiral amplification from an infinitesimal point chirality to helical
chirality, and then to supramolecular chirality. Furthermore, chiral information was efficiently transferred from the helically
assembled supramolecular system containing 1 mol% of the chiral unit to achiral dye molecules blended in the film, allowing fullcolor tunable induced CPL with luminescence dissymmetry factors greater than 1.0 ´ 10-2. This unprecedentedly strong chiral
amplification enables the creation of helical supramolecular polymers and chirally assembled systems with various chiral functions
based solely on an infinitesimal chiral source.

INTRODUCTION
The origin of homochirality in nature, particularly in
biomacromolecules composed of L-amino acid- or D-sugarbased repeating units, remains largely mysterious,1 but is
closely related to chiral amplification, a phenomenon capable
of creating chiral compounds with higher optical purity using a
smaller chiral bias.2 In 1989, Green et al. reported the seminal
example of artificial chiral amplification in copolymerizations
of achiral and chiral monomers, namely, the “sergeants and
soldiers” effect,3 in which a minor chiral component efficiently
induces one-handed helicity in the resulting polymer backbones
containing a large number of achiral units.4 Using this type of
chiral amplification, various helical macromolecules5 and
supramolecular systems1b,6 with an excess handedness have
been produced to date, and applied in the fields of asymmetric
catalysis,7 chiral recognition,8 and circularly polarized
luminescence (CPL).9 A key advantage of using chiral
amplification to develop chiral materials is that the use of chiral
sources, which are sometimes precious and hard to obtain, can
be minimized, leading to a reduction in the time/energy needed
to prepare a large amount of optically active ingredients using
synthetic and/or resolution techniques.
Recently, we discovered a unique one-step synthesis of onedimensional (1-D) supramolecular polymers through a nickelcatalyzed polymerization of glycine-based isocyanides (1AX),
in which macromolecular building blocks with a helical
conformation were noncovalently connected end-to-end
through multiple intermolecular hydrogen bonds (Figure 1A).10

Although the reaction mechanism, termed the “transit-type
merry-go-round (MGR)” mechanism, has yet to be fully
elucidated, the growth of macromolecular chains and chain
transfer accompanied by the formation of supramolecular
linkages have been shown to occur continuously in an
alternating manner. Consequently, the direct conversion of
polymerizable small molecules into 1-D macromolecular
assemblies could be achieved, which is a hitherto unseen
phenomenon in both nature and artificial systems. Furthermore,
the copolymerization with chiral (optically active) isocyanides
(1LX) produced almost perfect one-handed helical
supramolecular
fibers
through
dual
intramolecular/intermolecular chiral amplification, in which
stereochemical communication between macromolecular
building blocks played an indispensable role.
CPL has attracted much interest, not only for its potential to
obtain information about excited-state chirality, but also for its
practical applications in a variety of photonic technologies,
including optical tags for security, 3D display devices,
biological probes, and quantum encryption.11 To date, various
CPL-active materials, including chiral lanthanide complexes12
and chiral p-conjugated molecules,13 supramolecules,14 and
polymers,5g,15 have been reported. However, CPL materials
remain at an early stage of development, with further research
required to understand the relationships between molecular
structures/arrangements and CPL performance for the design of
practical materials necessary for demanding applications. CPL
is not always derived from the emission of nonracemic chiral
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helical assembly of one-dimensional supramolecular polymers
and thus is critically different from our previous work.10

Figure 1. (A) Schematic illustration of one-step synthesis of the 1D supramolecular polymer composed of helical polyisocyanides
through (co)polymerization of amino acid-based isocyanides via
the “transit-type merry-go-round (MGR)” mechanism. (B) Helical
assembly of single-handed helical 1-D supramolecular polymers in
the presence or absence of achiral fluorescent dye to generate
circularly polarized light through hierarchical chiral amplification
starting from an infinitesimal point chirality.

compounds, but can be produced by achiral and racemic
compounds. In fact, Liu and co-workers reported unique CPLactive supramolecular systems comprising only an achiral
molecule, the chirality of which originated from spontaneous
symmetry breaking through stochastic self-assembly into leftor right-handed twisted fibers.16 CPL induced by achiral
molecules and polymers was also obtained through the
supramolecular co-assembly of chiral and achiral components
accompanied by chiral information transfer.14a,b,e,f,h,17 Our group
has introduced a facile approach to generating both left- and
right-handed circularly polarized light from a totally racemic
fluorescent molecule through conglomerate crystallization
followed by random selection of the resulting single crystals.18
To explore untapped opportunities in functional polymers,
supramolecular assemblies, and chiral amplification, in this
study, we have developed CPL-active helical assemblies of 1D supramolecular polymers comprising single-handed helical
macromolecules by taking advantage of copolymerization via
the “transit-type MGR” mechanism (Figure 1B). The
benzo[1,2-b:4,5-b’]dithiophene (BDT) unit was employed as a
key structural element for pendant groups (see Figure 2A),
because its inherently good fluorescence properties, both in
solution and solid states, favored our desired
functionalization.19 We have shown that circularly polarized
light can be produced by the supramolecular system containing
an infinitesimal chiral unit (0.01 mol%). The full-color tunable
induced CPL was also achieved by a combination of achiral dye
molecules owing to the highly hierarchical chiral amplification
from point chirality to helical chirality, and further to
supramolecular chirality. This study focuses on the
development of chiral functions using the supramolecular

RESULTS AND DISCUSSION
Synthesis of a 1-D Supramolecular Polymer Composed of
Helical Macromolecules. The synthetic route to prepare
achiral glycine-based (3) and chiral alanine-based (2L and 2D)
isocyanide monomers bearing a BDT-based p-conjugated unit
as a fluorescent pendant group is shown in Scheme S1.
Monomers 2L and 2D were purified by chiral high-performance
liquid chromatography (HPLC) to ensure high optical purities
of >99% ee (Figure S1A). We first investigated the
homopolymerization of 3 using a nickel catalyst in chloroform
at -10 °C, similar to our previously reported procedure (Figures
2A and S1B, C).10 Based on the size-exclusion chromatography
(SEC) analysis of the polymerization product (Figures 2B and
S4), combined with the results of high-resolution atomic force
microscopy (AFM) imaging (see Section 3.1 in the SI), the
following findings can be drawn: (i) the polymerizations of 3
proceeded through the “transit-type MGR” mechanism and
produced a 1-D supramolecular structure with the average
length of 183 nm and a height of approximately 2 nm (Figures
2C–E, S2, and S3A; see also Section 3.2 in the SI);20 (ii) in the
resulting 1-D chain, the poly(3)-based macromolecular building
blocks with a number-average molecular mass (Mn) of 1.9 ´ 104
g mol-1 (corresponding to a number-average degree of
polymerization of approximately 26), which appeared as dotlike structures in the AFM image (Figure S5), were
supramolecularly linked end-to-end through multiple
intermolecular hydrogen bonding, as depicted in Figure 2A; and
(iii) a single supramolecular chain was composed of
approximately 70 macromolecular building blocks on average
(Figure S3B), based on the fact that the length increment in the
chain axis direction per single isocyanide unit in amino acidbased polyisocyanides was reported to be approximately 0.1
nm.10,21
We also confirmed that the dissociation of the supramolecular
structure was accelerated by ultrasonic treatment (Figure S6),
as observed in various supramolecular systems stabilized by
hydrogen-bonding interactions.22 For clarity, we have used the
prefix “supra-” to describe as-synthesized polymerization
products with a 1-D supramolecular structure in the following
discussion. The thin-film X-ray diffraction (XRD) analysis
suggested that the supra-poly(3) chains could be arranged in a
hexagonal array with a lattice constant of a = 3.78 nm (Figure
S7A; for a comparable result for completely dissociated poly(3),
see Figure S7B). In contrast, the homopolymerization product
synthesized from methyl-substituted optically active 2L with
the same BDT-based pendant (poly(2L) in Figure 3B) did not
show a marked change in the SEC elution profile after treating
with THF/DMSO (96:4, v/v) for 4 days (Figure S8). This result
indicated that the chain-transfer reaction hardly occurred during
the polymerization of 2L, through which conventional covalent
macromolecular chains could be produced.23
Chiroptical Properties of 1-D Supramolecular Polymers
Containing Achiral and Chiral Units and Chiral
Amplification. We next investigated chiral amplification in the
preferred-handed helix formation, related to the “sergeants and
soldiers” effect, based on circular dichroism (CD) spectral
analyses of supra-poly(31–r-co-2Lr). Copolymerizations of 3
and 2L at different feed ratios ([3]0/[2L]0 = 99:1, 90:10, 51:49,
and 24:76) were conducted according to the procedure
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Figure 2. (A) Synthesis of 1-D supramolecular polymer (supra-poly(3)) through homopolymerization of a glycine-based isocyanide (3) with
a nickel(II) catalyst in chloroform at -10 °C: [3]0/[Ni]0 = 90. (B) SEC monitoring of the disassociation process of supra-poly(3) while
maintaining the completed reaction system at 25 °C after diluting 300-fold with THF/DMSO (96:4, v/v). Chromatograms show UV traces
recorded at 254 nm. Column, TSKgel a-M with an estimated exclusion limit of 1 ´ 107 g mol-1; eluent, THF containing 0.25 wt%
tetrabutylammonium bromide; linear polystyrene standards. These conditions were used for the following SEC study. (C) Atomic force
microscopy (AFM) image of supra-poly(3) on highly oriented pyrolytic graphite (HOPG) in air at ca. 20 °C. Observation area was 1.0 ´ 1.0
µm2. (D,E) Height profiles measured along blue lines labeled a–b and c–d in (C) are shown in (D) and (E), respectively. Although the helical
handedness of the polymer backbone was not controlled due to the absence of any chiral elements, the illustrations of helices shown here are
represented as left-handed helices for the sake of simplicity.

described in Section 2.4 of the SI (Figure 3A). In all cases, both
monomers were almost quantitatively consumed, as confirmed
by HPLC analysis, and the as-synthesized products showed Mp
values of more than 1.0 ´ 106 g mol-1 (Figure S10). Changes in
the mole fraction of 2L in the total residual monomers during
copolymerization are also shown in Figure S11, which
indicated that the copolymerizations of 3 and 2L did not
proceed in a random manner and that achiral 3 was
preferentially inserted into the growing polymer chain over
chiral 2L.
For these copolymerization products, the SEC curves were
apparently shifted rightward with varying degrees by
dissociation treatment (Figure S10). For supra-poly(30.99-co2L0.01), the SEC distribution after treating with THF for 120 h
was shifted to almost the same region as that of completely
dissociated poly(3) (Figure S10A). This indicated that the
chain-transfer reaction occurred with approximately the same
frequency as the homopolymerization of 3. When the feed mole
fractions of 3 were decreased by 90% and 51%, high-molecular
mass components of more than 1 ´ 106 g mol-1 remained in the
SEC charts after THF treatment (Figure S10B, C), which
showed no further shift. A similar phenomenon was more
markedly observed in the copolymerization system at [3]0/[2L]0
= 24:76 (Figure S10D). These results suggested that the chaintransfer constant in the copolymerization system decreased with
an increasing mole fraction of alanine-based 2L, which was
reasonable owing to the polymerization behavior of 2L without
chain-transfer reactions, as mentioned above. The resulting 1-D
supramolecular structure was partially dissociated and not
perfectly maintained through typical purification/isolation

processes, including precipitation, washing, and drying (Figure
S12). Therefore, in this study, the completed polymerization
systems were diluted with appropriate solvents, such as
chloroform, THF, and a THF/DMSO mixture, and directly
subjected to chromatographic and spectroscopic analysis,
unless otherwise noted.
The resulting supra-poly(30.99-co-2L0.01), containing only one
2L sergeant per hundred monomeric units, showed a clear CD
in chloroform at -10 °C (Figure 3F), while the chiral 2L
monomer hardly showed the apparent Cotton effect (Figure
S14A).24 The pendant groups were most likely arranged in a
one-handed helical array along the polyisocyanide-based 1-D
supramolecular backbones (Figure 3D, E), thereby showing
intense Cotton effects in the absorption regions of the BDT
units. Furthermore, a clear CD signal was not observed for the
molecularly dispersed poly(30.99-co-2L0.01) (Figure S14B),
indicating that the conformational freedom of the
macromolecular building blocks was likely restricted in the
self-assembled state, and that a one-handed macromolecular
helicity could be retained only in the 1-D supramolecular
polymer. The copolymerization system containing 1 mol% of
opposite enantiomeric sergeant 2D in the feed afforded suprapoly(30.99-co-2D0.01) (Figure 3A), showing a split-type CD with
the perfect mirror image of supra-poly(30.99-co-2L0.01) (Figure
3F). As the characteristic absorption bands of the
polyisocyanide backbone (270–350 nm) and the BDT pendant
(235–460 nm) were overlapped, the helix-sense excess of
supra-poly(31–r-co-2Lr) backbones could not be simply
discussed from the CD data.25 Onitsuka and Sato et al. reported
a quantitative estimation of helix-sense selectivities for helical
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Figure 3. (A) Copolymerization of 3 with optically active monomer 2L or 2D using a nickel(II) catalyst in chloroform at -10 °C to afford
supra-poly(31–r-co-2Lr) or supra-poly(31–r-co-2Dr), respectively. Molar feed ratios ([3]0/[2]0) were determined by HPLC using a
CHIRALPAK IE-3 column (see Figure S9). (B) Structure of poly(2L) obtained through homopolymerization of 2L under the same conditions
as the reaction in (A). (C) Polarized optical micrograph of a cholesteric liquid crystalline phase of supra-poly(30.99-co-2L0.01) in a
concentrated chloroform solution (ca. 11 wt%) taken at room temperature (ca. 20 °C). Scale bar = 100 µm. (D) AFM image of suprapoly(30.99-co-2L0.01) on HOPG in air at ca. 20 °C. Observation area was 400 ´ 400 nm2 (see also Figure S15). (E) Height profile measured
along a blue line in (D). (F) Absorption (lower) and CD (upper) spectra of supra-poly(30.99-co-2L0.01) and supra-poly(30.99-co-2D0.01). As
controlling the solution concentration was difficult, resulting from the slight instability of supramolecular structures during isolation, CD
spectra were normalized to the absorbance at the absorption maximum wavelength (for data validation, see Figure S13 and Section 3.3 in
the SI). (G) Plots of gabs values at the CD maximum wavelength (370 nm) as a function of the proportion of 2L units in supra-poly(31–r-co2Lr) (for corresponding spectral data, see Figure S19). The results in the range of r = 0.0001–0.01 are also shown in the inset for clarity.
Each plot is color-coded, as defined in Figure S19.

polyisocyanides,26 in which helical handedness was determined
during polymerization and not inverted after polymerization, as
was the case in the present study. From this report, a helix-sense
excess of non-dynamical helical polyisocyanides can be defined
on the basis of the excess free energy of activation for a helix
reversal reaction, which becomes larger at lower
polymerization temperatures. Therefore, the helix-sense excess
that is correlated with the CD intensity increases with
decreasing temperature until a macromolecular helicity is
completely controlled. Accordingly, if the CD spectrum is
unchanged despite a further decrease in polymerization
temperature, the polymer backbone possesses a perfect onehanded helical conformation. To investigate the helix-sense
excess of supra-poly(30.99-co-2L0.01), the chiroptical properties
of the supramolecular polymers obtained through
copolymerizations of 3 and 2L ([3]0/[2L]0 = 99:1) at different
temperatures (-30, -10, and 20 °C) were compared (Figure
S16). The CD value of supra-poly(30.99-co-2L0.01) synthesized
at 20 °C was slightly lower than that obtained at -10 °C, while

no significant difference was observed between the results
obtained at -30 and -10 °C. These results led to the conclusion
that almost all macromolecular building blocks in suprapoly(30.99-co-2L0.01) prepared below -10 °C adopted a onehanded helical conformation. Furthermore, the 1-D
supramolecular structure and helical chirality of suprapoly(30.99-co-2L0.01) were stably maintained as long as the
sample was stored in chloroform at -10 °C, which was
confirmed by the SEC curve and the chiroptical property of
supra-poly(30.99-co-2L0.01) remaining unchanged after allowing
to stand for 72 h (Figure S17).
The CD spectral pattern of supra-poly(30.99-co-2L0.01) was
almost a mirror image of poly(2L) and supra-poly(30.24-co2L0.76), containing a large amount of chiral unit (r = 0.76),
although their absolute intensities were different (Figure S18).
This chiroptical inversion depending on the achiral/chiral
isocyanide compositions was also observed in our previous
study using 1Aa and 1La.10 Both the macromolecular helicity of
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the polyisocyanide chains and the chiral arrangement manner of
the BDT pendants in supra-poly(30.99-co-2L0.01) were likely the
opposite of those in poly(2L). The inconsistency in the absolute
CD intensities was probably due to differences in their chiral
arrangements of BDT pendants along the helical backbones, as
reported previously.19,27 We also confirmed that suprapoly(30.99-co-2L0.01) showed the highest Kuhn’s dissymmetry
factor (gabs) among supra-poly(31–r-co-2Lr) with r = 0.0001–
0.10 (Figure 3G). Thus, supra-poly(30.99-co-2L0.01) with an
almost perfect one-handed helicity was mainly used in
subsequent CPL experiments.
Generation of Circularly Polarized Light through
Hierarchical Chiral Amplification. We next investigated the
CPL features of supra-poly(31–r-co-2Lr) in solution and film
states. The photoluminescence (PL), CPL, and luminescence
dissymmetry factor (glum) spectra of supra-poly(31–r-co-2Lr) are
shown in Figure 4A. Here, glum is defined as 2(IL – IR)/(IL + IR),
where IL and IR are the PL intensities of the left- and righthanded circularly polarized light, respectively. The suprapoly(30.99-co-2L0.01) film prepared by drop-coating the
chloroform solution onto a quartz plate, in which the
supramolecular chains were hexagonally packed (Figure S20A),
exhibited a clear CPL signal in the fluorescence region of the
BDT pendant unit (for repeatability and stability, see Figures
S21 and S22, respectively),28 while the chloroform solution of
supra-poly(30.99-co-2L0.01) did not. We also confirmed that the
mirror-imaged CPL spectrum was observed for the suprapoly(30.99-co-2D0.01) film (blue lines in Figure 4A) and that the
drop-cast films prepared from supra-poly(3), consisting
entirely of achiral units, and from completely dissociated
poly(30.99-co-2L0.01) did not produce an apparent CPL (Figure
S24). Therefore, we can reliably state that the CPL materials
could be produced from a tiny amount of chiral source by taking
advantage of chiral amplification in the present 1-D
supramolecular system. The emission maximum wavelength in
the film state was red-shifted and broadened compared with the
result in chloroform, which was due to the elongated pconjugation length. We found that supra-poly(30.99-co-2L0.01)
formed a lyotropic cholesteric liquid crystalline phase in the
concentrated chloroform solution (ca. 11 wt%) (Figure 3C),
suggesting that further supramolecular helical assembly of the
1-D supramolecular fibers was likely key to producing the CPL.
Notably, supra-poly(30.9999-co-2L0.0001), containing only 0.01
mol% of chiral 2L unit, also showed an observable CPL signal
owing to exquisite chiral amplification (Figure 4A).
Interestingly, poly(2L) hardly showed a CPL signal (Figure
S25). This result was in stark contrast to those of conventional
chiral materials developed through the sergeants-and-soldierstype chiral amplification, in which the performances of
materials containing achiral/chiral components were less than
or comparable to those consisting entirely of a chiral
component.7-9 The reason for this is unclear at present, but the
difference in the chiral arrangement of the BDT unit, as
discussed above, and/or the lack of lyotropic liquid crystallinity
in poly(2L) (Figure S26), which caused the disordered
arrangement in the film state as evidenced by the XRD analysis
(Figure S20C), might be related to too many sergeants spoiling
the CPL.
Much to our disappointment, the emission from the suprapoly(31–r-co-2Lr)-based films was quite weak and could not be
recognized by the naked eye under irradiation at 365 nm,
although the corresponding monomers (3 and 2L) showed the
apparent solid-state PL, as shown in Figure S27. This was

Figure 4. (A,B) PL (bottom), CPL (middle), and glum (top) spectra
of (A) supra-poly(31–r-co-2Lr) (r = 0.01, 0.002, and 0.0001) and
supra-poly(30.99-co-2D0.01) in chloroform and/or film states and (B)
supra-poly(30.99-co-2L0.01)/supra-poly(3) blend films with
different compositions at room temperature (ca. 20 °C); lex = 350
nm. (C) Plots of average glum values in the range of 500–700 nm as
a function of the weight fraction of supra-poly(30.99-co-2L0.01) in
blend films. Each plot is color-coded as defined in (B).

probably due to the BDT pendants existing on every carbon
atom in the main-chain and being arranged too densely
alongside each other, which might cause intramolecular
fluorescence quenching.29 Meanwhile, it was a pleasant surprise
to discover a unique CPL generation through additional chiral
amplification, achieved by mixing the chiral and achiral 1-D
supramolecular fibers (Figure 4B, C). The blend films
consisting of supra-poly(30.99-co-2L0.01) and supra-poly(3)
(25:75, w/w) showed a comparable CPL intensity to that of pure
supra-poly(30.99-co-2L0.01). This result was beyond our
expectations because chiral amplification in the preferredhanded helix formation did not occur between supramolecular
fibers in solution (Figure S28 and Section 3.4 in the SI). Based
on this finding, we envisaged that circularly polarized light of
the desired color could be produced through chiral transfer from
supra-poly(30.99-co-2L0.01) to achiral fluorescent dyes in the
film state. To this end, we prepared a series of blend films
showing red, green, and blue emissions through slow
evaporation of a solution of supra-poly(30.99-co-2L0.01) (23 mg
mL-1) in chloroform in the presence of different achiral
fluorescent dyes (Cy3, TPE, and ANT, respectively; Figure 5A).
We confirmed that the co-assembled dye did not significantly
affect the hexagonal packing of the supra-poly(30.99-co-2L0.01)
chains in the film (Figure S20B). Each blend film showed a
clear fluorescence that was visible to the naked eye and
exhibited intense CPL signals in the corresponding PL regions
of the achiral dyes (Figure 5B). The maximum |glum| values were
slightly lower than that of the supra-poly(30.99-co-2L0.01) film,
but reached more than 2.0 ´ 10-2. These results indicated that
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supramolecular system was almost perfectly controlled by a
tiny amount of the chiral unit (1 mol%) through strong chiral
amplification. The one-handed helical supramolecular fibers
were further helically assembled in the film state and showed a
CPL signal in the fluorescence region of the BDT unit.
Although the emission intensity was low, notably, the
supramolecular system containing 0.01 mol% of chiral unit
(supra-poly(30.9999-co-2L0.0001)) also generated circularly
polarized light at a detectable level, while no CPL was observed
for the corresponding chiral homopolymer film. Gratifyingly,
when the chiral supramolecular fibers were mixed with achiral
fluorophores, additional chiral amplification occurred in the
blend films through chiral transfer from the helically assembled
supramolecular system to achiral guests. As a result, the achiral
fluorophores were chirally arranged in the blend film and
showed the induced CPL with |glum| values greater than 1.0 ´
10-2. Importantly, the color of CPL could be tuned from blue to
red by simply changing the achiral dyes blended with our chiral
supramolecular system. The present results demonstrate that a
series of chiral functional materials, including chiral sensors,
chiral stationary phases, and asymmetric catalysts, could also
be produced from an infinitesimal chiral source by taking
advantage of this hierarchical chiral amplification system.
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Figure 5. (A) Structures of achiral fluorescent dyes (ANT, TPE,
and Cy3). (B) PL (bottom), CPL (middle), and glum (top) spectra
of supra-poly(30.99-co-2L0.01)-based blend films containing
ANT (polymer/dye = 7:3, w/w), TPE (polymer/dye = 6:4, w/w),
and Cy3 (polymer/dye = 6:4, w/w) at room temperature (ca.
20 °C). Photographs of the corresponding blend films under
irradiation at 365 nm are also shown on the right side. The
influence of optical anisotropy on the blend films was
confirmed to be almost negligible (see Figure S29).
the chiral information in supra-poly(30.99-co-2L0.01) was
efficiently transferred and amplified to the achiral fluorescent
dyes in blend films (for the induced CPL study using suprapoly(30.99-co-2D0.01)-based blend films, see Figure S30). Again,
the blend films prepared from supra-poly(3) and poly(2L) did
not produce any circularly polarized light derived from the
achiral dye (Figure S31). When the fluorescent blend film was
prepared from the previously reported supra-poly(1Aa0.99-co1La0.01) containing an oligothiophene pendant (see Figure 1A)
and the achiral dye, the clear CPL was not observed (Figure
S32). Therefore, the unusual CPL from hierarchical chiral
amplification would be an anomalous phenomenon that
occurred only in the blend films containing supra-poly(31–r-co2Lr) with a BDT pendant unit. The fused aromatic ring system
of BDT might take part in favorable p–p interactions with
fluorescent p-conjugated guest molecules.
CONCLUSIONS
We have synthesized 1-D self-assembled supramolecular fibers,
in which the BDT-appended helical macromolecular building
blocks were noncovalently connected end-to-end, through
polymerization via the “transit-type MGR” mechanism. The
helical handedness of all macromolecular building blocks in the

The Supporting Information is available free of charge on the ACS
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