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Photo switchable liquid crystalline (LC) materials are of great interest for optical and photonic applica-
tions. Herein we report the design, synthesis, and molecular self-assembly of the first examples of pho-
tosensitive hockey-stick (HS) polycatenars. Therefore, two new series of HSLCs derived from 4-
cyanoresorcinol bent-core unit connected to a short azobenzene-based side arm with one variable alkoxy
chain and a long ester-based wing terminated with two alkoxy chains at 3 and 5 positions of the terminal
benzene ring are reported. They differ from each other in the length of the terminal chains connected to
the long arm. The LC self-assembly of these HSLCs was investigated by polarized optical microscopy
(POM), differential scanning calorimetry (DSC), X-ray diffraction (XRD) and electro optical investigations.
Depending on length of terminal chains a transition from one dimensional (1D) tilted and non-tilted
smectic phases to three dimensional (3D) achiral bicontinuous cubic phases with Ia3

�
d symmetry

(Cubbi/Ia3d) upon chain elongation is observed. Moreover, achiral isotropic liquid networks were
observed for medium and long chain homologues. Most of mesophases are room temperature LCs phases
with wide ranges as observed in the cooling cycles, where once they are formed on heating, no sign of
crystallization is detected down to ambient temperature. Finally, UV light irradiation results in fast
and reversible photoinduced transformation between different types of LCs phases as well as between
LC phase and isotropic liquid.

� 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Designing materials with potential nano-technological applica-
tions is of great interest. Liquid crystals (LCs) represent one class of
such materials which are widely applied nowadays in electronic
and optoelectronic devices [1,2]. LCs have not only been applied
in liquid crystals displays (LCDs) but also as organic semiconduc-
tors in organic field effect transistors (OFETs) [3], organic light
emitting diodes (OLEDs) [4], and organic photovoltaic cells (OPV)
[5]. Besides conventional rod-like LCs, bent-core liquid (BCLCs)
represent an interesting class of nonconventional LCs, which exhi-
bit unique and fascinating mesophases ranging from polar smectic
to non-polar smectic phases known to be formed by rodlike LCs [6–
11]. More interesting, BCLCs can form spontaneously mirror sym-
metry broken mesophases such as the helical nanofilament phase
(B4 phase) [12,13] and dark conglomerate phases (DC phases)
[14,15], though the molecules themselves are achiral. BCLCs can
also display cybotactic and paraelectric nematic phases [16,17] in
addition to their potential to form biaxial nematics.[18–22]. Due
to their reversible trans–cis photoisomerization upon light irradia-
tion azobenzene-based BCLCs have attracted the attention of many
researchers [11,23–29]. The presence of the azobenzene unit in the
molecular structure provides an efficient way to photocontrol the
molecular structure and to modulate the physical properties
toward applications [30]. Therefore, azobenzene based LCs have
been applied in optoelectronic sensing devices [31] and organic
light-driven actuators [32–34]. Recently, we have reported differ-
ent classes of azobenzene containing BCLCs derived from 4-
substituted resorcinol core unit that exhibit mirror-symmetry
breaking in helical nano-crystallite phases (HNC) [11,15] as well
as in fluid smectic C phases depending on the type of the sub-
stituent used [35–38]. One of the most promising central core units
is 4-cyanoresorcinol, which is known to induce LC mesophases at
the border line between rod-like and bent-core molecules [36–
43]. A breakthrough came with the discovery of mirror-
symmetry breaking in the liquid networks known as Iso1[ *] formed
by polycatenars [44,45]. Polycatenars represent another class of
nonconventional LCs consisting of a long aromatic rod-like core
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decorated with multiterminal flexible chains [46]. Due to nanoseg-
regation of the aromatic rigid core and the terminal flexible chains,
polycatenars can display different types of LCs mesophases includ-
ing nematic, smectic, bicontinuous cubic (Cubbi), micellar cubic
and columnar phases depending on the number of the terminal
chains. Cubbi phases are three dimensional LCs phases, which rep-
resent an intermediate state between the one dimensional (1D)
lamellar and the two dimensional (2D) columnar mesophases
and are very interesting for a wide range of applications e.g. as
3D conducting or photonic materials [47,48], and for optical band-
gap materials [49–51]. These 3D phases with cubic symmetry are
rarely observed in bent-core molecules [52–55], while they are
known to be formed by polycatenars having terminal chains non-
symmetrically distributed at both ends of the long aromatic core
[44,45,56–59]. There are two types of Cubbi formed by such poly-
catenars, the first one is achiral Cubbi with Ia3d symmetry (Cubbi/
Ia3d) [60], and the second type is chiral Cubbi with I23 symmetry
(Cubbi[ *]/I23) [61]. The two different types are characterized by
their high viscosity and can be distinguished by XRD investigations
[60,61]. Under POM with crossed polarizers both of them appear
totally isotropic, while under slightly uncrossed polarizers dark
and bright areas could be only observed in the case of the chiral
Cubbi[ *]/I23. These domains invert their signs by inverting the direc-
tion of rotation of the analyzers, confirming the chirality of this
Cubbi[ *]/I23 phase. The Iso1[ *] phase was found to be formed beside
either the chiral Cubbi[ *]/I23 or the achiral Cubbi/Ia3d phases in
most cases [44,45,56,57,58,59,62]. However, we have also reported
recently the first example of an Iso1[ *] phase occurring beside a
Smectic A (SmA) phase exhibited by azobenzene-based tricatenars
[63]. The latter was also able to form the achiral version of the 3D
Cubbi phases i.e. Cubbi/Ia3d beside SmA and other different types of
smectic phases depending on the length of the terminal alkyl chain
[64]. Therefore, the question arose if the LC phases of polycatenars
still show chiral mesophases if a bend is induced in its molecular
structure by using 4-cyanoresorcinol as central bent unit (see
scheme 1), which known to have low bend angle < 120�
[36,37,38,39,40,41,42,43]. Moreover, would this molecular struc-
ture exhibit banana-mesophases or other LCs phases that are dis-
played by HS molecules?

To answer these two questions, herein we report the synthesis
and investigation of the liquid crystal self-assembly of a new fam-
ily of polycatenars in the form of hockey-stick (HS) molecules
derived from 4-cyanoresorcinol connected to two side arms, where
one arm is much longer than the other (A6/n and A10/n, Scheme 2).
HSLCs represent materials that could display mesophases at the
cross over between BCLCs and rod-like molecules which could also
lead to new mesophases [65–79]. The new HS molecules represent
Scheme 1. Molecular design principle of

2

tricatenar systems having two terminal alkyl chains attached to
the long side arm at positions 3 and 5 on the terminal benzene ring
and one alkyl chain attached to the azobenzene-based short side
arm. Therefore, two different series of these HS molecules A6/n
and A10/n (see Scheme 2 and Fig. 1) were designed and synthe-
sized, where in the first series the double chain on the long side
arm are kept fixed with 6 carbon atoms in each chain i.e. hexyloxy
chains and in the second series they are replaced by decyloxy
chains. In both series of compounds, the number of carbon atoms
in terminal chain attached to the azobenzene-based wing i.e. the
short arm was varied between n = 6 ? 16. To the best of our
knowledge A6/n and A10/n compounds are the first examples of
photosensitive hockey-stick polycatenars reported up to date.
The mesophase behaviour of these new HS has been investigated
by polarizing optical microscopy (POM), differential scanning
calorimetry (DSC), X-ray diffraction (XRD) and electro optical
measurements.
2. Experimental

2.1. Synthesis

The synthesis of the target HS polycatenars A6/n and A10/n was
performed as shown in Scheme 2. The azobenzene containing ben-
zoic acids derivatives (1/n) were prepared as described before [35],
while the synthetic procedures for the benzoic acid derivatives ter-
minated with double chains are recently reported elsewhere [80].
All final HS molecules were synthesized by acylation reaction of
the hydroxy compounds 3/n with one equivalent of the acid chlo-
ride derived from azobenzene-based benzoic acid derivatives 4/n.
The acylation reactions were carried out in presence of triethy-
lamine as a base and a catalytic amount of pyridine. The crude final
materials were purified firstly by column chromatography using
dichloromethane as an eluent followed by recrystallization from
ethanol/chloroform (1:1) mixture to yield the target HS polycate-
nars. The synthesis details of all intermediates as well as the final
materials and the analytical data are reported in the Electronic
Supporting Information (ESI). All compounds are thermally stable
as proved by the reproducibility of DSC thermograms in repeated
heating and cooling cycles.
2.2. Methods

The thermal behaviour of all synthesized compounds was stud-
ied by polarizing optical microscopy (POM) and differential scan-
ning calorimetry (DSC). For polarizing microscopy a Mettler FP-
82 HT hot stage and control unit in conjunction with a Nikon
the new hockey-stick polycatenars.



Scheme 2. Synthesis of the target HS polycatenars A6/n and A10/n. Reagents and conditions: i) DMF, SOCl2, reflux 1 hr.; ii) dry CH2Cl2, dry TEA, dry pyridine, reflux for 6 hr; iii)
H2, Pd/C-10%, dry THF, stirring 24 hr.
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Optiphot-2 polarizing microscope was used. DSC-thermograms
were recorded on a Perkin-Elmer DSC-7 with heating and cooling
rates of 10 K min�1. Electro-optical switching characteristics were
examined in 6 lm polyimide coated ITO cells (EHC Japan) using the
triangular-wave method [81]. XRD patterns were recorded with a
2D detector (Vantec-500, Bruker). Ni filtered and pin hole colli-
mated CuKa radiation was used. The exposure time was 15 min
and the sample to detector distance was 27.4 and 9.5 cm for small
angle and wide angle scattering experiments, respectively. Align-
ment was attempted by slow cooling (rate: 1 K min�1 to
0.1 K min�1) of a small droplet on a glass plate.
3. Results and discussion

3.1. Hockey-stick polycatenars A6/n

Compounds A6/n having two hexyloxy chains attached at posi-
tion 3 and 5 in the terminal benzene ring of the long side arm of the
HS molecules form two different types of enantiotropic meso-
phases (see Table 1 and Fig. 1).

The shortest compound A6/6 with n = 6 forms tilted and non-
tilted smectic phases. On cooling A6/6 from the isotropic liquid a
transition to a highly birefringent phase with a fan shaped texture
associated with dark areas are observed at T � 142 �C as typically
observed for non-tilted smectic A (SmA) phases. Therefore, the
higher temperature LC phase of A6/6 is assigned as SmA phase.
On further cooling and at T � 99 �C, a weak birefringence is
induced in the dark areas observed in Fig. 2a, while the fan
3

shaped textures are not altered and the directions of the dark
extinctions observed in Fig. 2a and b are the same, confirming a
transition from SmA phase to the rarely observed anticlinic tilted
SmC phase i.e. SmCa [79], which remains without crystallization
till room temperature. The crystallization is only observed on
heating cycle and the same phase sequence is observed on heat-
ing and cooling scans confirming the enantiotropic nature of
these LCs phases. The SmCa-SmA phase transition could be also
detected by DSC investigations (see Table 1 and Fig. 3a). On chain
elongation the SmCa phase is removed for all longer homologues
with n � 8, where SmA is the only observed mesophase (see
Table 1 and Fig. 1).

For all medium chain compounds with n = 8–12, the SmA
remains till room temperature on cooling without crystallization,
which is only observed for longer homologues with n � 14.
Another interesting feature of compounds A6/n is the observation
of a broad peak in the DSC curves in the isotropic liquid range for
compounds A6/12 - A6/16 (see Fig. 3b). This broad feature is
observed on cooling cycle only for A6/12 and on both heating
and cooling cycles in case of A6/14 and A6/16. By rotating one of
the analyzers from the crossed position in the temperature range
of this isotropic liquid phase for any of A6/12 - A6/16 compounds
no dark and bright domains could be observed indicating that this
isotropic liquid is not chiral as reported before for related linear tri-
catenars.[63,64] Therefore, this achiral isotropic liquid phase is
designated as Iso1 without asterisk. As can be seen from Table 1,
the enthalpy value of LC-Iso transition either on heating or cooling
is relatively large, indicating a significant packing density of the



Fig. 1. Phase behaviour of the investigated new polycatenars on heating (lower bars) and on cooling (upper bars) for: a) series A10/n and b) series A6/n. For abbreviations see
Table 1.
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long aromatic cores, which simultaneously stabilizes the smectic
phases and thus lead only to the formation of SmA phases in most
cases.

To confirm the type of the smectic phases formed by A6/n com-
pounds, we performed X-ray diffraction (XRD) investigations for
some selected examples. In the higher temperature smectic phase
of compound A6/6 at 120 �C a diffuse scattering is observed in the
wide-angle region, while one sharp Bragg reflection in the small
angle region (see Fig. 4a) corresponding to d = 5.63 nm is observed.
This indicates that this phase represents a smectic phase without
in-plane positional order. The maximum of the diffuse scattering
in the wide-angle region is perpendicular to the small angle reflec-
tions, which confirms an on average non-tilted organization of the
molecules in the layers i.e. a SmA phase in agreement with the
observed optical texture in this LC phase. The experimental d-value
is larger than the molecular length of a single molecule (Lmol = 4.44-
nm), determined with Materials Studio for a V-shaped conforma-
tion with bending angle of 120� and all-trans stretched alkyl
chains (see Fig. 5). This indicates an antiparallel side-by-side pack-
ing of the molecules in layers with partial interdigitation of the
alkyl chains and aromatic cores (Fig. 5a).
4

In the temperature range of the other smectic phase and at
T = 60 �C, the d-value decreases only slightly to be d = 5.55 nm
(Fig. 4b), in line with a tilted organization of the molecules and
indicated by the weak birefringence texture in this LC phase
(Fig. 2b). Based on the small difference between layer spacing in
SmA and SmC phases, it is likely that the SmA phase is of the de
Vries type [82,83]. It should be noted that XRD measurments can-
not precisely differentiate between the synclinic and anticlinic
SmC phases [79,84]. However, based on the XRD results and the
textural observations of A6/6 at T = 60 �C, this phase is assigned
as a anticlinic tilted smectic C phase i.e. SmCa.

3.2. Hockey-stick polycatenars A10/n

Replacing the two terminal hexyloxy chains in compounds A6/n
with two longer decyloxy chains leads to the formation of series
A10/n. The phase sequence and types of mesophases formed by
A10/n derivatives are given in Table 1 and represented graphically
in Fig. 1a. As can be seen from Table 1 and Fig. 1a, the shortest
homologue A10/6 exhibit SmA and SmC phases as observed for
the related analogue A6/6. However, the SmA phase range of



Table 1
Phase transition temperatures (T/�C), mesophase types, and transition enthalpies [DH/kJ�mol�1] of compounds A6/n and A10/n.a.

Cpd. m n Transition Temp.

A6/6 6 6 H: Cr 69 [9.5] SmCs 105 [0.6] SmA 144 [2.4] Iso
C: Iso 142 [2.2] SmA 99 [0.8] SmCs < 20 Cr

A6/8 6 8 H: Cr 110 [32.7] SmA 149 [3.2] Iso
C: Iso 145 [3.1] SmA 96 < 20 Cr

A6/10 6 10 H: Cr 126 [36.4] SmA 146 [2.6] Iso
C: Iso 144 [2.6] SmA < 20 Cr

A6/12 6 12 H: Cr 126 [38.3] SmA 146 [3.7] Iso
C: Iso 149 [0.1] Iso1 144 [2.4] SmA < 20 Cr

A6/14 6 14 H: Cr 134 [52.0] SmA 144 [1.2] Iso1 150 [1.0] Iso
C: Iso 148 [2.1] Iso1 142 [1.2] SmA 72 [16.0] Cr

A6/16 6 16 H: Cr 110 [25.6] SmA 148 [0.8] Iso1 155 [1.3] Iso
C: Iso 153 [0.9] Iso1 145 [0.8] SmA 31 [5.6] Cr

A10/6 10 6 H: Cr 97 [25.6] SmCa 138 [0.5] SmA 144 [4.8] Iso
C: Iso 142 [4.6] SmA 134 [0.6] SmCa 78 [24.8] Cr

A10/8 10 8 H: Cr 108 [27.0] SmA 155 [2.3] Iso
C: Iso 155 [2.4] Iso1 151 [1.6] SmA < 20 Cr

A10/10 10 10 H: Cr 120 [38.8] SmA 153 [2.0] Iso
C: Iso 157 [7.3] Iso1 151 [1.8] SmA < 20 Cr

A10/12 10 12 H: Cr 120 [29.8] SmA 143 [0.8] Iso1 150 [2.0] Iso
C: Iso 148 [3.0] Iso1 142 [0.8] SmA < 20 Cr

A10/14 10 14 H: Cr 115 [39.4] Cubbi/Ia3
�
d 146 [1.3] Iso

C: Iso 138 [0.5] Cubbi/Ia3
�
d < 20 Cr

A10/16 10 16 H: Cr 49 [43.8] Cubbi/Ia3
�
d 148 [2.2] Iso

C: Iso 142 [1.7] Cubbi/Ia3
�
d < 20 Cr

Notes: aTransition temperatures and enthalpy values were taken from the second DSC heating scans (H) and cooling scans (C) with 10 K min�1; abbreviations: Cr = crystalline
solid; SmCs = synclinic smectic C phase; SmCa = anticlinic smectic C phase; SmA = orthogonal non-tilted smectic A phase; Cubbi/Iad = achiral cubic phase with Ia3

�
d lattice;

Iso1 = achiral isotropic liquid; Iso = isotropic liquid.

Fig. 2. Optical micrographs observed for compound A6/6 in a homeotropic cell (ordinary non-treated microscopy slides) on cooling in: a) in the SmA phase at T = 130 �C and
b) in the SmCa phase at T = 60 �C.
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A10/6 is narrower as would be expected by chain elongation and
the SmC phase is crystallized on cooling and not a room tempera-
ture LC phase as that exhibited by A6/6.

More interesting, the SmC phase of A10/6 is synclinicly tilted
and not anticlinicly tilted as that of A6/6. The synclinic tilt is con-
firmed by the high birefringence of the SmC exhibited by A10/6
compared to the weak birefringence of that of A6/6 (compare
Fig. 6a and the homeotropic regions in Fig. 2b). Moreover, a schlie-
ren texture with four brush disclinations could be observed, which
also confirms the presence of a synclinic SmC i.e. SmCs mesophase
[79]. To further confirm the SmCs-SmA transition, the optical
5

textures were recorded in a planar 6 lm ITO cell, where the fan
textures observed in the SmA phase became broken in the SmCs

phase accompanied by increasing of birefringence (Fig. 6c, d).
To test if the smectic phases formed by A6/6 and A10/6 are polar

or not, electro-optical experiments were performed using a trian-
gular wave voltage for these two compounds. For both materials
no current peak could be observed neither in the SmA, nor in the
SmCs phases of these two materials up to a voltage of 200 Vpp in
a 6 lm ITO cell, indicating the non-switching behaviour and the
non-polar nature of these two phases. The loss of polar order in
these smectic phases indicate that they are different from those



Fig. 3. DSC thermograms obtained for: a) compound A6/6 and b) A6/14; with 10 K min�1 heating and cooling rates. The inset in b) represents an enlarged range (138 �C-
160 �C) showing the Iso1-Iso broad transition peaks on heating and cooling cycles of A6/14.

Fig. 4. Small X-ray diffraction (SAXD) patterns of A6/6 at: a) T = 120 �C in the SmA phase and b) T = 60 �C in the SmCa phase. The insets show the wide-diffraction patterns
(WAXD).
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Fig. 5. Space-filling models of A6/6 showing the distinct modes of self-assembly in the SmA layers (one layer is represented): a) intercalated bilayer structure with
antiparallel (up-down symmetric) arrangement of the molecules, b) antiparallel arrangement of the molecules with complete segregation of aromatic cores and aliphatic
chains and c) parallel organization of the molecules with complete segregation of chains and cores.

Fig. 6. Optical micrographs observed for compound A10/6 in: a), b) a homeotropic cell (ordinary non-treated microscopy slides) in the SmCs phase at T = 100 �C a); in the SmA
phase at T = 110 �C b); The red dashed circle in a) indicates the four brush defects, which confirm the presence of SmCs phase; c), d) in a planar 6 lm ITO cell c) the SmCs phase
at T = 100 �C and d) the SmA phase at T = 110 �C. The directions of polarizers and analyzer and the rubbing direction (R) are indicated in c).
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usually observed in BCLCs, which might be attributed to the dis-
torted packing of the molecules as described above giving rise to
a significant distortion for the directed packing of the bent direc-
tions of the cores (see Fig. 5). A polar order could be expected if
a uniform bend-direction with preferred packing of the bent-core
molecules with parallel organization could be achieved (Fig. 5c),
which is not the case in our molecules. This behaviour is like other
7

previously reported HS molecules, which also exhibit non-polar
smectic phases in most cases.[65–79]

On chain elongation the SmCs phase is removed and the SmA
phases are formed beside the liquid networks i.e. Iso1 phases for
all medium chain derivatives with n = 10–12 (see Fig. 1b). The
Iso1 phase is formed as a metastable phase for A10/8 and as enan-
tiotropic one for A10/10 and A10/12. Moreover, the SmA phases of
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these medium chain compounds are stable down to room temper-
ature as once they formed on heating, they do not show any sign of
crystallization on cooling cycles (Fig. 1a). On further chain elonga-
tion and with n � 14 the SmA phase is replaced by another highly
viscous phase, which is characterized by its isotropic appearance
under crossed polarizers as observed in POM investigations. This
indicates the formation of a cubic liquid crystalline phase which
is not exhibited by any other homologues of A6/n or A10/n deriva-
tives. On rotation one of the analyzers from the crossed position
with a small angle either in clockwise or anti clockwise direction
no dark and bright domains could be seen, indicating that this
phase is of achiral nature. Also, for this LC phase there is � 6 K
supercooling of the Iso–LC transition compared to the LC–Iso tran-
sition temperature on heating (see Table 1 and Fig. 1b) which is a
typical feature of cubic LC phases.

These observations are all typically observed for the achiral
bicontinuous cubic phase with Ia3d space group (Cubbi/Ia3d)
[45,59,64]. This cubic phase is formed for both A10/14 and
A10/16 as an enantiotropic phase with very wide temperature
range on heating for the longest homologue A10/16, which became
Fig. 7. DSC thermograms obtained for: a) compound A10/6 an
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even room temperature stable phase for both materials on cooling
from the isotropic liquid phase (see DSC traces of A10/14, Fig. 7b).
Compound A10/14 was further investigated with XRD investiga-
tion to confirm the type of the Cubbi phase (Fig. 8). The two most
intense peaks in the SAX pattern (Fig. 8) can be indexed to the
(211) and (220) reflections, confirming a Cubbi phase with Ia3d
lattice with a calculated lattice parameters acub of 13.3 nm, which
is also in the expected range.

3.3. Photosensitivity

The HS polycatenars A6/n and A10/n were designed to be photo
switchable by incorporation of the photosensitive azo unit in their
molecular structures. Therefore, the geometry of the azo unit could
be changed by UV/Vis light irradiation due to trans–cis photoiso-
merization, which leads to breaking of the supramolecular order,
and thus to phase modulation. Recently, interesting photoswitch-
ing properties were reported for azobenzene-based polycatenars
[85–88] as well as for azobenzene-based BCLCs [23–29,35,36].
The new HS polycatenars reported herein except A10/14 and
d b) A10/14; with 10 K min�1 heating and cooling rates.



Fig. 8. Small X-ray diffraction (SAXD) patterns of A10/14 at T = 110 �C in the Cubbi/
Ia3

�
d phase. The inset shows the wide-diffraction patterns (WAXD) at the same

temperature.
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A10/16 undergo a fast and reversible isothermal phase transition
upon illumination with UV laser pointer (405 nm, 5 mW/mm2).
As a representative example, Fig. 9 shows the results observed
for compound A10/6 under POM. Fig. 9a shows the birefringent
texture of the SmCs phase at � T = 100 �C prior to light irradiation,
which upon light illumination changes to the oily streak character-
istic texture of the SmA phase, coexisting with homogenously
aligned regions which appear black under crossed polarizers
(Fig. 9b). On switching off the light source, the SmA phase trans-
forms back in<3 s to the SmCs phase. Similar observation was also
observed in the SmA phase, where a transformation to the isotropic
liquid was achieved upon light irradiation of the SmA phase
within < 3 s (Fig. 9b, c), which also relaxes back to the SmA texture
very quickly on removing the light source. These observations indi-
cate a fast and an efficient photoinduced phase transition between
Fig. 9. Optical textures observed on heating for compound A10/6 under crossed polariz
irradiation with UV light showing the transformation from the SmCs phase to the SmA p
140 �C. The blue dots in c) are due to UV light.

Scheme 3. Previously reported rod
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different types of LCs phases as well as between SmA and isotropic
liquid i.e. isothermal photoinduced phase transitions as a result of
trans–cis photoisomerization of the azobenzene units.

3.4. Comparison with related linear polycatenars

By comparing the phase behaviour of the newly reported HS
polycatenars reported herein A6/n and A10/n with the recently
reported rod-like polycatenars Bn (Scheme 3) [63,64] having also
an extended aromatic core but missing the central 4-
cyanoresorcinol core which induces bending of the molecule we
can reach the following conclusions.

Depending on the terminal chain length in case of linear poly-
catenars Bn a rich variety of LCs phases were observed, including
hexatic phases (HexIs, HexB), non-tilted smectic A (SmA), synclinic
and anticlinic tilted smectic C phases (SmCs, SmCa), a long pitch
heliconical SmC phase as well as Cubbi/Ia3d in addition to the chiral
Iso1[ *] and the achiral Iso1 isotropic liquid mesophases. The forma-
tion of the rare anticlinic SmCa phases is a characteristic feature of
HS molecules, which notably formed by the linear tricatenars Bn
and only for the new HS molecule A10/6. This means that Bn com-
pounds combine the properties of conventional HS materials and
those of nonsymmetric polycatenars. On the other hand, for the
HS A6/n and A10/n such rich mesomorphism was not observed
and no chiral mesophases were formed as those exhibited by Bn
materials. Obviously, the introduction of the central bent-core unit
in the structure of the rod-like polycatenars Bn retain some meso-
phases formed by the nonsymmetric polycatenars such as the achi-
ral Iso1 and Cubbi/Ia3d phases but at the same time suppress the
formation of any chiral phases and any of the known banana meso-
phases as one would expect. This might be explained by removing
the polar order in A6/n and A10/n HS polycatenars because of the
antiparallel organization of the molecules with partial interdigita-
tion of the alkyl chains in the aliphatic layers (Fig. 5a). Another pos-
sible explanation could be the low bending angle provided by the
4-cyanoresorcinol core unit, resulting in the formation of LCs
phases at the border line between conventional rod-like molecules
ers: a) in the SmCs phase at T = 100 �C before irradiation with UV light and b) after
hase and c) in the isotropic liquid phase after light irradiation of the SmA phase at

-like polycatenars Bn [63,64].
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and BCLCs. This needs further investigation and synthesis of
related materials using different types of central core units to reach
the right core unit able to combine the LCs mesophases of both
BCLCs and polycatenars. However, notably the SmA phases exhib-
ited by all A6/n homologues and the short and medium chain
homologues of A10/n series represent room temperature LC phases
as observed on cooling cycles for all materials (Fig. 1), whereas no
ambient temperature LCs phases were formed by any of Bn com-
pounds. Moreover, the Cubbi/Ia3d phases formed A10/14 and
A10/16 are more stable compared to those formed by Bn deriva-
tives, where no crystallization is detected down to room tempera-
ture for A6/14 and A10/16, making them good candidates for
applications.
4. Summary and conclusions

In summary, we reported the design, synthesis, and molecular
self-assembly of the first example of photo switchable HS polycate-
nars derived form 4-cyanoesorcinol central core unit connected to
one short azobenzene-based side arm and a long ester-based wing
(An/6 and An/10). The two series differ from each other in the
length of the terminal chains at position 3 and 5 in the terminal
benezene ring of the long arm. For the shortest homologues of both
series (A6/6 and A10/6) non-tilted SmA and tilted SmC phases were
observed. The type of tilt in the SmC phases changes from anticlinic
(SmCa) in A6/6 to synclinic (SmCs) in A10/6 with chain elongation.
In electro optical investigations of both phases no current peak
could be detected, indicating the non-polar nature of these two
phases. This behaviour is explained based on the experimental
results of the XRD investigations, which confirms an antiparallel
side-by-side packing of the molecules in layers with partial inter-
digitation of the alkyl chains in the aliphatic layers. Such arrange-
ment results in removing the polar order in these smectic phases.
On chain elongation in both series the SmC phases are removed
and only SmA phases are observed, which once formed on heating
do not show any sign of crystallization on cooling down to room
temperature in most cases. In addition to SmA phases achiral liquid
networks (Iso1 phases) are detected by DSC investigation. On fur-
ther chain elongation a transition from the one-dimensional smec-
tic phases to three dimensional achiral bicontinuous cubic phase
with IadIa3d symmetry (Cubbi/Ia3d) is observed for the longer
homologues of A10/n series i.e. A10/14 and A10/16 as indicated
from POM and XRD investigations. These cubic phases are also
stable down to ambient temperature, which could be of interest
for technological applications. The photoisomerization of the syn-
thesized materials was investigated by UV light irradiation, where
a fast and reversible isothermal photo switching between SmC and
SmA as well as between SmA and the isotropic liquid phase could
be achieved.
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