
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



► 

ARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

Bent-core liquid crystal phases promoted by azo-containing molecules: 

From monomers to side-chain polymers.  

Nélida Gimeno,
 a
 Inmaculada Pintre,

a
 Marta Martínez-Abadía,

a
 José Luis Serrano

b 
and M. Blanca Ros

a*
 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 

DOI: 10.1039/b000000x 5 

New bent-core monomethacrylates and their side-chain polymers containing the 3,4´-biphenylene moiety 

as a central core and both all-ester and azo-ester lateral structures have been prepared and characterized. 

Attractive results concerning the scarcely studied side-chain homo- and copolymers, synthesized either by 

in-situ polymerization in the mesophase or ATRP in solution, are reported. The research is focused on the 

synthesis of these materials and the effect of that structural changes, such as the number of aromatic rings 10 

(5 or 6), the presence of -N=N- versus -COO- links on the lateral structures, and the relative positions of 

the reactive groups, have on the liquid crystal properties of these new bent-core based-materials. The 

mesomorphic behavior of these low and high-molecular compounds, and also of the synthetic 

intermediates with bulky terminal bromo-substituents, have been characterized by POM, XRD, DSC and 

electrooptic studies, showing that the majority of these new molecules have the ability to organize 15 

forming non classical lamellar or columnar mesophases. Significant stabilization of the lamellar SmCP 

mesophase ranges is achieved upon polymerization in comparison to the monomers and interestingly the 

vitrification of these supramolecular organizations occurs at room temperature.

Introduction 

Since the first report on bent-core liquid crystals (BCLCs) by 20 

Niori et al. in 1996,[1] this type of liquid crystalline materials has 

gained increasing interest in many respects, from basic research 

to innovative applications.[2] Despite the possibility that the 

introduction of this sort of bent-core structures into 

macromolecular materials would combine the benefits of both 25 

systems, most of the research has been focused on low molecular 

weight materials and examples of macromolecules are rare. The 

first steps in the route to bent-core-based high molecular weight 

compounds involves the appropriate design of monomers that 

contain reactive units capable of either undergoing 30 

polymerization reactions or being attached to a preformed 

polymer or dendrimer. In this aim respect, reactive groups such as 

alkenes, 1,3-dienes, acrylates, methacrylates or carboxylic acids 

have been used. The latter are probably the least common ones, 

and they are mainly used to incorporate bent-core structures to 35 

into dendritic macromolecules either by ionic[3] or covalent 

interactions.[4]  

In contrast, the alkene units (C=C) are by far the most common 

reactive groups to be introduced into bent-core monomers due to 

their photo/thermal stability and ease of preparation.  40 

Several series of bent-core monomers bearing one or two alkenyl 

terminal chains and showing different types of mesophases have 

been reported [5] but only in a few cases have their 

polymerizations have been accomplished. For example, Galli et 

al.[6] used direactive monomers to perform acyclic diene 45 

metathesis (ADMET) to provide main-chain polymers containing 

bent-core units. A different strategy, described by Balamurugan 

and Kannan et al.,[7] involved the epoxidation of the terminal 

double bonds of the bent-core structures to afford main-chain 

polyethers. The majority of alkenyl-terminated bent-core 50 

molecules have been used to prepare different type of 

polysiloxane derivatives. For example, monoreactive monomers 

have provided side-chain homopolymers and copolymers,[8] and 

dendrimers[9] by hydrosilylation using Karsted´s catalyst or 

elastomers.[10] Likewise, the use of similar reaction conditions 55 

have allowed Gimeno et al.[11] to obtain bent-core based main-

chain polysiloxanes from direactive molecules, by the 

hydrosilylation polyaddition, to give dark conglomerate 

organizations. A single example reported by Sentman and Gin[12] 

concerned the thermal and/or radical photopolymerization of 1,3-60 

dienoxy terminal chains to afford liquid crystalline polymeric 

networks.  

Bent-core acrylates and methacrylates have also been used to 

obtain polymeric systems. These reactive moieties are widely 

used in other types of liquid crystals but are not common in 65 

BCLCs as they may frustrate the mesogenic behaviour when 

introduced at the end of the terminal chains. Indeed, the early 

attempts of to functionalize a five-ring bent-core structure with 

acrylate-terminated chains was reported by Keum et al.[13] and 

gave rise to a non-mesomorphic monomers that were properly 70 

mixed with a non-reactive bent-core structure and by 

photopolymerization, to provided a network that showed a 

lamellar liquid crystalline organization. However, elongation of 

the rigid core to a six-ring structure afforded mesogenic 

monomers (bearing acrylate or methacrylate units) and these were 75 

photopolymerized to yield SmCP-like network polymers, as 
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reported by Barberá et al.[14] Interestingly, if only one reactive 

unit (acrylate or methacrylate) is present, mesomorphism can be 

preserved even for 5 ring monomers, as reported by Li et al.[15] 

These sorts of monomer were polymerized both by free radical 

polymerization and atom transfer radical polymerization (ATRP) 5 

to yield BCLC side-chain polymers that showed a bilayer 

SmCPA2 phase. Likewise, Barberá et al.[16] reported SmCP and 

Colr mesomorphism for five-ring bent-core polymers obtained by 

hydrogen bonding.  

Herein, we report a new series of monoreactive monomers 10 

bearing methacrylate units that can undergo different types of 

polymerizations (Scheme 1). Interestingly, some of the 

monomers contain an azo-linking group with the aim of 

exploiting the well-known photoactive response of this bond and 

the current interest in azobenzene bent-core molecules.[17] To the 15 

best of our knowledge, only in the recent work by Kannan et 

al.[17o] bent-core reactive monomers bearing azobenzene units 

have been successfully polymerized in solution. Interestingly, 

weak AF and F switching and photoisomerization behaviour in 

thin films have been reported for these low molecular weight 20 

polymethacrylates. 

In our case, all of the bent-core compounds reported here are 

based on a 3,4´-biphenyl central unit and the compounds are 

named as follows: to differentiate the presence of an azo-benzene 

unit from the analogous all-ester molecules, the letter A or E is 25 

used, respectively; Br is used to denote bromo-derivatives while 

M represents the methacrylate monomers; in order to define the 

connecting bonds or terminal groups on the 3,4´-biphenyl system, 

the compounds are labelled on the left-hand side (for a 3-

substituted position) or right-hand side (for a 4´-substituted 30 

position) with a number, 5 or 6, which indicates the total number 

of aromatic rings in the molecule.  

For the six-ring systems, the azo moiety is located in the 

peripheral unit either closest (6AM) or furthest (M6A) from the 

reactive point, with the aim of assessing the influence of the 35 

position of this photosensitive group on the liquid crystalline 

properties and the photoresponse of the materials. The synthesis 

and characterization of these new bent-core compounds is 

reported along with preliminary results on the different 

polymerization processes, namely photo- and ATR-40 

polymerization.  

 

Results and Discussion 

1. Synthesis of monomers 

The monomers were prepared by different synthetic pathways 45 

depending on the number of aromatic rings and the chemical 

structures (see Schemes 2–4 and S1). Five-ring monomers 

(Scheme 2) were prepared from 3,4´-biphenyl derivatives 3 and 

4, which were synthesized and subsequently condensed with 

ester- or azo-containing benzoic acids 5 and 6 to yield five-ring 50 

structures E5Br and A5Br, respectively. These monomers were 

esterified under phase transfer conditions to give the reactive 

monomers E5M and A5M. Six-ring structures bearing the 

azobenzene unit were prepared by two different methods 

depending on the position of the azo group with respect to the 55 

reactive unit (Schemes 3 and 4). Compound 6AM                                                      

(bearing azo and methacrylate in the same lateral structure) was 

prepared by esterification of compound 7, with reactive benzoic 

acid 9 bearing an azo linker. all-ester monomer 6EM was 

prepared using a similar strategy to that used to synthesize 6AM, 60 

but with the corresponding acid 8 and subsequent incorporation 

of the reactive group under phase transfer conditions. Monomer 

M6A (with the azo and methacrylate units in different lateral 

structures) was prepared by esterification of compound 11, which 

contains a bromo-substituent at the end of the terminal chain, 65 

with non-reactive azo-containing benzoic acid 6 to yield 

compound Br6A. This was followed by reaction of the bromo-

substituent to give the methacrylate under phase transfer 

conditions. It should be noted that compound Br6A was obtained 

as a mixture of bromo/chloro derivatives, as shown by MS. The 70 

preparation of intermediates 1, 7 and 10 and benzoic acids 5 and 

6 has been reported previously.[17g, h,18] Details for the synthesis of 

the new compounds can be found in the ESI. 

 

Scheme 2. 75 

Scheme 3. 

Scheme 4.  

 

2. Liquid crystal characterization 

Some of the bent-core intermediates and all of the target reactive 80 

monomers were investigated by polarized light optical 

microscopy (POM) on a hot stage, differential scanning 

calorimetry (DSC) and variable temperature X-ray diffraction 

(XRD). The thermal properties and diffraction data for all 

compounds are gathered in Tables 1 and 2, respectively. 85 

 

Tables 1 and 2.  

 

Liquid crystalline properties of halogenated bent-core 
intermediates. 90 

It can be seen from Schemes 2–4 that the synthetic routes 

designed to obtain the desired bent-core monomers involved the 

preparation of intermediate bent-core structures with terminal 

bromo-substituents. Three out of the four halogenated bent-core 

intermediates were liquid crystalline. The shortest compound, 95 

which contains an azo linkage, A5Br, was not mesomorphous, 

whereas the analogous compound with all ester linkages (E5Br) 

showed an enantiotropic SmCP mesophase, as assigned by the 

textures observed by POM, electrooptical studies and XRD 

measurements (see Figure 1 and Table 2). On cooling from the 100 

isotropic liquid, a typical schlieren texture for a SmCPA phase 

was observed. Moreover, two peaks were observed in the 

polarization current curve on applying an electric field (triangular 

voltage 60 V/μm, 50 Hz) to a sample in a 5 μm Linkam cell and 

this behaviour indicates antiferroelectric switching (Figure 1a). 105 

Interestingly, on cooling the sample from the isotropic liquid 

under a strong electric field, regions of different chirality could 

be detected with slightly uncrossed polarizers after removing the 

electric field, an observation that is consistent with a dark 

conglomerate (DC) mesophase induced by the field (Figure 1b). 110 

This phenomenon was also observed for other materials reported 
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here and will be discussed in detail below (see comments on 

compound Br6A). The lamellar nature of the mesophases was 

further confirmed by XRD experiments. Two reflections at 

periodic distances were found in the low angle region and these 

correspond to a layer spacing of 36.5 Å. This value is far smaller 5 

than the theoretical value calculated using Chemsketch® for an 

all-trans extended conformation of the molecule, 62.2 Å, and 

supports a tilt of the molecules within the layer.  

 

Figure 1.  10 

Liquid crystalline behaviour was observed for the six-ring 

halogenated bent-core structures 6EBr and Br6A. As mentioned 

previously, Br6A could not be completely purified from a 

mixture of bromo- and chloro-derivatives. This mixture showed 

mesogenic behaviour and the phase was assigned as SmCPA on 15 

the basis of its electrooptical behaviour. On cooling from the 

isotropic liquid under an electric field, a texture of focal conic 

domains appeared and two peaks in the polarization current curve 

were observed, which indicates antiferroelectric behaviour. 

Moreover, a higher birefringence was observed along with tilted 20 

extinction crosses on applying an electric field, thus confirming 

an anticlinic arrangement. XRD experiments confirmed the 

smectic C nature of the mesophase and a layer spacing of 41.3 Å 

was calculated.  

Compound 6EBr showed a broader mesophase range than the 25 

azo-material and had very interesting polymorphic behaviour. A 

texture of circular domains typical of a columnar phase was 

observed on cooling the sample from the isotropic liquid between 

two untreated glass substrates. On further cooling, stripes 

appeared and these correspond to the transition to a lamellar 30 

phase (Figures 2a and 2b). A 5 m Linkam cell filled with this 

material showed different textures on similar treatment. In this 

case, the columnar phase appeared as a green banana leaves 

texture that changed to a yellowish schlieren texture on reaching 

the SmCP phase (see Figures 2c and 2d). A detailed study was 35 

performed on the columnar and lamellar phases of the compound 

under an electric field and by X-ray diffraction. The 

electrooptical observations allowed us to assign the lamellar 

phase as SmCAPA. It was also possible to induce an irreversible 

Col-SmCP transition by applying an electric field in the columnar 40 

phase. Interestingly, for this material it was feasible to induce 

either racemic organization or a homochiral dark conglomerate 

(DC) texture depending on the electric field applied. A 

homochiral DC phase could be achieved when the sample was 

cooled down from the isotropic liquid on applying a strong 45 

electric field (80–100 V). Under these conditions, the columnar 

phase is suppressed and only the SmCP phase was formed, as 

evidenced by a fan-shaped texture. On removing the electric field 

the texture became dark and this is typical of the homochiral-DC 

(see Figure 2e). The same type of homochiral texture is observed 50 

when the SmCP is field-induced from the Col mesophase and 

then the field is removed. Finally, when the field was applied 

once the SmCP had been reached, only a racemic DC phase was 

observed on removing the field. 

 55 

Figure 2.  

XRD studies allowed us to confirm the columnar and lamellar 

character of the phases observed. For the high temperature phase, 

two sharp reflections in the low angle region were observed along 

with a diffuse halo. The low angle reflection could be indexed to 60 

a rectangular cell with parameters a: 47 Å and c: 80 Å, thus 

confirming a columnar arrangement. However, on further 

cooling, only one sharp reflection in the low angle region was 

observed and this is consistent with the characteristic lamellar 

arrangement of a SmCP phase. Moreover, a layer spacing of 40.2 65 

Å was measured. This value is markedly smaller than the 

theoretical molecular length in an elongated all-trans 

conformation calculated using Chemsketch. This is consistent 

with a SmCP mesophase in which the molecules are tilted by 53º 

within the layers. 70 

 

Liquid crystalline properties of reactive bent-core monomers. 

All of the monomers formed bent-core liquid crystalline phases 

with the exception of the shortest example with the azo unit 

(A5M), in accordance with the properties observed for the 75 

halogenated analogues. On the other hand, the presence of a 

methacrylate group in E5M led to the formation of liquid 

crystalline order only on cooling from the isotropic phase. Thus, 

in contrast to E5Br the monotropic SmCP mesophase could only 

be observed over a few degrees and it was identified by the 80 

schlieren texture observed by POM. Unfortunately, XRD data 

could not be obtained due to crystallization of the sample.  

However, enlargement of the rigid bent-core part of the molecule 

(six aromatic rings) led to the stabilization of the mesomorphism 

and markedly broadened the temperature range of the mesophase, 85 

even for the azo-bent-core monomers. A schlieren texture formed 

on cooling 6EM from the isotropic liquid and this is typical of the 

SmCP phase. Moreover, XRD studies on the mesophase 

confirmed the lamellar character of the phase as several 

reflections were observed at periodic distances in the low-angle 90 

region along with a diffuse halo in the wide-angle region. This 

compound also had a low temperature phase with a similar 

lamellar XRD diffraction pattern, but in this case two sharp 

reflections appeared the wide-angle region, indicating a higher 

order phase. However, this phase is denoted as Bx as further 95 

studies are needed to identify this phase properly.  

 

Figure 3.  

Azo-based monomers (6AM and M6A) form columnar or 

lamellar phases depending on the position of the azo moiety with 100 

respect to the reactive group (Figure 3). Thus, compound M6A, 

in which the azo-group is further from the reactive point, 

exhibited a schlieren texture on cooling the isotropic liquid and 

this is consistent with a SmCP mesophase. In addition, the XRD 

patterns showed two reflections at periodic distances, again in 105 

accordance with a lamellar mesophase (Figure 4a). However, 

compound 6AM, in which the azo-bond is closer to the 

methacrylate group, on cooling from the isotropic liquid showed 

circular domains and a fan-shaped texture, which is characteristic 

of some bent-core columnar mesophases. The nature of this phase 110 

was also confirmed by XRD diffraction. The patterns showed two 

reflections in the low-angle region that could be indexed to a 

rectangular cell with parameters a: 82.2 Å and b: 35.6Å (Figure 

4b). Unfortunately, further studies on the electrooptical behaviour 

of the reactive materials could not be performed as these reactive 115 
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molecules polymerized thermally on filling the cells by capillarity 

in the liquid phase due to their high melting points, even when a 

thermal inhibitor was used. 

 

Figure 4.  5 

3. Polymers 

Methacrylates are able to undergo different types of 

polymerization reaction to give side-chain polymers. Among 

them, photopolymerization or ATRP are suitable alternatives. In 

particular, in situ photopolymerization, which has been widely 10 

used in the liquid crystals field, allows ordered and even aligned 

thin films of macromolecules to be obtained as the 

polymerization can take place in the mesophase.[14,16,19] On the 

other hand, ATRP in solution allows more control of the polymer 

size and gives a low polydispersity. With this in mind, 15 

preliminary studies were carried out on the polymerization of 

some of the bent-core monomers reported here with the aim of 

obtaining bent-core based side-chain polymethacrylates (Figure 

5). Monomers 6EM, 6AM and M6A were employed in in situ 

photopolymerizations in the mesophase in order to obtain 20 

homopolymers. Additionally, and as a way to modulate optical 

properties and applications of azo-polymers on decreasing the 

azo-content, we also applied this technique to obtain random 

copolymers from these azo-monomers (M6A or 6AM) and the 

all-ester monomer 6EM. Finally, as the five-ring monomers 25 

A5M and E5M do not form stable mesophases, they were not 

suitable for in situ polymerization in the liquid crystal phase. As a 

consequence, ATRP was assessed with these monomers and a 

copolymer from A5M and E5M was prepared. 

 30 

Figure 5.  

 

Bent-core based polymers by in situ photopolymerization.   

The photopolymerizable samples were prepared by dissolving the 

appropriate proportions of the monoreactive monomer or mixture 35 

of monomers (10%mol of 6AM or M6A with respect to 6EM), 

1% wt of the photoinitiator IRGACURE 784-DC (CIBA-Geigy) 

and 200 ppm of 2,6-di-tert-butyl-4-methylphenol (thermal 

inhibitor) in freshly distilled dichloromethane. The solvent was 

evaporated at room temperature and the samples were dried under 40 

vacuum. Thermal characterization of these blends is reported in 

the ESI. The photopolymerizations were performed by placing 

the samples between uncoated glass cells. These samples were 

heated to 10 ºC above the clearing point to obtain homogeneous 

films and then cooled down to the mesophase temperature. After 45 

a 10-minute stabilization period, the photopolymerization was 

performed using a Radium 9W78 UVA lamp (maximum 365 nm) 

located 20 cm above the cell with an irradiation time of 20 

minutes. The resulting free thin films of polymers were studied 

by 1H-NMR, POM, DSC and XRD. The degree of polymerization 50 

was estimated by measuring the ratio of monomer/polymer signal 

integrals in the 1H-NMR spectra (see ESI). Values of around 85, 

81 and 53% were estimated for homopolymers of 6EM, M6A 

and 6AM, respectively. The lower conversion achieved for 

polymer 6AM could be due to the fact that the polymerization 55 

took place in the Colr mesophase rather than a SmCP phase. 

Unfortunately, similar spectroscopic characterization could not be 

performed for copolymers due to the complexity of the spectra.  

Thermal and XRD data obtained for homopolymers and 

copolymers are gathered in Table 3. All of the new 60 

macromolecules form liquid crystalline phases over a wide 

temperature range. The results indicate that the mesomorphism is 

stabilized after polymerization by more than 60 ºC. This finding 

is in contrast with the low stabilization reported by Kannan et 

al.[17p] on going from the monomer to the polymer. Moreover, 65 

most of the materials were not crystalline in nature and showed a 

glass transition at around 45 ºC (see Figure S4) – the exceptions 

being P-M6A and P-M6A, for which the coexistence of glass 

mesophase and crystalline order was detected. The textures 

observed by POM indicate a SmCP mesophase and this was 70 

confirmed by XRD experiments (Figures 6 and S5). All of the 

polymers were studied at room temperature after a thermal 

treatment that involved heating the sample to the isotropic liquid 

and cooling it down to room temperature. In all cases, a diffuse 

halo in the wide-angle region and up to 5 reflections at periodic 75 

distances in the small-angle region were detected. These results 

confirmed the lamellar nature of the mesophase of these side-

chain polymers.  

It is worth mentioning that a SmCP mesophase was observed for 

P-6AM even though the monomer showed a Colr mesophase. 80 

Likewise, the layer spacing measured for these polymers (around 

80–90 Å) is double those observed for the monomers and are 

significantly higher than the theoretical molecular length of the 

single monomers (around 60 Å). These values can be explained 

by the formation of bilayers upon polymerization and they are 85 

consistent with previous results reported for other bent-core 

liquid crystalline polymers.[14-16]  

 

Figure 6. 

Table 3.  90 

 

Bent-core based polymer by ATRP.   

As a preliminary study, ATRP polymerization experiments were 

focused on A5M and E5M monomers, which showed poor liquid 

crystalline properties. The reaction was performed using standard 95 

ATRP conditions (see ESI) with a mixture of monomers (10 

%mol of A5M with respect to E5M). The resulting copolymer 

was studied by SEC, POM, DSC and XRD. A number-average 

molecular weight (Mn) of 15700 with a polydispersity of 1.13 

(Mw/Mn) was calculated by SEC for the new copolymer P-100 

(A5M+E5M). Unfortunately, the molecular weight of the 

material could not be confirmed by 1H-NMR spectroscopy due to 

the complexity of the spectrum. Regarding the thermal behaviour, 

the copolymer P-(A5M+E5M) exhibited an enantiotropic 

mesophase over a wide temperature range (see Table 3), a 105 

situation in contrast to the monomers. The mesophase was 

assigned by XRD as the textures observed by POM were not 

clear. The X-ray diffractogram showed a diffuse halo in the wide-

angle region and up to five reflections at periodic distances in the 

low-angle region. This pattern is consistent with a lamellar 110 

arrangement of the molecules and the mesophase was assigned as 

SmCP (Figure S5). Moreover, very similar diffractograms were 

obtained at room temperature and in the mesophase, thus 

confirming the vitrification of the SmCP detected by DSC. 
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Regarding the layer spacing, the calculated experimental value 

indicates a bilayer structure similar to that proposed for the 

polymers obtained by in situ polymerization.  

Conclusions 

In summary, nine new bent-core 3,4´-biphenylene-based 5 

compounds have been prepared by different synthetic strategies.  

Intermediates with terminal bromo-substituents have been used to 

prepare five new monomethacrylate molecules, which are 

characterized by the presence of 5 or 6 aromatic rings and all-

ester or azo/ester-linked lateral structures. Interestingly, the 10 

majority of these compounds form SmCPA or Colr mesophases, 

as determined by POM, DSC, XRD and electrooptics studies. The 

reactive nature and possibilities for these monomethacrylated 

bent-core molecules have been successfully demonstrated with 

the aim of providing bent-core side-chain homo- or random 15 

copolymers. For this purpose, two alternative polymerization 

routes have been used, namely in situ photopolymerization in the 

bent-core mesophase (SmCP or Colr) of pure monomers or 

blends, or ATRP in solutions. Both of these approaches gave a 

series of side-chain polymethacrylates that show either glassy 20 

SmCP mesophases at room temperature or SmCP mesophases 

over very broad temperature ranges. These mesophases are stable 

up to 150 ºC in the case of the five-ring bent-core polymers or up 

to 210 ºC for the six-ring systems. These results represent the first 

steps to explore the potential of this scarcely studied type of bent-25 

core macromolecule. Of particular interest are the wide 

possibilities of photoresponsive azo-bent-core side-chain 

polymers in applications such as photoalignment, light-induced 

chirality or photorecording, which can be studied for glassy and 

liquid crystalline macromolecules.[20] 
30 
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Scheme 1. Chemical structures of the reactive bent-core monomers. 
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Scheme 3. Synthetic routes followed to synthesize six-ring monomers 

6AM and 6EM. 

Scheme 2. Synthetic routes followed to synthesize five-ring monomers 

E5M and A5M 
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Scheme 4. Synthetic route followed to synthesize six-ring monomer 

M6A. 
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Figure 1. (a) Polarization current curve observed for compound E5Br on 

applying a triangular voltage (60 V, 50 Hz). (b) Texture of compound 

E5Br in a 5 μm Linkam cell at 80 ºC a te  cooling   om t e i ot opic 40 

liquid, under a triangular voltage (60 V, 50 Hz) and removing the electric 

field with slightly uncrossed polarizers. 
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Figure 3. Textures of (a) compound M6A at 100 ºC in the SmCP;           

(b) compound 6EM at 124 ºC in the SmCP and (c) compound 6AM        

at 136 ºC in the Colr. 
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Figure 2. Textures of compound 6EBr in the (a) Colr at 130 ºC and        

(b) the SmCP mesophase at 120 ºC between two untreated glasses, and in 

a 5 μm Linkam cell, (c) Colr at 130 ºC, (d) SmCP at 110 ºC, (e) at 113 ºC 

after cooling from the isotropic liquid under a triangular voltage (80 V, 10 

Hz) and removing the electric field with slightly uncrossed polarizers, and 5 

(f) at 133 ºC under a square voltage (100 V, 25 Hz).  
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Figure 5. Schematic representation of the polymerization processes used 

to prepare bent-core side-chain polymethacrylates, both homo- and 

random copolymers. (a) By in situ photoplymerization: samples within a 

glass cell, at mesophase temperature, using IRGACURE 784-DC as 

photoinitiator and under illumination with a 365 nm lamp. (b) By ATRP: 15 

in solution using CuBr/PMDETA/THF. 
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 25 

 

 

 

Figure 4. X-ray diffractograms of (a) 6EM in the SmCP phase, (b) low 

angle region of 6AM in the Colr phase. 30 
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Figure 6. Textures of side-chain polymers (a) P-M6A in the SmCP 

mesophase at 150 ºC; and (b) P-6EM+6AM at 211 ºC at the isotropic 50 

liquid-SmCP mesophase transition. 
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Table 1. Transition temperatures (ºC) and enthalpies (ΔH/kJ/mol) for the 

bent-core halogenated compounds and monomers 

a Data determined by DSC, from second scans at a scanning rate of 10 

°C/min. b Cr, crystal; SmCPA, antiferroelectric smectic C polar 

mesophase; Bx: unidentified mesophase; Colr, rectangular columnar 5 

mesophase; I, isotropic liquid. c Joined enthalpy of the SmCP - Colr - I 

transition. d Maximum of a broad peak. e Mixture of Br/Cl-terminated 

bent-core compounds. 

 

 10 

Table 2. X-ray diffraction data for the mesophases of the halogenated 

compounds and monomers. 

 

Compound Mesophase dobs  

(Å)  
Miller  

indices  

(hkl) 

Lattice 

parameters 

(Å) 

E5Br SmCP 
37.0 

11.9 

001 

003 
c: 36.4 

6EBr  

SmCP 40.2 001 c: 40.2 

Colr 
40.5 
39.9 

002 
101 

a: 47 
b: 79.8 

6EM 

 

SmCP 
41.1 

13.8 

001 

003 
c: 41.2 

Bx 

41.1 

20.6 

13.8 

001 

002 

003 

c: 41.2 

Br6A 

 
SmCP 

41.1 
13.8 

001 
003 

c: 41.3 

M6A 

 
SmCP 

41.1 

13.9 

001 

003 
c: 41.4 

6AM Colr 

41.1 

32.7 

17.8 

002 

101 

200 

a: 35.6 
b: 82.2 

 

 15 

 

 

 

 

Table 3. Thermal properties and XRD data of bent-core side-chain 20 

polymers. 

a DSC data from the third scan at a scanning rate of 20 °C/min. b Cr, 

crystal; SmCPg, glassy polar smectic C phase; SmCP,  polar smectic C 
mesophase; I, isotropic liquid. c Maximum of a peak. d Semicrystalline  

polymer only detected in DSC studies. e Data measured at room 25 

temperature, after a thermal treatment that consisted on heating up the 
polymer to the isotropic liquid and cooling down to room temperature.f 

The unique polymer prepared by ATRP in solution. 

 

30 

Compound 
Phase Transition Temperature [ºC]  

and Enthalpy [kJ/mol]a,b 

E5Br 
Cr 83.7  [0.4] SmCPA 91.5 [46.0] I 
I 86.9 [17.3] SmCPA 57.8 [21.6] Cr 

E5M 
Cr 79.1 [74.3] I 

I 79.9 [19.7] SmCPA 53.9 [33.4] Cr 

A5Br Cr 96.2 [65.4] I 

A5M Cr 95.1 [80.1] I 

6EBr  
C 94.0 [8.4] SmCPA 132.8 [19.3] Colr - I

c 

I 133.1 [16.6] Colr 124.8 [1.8] SmCPA 66.3 [12.9] Cr 

6EM  

 

Bx 52.7 [4.5] SmCPA 131.4 [22.2] I 
I 130.2 [22.3] SmCPA 49.0 [3.0] Bx 

Br6Ae 

 

Cr 111.5 [52.7] SmCPA 138.7c [14.9] I 

I 135.0d [14.3] SmCPA 103.4 [60.5] Cr 

M6A 

 

 Cr 105.7 [49.1] SmCPA 134.4b [16.3] I 
I 130.5d [17.3] SmCPA 98.5 [59.3] Cr 

6AM  
Cr 108.8 [60.3] Colr 138.6 [19.5] I 

I 137.8 [18.9] Colr 100.2d [64.8] Cr 

Polymer 

Phase Transition  

Temperature [ºC] 

and  

Enthalpy [kJ/mol]a,b 

dobs
e 

(Å) 

Miller  

indices  

 (hkl) 

Lattice 

Parameters 

(Å) 

P-6EM 

 

SmCPg  47.7 SmCP 

210.0c
 [17.5] I 

86.0 

42.8 

28.7 
17.2 

14.2 

001 

002 

003 
005 

006 

c: 85.7 

P-M6A 

 

Cr 116.4b, c, d [1.9] 
SmCP  

214.9 c [12.6] I 

92.2 

45.6 
30.8 

18.4 

15.5 

001 

002 
003 

005 

006 

c: 92.1 

P-6AM 

 

  Cr 97.3b, c, d [4.7] 

SmCP 

 221.6 c
  [16.8] I 

89.0 

44.3 

30.1 
17.9 

15.0 

001 

002 

003 
005 

006 

c: 89.3 

P-(6EM+ 

M6A) 

 

SmCPg 46.3 SmCP 

211.3 c [19.3] I 

85.8 

42.7 
28.7 

17.2 

14.4 

001 

002 
003 

005 

006 

c: 85.9 

P-(6EM+ 

6AM) 

 

SmCPg 46.5 SmCP 

211.6 c [19.2] I 

82.1 

41.1 
27.3 

16.2 

14.0 

001 

002 
003 

005 

006 

c: 82.2 

P-(E5M+ 

A5M)f 

SmCPg 78.8 SmCP 

150.7 c [7.3] I 

41.1 

27.3 
20.5 

16.2 

13.6 

002 

003 
004 

005 

006 

c: 81.7 
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