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STUDY OF SOME LIQUID CRYSTALLINE
2,5-DISUBSTITUTED PYRIDINE DERIVATIVES

Viadimir F. Petrov
LC Works, 6/68 Brinsley Road, Camberwell,
Victoria, Australia

Assya I. Pavluchenko
Organic Intermediates & Dyes Institute, Moscow, Russia

The physico-chemical properties of some liquid crystalline 2,5-disubstituted
pyridine derivatives have been studied with the establishment of their structure-
property relationships. The results of this work have been compared with
those of the corresponding reference compounds. Some of the presented 2,5-
disubstituted derivatives can be considered as the suitable components of
liquid crystal materials for display applications.

Keywords: liquid crystalline 2,5-disubstituted pyridine derivatives, physico-chemical properties

INTRODUCTION

In continuation of our work on the study of physico-chemical properties of
liquid crystalline 2 5-disubstituted pyridine derivatives [1—11], the effect
of the introduction of the pyridin-2,5-diyl fragment into the molecular core of
some liquid crystals will be investigated, rationalized in terms of existent
theories, and compared with other well-known molecular fragments.

EXPERIMENTAL TECHNIQUES

The static dielectric constants ¢, and ¢ of the liquid crystalline derivatives
were determined from the complex impedance of a parallel plate capacitor
comprising the magnetic field-aligned liquid crystals as a dielectric [6].
The refractive indices n, and n, were measured at the wavelength
A =589 nm in an Abbe refractrometer using a homogeneously surface-
aligned prism. The kinematic viscosity v was determined with an Ostvald-
type viscosimeter [6].
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RESULTS AND DISCUSSION

Mesomorphic Properties

The measurement of the phase transition temperatures of presented
compounds has been reported earlier [1-9,12]. Here we discuss their
mesomorphic properties, which are important for better understanding
their physico-chemical properties measured in the mesophases.

It is evident from Tables 1 and 3 that two-ring alkyl-alkoxy and dialkyl
phenylpyridines with short substituents usually exhibit the monotropic
nematic (compound 1-1) or smectic (compound 3-2) phases. Increasing
the length of the alkyl and alkoxy groups results in more pronounced
appearance of the mesophases (compound 1-3). Changing the position of
the nitrogen atom in the pyridine ring of compound 1-3 to obtain com-
pound 2-4 (Table 2) results in the disappearance of the nematic phase, a
slight decrease in the melting point, and the creation of only smectic phase
with a higher clearing point. Similar effects have been observed for other
2,5-disubstituted pyridine derivatives [9].

The introduction of the pyridine ring into the molecular core of two-ring
1,4-disubstituted cyclohexenylene (compounds 1-4 and 1-5, Table 1) and
trans-1,4-cyclohexylene (compounds 1-7 to 1-10, Table 1) dialkyl deriva-
tives do not create the mesophases. Increasing the length of the alkyl chain
may introduce the monotropic nematic phase in the former compounds
(compound 1-6).

The data presented in Table 3 reveal that the introduction of the sulphur
atom into the alkyl chain of two-ring pyridin-2,5-diyl derivatives leads to
the disappearance of the mesophases and increases the melting points
(compounds 3-1 and 3-2, 3-3 and 3-4). In the case of three-ring derivatives
such an introduction slightly lowers the melting temperature, significantly
enhances the smectic thermostability, and lowers the clearing point in
comparison with those of the corresponding alkyl derivative (compounds
3-5 and 3-6). The reduction in the clearing temperatures can be explained
by a lower conformational mobility of the alkylthia chain in comparison
with that of the alkyl chain [256—27]. The lower rotation barrier around the
carbon-sulphur bond relative to the carbon-carbon bond [26] leads to the
formation of the trans-gauche conformers [27], which increase the dis-
order of the system [25].

As can be seen from Table 3, the replacement of the n-propyl group by
(E) 2-propenyl chain in compound 3-11 to obtain compound 3-12 results
in a significant increase of the melting temperature and lowering the
nematic-isotropic phase transition temperature. Similar effects have been
recorded for other alkenyl derivatives [4,10,28—31].
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TABLE 2 Physico-Chemical Properties of Liquid Crystals:
Cobann — A—( )— Z
Phase
No. n A 7 Transitions, °C Ae An? vmmZs~'  Ref.
2-1 5 <:> OCHs Cr4l1 N@BDI -0.50*  0.090 8.0% [13]
N\
2-2 5 N N OCH; Crs38Sm (235) [14]
— SmA (31.2) I
2-3 5 @ OCHs Cr64 N 701 [15]
2-4 6 Y, OC4Hg Cr48 Sm 851 [3]
N
I\
2-5 6 N N OCH; Cr208Smb45 [14]
s SmA 83.4 1
2-6 6 < N OC4Hg  Cr 40 SmB 78 I [16]
=N
2-7 6 <\: » OC4Hy Cr40N 531 [17]
N
0]
2-8 6 ) OC4Hy Cr35.5 [18]
(o) SmA 44 N 50 1
0]
2-9 6 <: Y OCHy, Cr551 [19]
S
S
210 6 <: ) OCHy, Cr55N (44)1 [20]
S
N=
2-11 6 & :/> OC4Hg Cr 48 SmA 881 [21]
N
N:N
2—-12 6 (\ P OCsHy Cr49 [22]
N-N SmC (43) N 57 1
213 5 O CH; Cr25N(-4)1 7.0 (23]
2-14 4 O CHs Cr<201 [24]

“Extrapolated from the 10 wt% solution in ZLI-1132 at 20°C.

bExtrapolated value.
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The effect of changing the position of the pyridine ring in the molecular
core of three-ring derivatives on their mesomorphic behavior is well illu-
strated by comparing the phase transition temperatures of compounds
3-10 and 4-4 (Tables 3 and 4), with broad nematic range and low melting
point observed for the former derivative and highly smectic character and
slightly enhanced clearing point recorded for the latter compound.

It is evident from Tables 1, 3, 4 and 5 that the lateral substitution of the
2,5-disubstituted pyridine derivatives by the fluorine, methyl, and amino
groups lowers (compounds 1-1 and 1-2; 3-10 and 3-11; 4-1 and 4-3; 5-1
and 5-2) and enhances (compounds 3-10 and 3-13; 4-1 and 4-2) the
melting temperatures, lowers the nematic (compounds 3-10 and 3-11;
3-13, 3-14; 4-1 and 4-2, 4-3; 5-1 and 5-2) and smectic (compounds 4-1
and 4-2) thermostabilities, increases the smectic thermostability (com-
pounds 3-10 and 3-14), and results in the disappearance of the nematic
(compounds 1-1 and 1-2) and smectic (compounds 3-10 and 3-11, 3-13;
5-1 and 5-2) mesophases. The lateral hydroxy substitution results in high
melting point, and smectic and nematic thermostabilities caused by the
formation of the hydrogen bonds (compound 3-17). These findings reveal
the importance of the structure of the pyridin-2,5-diyl derivatives and the
lateral substituents on their mesomorphic properties. Similar effects have
been observed for other derivatives (compare for example, compounds 4-5
and 4-10 in Table 4) and explained in terms of reducing the intermolecular
forces due to the broadening the molecules by the lateral groups [39].

As can be seen from Tables 3 and 5, the introduction of the ester group
into the molecular core of three-ring compound 3-16 to create compound
5-5 results in the significant increase of the melting and clearing points and
the formation of only nematic phase with a lower nematic range. These
effects are due to the increased conjugation length of the m-electron sys-
tem, and consequently the enhanced molecular polarizability and inter- and
intramolecular interactions, which in turn result in more effective mole-
cular packing for the formation of the nematic phase. While the introduc-
tion of the ethylene linkage into the molecular core of three-ring pyridine
derivatives leads to the formation of the smectic and nematic phases with
moderate thermostabilities (compounds 5-3, 5-4, Table 5) which can be
explained in terms of increased molecular flexibility and, consequently,
broadening the molecule and reduction of the intermolecular forces [40].

The replacement of the reference fragments, such as 1,4-phenylene,
trans-1,4-cyclohexylene, trans-1,3-dioxan-2,56-diyl, and others by the
pyridin-2,5-diyl in two- and three-ring derivatives presented in Tables 1—4
increases (compounds 1-1, 2-1 and 2-2; 1-3 and 2-5 to 2-8, 2-11, 2-12; 3-7
and 4-7, 4-8; 3-10 and 4-5) and lowers (compounds 1-1 and 2-3; 1-3 and
2-9, 2-10; 1-8 and 2-13; 3-9 and 4-9; 3-10 and 4-6, 4-7; 3-11 and 4-10)
the melting temperatures, lowers (compounds 1-1 and 2-3; 1-3 and 2-4 to
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2-6, 2-11; 3-10 and 4-6) and increases (compounds 1-1 and 2-1, 2-2;
1-3 and 2-7, 2-8, 2-10, 2-12; 3-7 and 4-7, 4-8; 3-9 and 4-9; 3-10 and
4-5; 3-11 and 4-10; 4-4 and 4-5) the clearing points, introduces the
smectic (compounds 1-3 and 2-9; 3-10 and 4-6) and nematic mesophases
(compounds 1-3 and 2-5, 2-9, 2-11), and results in the disappearance of
the nematic (compounds 1-8 and 2-13) and smectic phases (compounds
1-1 and 2-2; 3-7 and 4-8; 3-11 and 4-10). Such replacements lower
(compounds 1-3 and 2-7, 2-12; 3-7 and 4-7, 4-8; 3-10 and 4-6) and
increase (compounds 1-3 and 2-8; 3-9 and 4-9; 3-10 and 4-5; 3-11 and
4-10) the nematic ranges.

The introduction of two pyridin-2,5-diyl fragments into the molecular
core of three-ring derivatives creates only nematic phase with high melting
and clearing points (compound 4-11, Table 4) that are slightly lower than
those of the corresponding pyrimidin-2,5-diyl derivative (compound 4-12),
which also exhibit only nematic phase.

Other corresponding reference compounds 4-13 and 4-14 show only
smectic phases with higher and lower melting and clearing temperatures,
respectively.

Interestingly, the replacement of the trans-1,3-dioxan-2,5-diyl by the
trans-1,4-cyclohexylene in compound 3-7 to obtain compound 3-8 lowers
the melting point, introduces the smectic phase and increases the nematic
thermostability. While the replacement of the 1,4-bicyclo[2.2.2] octylene by
the trans-1,4-cyclohexylene in compound 3-9 to create compound 3-10
lowers the melting point, smectic, and nematic thermostabilities.
Similar results have been observed for other trans-1,4-cyclohexylene
derivatives [41].

The presented results reveal the importance of the molecular structure
of the 2,5-disubstituted pyridine derivatives, the position and quantity of
their pyridine rings, and position of the nitrogen in the pyridine ring
on their mesomorphic properties. Indeed, the geometrical and electronic
structure of the pyridine ring [42—46] plays a crucial role in the intra-
and inter-molecular interactions which affect the packing of the molecules
which predominantly influences mesophase stability [47—49]. Similar
results have been reported for other liquid crystalline pyridine derivatives
[5,7,9].

Static Dielectric Properties

The relationship between the dielectric anisotropy Ae = ¢ — ¢, where ¢g|
¢, are, respectively, dielectric constants, that are parallel and perpendi-
cular to the nematic director m; and molecular structure of liquid crystals is
described by the theory of Maier and Meier [50]:
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A& = NRF [eo[Ao — Fi? /JRT(1 — 3 cos® )], (1)

where h = 3¢*/(2¢* + 1), & = (¢ +2¢1)/3, Aa = (o) — ) is the polariz-
ability anisotropy, F'is the cavity reaction field, u is the dipole moment, f is
the angle between the molecular long axis and the dipole moment, N is the
number of molecules per unit volume, and S is the order parameter.

It has been shown that meaningful comparisons of the dielectric (as well
as optical and elastic) properties of liquid crystals with different nematic-
isotropic phase transition temperatures T_; can only be made at constant
reduced temperature © = Tieas/Tn-1 [61].

Tables 1-5 present some data on the dielectric properties of liquid
crystalline compounds measured at a constant reduced temperature and
extrapolated from the liquid crystalline mixtures at 20°C. According to
Schadt [51], the extrapolations are not meaningful; however, these esti-
mations are only one way to obtain a rough definition of the dielectric (as
well as optical and elastic) properties of nonmesomorphic compounds,
smectic liquid crystals, and liquid crystals with narrow nematic range.

It is evident from Tables 1, 3, 4, and 5 that two- and three-ring dialkyl
and alkyl-alkoxy substituted pyridin-2,5-diyl derivatives exhibit the nega-
tive values of the dielectric anisotropy, which are due to the a larger con-
tribution of the dipole moment of the pyridine ring {u =2.35D [42]} to the
perpendicular component ¢, in comparison with that to the parallel com-
ponent ¢ (compounds 1-1, 1-3, 3-7, 3-9 to 3-11, 3-13, 3-15, 4-1 to 4-5,
5-1 to 5-5). Lateral flouro and methyl substitutions affect the value of A¢ of
the pyridine derivatives in different degrees depending on their positions,
the position of the pyridine ring, and existence of the terminal alkyl or
alkoxy groups. It should be pointed out that for the given molecular
structures of the 2,5-disubstituted pyridine derivatives their lateral fluoro
and methyl substitutions do not change the negative sign of the dielectric
anisotropy (compounds 1-1 and 1-2; 3-10 and 3-11, 3-13; 5-1 and 5-2).
The replacement of the pyridin-2,5-diyl by the trans-1,4-cyclohexylene
lowers the dielectric anisotropy (in absolute value) due to the contribution
to the perpendicular component of the total dipole moment and anisotropy
of the polarizability being decreased [42,43,52,53] (compounds 1-1 and
2-1; Tables 1 and 2). This effect is more pronounced for the three-ring
dialkyl derivatives, resulting in the change of the negative to the positive
sign of the dielectric anisotropy (compounds 4-4 and 4-5; Table 4). The
presented results are found to be in agreement with Equation (1) [50].

It is evident from Tables 1 and 5 that the 2,5-disubstituted pyridine
derivatives (compounds 1-3, 3-15, 5-1 to 5-5) exhibit low values (< 1) of
the ratio A¢/e; which are favorable for supertwisted nematic display
applications [51]. Similar trends have been demonstrated for other pyridine
derivatives [9].
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Optical Properties

The phenomenological relation between the refractive index and the
electric polarization is defined as [54,55]:

(n** —1)/(n** +2) = No* /3¢, (2)

where the mean polarizability «* = (o + 201 ) /3, the mean refractive index
n* = (n?+2n2)/3, and n, is the ordinary and n, the extraordinary
refractive indices. From Equation (2) and the previous section it follows
that the pyridine derivatives which have large induced polarizability of their
highly conjugated m-electron [42,43,562] system exhibit the optical aniso-
tropy An = n, — n,, which is much larger than that of the corresponding
trans-1,4-disubstituted cyclohexylene derivatives (compounds 1-1 and 2-
1). The replacement of the 1,4-phenylene by the pyridin-2,5-diyl gives very
similar values of the optical anisotropy (compounds 4-4 and 4-5),
reflecting the small difference in the polarizability of the pyridine and
benzene [42,43,56]. Similar results have been found for other pyridine
derivatives presented in Tables 3 and 4 (compounds 3-7, 3-9, 3-10, 4-1).

The data presented in Table 3 reveal that the (E) 2-alkenylation of the
three-ring 2,56-disubstituted pyridine derivative slightly lowers the value of
the optical anisotropy compared with that of the corresponding alkyl
derivative (compounds 3-11 and 3-12). Similar trends have been reported
for other alkenyl derivatives [10,28—31].

Lateral fluoro, methyl, and amino substitution of the pyridine derivatives
lowers their optical anisotropy in comparison with that of the corres-
ponding parent compounds (compounds 1-1 and 1-2; 3-10 and 3-11, 3-14;
4-1 and 4-2, 4-3; Tables 1, 3, and 4). Similar value of An has been received
for lateral hydroxy substituted derivative 3-17. This can be explained in
terms of reducing the effective conjugation length of the n-electron system,
resulting in a shorter resonance wavelength of the UV absorption spectrum
(for laterally fluoro substituted liquid crystals, it has been shown in Khoo
and Wu [67]).

Viscosity

It has been shown that the nematic liquid crystalline materials for display
applications should have a low viscosity for giving the acceptable response
times to LCDs [61,58]. According to the results of the kinematic viscosity v
presented in Tables 1 and 2, the 2,5-disubstituted pyridine deriva-
tives exhibit higher values of the kinematic viscosity compared with those
of corresponding trans-1,4-cyclohexylene, and 1,4-phenylene disubstituted
derivatives (compounds 1-1 and 2-1, 1-8 and 2-13). As can be seen from
Table 1, lateral fluoro substitution increases the value of the viscosity
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(compounds 1-1 and 1-2). Interestingly, the replacement of the
1,4-cyclohexenylene by the trans-1,4-cyclohexylene lowers the kine-
matic viscosity (compounds 1-5 and 1-7; Table 1). Increasing the length of
the alkyl chains in these derivatives enhances the viscosity (compounds 1-
4 to 1-6, 1-7 to 1-9; Table 1). Changing the position of the nitrogen atom in
the pyridine ring significantly affects the kinematic viscosity of the pyridine
derivatives (approximate comparison of compounds 1-7 and 1-10). Similar
results have been found for other liquid crystalline derivatives [9,39,41].

CONCLUSION

The presented results show the dependence of the physico-chemical
properties of 2,5-disubstituted pyridine derivatives on their molecular
structure including the quantity and position of the pyridine rings and the
position of the nitrogen atom in these rings. A comparison with the cor-
responding reference derivatives has been made. It is believed that the
results of this study will broaden the understanding of fundamental
structure-property relationships in liquid crystals.
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