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ABSTRACT: In this work, we demonstrate control of the handedness of semi-crystalline
modulated helical nanofilaments (HNF,,;s) formed by achiral bent-core liquid crystal molecules
by axially chiral binaphthyl-based additives as guest molecules solely under spatial
nanoconfinement in anodic aluminum oxide nanochannels. The molecules of the same chiral
additives are expelled from the HNF, ;s in the bulk, and as a result thereof do not affect the
handedness or helical pitch of bulk HNF s resulting in an HNF,, conglomerate with chirality-
preserving growth within each domain. However, under confinement these axially chiral guest

molecules, likely embedded in the HNF, , host, do affect the helicity of the HNF,_s. The

mod

configuration of the axially chiral molecules decides the HNF, , helix handedness and their

mod
concentration the helix angle that is related to helical pitch of HNF, .s. In addition to local

imaging data obtained by scanning electron microscopy, global studies by thin film circular

dichroism spectropolarimetry support the imaging results.



1. INTRODUCTION

Chirality, defined as the inability to superimpose an object onto its mirror image by any kind
of translation or rotation, is omnipresent in nature and of significant relevance in chemistry,
physics, materials science, biology, cosmology, and subatomic physics. Ever since Pasteur first
demonstrated the conglomerate nature of sodium ammonium tartrate crystals, thereby showing
and resolving the enantiomers of tartaric acid,' chirality has been a central focus of scientific
pursuit. These include for example fabrication methods of nanoscale chiral surfaces, which
attracted attention for enhancing enantioselectivity by asymmetric induction,’ as stationary phase
in high-performance liquid chromatography,” and generally for the amplification of chirality
under nanoconfinement.”® Liquid crystals, or more precisely several distinct liquid crystalline
phases (nematic, blue, smectic-C, and bent-core liquid crystal phases), are highly sensitive tools
to detect chirality and ascertain chirality transfer efficiency,” bridging length scales from
individual molecules to molecular assemblies to nanomaterials to the bulk.”"

Bent-core liquid crystals (BCLCs) are a remarkable topic in soft condensed matter chemistry
and physics, especially since the discovery of achiral molecules that can form macroscopically
chiral fluids with polar order in tilted layers (SmCP or B2 phase). Another unique BCLC phase
is the B4 phase. The B4 phase is a crystalline phase with ‘loose’ hexatic liquid crystalline
ordering, where BCLC molecules self-assemble into helical nanofilaments (HNFs). These HNFs
form due to spontaneous symmetry breaking by a mismatch of the achiral molecular halves in
smectic layers that is relieved by local saddle-splay, ultimately leading to a limited number (~ 8)
of twisted smectic layers.'> Subtle changes of the molecular shape, for example by introducing an
asymmetric core in tris-biphenyl-based BCLCs (i.e. one molecular arm is longer than the other

one) adds an additional intralayer modulation (HNF, ,).” By introducing and varying the



position of one or two chiral centers, distinct new morphologies of nanofilaments have been
reported, such as dual modulated helical nanofilaments (HNF, ,),"* helical microfilaments
(HuFs),” and heliconical layered nanocylinders (HLNCs)."” All these morphologies are
homochiral with the twist sense depending on the configuration of the chiral center(s). However,
control over the handedness of such HNFs has been a challenge. Some methods have been
proposed to address this challenge such as adding chiral BCLC analogues,"” employing chiral
surfaces,'® irradiation with circularly polarized light using photoisomerizable molecules,"”
twisted nematic director orientation,” or phospholipid chiral layers.”' However, it is noted that in
a binary mixture where HNFs serve as the host, addition of mesogenic, chiral or a range of other
guests leads to phase separation in which the guest is expelled into the empty spaces between the
HNFs.”* For example, a variety of chiral rod-like (pro-mesogenic) as well as cholesterol-based
derivatives, essentially introduced as a chiral dopant for controlling the handedness of HNFs,
displayed no observable chiral effect on the proportion of left- and right-handed domains due to
low solubility (i.e. these additives were expelled) and a significant mismatch in clearing point.*
We here propose that co-confinement of an achiral HNF host and a chiral guest, particularly
when host and guest molecules share a similar molecular (overall bent) shape, should facilitate
control over the HNFs’ handedness.

The self-assembly of molecules in soft matter is highly sensitive to spatial confinement. The
layer undulation in the so-called B7 phase (polarization splay modulated) is suppressed with
larger film thickness of such B7 samples.” The nematic phase of 5CB (4’-Pentyl-4-
biphenylcarbonitrile, serving as a guest phase, can show smectic-like ordering under spatial
confinement in the presence of HNFs as a host confined in anodic aluminum oxide (AAO)

pores.”® Certain BCLCs can form either the dark conglomerate (DC) phase or HNFs when



confined in smaller AAO pores, largely due to lower degree of freedom for growth.”” Contrary,
chirality induction in mesoporous organosilica showed that incorporated binaphthyl derivatives
are very effective dopants in transferring chirality to the solid state due to the point of attachment
and orientation of the chiral axis.”** Considering these facts, we report the successful control of
the handedness of HNF, ;s using axially chiral additives featuring a commensurate bent-shape
when the mixture is confined in nanopores. The homochirality of the resulting nanofilaments is

observed by scanning electron microscopy (SEM) and confirmed by circular dichroism (CD)

spectropolarimetry.

2.  MATERIALS AND METHODS

Figure la shows the chemical structures of the tris-biphenyl BCLC as well as the phase

sequence and phase transition temperatures.
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Figure 1. (a) Chemical structure and phase sequence of the BCLC host 1 and (b) morphology
and dimensions of the HNF, ;s formed by 1. (¢) Chemical structures of the axially chiral
binaphthyl guests ((R)- and (S)-2) in their transoid conformations. (d) Solution circular

dichroism and (e) UV-vis spectra of (R)- and (S)-2 recorded in cyclohexane.

Compound 1 forms a rectangular columnar (Col, or B1) phase over a 14 °C or 17 °C
temperature interval on cooling and heating, respectively, and an HNF, , phase over a broad
temperature range. The transition from the crystalline phase (Cr) to the Col, phase is only

observed on first heating the recrystallized sample; on cooling the HNF,, , phase forms a stable

mod
glass."* The schematic model of the morphology of these HNF, ;s is shown in Figure 1b.
Macroscopically the phase is a racemic conglomerate, i.e. left- and right-handed homochiral
domains form, because the molecules are achiral. The synthesis of the BCLC molecules was

described earlier.'* In our experiments, the HNF, , phase of 1 serves as a host for axially chiral

mod
binaphthyl derivatives, (R)- and (S)-2, with undecyloxy aliphatic chains in the 2- and 2’-positions
(Figure 1c) as chiral guests. The synthesis of (R)- and (S)-2 as well as the spectroscopic
characterization (NMR, UV-vis) are described in the Supporting Information (SI, Section 1,
Figures S1 — S3). Figures 1c and 1d show the recorded CD and UV-visible spectra of (R)- and
(8)-2 recorded in cyclohexane. In both spectra the bands visible originate from the binaphthyl
moieties and are associated with the 'B, transition at 200 to 250 nm, the 'L, transition at 250 to
300 nm, and the 'L, transition at 300 to 350 nm.**'

In the CD spectra of (R)- and (S)-2, the derivative with (R)-configuration shows a positive to
negative CD couplet for the 'B, transition and positive Cotton effects for the 'L, and 'L,

transition, respectively (and vice versa for the derivative with (S)-configuration). The exciton

coupling theory can interpret the correlation between binaphthyl conformation and CD spectra



based on the dihedral angle,””* which predicts that the (R)-configuration of binaphthyl in the CD
spectra gives a negative couplet for the dihedral angle between 0° to 100° and that a positive CD
couplet is associated with dihedral angles between 110° to 180°.***** Therefore, we can assume
that these binaphthyl molecules form cisoid conformations in solution (cyclohexane). However,
as shown for nematic LC hosts, in the layers of the B4 HNF, , phase, the transoid conformation

more closely mimics a rod-like molecular shape and would likely be favored."*

3. RESULTS AND DISSCUSION

At first, the thermal properties of neat 1 and 1 doped with (R)- or (5)-2 were studied by
differential scanning calorimetry (DSC) as shown in the SI (Section 2, Figure S4). Neat
compound 1 shows the phase sequence as well as phase transition temperatures and -enthalpies
reported previously." In contrast, the addition of (R)- and (S)-2 leads to broader phase transitions
(peak broadening in the DSC thermograms), especially on heating, and a decrease in the phase
transition temperatures. Noteworthy, there are no additional peaks on heating ((R)- and (S)-2 are
viscous liquids at room temperature) and no change in the phase sequence of 1, except for a
small additional peak on cooling for the transition from the Col, to the HNF, , phase (at about
163 °C) that is likely related to inhomogeneities caused by the phase-separated (R)- or (§)-2

molecules (SI, Figure S4b).
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Figure 2. (a — c¢) Polarized optical photomicrographs of neat 1 (crossed and decrossed polarizer
and analyzer; heating/cooling rate: 5 °C min™'): (a) Col, phase at 182 °C on cooling, (b) HNF

mod

phase at 25 °C on cooling, and (c) HNF,, phase at 25 °C on cooling. (d — f) 1 containing (R)-2

mod

as chiral guest material at 20 wt.% (crossed and decrossed polarizers and analyzers): HNF, ,

phase at 25 °C on cooling. The white dots in images (d — f) show the expelled chiral additive (R)-

2. Images for 1 containing (§)-2 are practically identical.

Temperature controlled polarized optical microscopy (POM) images using both crossed and
decrossed polarizers for neat 1 (Figures 2a-c) show textures representative of the phase sequence
on cooling (Iso — Col, — HNF, ,) established earlier by small-angle X-ray diffraction."”'* The
images for a mixture of 1 with (R)-2 (Figures 2d-f) show that the chiral guest phase-separates in
the bulk, especially at higher concentrations such as at 20 wt.%. These images also show that 1,
neat or doped, forms a chiral conglomerate characterized by equal portions of homochiral
domains. Since these domains are reasonably large (often several hundred micrometers across),

we captured multiple images from one sample of the mixture of 1 with 20 wt.% (R)-2 and



stitched these images together (SI, Section S4, Figure S5) to show that indeed equal portions of
roughly equal-sized homochiral domains are formed. On cooling, the Col, phase is observed
(Figure 2a) followed by the HNF, , phase. The homochiral domains are optically distinguishable
by decrossing the polarizers, showing noticeable different birefringence in the heterochiral
domains. As reported, HNFs as hosts when mixed with rod-like LC guest molecules form a
nanoporous network where guests are expelled, filling the space between adjacent HNFs or
bundles of HNFs, overall forming a structure that is phase-separated at the nanoscale.””** As
these binary mixture cool down from the isotropic liquid phase, they undergo first-order
transitions with random nucleation sites,” in which the HNFs, chirality-preserving, grow radially
outward with either left- or right-handedness.””*

POM photomicrographs of the binary mixture of 1 doped with 20 wt.% of (R)-2 clearly show
that phase separation of the chiral additive occurs as indicated by the bright dots (phase-
separated domains in Figures 2d-f; identical observations were made for (§)-2). Most
importantly, Figures 2e and 2f show the alternating handedness of the spherulitic domains after
decrossing polarizer and analyzer, thereby producing alternating birefringence changes between
the domains with opposite handedness. Hence, (R)- and (S)-2 are expelled, forming phase-
separated domains as the HNF, ;s grow from nucleation sites, irrespective of the chiral bias
(configuration of the axially chiral binaphthyl additives). Photomicrographs shown in Figure S6
(SI, Section S4) show that the size of the roughly spherical domains formed by the expelled (S)-2

is ~ 20 pm in diameter.



Figure 3. (a) Model of the anodic aluminum oxide (AAO) featuring 60 nm channels with
confined HNFs of neat 1 forming with either handedness. Here, p/z is the half-pitch of the

helical filaments and 1 the helix angle (for neat 1: ¥ = 45 + 2°). SEM images show top and
angled top views of an empty AAO wafer, respectively. (b) SEM image of HNFs in AAO with
60 nm channel width filled with HNF, . of either handedness formed randomly in each

nanochannel.

One of the most versatile approaches to template-assisted self-assembly of soft-matter
nanostructures is the confinement in nanochannels of anodic aluminum oxide (AAOQO) films as
tunable nanoporous media.**' Yoon et al. reported on the self-assembly of HNFs in different
pore sizes of AAO wafers and proposed a dependency of the AAO pore diameter (d,,o) on the
morphology of nanoconfined HNFs, which is 0.7 wy,, < dsa0 < 2 Wy, Where wy, is the width of
non-confined HNFs in the bulk (measured by electron or atomic force microscopy), to have an
individual HNF in each channel.”” A model of this self-assembly of HNFs in such AAO channels

is shown in Figure 3a. Additionally, it was noted that as d, o increases, the angle between HNF
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ribbons and HNF’s long axis () increases as well. Here, we have chosen AAO with 60 nm pore
size diameter to individualize HNF, ;s. A representative SEM image of 1 in such 60 nm AAO
channels is given in Figure 3b. The values obtained for the helical pitch (p = 200 £ 2 nm) and
helix angle (1 = 45 + 1°) match the values determined for the non-confined HNF, ;s of p ~ 200
nm and vy ~ 30 to 50°.%

Nucleation in the HNF phases starts from isolated sites and progresses through the thin sample
while preserving the same handedness within each domain, but alternating from one domain to
another.”” However, the growth of HNFs confined in AAO pores should be very fast considering
the inherent temperature gradient (the top is colder than the bottom), i.e. progressing from the top
to the bottom of the AAO film, although the thermal conductivity of Al,O, is one of the highest
for nonmetallic materials,” which should make these film almost isothermal. In practice, neat 1
is initially placed on the top of the AAO film (or wafer) and placed on a hot stage. As soon as the
temperature reaches the clearing point, the material is sucked into the pores by capillary forces.
By slowly decreasing the temperature, for example at a rate of 5 °C min~', HNF nucleation starts
from the colder topside of the sample due to the temperature gradient. The bulk of the material
on the top impacts the HNF handedness and chirality-preserving growth into the pores (bulk
effect). To eliminate this effect on the nucleation, residual bulk material was continuously and
meticulously removed after both an initial as well as a second heating/cooling cycle.
Subsequently, the nucleation of the HNFs within the AAO pores occurs in each individual AAO
pore during each subsequent heating/cooling cycle rather than being affected by the bulk of the
material on the top of the AAO nanoporous template.”> As a result thereof, all AAO templates
(considering multiple AAO samples, several SEM images per AAO template, and ~20 nanopores

each) are more or less randomly filled with HNF,_ ;s of either handedness (variance < 5%).
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Figure 4. SEM images of 1 with different concentrations (as indicated in each image by weight
percentage) of the axially chiral binaphthyl guests: (a, ¢, and e) with added (R)-2 and (b, d, and f)

with added (5)-2 at 5,9 and 20 wt.%, respectively. Scale bars = 300 nm.

Figure 4 shows the SEM images of the binary mixtures of 1 with different concentrations of
(R)- and (S5)-2. As confirmed by the SEM images, the configuration of the axially chiral additives
clearly directs or induces a specific handedness of the HNF, ;s when the mixtures are confined
inside the 60 nm AAO pores. Three different concentrations of (R)- and (S)-2 have been
examined to determine the effectiveness (or efficiency) of these chiral additives to induce one
handedness over the other, and potentially induce HNF, ;s with shorter pitch p (smaller helix

angle ). As described earlier, addition of (R)- and (S)-2 does not alter p or 1 with increasing

12



concentration in 1 because they phase-separate in the bulk. Figures 4a, 4c and 4e show SEM
images of 1 with (R)-2 at three different concentrations (5, 9 and 20 wt.%) within AAO pores
and clearly demonstrate the exclusive formation of left-handed HNF ;s under confinement (at
least two independent samples, multiple SEM images of different regions with ~ 20 nanopores
each; variance = 0%). Conversely, SEM images of 1 with the identical concentrations (§)-2
exclusively show right-handed HNF, ,s. While the dihedral angle and handedness of binaphthyl
derivatives can be tuned with various stimuli, such as light irritation** or temperature,” here they
affect the helical sense and with increasing concentration the helix angle 1 (i.e. p decreases with
increasing w of (R)- and (S)-2). Image analysis reveals that 1 (p) decreases from 32 + 1° (125 +
2 nm) for the 5 wt.% mixtures to 29 + 2° (112 + 3 nm) for the 9 wt.% mixtures to 27 + 1° (95 + 2
nm) for the 20 wt.% mixture. Here it is worth to highlight that standard deviations particularly
among reasonably well-formed nanofilaments is quite small (1 — 3° for 1 and 2 — 5 nm for p),
indicating that the HNF, s forming within the AAO nanochannels are relatively uniform in size
and shape. The addition of at least 5 wt.% of (R)- or (§)-2 turned out to be the lower limit that
leads to the exclusive formation of HNF, ;s with just one handedness. Reducing the amount of
(R)- or (5)-2 to even just 4 wt.% results in the formation of both left- and right-handed filaments
with no significant bias toward either handedness (SI, Section S5, Figure S7). The effects of the
concentration of the chiral additives (R)- and (S)-2 with respect to the formation of either a
conglomerate or homochiral HNF, s as well as the helix pitch and helix angle are graphically
summarized in Figure 5. Of course, p and 3 are geometrically related, but the almost linear
relationship between the concentrations of (R)- or (§5)-2 and p (or ) throughout the homochiral
regime (yellow highlighted area) now allows for a selection of the precise amount of (R)- or (S)-

2 needed to attain a particular handedness as well as value of p (or ).
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Figure 5. Plot of the dependencies of helix pitch (p) and helix angle (v) of the HNF,, ;s formed

within AAO nanopores on the concentration of the axially chiral additives (R)- and (S)-2.

Chen et al. studied a wide range of binary mixtures of chiral additives with NOBOW (forming
the B4 HNF phase) and reported that, with few exceptions and for very high concentration of
chiral dopant, there is no effects on induced handedness of HNFs in most cases due to low
solubility and the high temperature clearing point.”* To highlight the role of the chiral additive’s
molecular shape, ideally commensurate to the BCLC host, we also performed identical
experiments with a cholesterol-based derivative, cholesteryl oleyl carbonate (COC) doped at
various concentrations into 1 and confined to AAO pores (SI, Section S5, Figure S8). The SEM
images clearly demonstrate that COC does not impact of the HNF, s’ helicity inside the AAO
pores. In fact, both types of handedness are observed and form randomly within one and the
same AAO wafer. Thus, we assume that a combination of commensurate molecular shape and
axial chirality of 2 under confinement of the mixture play the key roles in directing the HNF 4
helical sense. To further support this argument, we also performed the same experiments with 10

wt.% of another chiral additive. R811, a rod-like compound featuring a phenylbenzoate core and

two aliphatic side chains (the side chain containing the chiral center is attached via an ester
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linkage), should structurally be considered more closely related to structure of the side arms of 1
especially when compared to 2 or COC. However, just like COC, R811 phase-separates within
the AAO pores. SEM imaging clearly shows HNF, ;s with either handedness, randomly
distributed within one and the same AAO template, and no induction of just one or the other
handedness (SI, Section S5, Figures S9a and 9b; for the chemical structure see Figure S9c).

To emphasize that the induction of the HNF, , helical sense by (S)- or (R)-2 works strictly

mod
under confinement, a single AAO wafer was divided into two segments using Kapton tape. Two
mixtures, one containing 20 wt.% (R)-2 and the other one 20 wt.% (S)-2, were separately melted
down into the AAO pores on each side of the tape, and the resulting AAO sample twice heated
and subsequently cooled. The residual bulk materials were meticulously wiped off as described

earlier, and the sample was again heated above the clearing point of the mixtures and then slowly

cooled down to avoid the bulk effect (Figure 6a).

2 A0 o > tape

cross-section

after cracking S@sE s aa Q

15



Figure 6. (a) AAO wafer divided into two segments by Kapton tape and two binary mixtures, 1
+ 20 wt.% (R)-2 and 1 + 20 wt.% (S)-2, confined on each side of the tape. (b) SEM image for 1 +
20 wt.% (R)-2 in AAO (60 nm pore diameter) forming again exclusively left-handed HNF, s
and (¢c) SEM image for 1 + 20 wt.% (S)-2 in AAO (60 nm pore diameter) forming again

exclusively right-handed HNF,;s. Scale bars = 500 nm.

The cross-sectional SEM images of this subdivided AAO film show the expected HNF
helicity on either side matching with the helicity shown in Figure 4, with p and vy at identical
values of the 20 wt.% in 1 sample shown in Figures 4e and 4f (Figures 6b and 6c¢).

To further support the imaging data, we also performed thin film circular dichroism (CD)
experiments. CD spectropolarimetry of the various B4 filament morphologies has previously
been reported.'*"> * To eliminate the correlation between dichroism and birefringence of the LC
molecules, all samples and sample areas were investigated at numerous sample rotation angles.
The spectra were then summed up to provide genuine CD signals of the sample areas. The area
interrogated by the light beam and detector is ~ 0.4 cm in diameter (this is almost the diameter of
the AAO wafer) and is comparable to the typical size of domains in bulk thin film HNF phases.

The schematic of the setup to collect these CD spectra of HNF,, ;s confined in AAO pores is
shown in Figure 7a. It is important to note that the HNF, s’ helical axes are all aligned parallel
to the light beam and thus CD interrogates the handedness of the filaments directly.
Nevertheless, non-zero contributions of birefringence and linear dichroism still need to be
cancelled out, which is achieved by rotating the sample and averaging (or summing up) the
obtained tin film CD spectra. The neat sample of 1 then shows CD spectra with both positive and
negative signs (Figure 7b). The sum spectrum is not zero with respect to the measured ellipticity

(although low in intensity), which reflects that the beam by chance most certainly interrogates
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more domains of one handedness than the other one. Relocating the sample just slightly produces
a sum-CD signal that is again non-zero, also low in intensity, but somewhat opposite in sign
across multiple wavelength ranges, but especially in the lower wavelength region from 300 to
600 nm (SI, Section S6, Figure S10). This further supports the earlier argument that, on average,
neat 1 forms roughly equal portions of left- and right-handed HNF, ;s within AAO nanopores.
The bulk thin film spectra for the binary mixtures of 1 with either (R)-2 or (S)-2 between two
quartz substrates are shown in the SI (Section S6, Figure S11). This result (i.e. both positive and
negative CD bands) supports the POM observations (Figure 2d-f) showing domains with either
handedness. Clearly, there are domains with different handedness corresponding to a different
sign of the CD bands and chiral additive molecules forming phase-separated domains that do not
impact the CD signals, especially at wavelengths above 300 nm, where (R)- and (S)-2 show only

weak CD intensity and all the signal is caused by the HNF, ;s formed by 1.
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Figure 7. (a) Schematic setup of the CD experiment and the position of HNF,_ ;s in AAO. Thin
film CD spectra of: (b) 1 in AAO, (c) 1 + 20 wt.% (R)-2, and (d) 1 + 20 wt.% (S)-2. Thin film

CD spectraof 1 + 5 wt.% and 1 + 9 wt.% of (R)-2 are shown in the SI (Section S6, Figure S12).

In contrast, the CD spectra of the mixtures confined inside the AAO pores (Figures 7c and 7d
for the 20 wt.% (R)- and (S)-2 samples as well as Figures S12a and S12b for the 5 and 9 wt.%
(R)-2 samples, respectively), show exclusively positive (for 1 + (R)-2) or negative CD bands (for
1 + (5)-2) supporting both the SEM and the POM data regarding the handedness of the induced
HNF, s. Characteristically, the sum CD bands for each mixture, differing only in the
configuration of the axially chiral guest show, as expected, equal and comparatively higher

intensities considering the identical sample thickness given by the AAO wafers.

3.  CONCLUSION

In conclusion, we demonstrate an efficient approach to control the handedness of HNFs by the
addition of the two enantiomers of an axially chiral guest under confinement in nanopores.
Limiting phase separation under spatial nanoconfinement coupled with the ability of the axially
chiral binaphthyl derivatives to adjust shape (i.e. dihedral angle), when embedded in liquid
crystalline phases such as the twisted-smectic layers of HNF, s, allows this particular type of

chiral additive to dictate both the HNF,_, handedness and the helical pitch. The possibility for

mod
commensurate bent shapes of chiral guest (although other conformations cannot be fully
excluded) and achiral host (SI, Section S7, Figure S13), unlike for both the cholesterol- and the
rod-like phenylbenzoate-based chiral additives, facilitates interactions among guest and host

molecules (sergeant-soldier effect), but only under confinement. Another possible scenario to

explain the effect of (R)- and (S§)-2 on the formation of homochiral HNF, ;s within the AAO
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nanopores could be that these chiral additives (as a liquid over the entire temperature range from
the isotropic liquid state of 1 to room temperature) solvates the growing filaments to some
degree, acting as a chiral solvent under these confinement conditions. However, at the
temperature compound 1 starts forming HNF, ;s on cooling (at ~ 160 °C), (R)- and (S)-2, COC
as well as R811 are all isotropic liquids and should similarly act as phase-separated chiral
solvent. Since only the axially chiral derivatives described here affect handedness and helix pitch
(helix angle), we assume that the molecular shape of the chiral additive does play a role and that
these axially chiral additives are, at least in part, embedded. Future work that will interrogate
structurally related, axially chiral additives will focus on deciphering these hypotheses. Chiral
additives (mostly rod-like chiral derivatives) are largely expelled from these nanofilaments in the
bulk likely due to molecular incompatibility with the crystalline packing of the bent-core
molecules within the filaments’ twisted layers. Hence, the described approach of using
confinement to control chirality transfer, absent in the bulk, bodes well for a variety of
applications in chiral separation and the use of these nanofilaments as chiral templates for a
range of nanomaterials, particularly with a focus on plasmonic chiral superstructures and
circularly polarized emission from helically assembled quantum dots, with prescribed uniform

handedness and helix angle (i.e. helical pitch) under confinement.
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