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Synthesis and thermotropic liquid-crystalline properties of N-alkylpyridinium bromides
substituted with a terphenylene moiety
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de Physique et Chimie des Mate�riaux de Strasbourg (IPCMS), UMR 7504 (CNRS-Universite� Louis Pasteur), 23 rue de Loess,

67037 Strasbourg Cedex, France

(Received 19 December 2008; final form 21 May 2009)

Molecules containing a terphenylene core, two alkyl chains and a pyridinium ring associated with its bromine
counterion were synthesised and their liquid crystalline properties were studied by differential scanning calorime-
try, polarising optical microscopy and X-ray diffraction. The results were compared with those of chemical
intermediates, which also develop a liquid crystalline behaviour. Both intermediates and pyridinium salts showed
a rich polymorphism at temperatures ranging from around 100 to 200�C and 115 to 220�C, respectively. X-ray
results indicate that both intermediates and pyridinium salts develop tilted smectic mesophases with molecules
stacked in single and double layers, respectively. The tilt angle of some of these compounds decreases so markedly
upon cooling that molecules attain almost an orthogonal position. The stacking of molecules in the smectic layers
was explained in terms of the mutual repulsion interactions between the terphenylene core, the alkyl chains and the
ionic species (the pyridinium ring associated with its counterion) and it was proposed that the p–p interactions
between the long aromatic cores counterbalance the strong forces between the ionic species, leading to a full
segregation of these molecular parts in periodic sublayers. A molecular arrangement model is proposed for these
salts.

Keywords: terphenylene; pyridinium salts; mesomorphic; smectic

1. Introduction

In recent years there has been an increasing inter-

est in the synthesis and study of p-conjugated

molecules developing both liquid crystalline (LC)

and light emission (LE) properties (1, 2). The com-

bination of these two characteristics in just one

molecule is of technological interest, because thin
films with molecular emitters, possessing a prefer-

ential orientation, can be readily obtained from LC

molecules (3–6). Organic light-emitting diodes

(OLEDs), built with films containing aligned lumi-

nescent molecules, produce a linearly polarised LE

that could be used as a backlight in flat panel

displays and other applications. In this regard

much research work has been done on
p-conjugated polymers developing both LC and

LE properties (7–9); however, it was observed

that small p-conjugated molecules with few units

(oligomers) show a richer polymorphism at lower

temperatures and similar optical emission charac-

teristics with respect to their polymer counterparts

(10). In addition, conjugated oligomers with a

determined chemical structure (11) and different
lengths (12) can easily be synthesised through

well-known chemical procedures. In a recent

paper we have reported a series of alkyloxy mod-

ified oligophenylenes (3, 5 and 7 phenylene units)

developing nematic and smectic C (SmC) meso-

phases and showing a LE in the blue region (� ,
400 nm) (13). Among these oligomers, those bear-

ing a terphenylene unit showed the richest poly-

morphism at lower temperatures. These alkyloxy-
substituted terphenylenes were functionalised at

one chain end with bromine to obtain intermedi-

ates (14), which were further used to quaternise a

pyridine cycle producing novel amphiphiles also

showing LE and LC properties. Such amphiphiles

combine in the same molecule three parts of dif-

ferent nature: a long aromatic core (terphenylene),

two alkyl chains and a pyridinium ring associated
with its counterion. From this molecular composi-

tion we would expect either a full segregation of

molecular parts in microdomains, periodically

arranged in space, or a partial segregation resulting

from the strong interaction between the ionic parts

that overbalance the interaction forces of the other

moieties, as was observed in analogous molecules

bearing a biphenyl mesogenic group (15). The
number of ionic liquid crystals is still limited, and

the field has the potential for a strong expansion.

Liquid Crystals,

Vol. 36, No. 8, August 2009, 787–797

*Corresponding author. Email: damaso@ciqa.mx

ISSN 0267-8292 print/ISSN 1366-5855 online

# 2009 Taylor & Francis

DOI: 10.1080/02678290903060618

http://www.informaworld.com

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



The introduction of different features in molecular

structures is a demanding and challenging task

and the resulting mesophases could be interesting

for multiple applications, as stated by Binnemans

in his excellent review on this concern (16). In the

present work, the synthesis and the thermotropic

LC properties of new N-alkylpyridinium bromides
substituted with a terphenylene moiety are

described and discussed.

2. Experimental

2.1 Characterisation
1H NMR spectra were recorded with a 300 MHz Jeol

spectrometer using tetrahydrofuran (THF)-d8 or

CDCl3 as solvents. Differential scanning calorimetry

(DSC) traces were obtained from a MDSC 2920 from

TA Instruments at heating and cooling rates of 5�C
min-1. The thermal stability was determined by using a

thermal analyser (TGA Q500) from TA Instruments.

Optical textures of mesophases were registered upon

heating and cooling in an Olympus BH-2 polarising

optical microscope coupled with a Mettler FP82HT

hot stage. X-ray diffraction (XRD) patterns were

recorded with an INEL CPS120 diffractometer (K�1,

cooper radiation and home-made electrical oven).

2.2 Materials

4-Bromophenol, 4¢-bromo-4-hydroxybiphenyl, 1-bro-
motetradecane, 1-bromohexadecane, 1,8-dibromooc-

tane, 1, 12-dibromododecane, bromine, butyllithium

1.6M in hexanes, triisopropylborate, tetrakis(triphenyl-

phosphine)palladium(0), sodium carbonate, hydro-

chloric acid (37%), pyridine, dimethylformamide

(DMF), THF, dichloromethane, methanol, ether,

chloroform-d and THF-d were purchased from

Aldrich Co. or J. T. Baker. All these materials were
used as received, except for THF, which was distilled

from a sodium/benzophenone complex before use, and

pyridine, which was distilled from a pyridine/KOH

mixture under reduced pressure at 65�C.

2.3 Synthesis

The intermediates and final molecules were synthe-

sised and purified by using the reported procedures

(13, 15). The chemical reactions involved (Figure 1)

are as follows.

i. A Williamson reaction (17) to introduce the alkyl

chain and the bromine end-functionalised alkyl

chain into the 4¢-bromo-4-hydroxybiphenyl and

the 4-bromophenol, respectively. In both reac-

tions DMF and 10% molar excess of NaOH were

used.

ii. A boronation reaction to obtain an aryl boronic

acid from the 4¢-bromo-4-alkyloxybiphenyl and

triisopropylborate (18). This reaction was carried
out in two steps: In the first step the 4¢-bromo-4-

alkyloxybiphenyl was dissolved in THF at -40�C
and then butyllithium (1.6 M in hexanes) was

added dropwise while the solution was maintained

under vigorous stirring. In the second step the in

situ-formed lithium-aryl complex was reacted with

triisopropylborate to obtain the aryl boronic acid.

iii. A Suzuki coupling reaction (19) between the aryl-
boronic acid and the 4-(v-bromoalkyloxy)bromo-

phenyl catalysed with a Pd(0)-complex to obtain

the 4-(v-bromoalkyloxy)-4†alkyloxyterphenylenes

(Tn-m compounds). The reaction was carried out

in freshly distilled THF in the presence of

Na2CO3.

iv. The quaternisation reaction was carried out as

follows: in a one neck round-bottom flask,
equipped with magnetic stirring and an inert

gas inlet (argon), 50 mL of freshly distilled

pyridine and 0.615 mmol of the corresponding

Tn-m compound were introduced. The solution

was degassed, stirred and heated up to 90�C.

The reaction was allowed to proceed for 14

hours and then it was cooled down to room

temperature. The resulting pyridinium salt
(Pn-m compound) was recuperated by precipi-

tation and filtration. The salt was finally

washed thoroughly with ether. In all reactions

a white fine powder was obtained with yields

higher than 85%.

For the sake of brevity, intermediates and pyridi-

nium salts were labelled as Tn-m and Pn-m, respec-
tively, where ‘n’ and ‘m’ indicate the length of the

terminal alkyl chain and the spacer, respectively.

3. Results and discussion

3.1 Synthesis

Pyridinium salts were obtained through the synth-
esis route described in the previous section (reac-

tions i to iv in Figure 1). This route is quite

convenient because boronic acids are fairly stable

and readily react with arylbromides under mild

conditions (20). In addition, boronic acids can be

stored for a long time and used when required. On

the other hand, the quaternisation of the pyridine

cycle can be carried out in different solvents of
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high dielectric constants, such as DMF and metha-

nol, among others; however, pyridine by itself is

the most suitable solvent/reactive because its dielec-

tric constant is relatively high (" = 12.3) and also

because it dissolves the Tn-m compounds quite well
and the reaction takes place without side reactions

(15). All compounds were analysed by 1H NMR

spectroscopy; however, only two spectra (one of

each series) are shown to demonstrate the structure

and purity of compounds.

Figure 2 shows the 1H NMR spectrum of

compound T16-12. Chemical shifts at � = 6.9 and

7.55 ppm correspond to the aromatic protons.
Those at � = 3.4 and 4 ppm were assigned to the

protons of the methylene groups linked to the

bromine and oxygen atoms, respectively. Signals

at 1.2–2.0 ppm correspond to the protons of

the internal methylenes of alkyl chains, while that

at 0.9 ppm corresponds to those of the methyl

group.

Figure 3 shows the 1H NMR spectrum of
compound P16-12. Most signals are similar to

those of compound T16-12, except for those

observed at 8.0–9.5 ppm and 5.1 ppm, which corre-

spond to the protons of the pyridinium ring and to

the methylene group linked to the nitrogen

atom, respectively (21). The protons of the methy-

lene group in the � position with respect to the
nitrogen atom can be also distinguished at 2.1 ppm.

9 8 7 6 5 4 3 2 1 0

OC16H33Br(CH2)12O

41.1 35.91.84.13.98.1

CDCl
3

ppm

Figure 2. 1H NMR spectrum of T16-12. Solvent CDCl3.

i)

OHBr

Pn-m

Tn-m

m = 8 and 12
 n = 14 and 16

C   H  2n + 1n

ii)

OHBr

i)

OBr

C H   Br2mmOBr C   H  2n + 1nOB(OH)2

iii)

+

OOBr C   H      2m  m

iv)

C   H  2n + 1n

m 2m        H      C   H  2n + 1nOON C

Br –

+

Figure 1. Synthesis route for the preparation of pyridinium salts containing a terphenylene moiety.
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All of these signals indicate that the quaternisation

reaction has occurred as expected.

3.2 Thermal stability

Thermogravimetric analysis (TGA) data shown in

Table 1 indicate that the Tn-m and Pn-m com-

pounds are thermally stable up to 316–345�C and

241–255�C, respectively. This significant difference

in thermal stability arises from the CH2–N+ bond
in the Pn-m compounds, which is poorly resistant

to heating (22). The initial decomposition tempera-

ture Td for both Tn-m and Pn-m seems to be more

dependent on the terminal chain length than on the

spacer length (Table 1); that is, intermediates and

pyridinium salts containing a terminal chain C14

decompose at higher temperatures than those bear-

ing a terminal chain C16. TGA traces of T16-8
(Figure 4) and P16-8 (Figure 5) were selected as

representative examples of the Tn-m and Pn-m ser-

ies, respectively. It should be pointed out that pyr-

idinium molecules develop multiple thermal

transitions (observed by DSC and polarised optical

microscopy (POM)), showing signs of degradation

below the clearing point.

3.3 Thermotropic behaviour

The LC properties of both Tn-m and Pn-m compounds

were initially studied by DSC and optical microscopy.

At this point, it is opportune to mention that the

transition temperatures and enthalpy changes of the

Tn-m series were presented and discussed in a previous

communication (14). In the present document, addi-

tional data on these compounds are presented in order

to compare with the thermotropic behaviour of the
synthesised pyridinium salts.

All Tn-m and Pn-m compounds exhibited multiple

thermal transitions in both heating and cooling scans,

as shown in Figure 6 for compound T14-8 and in

Figures 7 and 8 for compounds P14-8 and P14-12,

respectively. As was already mentioned, pyridinium

salts remain in a mesomorphic state even at the

decomposition temperature. In fact, it was difficult
to determine the clearing point due to such

decomposition.

10 9 8 7 6 5 4 3 2 1 0

N(CH2)12

Br
+

–

COO 16H33

342.54.11.84.21.84.281.80.91.8

CDCl
3

ppm

Figure 3. 1H NMR spectrum of P16-12. Solvent CDCl3.

Table 1. Initial temperature decomposition (Td) for the
Tn-m and Pn-m series.

Tn-m Td/�C Pn-m Td/�C

T14-8 345 P14-8 255

T14-12 345 P14-12 255

T16-8 316 P16-8 247

T16-12 333 P16-12 241
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Figure 4. TGA thermogram of T16-8.
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Figure 5. TGA thermogram of P16-8.
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On the other hand, the optical textures for the

Tn-m compounds were clearer than those observed

for the pyridinium salts. For the Tn-m compounds,

typical focal-conic (Figure 9) and Schlieren (Figure 10)

textures were observed. In contrast, for the Pn-m com-

pounds the textures were non-specific (Figure 11),

except for those obtained at high temperature for the

compound P14-12 (Figure 12) that were identified as
Schlieren and focal-conic textures.

3.4 Structure of mesophases

XRD analysis was used to ascertain the nature of the

mesophases observed by DSC and optical microscopy

180°C  150°C 

Figure 9. Optical textures obtained for compound T14-8 at
two different temperatures.

160°C 140°C 

Figure 10. Optical textures obtained for compound T14-12
at two different temperatures.

180°C  150°C 

Figure 11. Optical textures obtained for compound P14-8 at
two different temperatures.
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Figure 8. Heating and cooling DSC traces at 5�C min-1 for
compound P14-12.
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Figure 7. Heating and cooling DSC traces at 5�C min-1 for
compound P14-8.
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Figure 6. Heating and cooling DSC traces at 5�C min-1 for
compound T14-8.

Liquid Crystals 791

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



and also to determine their structural parameters. For

intermediates, only the XRD spectra of the T14-8

sample (Figure 13), recorded at different tempera-

tures, were selected to be discussed as representative

examples.

X-ray patterns of the Tn-m series were charac-

terised by the presence of one Bragg sharp reflection

at low angles (001), which denotes the smectic nature
of the liquid-crystalline phases. The stacking period

of the smectic layers (d001), measured experimentally,

was compared with the length of the molecule in its

most extended conformation (L), calculated by using

molecular modelling software from Chem Sketch

ACD/Labs (Table 2). According to the d001/L ratio,

all smectic phases of the Tn-m compounds are single

layered. For both T14-12 and T16-12, the calculated
d001/L ratio (,1) indicates that molecules are tilted

with respect to the normal of the smectic plane at an

angle � (cos � = d001/L) higher than 30�. On the other

hand, the arrangement of molecules within the smec-

tic layers was determined from the signal appearing

in the wide-angle region of the XRD pattern. At

180�C, the pattern showed a broad peak, indicating

a liquid-like ordering of molecules within the smectic
layers that would correspond to a SmC phase. On

cooling down to 160�C, such a broad signal becomes
sharper, indicating a hexatic-type ordering of mole-

cules within the smectic layers that could be assigned

to a smectic F or a smectic I phase. On cooling

further, the sharp peak seems to decouple into two

signals; one broad dominant signal (,4.5–4.6 Å) and

one rather sharp peak (,4 Å), the latter shifted

towards higher angles. In some reports of conjugated

molecules, such a sharp signal is attributed to the
occurrence of p–p type interactions, which appears

to be quite common in the molecular packing of long-

conjugated aromatic cores (10). We have found some

works reporting p–p interactions at distances of

around 3.8–4 Å, which is similar to those values

observed in our molecules. Such reports concern phe-

nylethynylene oligomers (23) and conjugated oligo-

quinolines bearing a conjugated phenylene group
(24). On the other hand, the calculated d001/L ratio

(,1) for compounds T14-8 and T16-8 indicates that

molecules are rather in an orthogonal position with

respect to the smectic plane. At 200�C, the XRD

spectrum shows a broad peak in the wide angles

region, which is associated with the liquid-like order-

ing of molecules. Thus, at high temperature (200�C),

the mesophase developed by these compounds is
rather of the smectic-A type. On cooling down to

180�C, d001 shifts to lower angles in such a way that

the experimental lamellar distance (d001 = 50.3 Á̊)

becomes even a little higher than the corresponding

calculated molecular length (48.6 Á̊), although this

difference is not significant enough to consider a

molecular stacking different to that of a monolayer-

type mesophase. In addition, at 180�C the broad
signal becomes sharper, indicating a hexatic-type

ordering that could be assigned to a smectic-B type

phase. On cooling further, the sharp peak decouples

into one broad and one sharp peak, as was observed

Table 2. Structural parameters calculated from the XRD
spectra obtained at different temperatures for the Tn-m
series.

Tn-m T/�C L/Á̊ d001/Á̊ Tilt angle/�

T14-8 200 46.1 43.7 18.6

180 45.1 12.0

150 41.3 26.4

T14-12 180 51.1 40.3 37.9

160 40.7 37.2

150 39.1 40.1

T16-8 200 48.6 46.5 17.0

180 50.3 0.0

160 45.9 19.2

T16-12 180 53.6 43.9 35.0

160 46.4 30.0

140 44.2 34.4

5 10 15 20 25 30

180ºC
150ºC

130º C

200ºC

R
el

at
iv

e 
In

te
ns

ity
 (

a.
u.

)

2θ (°)

Figure 13. XRD patterns of compound T14-8 at four
different temperatures (on cooling).

200°C  200°C 

Figure 12. Optical textures obtained for compound P14-12
at 200�C. First (left) and second (right) heating.
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for compounds T14-12 and T16-12. At low tempera-

ture all compounds of the Tn-m series showed multi-

ple sharp Bragg reflections (spectra not shown here),
which are characteristic of crystallised samples. The

occurrence of orthogonal and tilted mesophases

in homologous molecular series has been well docu-

mented in the literature (25). It appears that tilted

mesophases are exhibited at certain terminal alkyl

chain length and predominantly in molecules

having two terminal flexible groups and possessing

some structural symmetry. The occurrence of tilted
mesophases in compounds T14-12 and T16-12 is cer-

tainly associated with these structural characteristics.

XRD patterns (Figures 14 and 15) obtained for

the Pn-m series showed some differences compared to

those of intermediates. At low angles, all XRD pat-

terns for the Pn-m compounds showed one strong and

three or more small equidistant Bragg reflections,

indicating a well-developed, layered structure of

molecules. The experimental stacking period (d001)
was also compared with the length of the molecule

in its most stretched conformation, calculated by

using molecular modelling software. In such model-

ling the bromine counterion was positioned in front

of the pyridinium ring, as sketched in Figure 16. The

calculated d001/L ratios (Table 3) indicate that meso-

phases are double layered with molecules tilted with

respect to the normal of the smectic plane. On cool-
ing, the tilt angle decreases from one transition to the

other for all Pn-m compounds, although such

decrease was particularly pronounced for com-

pounds P14-8 and P14-12, whose d001 value

approaches 2L, meaning that these molecules adopt

an almost orthogonal position. A proposed model for

5 10 15 20 25 30

200°C
175°C

160°C
85°C

2θ (°)

R
el

at
iv

e 
In

te
ns

ity
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a.
u.

)

(a)

5 10 15 20 25 30

R
el

at
iv

e 
In

te
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ity
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a.
u.

)

200°C
175°C

130°C
85°C

2θ (°)

(b)

Figure 14. XRD patterns obtained at different temperatures (on cooling) for compounds P14-8 (a) and P14-12 (b).
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140°C
100°C
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Figure 15. XRD patterns obtained at different temperatures (on cooling) for compounds P16-8 (a) and P16-12 (b).
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this molecular arrangement is presented in Figure 17.

On the other hand, it can be noticed in the patterns

that, at high temperature, all Pn-m compounds

developed a broad signal in the wide angles region

typical of a liquid-like ordering that would corre-

spond to a SmC mesophase. It is important to

mention that on cooling from this SmC phase,

the broad signal remains practically unchanged,

except for an extra peak appearing in the wide

angles region (,4 Å) that could be also attributed

to p–p interactions as was previously stated for the
Tn-m compounds. In fact, two more transitions,

namely SmC–smectic X (SmX) and SmX–SmX’,

were observed by DSC between the SmC and the

crystallised phase, even though the broad signal in

the wide angles region remained unchanged. To

determine the exact nature of the SmX and the

SmX’ mesophases, more studies are still needed.

Finally, the layered structure of the mesophases,
developed at high temperature, was maintained at

room temperature, as was already observed in

polypyridinium salts containing pendant mesogenic

groups (26).

The onset of thermal transitions and enthalpy

changes registered upon cooling, as well as the

assigned mesophase sequences, are summarised in

Table 4.
A number of studies on smectic liquid crystals

bearing a pyridinium ring have been published

(15, 27) and in most of them the molecular stacking

was proposed to be single layered (d001/L , 1) with

upright molecules in a head-to-tail position, even

for molecules composed of three parts of different

natures, as those presented here. In such reported

molecular stacking, positive and negative counter
ions face each other creating a double layer of

ionic species (15). In the present work, we thought

that the strong p–p interactions between the long

terphenylene cores counterbalance the presumable

dominant strong ionic interactions between the

ionic species, and assures a full segregation of the

three molecular parts in such a way that the head-

to-tail arrangement of molecules, usually observed
in LC pyridinium salts, is not developed in these

molecules. This means that the ionic species, the

aromatic cores and the alkyl chains are segregated

into three microdomains periodically arranged in

space. It is interesting to note that for compounds

P14-8 and P16-8, the XRD patterns (Figures 18(a)

and 19(a), respectively) showed an additional small

sharp Bragg peak from which the calculated layer
spacing corresponds to the modelled molecular

length, L. Differently to the other peaks, this one

remains almost in the same position upon cooling.

So, it is possible that for a small fraction of

the sample, the molecular stacking is single layered

with upright molecules in a head-to-tail position,

as represented in Figure 20. The competition

between two lengths, namely that of the molecule

Figure 16. Extended conformation of P14-8, modelled by
Chem Sketch ACD/Labs.

Table 3. Structural parameters calculated from the XRD
spectra obtained at different temperatures for the Pn-m
series.

Pn-m T/�C L/Á̊ d001/Á̊ Tilt angle/�

P14-8 200 43.7 76.9 28.4

175 79.1 25.1

160 79.5 24.5

130 86.1 10

P14-12 200 48.7 85.6 28.5

175 87.8 25.6

130 90.5 21.7

85 95.7 6.7

P16-8 200 46.1 79.3 30.6

170 82.9 26.0

130 84.7 23.3

100 87.4 18.6

P16-12 200 51.0 88.1 30.4

180 91.0 26.9

140 92.6 24.8

100 98.8 14.3
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and that of the pair of antiparallel molecules,

has been reported to occur in highly dipolar mole-

cules (28). The simultaneous occurrence of two

lengths in asymmetric molecules seems to be

conditioned to the position of the heads of the

molecules with respect to the layers (29). In the

proposed molecular arrangement models (Figures
17 and 20) for the Pn-m molecules, the distribution

of the ionic species (heads) seems to be satisfactory

in both the fully (Figure 17) and the partial (Figure

20) segregated molecular arrangements, as was dis-

cussed in a previous work for LC molecules bearing

a pyridinium ring, a flexible spacer and a biphenyl

core (15).

4. Conclusion

Molecules containing a terphenylene group,

two flexible chains (terminal and spacer groups)

and a pyridinium cycle associated with its bromine

counterion were synthesised and their thermotropic
LC properties were studied by DSC, POM and

XRD. The LC characteristics of pyridinum salts

were compared with those of the corresponding

chemical intermediate, which also developed an

Tilted molecules 

2 L

α

d

Upright molecules 

Cooling 
d

Figure 17. Schematic representation of a double-layered (2L) stacking of pyridinium salts.

Table 4. Transition temperatures, enthalpy changes and
mesophase sequences for the Pn-m compounds.

Pn-m T/�C [�H/kJ mol-1]

P14-8 Cr 115.5 [25.58] SmX’ 171.5 [2.89] SmX 188.1 [0.83]

SmC ,220* I

P14-12 Cr 116.0 [31.89] SmX’ 187.3 [3.44] SmX 206.8 [1.51]

SmC ,220* I

P16-8 Cr 120.1 [32.55] SmX’ 178.4 [4.75] SmX 188.6 [0.86]

SmC ,220* I

P16-12 Cr 119.7 [31.83] SmX’ 186.3 [3.00] SmX 205.6 [0.95]

SmC ,220* I

*Degradation initiates just before the clearing point.
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interesting mesomorphism. For both compounds

tilted smectic-type mesophases were determined,

but with important differences in the molecular

stacking; smectic phases of intermediates are single

layered, whereas those of pyridinium salts are dou-

ble layered. For both compounds the tilt angle

decreases on cooling and in some cases the mole-

cules attain almost an orthogonal position. The
proposed molecular arrangement model proposed

for the pyridinium salts in the smectic phase is

plausible because it is primarily based on both

the strong ionic forces and the p–p interactions.

Finally, this is an exceptional case where we have

found that p-p interactions counterbalance the

strong ionic forces leading to a full segregation of

molecular parts in smectic structures.
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Figure 18. Low angles region of the XRD patterns obtained at different temperatures (upon cooling) for compounds P14-8 (a)
and P14-12 (b).
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Figure 19. Low angles region of the XRD patterns obtained at different temperatures (upon cooling) for compounds P16-8 (a)
and P16-12 (b).
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