Open Access Article. Published on 18 August 2025. Downloaded on 5/9/2026 10:06:43 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

CHEMISTRY (& cievica

CCs et

hEfER OF CHEMISTRY

FRONTIERS

W) Check for updates ‘

Cite this: Mater. Chem. Front.,
2025, 9, 2900

Received 24th June 2025,
Accepted 18th August 2025

DOI: 10.1039/d5gm00456j

ROYAL SOCIETY
-«

Temperature-induced helix inversion in
naphthyl-based cholesteric liquid crystals

2 Aleksandra Simanovi¢, 22 Irena Dokli, (22

© lvan Dozov,” Jurica Novak,© Anamarija Knezevi¢

Antonija Ozegovi¢,
Patrick Davidson,
Andreja Lesac (2 *®

% and

Achieving precise control over macroscopic chirality in self-organized systems is a key challenge in the
development of advanced supramolecular functional materials. Here, we report a novel class of liquid
crystalline compounds bearing a single chiral center, which exhibit reversible, thermally-induced helix
inversion in the cholesteric phase. The (S)-naphthyl-3-hydroxypropanoic moiety is identified as the
critical structural fragment responsible for this rare behavior. Remarkably, the helix inversion can be
transferred from the pure chiral compound to an achiral nematic host, at guest concentrations as low as
6%, preserving the characteristic transition from a high-temperature left-handed helix to a low-
temperature right-handed one. This also enables precise tuning of the helix inversion temperature
across an exceptionally broad range — from below room temperature up to 114 °C. Importantly, struc-
tural modifications to the alkyl ester moiety do not suppress helix inversion, allowing for targeted tuning
of inversion temperature, host compatibility, and potential incorporation of additional stimuli-responsive
functions. The combination of thermally-induced helix inversion, the ability to transfer this unique
feature to an achiral host, and the wide temperature range over which this inversion can be adjusted
makes these new chiral mesogens a versatile molecular platform for designing thermoresponsive chiral

rsc.li/frontiers-materials materials.

Introduction

The hierarchical nanostructures found in nature have inspired
the development of numerous supramolecular chiral materials
in recent years, enabling applications in fields ranging from
asymmetric synthesis' and chiral separation® to optics® and
electronics.* However, achieving precise control over chirality
in self-organized superstructures with tailored properties
remains a major challenge in designing and developing
advanced functional materials.

Cholesteric liquid crystals (CLCs), also known as chiral
nematic liquid crystals, exhibit helical structures characterized
by periodicity (pitch, P) and handedness.” This unique organi-
zation gives rise to the selective reflection of circularly polarized
light with wavelengths comparable to the helical pitch. The
helical structure is highly sensitive to external stimuli such as
heat, electric fields, and light,” making CLCs promising
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materials for a wide range of applications, including advanced
reflective displays,® reflectors,” diffraction gratings,’® anti-
counterfeiting,’*** and smart windows."?

An intriguing feature observed in certain CLCs is helix
inversion. This phenomenon, triggered by external stimuli,
occurs through helix unwinding and subsequent rewinding
with opposite handedness, driven by shifts in the balance of
various competing interactions.™* Over the past decade, signif-
icant progress has been made in developing photoisomerizable
chiral dopants,®'>" which enable helix inversion upon irra-
diation with light of an appropriate wavelength. In contrast,
temperature-induced helix inversion remains relatively rare
and less explored.

To date, thermally-induced helix inversion in CLCs has been
achieved through several distinct strategies. In the early ‘90s,
Goodby et al. reported thermally-induced inversion in pure
CLCs containing a single chiral center in the terminal
chain.?*?* Helix inversion was attributed to the competition
between populations of conformers with opposite twist senses,
which can interconvert due to a low energy barrier. Another
approach involves temperature-dependent chiral conflicts
between multiple chiral centers—either intramolecular within
a single-component CLC,**"® or intermolecular in a mixture of
two CLCs with opposite helical senses.>’” A third method
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Fig. 1 Chemical structures and phase transition temperatures obtained on cooling of the studied chiral materials.

involves transfer of invertible chirality to the LC phase, as seen
with (S)-1,2-propanediol esters, which induce temperature-
dependent inversion in the CLC phase when mixed with a
nematic host.”®*® These mixtures can be used to design mate-
rials that surpass the typical 50% reflectance limit observed in
CLCs.”*

Recently, while studying bent-shaped dimers with a single chiral
center positioned in the spacer, we discovered that those
containing the (S)-naphthyl-3-hydroxypropanoic moiety undergo
thermally-induced helix inversion in the cholesteric phase (Fig. 1,
(S)-BNOH-7-BB and (S)-BNOH-7-NB).*" This finding prompted us to
further investigate the influence of molecular structure on helix
inversion. We examined structurally related compounds that differ
in their alkyl ester moieties and overall molecular shapes: chiral (S)-
naphthyl-3-hydroxypropanoic dimer ((S}BNOH-5-CB) and corres-
ponding monomer ((S)-BNOH-C6) (Fig. 1). Our objectives were to
identify the structural factors responsible for this intriguing phe-
nomenon, explore the possibility of tuning the temperature at
which helix inversion occurs, and assess the ability of these
chiral compounds to impart this unique property to an achiral
nematic host.

Results and discussion

The synthesis and characterization of (S)-BNOH-7-BB and
(S)-BNOH-7-NB have been previously reported.’’ The chiral
materials (S)-BNOH-5-CB and (S)-BNOH-C6 have been pre-
pared following the analogous synthetic route reported for
(S)-BNOH-7-BB. Complete chemical characterization and phase
transition properties are provided in the SI.

Both new compounds, ($)-BNOH-C6 and (S)-BNOH-5-CB,
exhibit an enantiotropic cholesteric phase (N*) characterized
by fan-like (Fig. S1a) and oily streak textures (Fig. S1b). Addi-
tionally, (5)-BNOH-5-CB undergoes a transition from the cho-
lesteric phase to the smectic phase, displaying a typical fan-
shaped texture (Fig. S1c). Using X-ray scattering (see SI, Fig. S2),
the smectic phase was identified as an intercalated smectic A,
phase (SmA,,), which is consistent with the behavior of both
symmetric and non-symmetric bent-shaped dimers.*>** A care-
ful examination of the optical textures of the CLC phase of
(S)-BNOH-C6 and (S)-BNOH-5-CB upon cooling revealed signif-
icant changes with temperature. The textures transformed from
the fan-like and fingerprint textures (Fig. S3a), which are
characteristic of the CLC phase, to a schlieren-like texture

This journal is © The Royal Society of Chemistry and the Chinese Chemical Society 2025 Mater. Chem. Front., 2025, 9, 2900-2908 |

typical of the racemic nematic phase (Fig. S3b). Further cooling
led to the oily-streak texture (Fig. S3c). This observed change in
the texture indicates helix inversion, which was previously
noted for (S)-BNOH-7-BB and (S)-BNOH-7-NB.*'

To confirm the occurrence of helix inversion definitively, the
contact preparation of (S)-BNOH-5-CB and (S)-BBOH-7-NB,
which has only a right-handed helix,** was performed. Upon
cooling to 107 °C, two distinct regions with opposite helical
senses appeared. These regions had a sharp boundary where
the pitch became infinite (P,) due to the formation of a
mixture of left- and right-handed helices (Fig. 2a). As the
temperature decreased, this boundary disappeared, resulting
in a uniform texture, and confirming that the helices in the
CLC phases of both compounds have the same twist sense
(Fig. 2b). Thus, upon cooling, the handedness of the helix of the
CLC phase of (§)-BNOH-5-CB changes from left-handed to

Fig. 2 Contact and

preparation  of
(S)-BBOH-7-BN in the CLC phase with (a) opposite helical senses at
107 °C, the arrows point at the boundary between Nj; and Ny (b) the
same helical sense at 103 °C.

compounds
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right-handed. This helix inversion from left-handed at high-
temperature to right-handed at low-temperature was also con-
firmed for the monomer (S)-BNOH-C6 (Fig. S4). The change in
the helical sense is thermally reversible, as previously observed
for (S)-BNOH-7-BB and (S)-BNOH-7-NB.*'

The process of helical twist inversion is further illustrated by
the observation of tiny droplets deposited on untreated glass
slides (Fig. 3 and Video S1). In the chiral form, the droplets
appear blurred and bluish. Upon cooling, a schlieren-like
texture develops, with four brushes distorted in a spiral-like
pattern due to the chirality of the phase. As the temperature
approaches the point of helix inversion, the four brushes start
rotating, which reveals a rotation of the molecular director
because of the chirality variation. At the temperature of left-to-
right-handed inversion, the spiral of the brushes strikingly
changes its sign, revealing chirality inversion.

The temperature-dependent pitch behavior of (S)-BNOH-5-CB
was investigated more quantitatively using the Cano-wedge
method** upon cooling from the isotropic melt (Fig. 4). The pitch
of the Nj phase was measured just below the Iso-N* phase
transition at 109 °C, but, as the helix inversion temperature was
approached, the distance between the lines became too large to
allow for accurate measurements.

Nevertheless, the pitch measurements revealed that the
helix inversion occurs at around 103-104 °C. Upon further
cooling from 101 °C to 80 °C, the pitch changed significantly,
decreasing from 2.9 um to 0.7 pm. Below 80 °C, the stripe and
grid-like textures, which spontaneously form in bent-shaped LC
dimers due to their low bend elastic constant,® appeared,
preventing further measurements. These temperature-
dependent pitch measurements confirm that the cholesteric
pitch of (S)-BNOH-5-CB varies strongly with temperature. Simi-
lar temperature-dependent pitch behavior was observed for
(S)-BNOH-7-NB (Fig. S5) and (S)-BNOH-7-BB (Fig. S6a), in good
agreement with the previously reported behavior of other CLCs
that exhibit helix inversion.”>*”*® The monomer (S)-BNOH-C6
also showed helix inversion upon supercooling at 58-59 °C, just
a few degrees above crystallization, which hindered the pitch
measurements as a function of temperature.

The helix inversion temperatures observed in the CLC phase
of the chiral compounds presented in Fig. 1 are summarized in
Table 1. These results show that helix inversion is not related to
the dimeric structure or bent shape of the molecule.
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Fig. 4 Temperature dependence of the helical pitch of the CLC phase of

(S)-BNOH-5-CB. The solid dots represent the measured pitch values. The

dotted line depicts the pitch trend. (Iso, isotropic phase; Nj, left-handed

cholesteric phase; Ny, right-handed cholesteric phase; SmA,, biaxial

smectic A phase; P, infinite pitch).

Table 1 Helix inversion temperatures in the CLC phase of (S)-naphthyl-3-
hydroxypropanoic mesogens

Chiral compound T, (°C)
(S)-BNOH-5-CB Nj < 103 — 104 & N
(5)-BNOH-C6 Ny © 58 — 59 & Nj

(S)-BNOH-7-BB*!
(5)-BNOH-7-NB*!

Ny © 83 -84 & N{
Nj © 95— 96 < N;

The naphthyl-3-hydroxypropanoic moiety is a common
structural motif among the compounds presented in Fig. 1 that
undergo helix inversion. In contrast, compounds with a
phenyl**=*® or cyanobiphenyl-3-hydroxypropanoic group®” do
not exhibit this phenomenon. It is worth noting that helix
inversion was not observed for the compound (S)-NNOH-C6
(Fig. S7).*® Compared to (S)-BNOH-C6, (S)-NNOH-C6 has two
naphthyl groups in its mesogenic unit. This structural modifi-
cation raises the Iso-N* transition temperature to 131 °C,
higher than that observed for (S)-BNOH-C6. It also leads to a
TGBA-SmA-Cr phase sequence starting at 110 °C. The absence
of helix inversion in (§)-NNOH-C6 can be attributed to stronger
n-m interactions, which stabilize the smectic organization and
facilitate crystallization,®® thereby preventing the complete
unwinding of the cholesteric helical structure.

Fig. 3 The change of optical textures of a droplet of (S)-BNOH-5-CB on untreated glass slides before and after the helix inversion at Tp =104 °C.
(Sample viewed between crossed polarizers parallel to the photograph edges).
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Fig. 5 (a) Relaxed potential energy scan along the C;-C, bond of

(S)-BNOH-7-BB, performed at the B3LYP/cc-pVDZ level of theory.! The
energy profile is shown as a function of the Cg—C;-C,-C5 dihedral angle.
The optimized geometries of the two conformers corresponding to the
energy minima are shown with their respective dihedral angle values. (b)
Section of optimized models of the two conformers aligned along the long
molecular axis.

The rarely observed helix inversion in the CLC phase of a
liquid crystal with a single chiral center was attributed to a
competition between the populations of various conformers
with opposite twist senses.”>?**° Therefore, we conducted a
conformational analysis focusing on the conformational space
around the bond between the chiral center and the naphthyl
group. Using density functional theory (DFT) at the B3LYP level
with a cc-pVDZ basis set,*>** the calculations were performed
on the most extended conformer of (S)-BNOH-7-BB as an
example. Unlike the phenyl ring, the o and B positions on the
naphthyl ring are not equivalent, resulting in two stable con-
formers (Fig. 5a). Full optimization of these conformers
revealed that conformer B is more stable than conformer A by
1.5 kecal mol*. From this optimized structure, a relaxed scan
was then performed by systematically rotating the C;-C, bond
over a range of +180° in 10° increments. The 3.2 kcal mol™*
rotational barrier around the C,-C, bond indicates that the two
conformers are interconvertible. The theoretical model sug-
gests that a variation in the orientation of the “chiral area”
with respect to the orientation axis could cause a change in the
sense of the helical twist.*> The conformers A and B, aligned
along the long molecular axis, exhibit different orientations of
the naphthyl group planes relative to this axis (Fig. 5b). Assum-
ing that the direction of the helix is influenced by these
orientations, the relative populations of conformers A and B
will likely have the most significant impact on the helical twist.
According to the experimental data, the helix inversion tem-
perature varies with the structure of the alkyl ester moiety. This
suggests that the different conformations of the alkyl ester
moiety contribute to balancing the species with opposing
helical twists, thus affecting the temperature of helix inversion.
Although this phenomenological approach is a simplified
model, it provides a reasonable explanation for the thermally
induced helix inversion observed in liquid crystal materials
with a single chiral center.

This journal is © The Royal Society of Chemistry and the Chinese Chemical Society 2025 Mater. Chem. Front., 2025, 9, 2900-2908 |
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Fig. 6 (a) Helix inversion temperature and phase behavior of binary

mixtures of (S)-BNOH-7-BB and (S)-BNOH-5-CB, represented versus
mol percent of (S)-BNOH-7-BB. The symbol (e) depicts the helix inversion
temperature. The other symbols represent phase transitions: Iso-N* (§),
N*-SmA, (W), N*—N7; (A). The transition to the crystalline phase is
omitted for clarity. (Iso, isotropic phase; N, left-handed cholesteric phase;
Ny. right-handed cholesteric phase; Nig, chiral twist-bend nematic
phase; SmA,, biaxial smectic A phase). (b) CD spectra of the mixture with
85 mol% of (S)-BNOH-7-BB in (S)-BNOH-5-CB, at 85 °C (red), 90 °C
(black), and 93 °C (blue).

The limited number of single-component CLCs exhibiting
thermally induced helix inversion prompted us to investigate
mixtures that would display similar properties. Unlike other
mixtures where two CLCs with opposite helical senses lead to
helix inversion,*” we explored mixtures of (S)-BNOH-7-BB and
(S)-BNOH-5-CB, where both CLC components exhibit a transi-
tion from the high-temperature Nj to the low-temperature N
phase. The two chiral compounds have similar clearing points,
making mixing and manipulation easier, yet they exhibit
significantly different helix inversion temperatures. The helix
inversion temperature and phase behavior are represented as a
function of the molar percentage (mol%) of (S)-BNOH-7-BB in
Fig. 6a. The helix inversion temperature continuously decreases
with increasing (S)-BNOH-7-BB concentration until it reaches
that of the pure compound. However, the relationship is not
linear, revealing the complex interplay between various con-
formations and their helical twist senses. The decrease in helix
inversion temperature in mixtures with more than 80 mol% of
(S)-BNOH-7-BB, along with the absence of rapid crystallization
observed in the pure compound, allowed us to monitor helix
inversion using circular dichroism (CD). The CD spectra of the
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cholesteric phase with 85 mol% (S)-BNOH-7-BB were recorded
at 93 °C, 90 °C, and 85 °C during the cooling cycle (Fig. 6b). At
93 °C, the CD spectrum exhibits a negative band, indicating a
left-handed helical sense of the chiral nematic structure.***>
On the contrary, at 85 °C, the CD band becomes positive, and
the helix is right-handed. At the intermediate temperature of
90 °C, the CD spectrum shows an almost flat line, suggesting
that the structure is achiral.

The slight discrepancy in helix inversion temperature
observed using POM and CD can be attributed to the different
experimental setups used for temperature measurement. It is
important to note that the shape and sign of the CD signals are
both independent of the rotation angle and remain unchanged
when the sample is flipped. The CD spectra support the optical
observations and confirm that, as temperature decreases, the
twist handedness changes from left to right across the entire
composition range, as observed with the pure components. In
addition, the results show that the helix inversion temperature
can be varied by adjusting the mixing ratio of the chiral
materials. However, the variation range is limited by the helix
inversion temperatures of the pure components.

To assess the ability of these chiral compounds to impart
this unique property to an achiral host, we investigated mix-
tures containing approximately 50 mol% of each chiral com-
pound in three different achiral hosts, namely 4-hexyloxy
cyanobiphenyl (60CB), 4-(octyloxy)phenyl 4-octyloxybenzoate
(8OPEP), and a mixture of 40 wt% of 4-cyanobiphenyl-4’-
butylbenzoate in 4-cyanobiphenyl-4’-hexylbenzoate (PEPP-N)
(Fig. S8). All three achiral hosts exhibit an enantiotropic
nematic phase (N). Additionally, 8OPEP undergoes a transition
from the nematic phase to the smectic phase at 73 °C. These
achiral hosts were chosen for their structural similarity to the
chiral compounds, which facilitates mixing. The results are
summarized in Table 2.

Table 2 Helix inversion temperatures of the CLC phase of mixtures
containing (S)-naphthyl-3-hydroxypropanoic mesogens and different
achiral LCs

Chiral compound Mol% T, (°C)

60CB

(S)-BNOH-5-CB 50 Ny < 75176 & N,
(S)-BNOH-C6 50 N*

(S)-BNOH-7-BB 50 N;

(S)-BNOH-7-NB 50 N;

8OPEP

(S)-BNOH-5-CB 52 N} < 85— 86 < Ni.
(5)-BNOH-C6 51 Nj < 55— 56 < Ni
(S)-BNOH-7-BB 50 N < 62 — 63 & Ni
(S)-BNOH-7-NB 49 Nj & 77 - 80 & N;.
PEPP-N

(5)-BNOH-5-CB 50 Ni & 111 - 112 & N;
(S)-BNOH-C6 48 N

(S)-BNOH-7-BB 49 N;

(S)-BNOH-7-NB 45 N;
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Fig. 7 (a) CD spectra of the BNOH-7-BB_8OPEP (50 mol%) mixture at

55 °C (red), 62 °C (black), and 80 °C (blue). (b) CD spectra of the
BNOH-C6_80OPEP (51 mol%) mixture at 60 °C (blue), 53 °C (black), and
46 °C (red).

POM observations of mixtures with 60CB revealed that helix
inversion occurs only in the BNOH-5-CB_60CB mixture,
whereas the BNOH-7-BB_60CB and BNOH-7-NB_60CB mix-
tures display only the left-handed CLC phase. Upon cooling
from the isotropic melt, the BNOH-C6_60CB mixture displays
the CLC phase within only a fraction of a degree, immediately
followed by the SmA* phase, despite both mixture components
being exclusively nematogens.

When the achiral host was changed from 60CB to 8OPEP, an
aromatic ester-type LC, helix inversion was observed for all four
mixtures. The change from the high-temperature left-handed
helix to the low-temperature right-handed helix was confirmed
by both POM*® and CD spectroscopy, as illustrated by the CD
spectra of the BNOH-7-BB_8OPEP and BNOH-C6_8OPEP mix-
tures (Fig. 7).

With the achiral PEPP-N host, which has both cyano-
biphenyl and aromatic ester moieties, helix inversion was
only detected in the BNOH-5-CB_PEPP-N mixture. The BNOH-
C6_PEPP-N, BNOH-7-BB_PEPP-N, and BNOH-7-NB_PEPP-N
mixtures exhibit a left-handed cholesteric phase followed by a
SmA* phase. Induction of the smectic phase in binary mixtures
involving cyanobiphenyl and aromatic ester-type components
has been reported previously.””*® However, determining
why the SmA* phase appears in mixtures of PEPP-N and
BNOH-C6_60CB is beyond the scope of this study.

These findings demonstrate that the ability to impart the
property of temperature-induced helix inversion from a chiral
guest to an achiral host depends on their specific interactions.
In the same nematic host, the chirality transfer is affected by
the short-range interactions between guest and host, as well as

| Mater. Chem. Front., 2025, 9, 2900-2908 This journal is © The Royal Society of Chemistry and the Chinese Chemical Society 2025
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the orientational order of the chiral guest in the nematic
environment.**** While (§)-BNOH-5-CB, which has both ester
and cyanobiphenyl units, successfully imparts helix inversion
to all three achiral hosts, (S)-BNOH-C6, (S)-BNOH-7-BB, and
(S)-BNOH-7-NB, which just have ester-type mesogenic units,
promote helix inversion in the achiral host 8OPEP only. This
suggests that short-range interactions between the structurally
similar mesogenic units of guest and host enhance the transfer
of temperature-dependent helix inversion. In contrast, specific
interactions between unlike mesogenic units induce the for-
mation of the SmA* phase. Therefore, the concentration of
chiral guest required for helix inversion could be reduced
by using an appropriate combination of chiral guest and
nematic host.

To test this assumption and investigate how a reduction of
concentration of the chiral guest affects the helix inversion
temperature, we studied binary mixtures of BNOH-5-CB_60CB
and BNOH-5-CB_PEPP-N in the concentration range of 6 to 50
mol% of (S)-BNOH-5-CB. We chose the achiral hosts, 60CB and
PEPP-N, because, unlike 80OPEP, they only exhibit the nematic
phase and not the smectic phase, which could hinder helix
inversion in mixtures with low concentrations of the chiral
guest. The dependence of the helix inversion temperature on
the concentrations of (S)-BNOH-5-CB in 60CB and PEPP-N is
presented in Fig. 8.

Microscopy observations showed that the helix inversion
temperature decreases with decreasing concentration of
(S)-BNOH-5-CB in both achiral hosts. Regardless of the host
type, all the mixtures maintain the change from the high-
temperature left-handed helix to the low-temperature right-
handed helix. In the BNOH-5-CB_60CB mixtures, the helix
inversion temperature varies by as much as & 70 K within the
11 to 50 mol% concentration range. Upon cooling, the BNOH-5-
CB_60CB mixture with 6 mol% of (S)-BNOH-5-CB crystallizes at
48 °C, which is in fact higher than the helix inversion tempera-
tures observed for the mixtures with 11 mol% and 25 mol% of
the chiral guest.
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The helix inversion temperatures of the BNOH-5-CB_PEPP-N
mixtures are higher than those of the BNOH-5-CB_60CB mix-
tures, spanning ~ 30 K across the explored concentration
range. The occurrence of helix inversion at 84 °C in the
BNOH-5-CB_PEPP-N mixture with 6 mol% of (S)-BNOH-5-CB
demonstrates that helix inversion can be transferred even at
guest concentrations as low as 6 mol%.

Both types of mixtures exhibit a significantly broader range
of helix inversion temperatures than the 10 K range reported for
CLC mixtures of (S)-1,2-propanediol esters®® or the 20 K
range observed for binary mixtures of (S)-BNOH-7-BB and
(S)-BNOH-5-CB. Furthermore, the transition between helices
of opposite handedness can be achieved within a given tem-
perature range by adjusting the concentration of the chiral
nematogen in the achiral host. Specifically, using the PEPP-N
host brings the helix inversion temperature within the 84 °C to
114 °C range, while the 60CB host brings it within the 4 °C to
74 °C range. These results represent an exciting opportunity for
this new class of compounds for applications in the design of
materials with tunable thermally-induced helical switching
properties.

Conclusion

This article presents a new class of liquid crystalline com-
pounds with a single chiral center that exhibit reversible
thermally-induced helix inversion in the cholesteric phase.
The key structural fragment of these compounds is the (S)-
naphthyl-3-hydroxypropanoic moiety, which is essential for
their unique behavior. The helix inversion is attributed to the
conformational freedom of the naphthyl group adjacent to the
stereogenic center and to its orientation relative to the long
molecular axis. However, the helix inversion temperature in
pure compounds is affected by the structure of the alkyl ester
moiety.

In mixtures of two chiral compounds, the helix inversion
behavior remains limited to that of the pure compounds, as the
helix inversion temperature depends on the composition yet
remains between those of the pure chiral liquid crystals.

Furthermore, we demonstrated that the property of
temperature-induced helix inversion, from a high-temperature
left-handed helix to a low-temperature right-handed helix,
could be transferred from a pure (S)-naphthyl-3-hydroxypro-
panoic chiral derivative to a structurally similar achiral nematic
host. Additionally, our study revealed that the helix inversion
temperature can be precisely adjusted across a wide range,
from below room temperature up to 114 °C.

These new chiral mesogens offer great potential for further
research and applications thanks to their unique properties,
specifically their thermally-induced helix inversion, their ability
to transfer this unique feature to an achiral host, and the wide
temperature range over which this inversion can be adjusted.
Moreover, structural modifications on the alkyl ester moiety
do not disrupt the helix inversion, allowing for the tailoring of
key properties, such as the helix inversion temperature,
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interactions with the host, and even the incorporation of
additional responsive functionalities.

Given the very limited number of CLCs exhibiting thermally-
induced helix inversion,>**?* these novel chiral mesogens pro-
vide new systems for experimental and theoretical studies
aimed at understanding the mechanisms of transmission and
amplification of chirality from the molecular to the supramo-
lecular levels. The tunability of thermal helix inversion has
great potential for designing new responsive liquid crystal
systems, especially for applications where precise, tempe-
rature-controlled modulation of chirality and optical properties
is essential.

Author contributions

A. OzZegovic¢, investigation, writing - original draft, writing -
review & editing. A. Simanovi¢, investigation, writing - original
draft. I. Dokli, investigation, writing - original draft, writing -
review & editing. P. Davidson, investigation, writing - original
draft, writing - review & editing. I. Dozov, investigation, writing
- original draft, writing - review & editing, Jurica Novak,
investigation, writing - original draft, writing - review & editing.
A, Knezevi¢, investigation, writing - original draft, writing -
review & editing, funding acquisition. A. Lesac, conceptualiza-
tion, investigation, writing - original draft, writing - review &
editing, funding acquisition.

Conflicts of interest

The authors have no conflicts of interest to declare.

Data availability

The data supporting this article have been included as part of
the SI. See DOI: https://doi.org/10.1039/d5qm00456j

Acknowledgements

The authors gratefully acknowledge funding from the Croatian
Science Foundation [grant numbers IP-2019-04-7978, IP-2022-
4658 and DOK-2020-01-7592], NextGenerationEU [grant no.
NPOO.C3.2.R2-11.06.0042], and the French Agence Nationale
de la Recherche [grant number ANR-23-CE24-0006-03 “DIS-
PLAY”]. The authors thank the French Ministry of Foreign
Affairs and the Ministry of Science and Education of the
Republic of Croatia for providing a COGITO collaborative grant,
and the University of Zagreb, University Computing Cen-
ter—SRCE, for granting access to the Isabella computer cluster.

References

1 J. Jiang, G. Ouyang, L. Zhang and M. Liu, Self-Assembled
Chiral Nanostructures as Scaffolds for Asymmetric Reac-
tions, Chem. — Eur. J., 2017, 23, 9439-9450.

10

11

12

13

14

15

16

17

View Article Online

Research Article

J. Liu, G. Han, D. Zhao, K. Lu, J. Gao and T.-S. Chung, Self-
standing and flexible covalent organic framework (COF)
membranes for molecular separation, Sci. Adv., 2020,
6, eabb1110.

Y. Sang, J. Han, T. Zhao, P. Duan and M. Liu, Circularly
Polarized Luminescence in Nanoassemblies: Generation,
Amplification, and Application, Adv. Mater., 2020,
32, 1900110.

Y.-H. Kim, Y. Zhai, H. Lu, X. Pan, C. Xiao, E. A. Gaulding,
S. P. Harvey, J. ]J. Berry, Z. V. Vardeny, J. M. Luther and
M. C. Beard, Chiral-induced spin selectivity enables a room-
temperature spin light-emitting diode, Science, 2021, 371,
1129-1133.

in Chirality in Liquid Crystals, ed. H.-S. Kitzerow and C. Bahr,
Springer-Verlag, New York, 2001.

I. Dierking, Chiral Liquid Crystals: Structures, Phases,
Effects, Symmetry, 2014, 6, 444-472.

S. J. D. Lugger, S. J. A. Houben, Y. Foelen, M. G. Debije,
A. P. H. J. Schenning and D. J. Mulder, Hydrogen-Bonded
Supramolecular Liquid Crystal Polymers: Smart Materials
with Stimuli-Responsive, Self-Healing, and Recyclable Prop-
erties, Chem. Rev., 2022, 122, 4946-4975.

J. Li, H. K. Bisoyi, J. Tian, J. Guo and Q. Li, Optically
Rewritable Transparent Liquid Crystal Displays Enabled by
Light-Driven Chiral Fluorescent Molecular Switches, Adv.
Mater., 2019, 31, 1807751.

M. Mitov, Cholesteric Liquid Crystals with a Broad Light
Reflection Band, Adv. Mater., 2012, 24, 6260-6276.

R. S. Zola, H. K. Bisoyi, H. Wang, A. M. Urbas, T. J. Bunning
and Q. Li, Dynamic Control of Light Direction Enabled by
Stimuli-Responsive Liquid Crystal Gratings, Adv. Mater.,
2019, 31, 1806172.

A. Ryabchun and A. Bobrovsky, Cholesteric Liquid Crystal
Materials for Tunable Diffractive Optics, Adv. Opt. Mater.,
2018, 6, 1800335.

W. Hong, Z. Yuan and X. Chen, Structural Color
Materials for Optical Anticounterfeiting, Small, 2020,
16, 1907626.

W. Shen and G. Li, Recent Progress in Liquid Crystal-Based
Smart Windows: Materials, Structures, and Design, Laser
Photonics Rev., 2023, 17, 2200207.

N. Katsonis, E. Lacaze and A. Ferrarini, Controlling chirality
with helix inversion in cholesteric liquid crystals, J. Mater.
Chem., 2012, 22, 7088-7097.

H. K. Bisoyi and Q. Li, Light-Directed Dynamic Chirality
Inversion in Functional Self-Organized Helical Superstruc-
tures, Angew. Chem., Int. Ed., 2016, 55, 2994-3010.

Y. Kim and N. Tamaoki, Photoresponsive Chiral Dopants:
Light-Driven Helicity Manipulation in Cholesteric Liquid
Crystals for Optical and Mechanical Functions, ChemPhoto-
Chem, 2019, 3, 284-303.

J. Li, H. K. Bisoyi, S. Lin, J. Guo and Q. Li, 1,2-
Dithienyldicyanoethene-Based, Visible-Light-Driven, Chiral
Fluorescent Molecular Switch: Rewritable Multimodal
Photonic Devices, Angew. Chem., Int. Ed., 2019, 58,
16052-16056.

2906 | Mater. Chem. Front., 2025, 9, 2900-2908 This journal is © The Royal Society of Chemistry and the Chinese Chemical Society 2025


https://doi.org/10.1039/d5qm00456j
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5qm00456j

Open Access Article. Published on 18 August 2025. Downloaded on 5/9/2026 10:06:43 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Research Article

18

19

20

21

22

23

24

25

26

27

28

29

30

31

J. Hou, J. Wang, A. Ryabchun and B. L. Feringa, Amplifica-
tion of Light-Induced Helix Inversion of Intrinsically Chiral
Diarylethene Molecular Switches, Adv. Funct. Mater., 2024,
34, 2312831.

A. Ryabchun, F. Lancia, J. Chen, D. Morozov, B. L. Feringa
and N. Katsonis, Helix Inversion Controlled by Molecular
Motors in Multistate Liquid Crystals, Adv. Mater., 2020,
32, 2004420.

P. Sleczkowski, Y. Zhou, S. Iamsaard, J. J. de Pablo,
N. Katsonis and E. Lacaze, Light-activated helical inversion
in cholesteric liquid crystal microdroplets, Proc. Natl. Acad.
Sci. U. S. A., 2018, 115, 4334-4339.

S. Huang, Q. Wu, R. Luo, B. Tan, Y. Yuan and H. Zhang,
Tunable Helix Inversion and Circularly Polarized Lumines-
cence in Cholesteric Liquid Crystal Copolymers with Room-
Temperature Phosphorescence, Macromolecules, 2024, 57,
9017-9029.

A.]. Slaney, I. Nishiyama, P. Styring and J. W. Goodby, Twist
inversion in a cholesteric material containing a single chiral
centre, J. Mater. Chem., 1992, 2, 805-810.

C. Loubser, P. L. Wessels, P. Styring and J. W. Goodby, Helix
inversion in the chiral nematic phase of a ferroelectric
liquid crystal containing a single chiral centre, J. Mater.
Chem., 1994, 4, 71-79.

I. Dierking, F. Giefelmann, P. Zugenmaier, K. Mohr,
H. Zaschke and W. Kuczynski, New diastereomeric com-
pound with cholesteric twist inversion, Lig. Cryst., 1995, 18,
443-449.

Z. Cheng, K. Li, F. Wang, X. Wu, J. Xiao, H. Zhang, H. Cao
and H. Yang, A helix inversion from the temperature-
dependent intramolecular chiral conflict, Lig. Cryst., 2011,
38, 633-638.

P. Styring, J. D. Vuijk, I. Nishiyama, A. J. Slaney and
J. W. Goodby, Inversion of chirality-dependent properties
in optically active liquid crystals, J. Mater. Chem., 1993,
3, 399.

M. Goh, T. Matsushita, M. Kyotani and K. Akagi, Helical
Polyacetylenes Synthesized in Helical Sense and Pitch Con-
trollable Chiral Nematic Liquid Crystal with Unprecedented
Temperature Dependence, Macromolecules, 2007, 40,
4762-4771.

G. Heppke, D. Lotzsch and F. Oestreicher, Esters of (S)-1,2-
propanediol and (R,R)-2,3-butanediol—Chiral Compounds
Inducing Cholesteric Phases with a Helix Inversion, Z.
Naturforsch., A, 1987, 42, 279-283.

X. Zhang, W. Huang, Z. Bian, G. Yang, X. Wu, X. Zhao,
G. Ma, H. Zhang and H. Yang, Study on the helical twisting
behaviour of chiral 1,2-propanediol derivatives inducing
chiral nematic liquid crystals with a helix inversion
and controllable pitch variation, Lig. Cryst., 2009, 36,
531-540.

M. Mitov and N. Dessaud, Going beyond the reflectance
limit of cholesteric liquid crystals, Nat. Mater., 2006, 5,
361-364.

A. Ozegovi¢, 1. Dokli, A. Knezevi¢, S. éegota and A. Lesac,
Bent-shaped dimers with chiral spacer - unravelling the

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

View Article Online

Materials Chemistry Frontiers

potential of the naphthyl mesogenic unit, Lig. Cryst., 2024,
0, 1-11.

R. ]J. Mandle and J. W. Goodby, Intercalated soft-crystalline
mesophase exhibited by an unsymmetrical twist-bend
nematogen, CrystEngComm, 2016, 18, 8794-8802.

C. Meyer, P. Davidson, D. Constantin, V. Sergan,
D. Stoenescu, A. KnezZevi¢, I. Dokli, A. Lesac and 1. Dozov,
Fréedericksz-Like Transition in a Biaxial Smectic-A Phase,
Phys. Rev. X, 2021, 11, 031012.

R. Cano, Interprétation des discontinuités de Grandjean,
Bull. Soc. Fr. Mineral. Cristallogr., 1968, 91, 20-27.

S. M. Salili, R. R. R. de Almeida, P. K. Challa, S. N. Sprunt,
J. T. Gleeson and A. Jakli, Spontaneously modulated chiral
nematic structures of flexible bent-core liquid -crystal
dimers, Lig. Cryst., 2017, 44, 160-167.

A. Ozegovié, A. KneZevi¢, J. Novak, S. Segota, P. Davidson
and A. Lesac, The Interplay of Spacer Chirality and
Parity in Mesogenic Dimers, ChemPhysChem, 2024,
25, €202400065.

A. OZegovi¢, J. Hobbs, R. Mandle, A. Lesac and A. KneZevic,
Chiral cyanobiphenyl dimers - significance of the linking
group for mesomorphic properties and helical induction,
J. Mater. Chem. C, 2024, 12, 13985-13993.

I. Dokli, A. Ozegovic¢, A. Simanovi¢, M. Hromin, A. KneZevié,
A. Visnjevac and A. Lesac, Enantioselective Synthesis of 3-
Aryl-3-hydroxypropanoic Esters as Subunits for Chiral
Liquid Crystals, J. Org. Chem., 2022, 87, 14045-14057.

A. Suste, D. Moslavac and V. Sunji¢, Synthesis and meso-
morphic properties of naphth-2-yl 2-pyridylmethyl ketones
and their copper(n) complexes, Lig. Cryst., 1996, 21,
383-388.

M. J. Watson, M. K. Horsburgh, J. W. Goodby, K. Takatoh,
A. J. Slaney, J. S. Patel and P. Styring, A phenomenological
approach to the inversion of the helical twist sense
in the chiral nematic phase, J. Mater. Chem., 1998, 8,
1963-1969.

M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria,
M. A. Robb, J. R. Cheeseman, G. Scalmani and V. Barone,
et al., Gaussian 16, Revision C.02, Gaussian Inc., Walling-
ford, CT, 2016.

T. H. Dunning, Gaussian basis sets for use in correlated
molecular calculations. I. The atoms boron through neon
and hydrogen, J. Chem. Phys., 1989, 90, 1007-1023.

H.-G. Kuball, H. Briining, T. Miiller, O. Tirk and
A. Schonhofer, Helical twisting power of chiral mono- and
bis-aminoanthraquinones. Intramolecular and intermole-
cular chirality transfer in liquid-crystal phases, J. Mater.
Chem., 1995, 5, 2167-2174.

F. Araoka and H. Takezoe, Handbook of Liquid Crystals, John
Wiley & Sons, Ltd, 2014, pp. 1-27.

C. V. Yelamaggad and G. Shanker, Liquid crystal dimers
derived from naturally occurring chiral moieties: synthesis
and characterization, Tetrahedron, 2008, 64, 3760-3771.

P. R. Gerber, On the Determination of the Cholesteric Screw
Sense by the Grandjean-Cano-Method, Z. Naturforsch., A,
1980, 35, 619-622.

This journal is © The Royal Society of Chemistry and the Chinese Chemical Society 2025 Mater. Chem. Front., 2025, 9, 2900-2908 | 2907


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5qm00456j

Open Access Article. Published on 18 August 2025. Downloaded on 5/9/2026 10:06:43 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Materials Chemistry Frontiers

47 S. Sugisawa and Y. Tabe, Induced smectic phases of stoi-
chiometric liquid crystal mixtures, Soft Matter, 2016, 12,
3103-3109.

48 A. KneZevi¢, I. Dokli, M. Sapunar, S. Segota, U. Baumeister
and A. Lesac, Induced smectic phase in binary mixtures of
twist-bend nematogens, Beilstein J. Nanotechnol., 2018, 9,
1297-1307.

View Article Online

Research Article

49 G. Celebre, G. De Luca, M. Maiorino, F. lemma, A. Ferrarini,
S. Pieraccini and G. P. Spada, Solute—Solvent Interactions
and Chiral Induction in Liquid Crystals, J. Am. Chem. Soc.,
2005, 127, 11736-11744.

50 S. Pieraccini, S. Masiero, A. Ferrarini and G. P. Spada, Chirality
transfer across length-scales in nematic liquid crystals: funda-
mentals and applications, Chem. Soc. Rev., 2011, 40, 258-271.

2908 | Mater. Chem. Front., 2025, 9, 2900-2908 This journal is © The Royal Society of Chemistry and the Chinese Chemical Society 2025


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5qm00456j



