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Abstract: We report on the preparation and characterization of a new family of hydrogen-
bonded nematogenic liquid crystalline dimers. The dimers are supramolecular complexes
that consist of a benzoic acid derivative, acting as the proton donor, featuring a spacer
with seven methylene groups and a terminal decyloxy chain, paired with an azopyridine
derivative as the proton acceptor. The latter was either fluorinated or nonfluorinated with
variable alkoxy chain length. The formation of a hydrogen bond between the individual
components was confirmed using FTIR and 'H NMR spectroscopy. All supramolecules
were investigated for their liquid crystalline behaviour via a polarized optical microscope
(POM) and differential scanning calorimetry (DSC). All materials exhibit enantiotropic
nematic phases as confirmed by X-ray diffraction (XRD) and POM investigations. The
nematic phase range depends strongly on the degree and position of fluorine atoms. Ad-
ditionally, the supramolecules demonstrated a rapid and reversible transition between
the liquid crystal phase and the isotropic liquid state because of trans-cis photoisomer-
ization upon light irradiation. Therefore, this study presents a straightforward approach
to design photo-responsive nematic materials, which could be of interest for nonlinear
optics applications.
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1. Introduction

The demand for advanced liquid crystalline (LC) materials with enhanced physical
properties continues to grow, driven by the ever-expanding market for liquid crystal display
(LCD) technologies in laptops, TVs, and other modern devices. While low-melting-point
nematogenic and chiral smectic LCs dominate current applications, there is a pressing
need for innovative materials that offer improved functionality and responsiveness [1,2].
Among the most promising strategies for designing such materials is the use of noncovalent
interactions, particularly hydrogen bonding, to obtain ordered and complex supramolec-
ular architectures [3]. Hydrogen bonding, especially between pyridine and benzoic acid
derivatives, has proven to be a powerful tool for inducing nematic, smectic, and colum-
nar mesophases [4-10]. It was also employed to induce more exotic phases, such as the
twist-bend (N1p) phase in LC dimers and mixtures of achiral components [11-13] and
the recently discovered ferroelectric nematic phase (Ng) [14]. Beyond phase induction,
hydrogen bonding has also been employed to induce chirality in isotropic liquids and
stabilize bicontinuous cubic phases, highlighting its versatility in LC design [3,15-17].

Liquid crystal dimers, which consist of two mesogenic units connected by a flexible
spacer, represent a unique class of materials whose properties often differ significantly
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from those of their individual components. These dimers, whether symmetric or nonsym-
metric, have served as a rich source for discovering new LC phases and understanding
structure—property relationships [18-20]. When combined with photo-responsive units,
such as azobenzene or azopyridine derivatives, LC dimers can exhibit light-driven be-
haviour, making them ideal candidates for applications in photonics, optoelectronics, and
beyond [21-26]. Azopyridine derivatives offer a dual advantage: they retain the photo-
responsive nature of azobenzenes while enabling self-assembly through intermolecular
interactions, such as hydrogen bonding [9,14-16,27-29]. This combination makes them
highly attractive for designing light-addressable materials with applications in molecular
switches, photo-oscillators, and optogenetics [30-33].

Aromatic core fluorination is known as a successful tool to modify the mesophase
behaviour of liquid crystalline materials due to its greater polarity and larger size compared
to hydrogen [34]. Therefore, it has been used for different types of LCs such as rod-like
molecules [35,36], discotics [37], and bent-core ones [38]. Fluorine’s electronegativity and
minimal steric effects promote polar behaviour, where the properties are strongly affected
by the number and position of fluorine atoms [35,39]. Therefore, it was recently used to
induce interesting polar phases in simple rod-like molecules [40,41].

In this study, we explore the design and characterization of a new family of hydrogen-
bonded supramolecular photo-responsive liquid crystalline dimers (Scheme 1). The
supramolecules are constructed by hydrogen bond formation between a benzoic acid
derivative (B) with an aliphatic spacer with seven methylene groups as a proton donor and
two different types of azopyridine derivatives (An and AF3n) as proton acceptors. This
results in two groups of supramolecules, either without fluorine substitution (An/B) or
with an ortho F atom next to the terminal alkoxy chain at the azopyridine side (AF3n/B).
To investigate the effect of the position and degree of fluorination, two additional selected
examples were constructed (AF28/B and AF»38/B). Both have an octyloxy chain at the
azopyridine component, but the former has an F atom at the meta position (AF,8/B),
while the latter has two F atoms at ortho and meta positions (AF»38/B). This allows us
to investigate the role of aromatic core fluorination on mesophase stability in the new
supramolecular dimers. The photo-responsive behaviour of these materials, coupled with
their self-assembly capabilities, opens new pathways for developing functional LC systems,
which could be of interest for optical storage and adaptive photonic device applications.
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Scheme 1. Synthesis of hydrogen-bonded supramolecules An/B, AF;n/B, AF,8/B and AF,38/B.
Reagents and conditions: i. 1. NaNO,, HC], stirring 30 min. at —5 °C; 2. phenol, 2-fluorophenol,
3-fluorophenol or 2,3-difluorophenol, NaOH, dropwise addition over 30 min, stirring for 1 h;
3. NaHCOs; ii. bromoalkane, K,COj3, KI, DME, reflux, stirring, 18 h; iii. 7,7'-dibromoheptane, K,CO3,
KI, acetone, reflux, stirring, 72 h; iv. 4-hydroxybenzaldehyde, K,COj3, KI, acetone, reflux, stirring,
72 h; v. NaOCl,, NaH,POy, resorcinol, tert-butanol, stirring at RT, overnight.
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2. Materials and Methods
2.1. Characterization

Thin-layer chromatography (TLC) was performed on an aluminum sheet precoated
with silica gel. Analytical quality chemicals were obtained from commercial sources and
used as obtained. The solvents were dried using the standard methods when required.
The purity and the chemical structures of all synthesized materials were confirmed by
the spectral data. The structure characterization of the prepared materials is based on 'H-
NMR (Agilent Technologies 400 MHz VNMRS (Varian, Palo Alto, CA, USA) and Agilent
Technologies 600 MHz shielded VNMRS (Varian, Palo Alto, CA, USA), in CDClj solutions,
with tetramethylsilane as an internal standard). Microanalyses were performed using a
Leco CHNS-932 elemental analyzer (LECO Corporation, St. Joseph, MI, USA).

The mesophase behaviour and transition temperatures of the supramolecular com-
plexes were measured using a Mettler FP-82 HT (Mettler-Toledo GmbH, Giefien, Germany)
hot stage and control unit in conjunction with a Nikon Optiphot-2 polarizing microscope.
The associated enthalpies were obtained from DSC thermograms, which were recorded
on Perkin-Elmer DSC-8000 (PerkinElmer GmbH, Rodgau, Germany), with a heating and
cooling rate of 10 K min~!.

X-ray investigations were carried out with an Incoatec (Geesthacht, Germany) IuS
microfocus source with a monochromator for CuKa radiation (A = 0.154 nm), and calibration
was conducted with the powder pattern of Pb(NO3),. A droplet of the sample was placed
on a glass plate on the Linkam hot stage HFS-X350-GI (Linkam, Munich, Germany) (rate:
1 K min~!-0.01 K min1!). The exposure time was 5 min; the sample—detector distance was
9.00 cm for WAXS and 26.80 cm for SAXS. The diffraction patterns were recorded with a
Vantec 500 area detector (Bruker AXS, Karlsruhe, Germany)and transformed into 1D plots
using GADDS software (version number is 4.1.XX).

For the identification of hydrogen bond formation between the benzoic acid derivative B
and the azopyridine components (A), FTIR measurements using the conventional KBr method
and NMR analysis were conducted for some selected supramolecular complexes.

The photoisomerization studies in solution were conducted using an Ocean Optics
HR 2000+ spectrophotometer, and absorption spectra were recorded at room temperature.
The solutions in chloroform were taken in a 1 cm quartz cuvette and covered to avoid the
evaporation of the solvent. The solutions were irradiated with UV light of 1 mW/cm? using
Bluepoint LED Eco Honle at a wavelength of 365 nm. A heat filter is inserted between the
sample and the source to avoid the influence of UV heat on the sample. Trans-cis-trans
photoisomerization in the LC phase was performed using 1 mW /cm? Bluepoint LED Eco
Honle at a wavelength of 365 nm.

2.2. Synthesis

The synthesis of the hydrogen-bonded supramolecules (An/B, AF;n/B, AF,8/B, and
AF»38/B) is shown in Scheme 1. The synthesis of the proton acceptors, i.e., the azopyri-
dine derivatives (An, AFzn, AF,8, and AF»38) was performed using the same procedures
described in our recent publication [36], starting with an azo coupling reaction between
the diazonium salt of 4-aminopyridine (1) and phenol or different fluorinated phenols to
give the corresponding azopyridine derivative 2. Phenolic compound 2 was then etherified
with different bromoalkanes via Williamson's reaction to yield the corresponding alkylated
azopyridine derivatives (An, AF38, AF,;8, and AF»38). As examples, the 'H NMR data of
A12, AF38, AF;8, and AF,38 are given below.

4-(4-Decyloxyphenylazo)pyridine, A12. Orange solid. 61% Yield, m.p. 73 °C. 'H NMR
(400 MHz, CDCl3) 6 8.77 (d, | = 6.0 Hz, 2H, Ar-H), 7.95 (d, ] = 8.4 Hz, 2H, Ar-H), 7.71
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(d, ] = 6.0 Hz, 2H, Ar-H), 7.03 (d, ] = 8.4 Hz, 2H, Ar-H), 4.06 (t, ] = 6.4 Hz, 2H, Ar-OCH,),
1.85-1.76 (m, 2H, Ar-OCH,CHp), 1.46-1.27 (m, 18H, CH,), 0.90 (t, ] = 6.8 Hz, 3H, -CHs).

4-(3-Fluoro-4-octyloxyphenylazo)pyridine, AF38. Orange crystals. 30% Yield, m.p.
58-59 °C. 'H NMR (500 MHz, CDCl3) § 8.81-8.76 (m, 2H, Ar-H), 7.82 (ddd, | = 8.6, 2.3,
1.3 Hz, 1H, Ar-H), 7.72 (dd, | = 11.9, 2.3 Hz, 1H, Ar-H), 7.69-7.64 (m, 2H, Ar-H), 7.09
(t, ] =8.5Hz, 1H, Ar-H), 4.14 (t, ] = 6.6 Hz, 2H, Ar-OCH>), 1.92-1.83 (m, 2H, Ar-OCH,CH)),
1.55-1.29 (m, 10H, CHy), 1.43-1.33 (m, 3H, -CHas).

4-(2-Fluoro-4-octyloxyphenylazo)pyridine, AF,8. Orange crystals. 37% Yield, m.p.
56-58 °C. 'H NMR (500 MHz, CDCl3-d) & 8.88-8.72 (m, 2H, Ar-H), 7.84-7.77 (m, 1H,
Ar-H), 7.72-7.66 (m, 2H, Ar-H), 6.80-6.74 (m, 2H, Ar-H), 4.04 (t, ] = 6.6 Hz, 2H, O-CH,),
1.89-1.78 (m, 2H, Ar-OCH,), 1.52-1.42 (m, 2H, CH,, Ar-OCH,CH)y), 1.42-1.23 (m, 8H, CH»),
0.96-0.85 (t, ] = 6.9 Hz, 3H, -CH3).

4-(2,3-Difluoro-4-octyloxyphenylazo)pyridine, AF,38. Orange crystals. 36.4% yield. m.p.
54-55 °C. TH NMR (500 MHz, CDCl;) sppm: 8.93-8.66 (m, 2H, Ar-H), 7.77-7.64 (m, 2H,
Ar-H),7.59 (ddd, ] =9.6,7.5,2.3 Hz, 1H, Ar-H), 6.82 (ddd, | =9.4, 7.4, 2.0 Hz, 1H, Ar-H),
4.15 (t, ] = 6.6 Hz, 2H, Ar-OCHy), 1.92-1.82 (m, 2H, Ar-OCH,CH,), 1.55-1.44 (m, 2H, CH)),
1.43-1.22 (m, 8H, CHy), 0.96-0.80 (t, ] = 6.8 Hz, 3H, -CH3).

The synthesis of the proton donor (B) was performed as described in detail in
our recent report [20]. Using Williamson’s etherification reaction, 4-hydroxyphenyl-4-
(dodecyloxy)benzoate (3) [42] was etherified with 7,7’-dibromoheptane to give interme-
diate compound 4. An additional etherification step of 4 with 4-hydroxybenzaldehyde
yielded aldehyde derivative 5, which was then oxidized to the corresponding benzoic acid
derivative B via Pinnick oxidation using sodium chlorite [20].

B. White crystals. Yield 97.7%, Cr 132 SmC 140 N 165 Iso. 'H NMR (600 MHz, CDCl3)
§9.88 (s, 1H, Ar-COOH), 8.19-8.08 (m, 2H, Ar-H), 8.08-8.00 (m, 2H, Ar-H), 7.14-7.04 (m,
2H, Ar-H), 6.98-6.85 (m, 6H, Ar-H), 4.04 (t, ] = 6.5 Hz, 4H, Ar-OCH,), 3.97 (t, ] = 6.5 Hz, 2H,
Ar-OCH,), 1.95-1.70 (m, 6H, CHy), 1.64-1.16 (m, 24H, CH,), 0.97-0.79 (m, 3H, -CH3).

2.3. Preparation of Supramolecular Complexes (An/B, AF3n/B, AF,8/B, AF,38/B)

The supramolecular complexes An/B, AF38/B, AF,8/B, and AF,38/B were prepared
by mixing equimolar amounts of each of the azopyridine derivatives An, AF38, AF,8,
and AF»38 with acid B in a DSC pan and melting them together with stirring until a
homogeneous mixture was obtained. The mixture was cooled to room temperature, and
the process was repeated twice to ensure hydrogen bond formation. As an example, the
supramolecular complex A8/B was obtained by mixing A8 (0.311 g, 1.0 mmol) with B
(0.632 g, 1.0 mmol) as described above.

3. Results
3.1. Hydrogen Bond Formation

To prove hydrogen bond formation between the proton donor and the proton ac-
ceptors, we performed FTIR as well as 'H NMR for selected representative examples.
Figure 1a,b shows the FTIR spectra of the supramolecule A12/B (black curve) combined
with the spectra of its individual components, i.e., acid B (blue curve) and nonfluo-
rinated azopyridine A12 (red curve) in two different regions (for the complete spec-
tra, see Figure S1, Supplementary Materials). From Figure la, the FTIR bands of the
supramolecule A12/B vary notably from those of the pure materials. For A12/B, two new
broad bands at 2425 and 1885 cm ™! appear due to the Fermi resonance overtones (also see
Figure S1 in the Supplementary Materials) as typically observed for HBLCs [27,36]. More-
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over, a shift to a higher wavenumber of the vc_q stretching vibration (1721, 1675 — 1721,
1684 cm™1) for supramolecule A12/B compared to pure acid B can be observed (Figure 1b),
indicating the successful formation of the hydrogen bond between A12 and B. Similar
results were observed for the fluorinated supramolecule AF312/B and its individual com-
ponents AF312 and B (see Figure S2a—c in the Supplementary Materials).
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Figure 1. FTIR spectra of the supramolecule A12/B (black), benzoic acid derivative B (blue), and pure
azopyridine compound A12 (red) in a crystalline state at room temperature, and enlarged area (a) between
1750 cm~! and 3600 cm~! and (b) between 1620 cm ™! and 1760 cm ™~ for the shift region of the C=O
stretching vibration region.

Hydrogen bond formation was further confirmed by measuring the 'H NMR spec-
tra for the pure materials before mixing them together and after the formation of the
supramolecular hydrogen-bonded complex. As an example, the 'H NMR spectra of
supramolecular A12/B (black), together with the spectra of pure benzoic acid derivative B
(blue) and azopyridine derivative A12 (red) in the aromatic region are shown in Figure 2
(for the complete spectra, see Figure S3). For the sake of comparison, the complete 'H NMR
data for A12, B, and A12/B are given in the Supplementary Materials. Upon complexation,
the signals of benzoic acid B in the aromatic region are slightly affected (compare the
black and blue curves, Figure 2). Therefore, the chemical shifts of the multiplet signals
recorded for pure B at 8.19-8.08 and 7.14-7.04 ppm are shifted to slightly lower 6 values of
8.15-8.09 and 7.12-7.07 ppm, respectively. On the other hand, the change in the 6 values
after complexation is more obvious for A12 in the aromatic region (compare the black and
red curves, Figure 2). The recorded spectra of complex A12/B (black curve) reveal a higher
chemical shift of all signals of the pyridine ring aromatic protons upon complex formation
with acid B, where the doublet signals recorded for pure A12 at 8.77, 7.95, 7.67 and 7.02
ppm are shifted to higher 6 values upon complex formation as follows: 8.81,7,97, 7.81, and
7.04, respectively. These observations, together with those from FTIR, confirm the successful
formation of the hydrogen bond between complementary components A12 and B.

| A12/B ﬂ Mw» NHWL
A L L

Figure 2. TH-NMR spectra (500 MHz, CDCl3) in the aromatic region of supramolecule A12/B (black)
and the individual components, azo pyridine A12 (red) and benzoic acid derivative B (blue). For the
whole spectral range, see Figure 53 in the Supplementary Materials.
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3.2. Mesomorphic Investigations

All the individual azopyridine derivatives used to construct the new supramolecules,
i.e.,, An, AF38, AF,8, and AF,38, are non-mesomorphic crystalline materials [16,36,43]. On
the other hand, proton donor B is a liquid crystalline material exhibiting both nematic and
smectic C phases with the following transition temperatures: Cr 132 °C SmC 140 °C N
165 °C Iso [20]. This LC behaviour of B is due to hydrogen bond formation between the free
carboxylic groups, which results in the presence of B in a dimeric form. Upon mixing each
of the azopyridine derivatives with proton donor B, different phase behaviour is observed.
The transition temperatures (°C) and associated enthalpies (k] mol 1) as recorded by DSC
measurements for all new supramolecular complexes are collected in Table 1 and shown
graphically in Figure 3. As representative examples, the DSC thermograms recorded for
supramolecular complexes A12/B and AF312/B are shown in Figure 4 (for all remaining
DSC figures, see Figure S3 in the Supplementary Materials file). It should be noted that
almost all supramolecules exhibit Cr-Cr transition during heating and cooling cycles
(Figures 4 and S4). However, for clarity, we give in Table 1 the values of the peaks with
higher values of transition enthalpy corresponding to the Cr-LC transition on heating or
the LC-Cr transition on cooling cycles.

Table 1. Transition temperatures and enthalpies of the supramolecular complexes An/B, AF3n/B,
AF,8/B, and AF,38/B 2.

Complex n Phase Sequence (T [°Cl/AH [k]/mol])
H: Cr 115 [60.8] N 132 [5.1] Iso

A8/B 8 C: Iso 130 [-5.0] N 98 [~60.4] Cr

A10rB 10 G127 (301N 97 [ aB0)C

A12/B 2 105 (4 0]N 101|664 Cr

AL/ 4 Glo12e 61N 103 8651 Cr

ABSB 8 o N Lsselcr
AF310/B 10 gf ICs<r) 11?57 [[SEQ?é]NNligo[Ef%.Issf M 93 [~58.2] Cr
AF312/B 12 o 18 L3 0IN 00 b8 Cr

AF314/B 14 Ig: f;f) 11(51 [[6_7'25_4];]NN1;§ [[?;?7128]00

AF,8/B 5 Clon 119 121N 88 [ 208] Cr

R . H: Cr 94 [48.4] N 120 [4.2] Iso

C:Tso 118 [—3.5] N 85 [—46.0] Cr

2 Transition temperatures and enthalpy values were taken from the second DSC heating scans (10 K min™1).
Abbreviations: H = heating; C = cooling; Cr = crystalline state; N = nematic phase; M = unknown phase;
Iso = isotropic liquid phase.
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Figure 3. Bar diagram displaying LC-phases of the complexes An/B, AF3n/B, AF,8/B, and AF,38/B
as determined from 2nd cooling DSC scans with a rate of 10 K min—!. (a) Nonfluorinated HBLCs;
(b) fluorinated HBLCs. Abbreviations: N = nematic phase (yellow); M = unknown phase (orange);
Cr = crystalline solid (black). For numerical data and transition enthalpies, see Table 1.
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Figure 4. DSC thermograms recorded for the supramolecular complexes: (a) A12/B and (b) AF312/B
with heating and cooling rates of 10 K/min.

3.2.1. Nonfluorinated HBLCs (An/B)

As can be seen from Table 1 and Figure 3a, all the nonfluorinated supramolecules An/B
exhibit one type of an enantiotropic mesophase. As an example, on cooling supramolecule
A12/B from the isotropic liquid state under POM, a schlieren texture could be observed
(Figure 5a) as typically observed for nematic (N) phases. The transition from the crystalline
state to the N phase on heating (N-Iso) or from Iso-N on cooling is associated with a mea-
surable change in enthalpy, as measured during DSC investigations (Table 1 and Figure 4a).
Similar DSC observations were also recorded for DSC thermograms of supramolecules
An/B (see Figure S4). The nematic phase was further confirmed by XRD investiga-
tions (see Section 3.3). The range of the nematic phase on heating is the same for the
shorter supramolecules (A8/B and A10/B) of ~17 K on heating and ~30-32 K on cooling
(Table 1 and Figure 4a). For the longer HBLCs (A12/B and A14/B), the nematic phase range
is reduced (~8 K on heating and ~22 K on cooling).
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(a)A10/B:T=121°C (b) AF;8/B: T= 115°C

(c) AF,8/B: T=115°C (d) AF,38/B: T=115°C

Figure 5. Optical textures of the nematic phase observed under crossed polarizers for the supramolec-
ular complexes, (a) A12/B; (b) AF38/B; (c) AF»8/B, and (d) AF»38/B at the indicated temperatures on
cooling from the isotropic state with 10 K/min.

3.2.2. Fluorinated HBLCs (AF3n/B, AF,8/B, AF,38/B)

Mixing monofluorinated azopyridine derivatives AFsn with acid B instead of the
nonfluorinated analogues results in the fluorinated HBLCs AF3n/B. The nematic phase is
also the only observed LC on heating any of these supramolecules (Table 1 and Figure 54),
which is also characterized by the Schlieren texture (Figure 5b). The nematic phase range for
all fluorinated HBLCs with n < 12 is less compared to that of their related nonfluorinated
HBLCs (An/B, see Table 1 and Figure 3a,b). This could be attributed to an increased steric
effect in the case of AF3n/B supramolecules, resulting in lower phase stability. This effect
has no significant role for the longest HBLCs, where the same nematic range is observed
for both fluorinated and nonfluorinated HBLCs A14/B and AF314/B (~8 K on heating in
both cases, Table 1).

An additional difference between An/B and AF3n/B could also be observed in the case
of the supramolecule AF310/B with n = 10. On cooling this HBLC under POM from the
nematic phase, another LC phase with reduced birefringence could be observed (Figure 6b).
This phase transition could also be detected during DSC investigations (see Table 1 and
the DSC curve in Figure S4). This lower temperature phase is characterized by its higher
viscosity compared to the N phase and its monotropic nature. Unfortunately, it was not
possible to further characterize this metastable phase with XRD due to crystallization
during the measurement time, and therefore, it is assigned as an M phase.

Figure 6. Optical textures between crossed polarizers for supramolecule AF310/B: (a) the nematic
phase at T = 108 °C and (b) M phase at T = 98 °C on cooling from the isotropic state with 10 K/min.

Two additional selected examples of HBLCs with different positions and degrees
of fluorine atoms were also constructed, namely AF,8/B and AF»38/B. In both cases, the
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nematic phase was retained as the only observed mesophase, like their related analogues
A8/B and AF38/B (see Figure 5¢,d for the POM textures and Figure S4 for the DSC traces).
However, the nematic phase range is increased for both AF,8/B and AF38/B compared to
A8/B and AF38/B (see Table 1 and Figure 3b). This could be a result of the change in the
dipole moment because of the carbon—fluorine bonds resulting from using the F atom in
an inner position in the case of AF,8/B or by increasing the number of F atoms in the case
of AF38/B. These structural modifications prove that aromatic core fluorination could be
used successfully in these HBLCs to enhance the mesophase range.

3.3. XRD Investigations

To further confirm the nature of the LC phases exhibited by the reported HBLCs, we
conducted XRD experiments for two selected examples. For supramolecule A12/B, the
SAXS region shows a broad peak at around 20 = 1.76° (5.03 nm) together with a broad
wide-angle diffraction at 26 = 20.43° (dwaxs ~ 0.44 nm) (see Figure 7a) indicating the liquid-
like state of the material and confirms the absence of fixed positions of molecules. Because
of the maxima observed for the SAXS and WAXS signals, a spontaneous orientation of the
nematic phase of A12/B can be assumed.

(a) A12/B —T=115C (b)

/[a.u.]

26
Figure 7. Measured XRD for supramolecule A12/B on cooling from isotropic liquid at T = 115 °C:

(a) 1ID-XRD plot of the SAXS region, with inset showing WAXS region; 2D-XRD pattern for (b) WAXS
region and (c) corresponding SAXS region.

For fluorinated supramolecular complex AF312/B, the nematic phase could also be
confirmed by XRD experiments. Here, the SAXS region shows a broad peak at 26 = 1.65°
(5.47 nm) with an additional WAXS halo at 26 = 20.65° (dyaxs = 0.44 nm) (see Figure 8a).
The WAXS halo shows an equal distribution of signal intensity over the whole space, also
confirming the presence of the nematic phase.

(a)| AF;12/B — T=110°C

/[a.u.]

267

Figure 8. (a) 1D-XRD plots of compound AF312/B of the SAXS region, where the inset shows the
WAXS region of the investigated supramolecular complex; the 2D-XRD pattern received for the
WAXS region (b) measured on cooling from the isotropic liquid at T = 115 °C.
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3.4. Photoisomerization

The incorporation of an azopyridine unit in the designed HBLCs enabled the investi-
gation of trans-cis photoisomerization under light irradiation. As a representative example,
Figure 9 illustrates the isothermal UV irradiation (365 nm) of supramolecular complex A8/B
at 120 °C. Upon the irradiation of the nematic (N) phase, a rapid transition to the isotropic
(Iso) phase occurs within three seconds (Figure 9a,b). When the light source is switched off,
the system reverts to the N phase, confirming a fully reversible and fast photoswitching
process between the Iso and N states. This behaviour arises from the trans-cis photoisomer-
ization of the azopyridine unit, where the bent-shaped cis-isomer disrupts the molecular
alignment, destabilizing the N phase and inducing the transition to isotropic. Such rapid
and reversible phase transitions could be of interest for applications in optical data storage
and nonlinear optical devices [44]. Similar photoswitching dynamics were observed for all
N phases of other supramolecular complexes with the same alkyl chain length, regardless
of the number or position of fluorine substituents (e.g., AF38/B, AF,8/B, and AF;38/B). This
suggests that fluorination does not significantly influence the photoisomerization kinetics
in these supramolecular dimers. For comparison, we also studied the photoisomerization
of the HBLCs dissolved in chloroform using UV-Vis spectroscopy. However, the process
was markedly very slow or even barely observed in solution (see Figure S5 for A12/B and
A12F3/B), highlighting the critical role of molecular packing and phase organization in
photoswitching efficiency.

(a) A8/B:T=120°C & (b) A8/B:T=120°C

Lighton

Figure 9. (a,b) Reversible photoisomerization for supramolecule A8/B between the nematic and
isotropic liquid phases at 120 °C on cooling.

4. Conclusions

We successfully designed and prepared a new family of nonsymmetric supramolec-
ular liquid crystalline dimers through intermolecular hydrogen bond formation. These
supramolecules were formed between a benzoic acid derivative featuring a heptamethylene
spacer (B) and various fluorinated and nonfluorinated azopyridine derivatives (An and
AnF3). We also investigated the effect of changing the position of the fluorine atom or using
double fluorination for selected examples on the phase behaviour of the supramolecules.
The formation of a hydrogen bond between the complementary components was confirmed
by FTIR and NMR experiments. All materials were investigated for their liquid crystalline
behaviour using DSC, POM and XRD investigations. In all cases, the nematic phase was the
only observed mesophase to be an enantiotropic one, which was further confirmed via XRD
investigations. An additional unknown monotropic phase was observed only for AF310/B
in a short range. Finally, we investigated the isothermal trans-cis photoisomerization of
the reported supramolecules upon light irradiation, where a fast and reversible transition
between the nematic and isotropic liquid phase was observed. These results highlight the
importance of hydrogen bonding interaction in designing functional LC materials, avoiding
multistep synthetic procedures.
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Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/ cryst15060576/s1, Figure S1: FTIR spectra of the supramolecule
A12/B (black), benzoic acid derivative B (blue), and the pure azopyridine A12 (red) in the crystalline
state at room temperature. Figure S2a. FTIR spectra of the supramolecule AF312/B (black), benzoic
acid derivative B (blue), and the pure azopyridine AF312 (red) in the crystalline state at room tem-
perature. Figure S2b. FTIR spectra of the supramolecule AF312/B (black) and its complementary
components AF312 (red) and B (blue): enlarged area between 1750 cm~! and 3600 cm L. Figure
S2c. FTIR spectra of the supramolecule AF312/B (black) and its complementary components AF312
(red) and B (blue): enlarged area between 1620 em ! and 1760 cm 1. Figure S3. 'H NMR spectra
(500 MHz) of the supramolecule A12/B (black) and its complementary components, the azopyridine
A12 (red) and the benzoic acid derivative B (blue). Figure S4. DSC thermograms recorded for all
supramolecular complexes reported in this study with heating and cooling rates of 10 K/min~1.
Figure S5. Spectral changes observed under UV light irradiation for: (a) A12/B and (b) AF312/B
dissolved in chloroform.
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