
lengths with several micrometres. The formation of nano-
�bers in aqueous solution was further con�rmed by DLS
experiments. The CONTIN analysis of the autocorrelation
function for both solutions showed a broad peak corresponding
to average hydrodynamic radii (RH) of approximately 75 and
110 nm for 1 and 2, respectively (Fig. 2c). The slopes of
angular dependence of 1 and 2 were observed to be 0.03
and 0.05, respectively, consistent with values predicted for
cylindrical aggregates.8 The formation of cylindrical aggregates
was further con�rmed by the Kratky plots that showed a
linear angular dependence over the scattering light intensity of
both polymers (see ESIw). On the basis of spectroscopic, DLS,
and TEM results, we consider that these coordination polymers
form the 1-D aggregates through aromatic stacking surrounded
by hydrophilic dendritic segments that are exposed to the
aqueous environment.

Interestingly, 1 shows no apparent circular dichroism (CD)
signals even above the aggregation concentrations, indicative
of the nano�bers with a lack of supramolecular chirality. In
great contrast, 2 based on an elongated ligand exhibited strong
CD signals over the absorption ranges (Fig. 2d), indicating the
formation of a helical structure with a preferred handedness.
The CD spectra of 2 are concentration-dependent with a clear
isosbestic point at 322 nm, indicating that the formation
of 1-D aggregates remains unaltered above aggregation
concentration ranges.9 These results suggest that the 1-D
structure of 1 is based on an unfolded zigzag conformation,
whereas 2 adopts a folded helical conformation. In spite of the
same chiral moieties in dendritic chains of both 1 and 2, such
an extreme di�erence in chiroptical property within the same
1-D structures is very rare in supramolecular systems.
Although there are few reports on nanostructures exhibiting
a tunable chirality, the chirality change is accompanied
by structural changes such as transformation from 1-D
chiral helices to achiral vesicles or layers.5b,10 This chiroptical
contrast within the same 1-D architecture is believed to be
attributed to the di�erence in the stacking arrangement of
aromatic chains within the nano�bers.

To investigate stacking arrangements of the aromatic back-
bones within the �bers, X-ray di�raction (XRD) measurements
were performed on the �lms prepared from fast evaporation of
aqueous solution. The 1-D and 2-D XRD patterns of 1
showed several sharp re�ections corresponding to a lamellar
structure with a layer thickness of 3.95 nm with in-plane order
(1.97 nm of Ag ordering) as shown in Fig. 3a and Fig. S9.w
The lamellar structure with this indicates that the polymer
backbones of 1 are laterally stacked with an unfolded zigzag
conformation to form layers which are separated by dendritic
chains with about 3.5 nm. This result suggests that the 1-D
objects formed in dilute aqueous solution of 1 consist of
ribbon-like layers with a width of 5 nm. The molecular
modeling revealed that 6 polymer chains with a zigzag
conformation stack laterally into long ribbons with a width of
5 nm, surrounded external �exible dendritic chains (Fig. 1b).

In contrast, the XRD patterns of 2 revealed a hexagonal
columnar ordering with a lattice constant of a = 4.36 nm,
suggesting that the nano�bers of 2 consist of multi-stranded
helical aggregates. Considering the XRD results and density
considerations, the number of polymer strands per cross-
sectional area in a multi-stranded helix can be estimated to
be approximately 18 (see ESIw).11 Energy minimization
revealed that the polymer backbones of 2 adopt a helical
conformation with a pitch of 7.66 nm consisting of 3 ligands
together with silver ions, and subsequently self-assemble into
multiple-helical tubules through intertwining of 18 individual
polymeric chains, in which the interior is occupied by tri�ate
counterions (Fig. 1b). The optimized structure of the helix
exhibits the aromatic core with a diameter of 3.2 nm and a
tilted angle of 391 relative to the long axis, and an outer
diameter of 4.5 nm including the fully extended aliphatic
chains. This result is in excellent agreement with the lattice
constant of the 2-D hexagonal structure obtained from the
XRD (Fig. S11w).

The ability of multi-stranded nano�bers to display a tunable
chirality can be rationalized by considering the space �lling
requirements in aromatic stacking as a function of length in
meta-linked backbones. 1 based on a short aromatic ligand
self-assembles into ribbon-like aggregates with laterally
stacked polymer chains in which the aromatic building blocks
are arranged with their long axes parallel to each other. The
bulky �exible coils attached to the aromatic segments as side
group would prohibit the 2-D growth of a self-assembled
structure. Instead, the aromatic segments should be strongly
driven to aggregate in one dimension based on laterally
stacked 6 polymer strands. In contrast to achiral nano�ber

Fig. 2 TEM images of (a) 1 and (b) 2 prepared from evaporation of
aqueous solution. (c) Size distribution graphs at an angle of 901 and
(d) CD spectra of 1 (dashed line, 0.1 wt%) and 2 (solid line) in aqueous
solutions (25 1C).

Fig. 3 (a) XRD patterns of 1 (top) and 2 (bottom) prepared from
evaporation of aqueous solution. (b) Comparison of 19F-NMR spectra
in D2O (470 MHz, 298 K) of 1 (top) and 2 (bottom).
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