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Abstract—To understand how molecular structure affects liquid crystal behavior with reference to the lateral 
methoxy group, a novel homologous series of liquid crystal derivatives was synthesized and analyzed. The 
homologous series consists of 12 derivatives (C1–C16), of which the first five homologs (C1–C5) are not liquid 
crystals, while the remaining homologs (C6–C16) are enantiotropically smectogenic liquid crystals without 
exhibiting the nematic phase. The average thermal stability of the smectic phase is 77.85°C, and the mesophase 
length ranges from 4 to 17°C. The molecular structures were verified by analytical and spectral data. The liquid 
crystal properties of the novel series were compared with those of structurally similar known homologous 
series. The transition temperatures were determined by an optical polarizing microscope equipped with 
a heating stage.
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INTRODUCTION

In the initial stage of the liquid crystal history, 
Reinitzer investigated many liquid crystal phases [1]. 
A mesomorphic state is a particular state of matter 
that possesses crystal-like optical properties and the 
ability to fl ow like a liquid. Liquid crystals are important 
in various fi elds due to their dual nature, including soft 
matter nanotechnology, biotechnology, and microtech-
nology [2], liquid crystals for energy harvesters, micro-
machines, and soft robots [3], data storage and encryp-
tion [4], liquid crystal elastomers [5], sunlight-driven 
polymer actuators [6], photovoltaics [7], metal nano-
particles-doped liquid crystals, polymer-dispersed 
liquid crystals [8], sensor systems [9], and other fi elds.

To correlate the eff ects of molecular structure with 
the liquid crystal properties of substances, we decided 
to synthesize new liquid crystals by modifying the 
series obtained previously. We reversed the construction 
of the series in which the position of the lateral methoxy 
group and the unsaturated ethylene double bond 

changed so that the length-to-breadth ratio also changed. 
Among other factors, the molecular aromaticity, central 
groups, terminal groups, positions of the same or 
diff erent functional groups in the phenyl ring or rings, 
geometrical shape, size, polarity, and polarizability can 
also aff ect the liquid crystalline property [10]. We have 
synthesized ester-linkage thermotropic liquid crystals in 
which the alkyl group is present at the terminal group 
and the lateral methoxy group is present at the left-hand 
side terminal phenyl ring at the adjacent position of the 
n-alkoxy group. The alkyl chain as a terminal group in 
any composition expands the mesomorphic character-
istics and thermal stabilities of different meso-
phases [11]. The liquid crystalline properties are 
predominantly aff ected by the lateral methoxy group, as 
observed by Travadi et al. [12]. Likewise, research on 
laterally substituted methoxy groups has applications in 
the liquid crystal fi eld [13, 14], and the liquid crystal-
line properties also depend on the length-to-breadth 
ratio [15]. These results have motivated us for the 
proposed research work which is planned to synthesize 
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novel ester derivatives of thermotropic liquid crystalline 
materials and study the eff ect of molecular structure on 
mesomorphic properties.

RESULTS AND DISCUSSION

A novel series of esters 3a–3l were synthesized as 
illustrated in Scheme 1 by Steglich esterification of 
(E)-3-(4-alkoxy-3-methoxyphenyl)prop-2-enoic acids 
1a–1l with pentyl 4-hydroxybenzoate (2).

Mesomorphic behavior. T he mesomorphic charac-
teristics of the newly synthesized compounds were 
determined by polarizing optical microscopy (POM). 
The observed phase transition temperatures are given 
in Table 1, and the mesophase textures of representa-
tive compounds are shown in Fig. 1. In these studies, 
the heating and cooling rates were maintained at 10–
12 deg/min.

The methoxy to pentyloxy homologs 3a–3e are 
non-liquid crystalline compounds. Mesomorphic prop-
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Table 1. Phase transition temperatures (°C) of compounds 3a–3l

 Compound no. R Smectic Isotropic

3a CH3 – 128

3b C2H5 – 119

3c C3H7 – 127

3d C4H9 – 100

3e C5H11 –   92

3f C6H13 65   82

3g C7H15 70   85

3h C8H17 62   71

3i C10H21 71   78

3j C12H25 81   88

3k C14H29 63   73

3l C16H33 65   69
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erties emerge starting from hexyloxy derivative 3f and 
continue up to hexadecyloxy derivative 3l of the series 
in an enantiotropic way, showing only the smectic 
phase in the absence of nematic phase. Figure 2 shows 
the transition temperatures plotted versus the number 
of carbon atoms in the left side terminal n-alkyl chain.

The phase behavior of the series is represented by 
the transition curves shown in Fig. 2, which are 
obtained by linking similar or related points. The 
appropriate points are linked to obtain Cr-I/Cr-Sm as 
well as Sm-I transition curves. The Sm-I transition 
curve follows a rising-falling pattern up to C10 homo-
logue 3i, then rises for 3j (C12), and descends again 
up to 3l (C16). According to the phase diagram, the 
Cr-I/Cr-Sm transition curve follows a zigzag pattern of 
rising and falling. The length of the n-alkoxy terminal 
group affects the mesomorphic behavior of the series, 

while the rest of the molecule remains unchanged from 
homologue to homologue. The polarity and polariz-
ability of the lateral electron-donating methoxy group 
adjacent to the terminal group of the left-hand side 
phenyl ring increases the length-to-breadth ratio. 
Appro priate intermolecular lateral attractions as a con-
sequence of favorable molecular rigidity and flexibility 
promote mesophase formation from the C6 to C16 
homologs in an enantiotropic manner. The first five 
members of the series do not show mesophases due to 
their strong crystallizing tendency induced by inappro-
priately large anisotropic forces between molecules 
and lateral attractions. However, at appropriate 
tempera tures, lamellar packing of molecules 3f–3l 
(C6–C16) in their crystal lattices becomes possible, 
which continues at higher temperatures depending on 
favorable magnitudes of molecular stiffness and flexi-

Fig. 1. Mesophase texture observed by POM: (a) smectic phase of compound 3f at 60°C during the cooling cycle; (b) smectic phase 
of compound 3k at 58°C during the cooling cycle; (c) smectic phase of compound 3j at 81°C during the heating cycle.
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Fig. 2. Phase behavior of homologous series 3a–3l.
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bility until the isotropic temperature. The entire homo-
logous series shows smectogenic behavior and the lack 
of nematic property. The absence of nematic properties 
is attributed to weaker end-to-end attractions, which 
hinder the formation of statistically parallel orienta-
tional order. The changes in mesomorphic behavior 
from one homolog to another in the same series are due 
to changes in molecular length caused by the succes-
sive addition of a methylene group to the left-hand 
terminal group. The permanent dipole moment over the 
long molecular axis, dipole–dipole interactions, elec-
tronic interactions, dispersion forces, etc., change 
accordingly. Thus, the changing pattern varies with the 
change in rigidity and flexibility, resulting in smecto-
genic mesomorphic properties.

DSC analysis. The thermal behavior of compounds 
3f (C6) and 3k (C14) was studied by differential 
scanning calorimetry (Fig. 3). The DSC thermograms 
were recorded in both heating and cooling modes to 
determine the specific phase transition temperatures. 
The presence of two endothermic peaks indicated 
transitions from crystalline to smectic and from smectic 
to isotropic phases. For compound 3f, the first endo-
thermic peak was observed at 65°C under heating 
conditions, which indicated the presence of a smectic 
phase, while the second endothermic peak was 
observed at 82°C, which indicated the isotropic phase. 
The enthalpy of the system was estimated at 99.79 and 
1.03 J/g. During the exothermic or cooling cycle, these 
two phase transition curves were also seen in reverse 
order. The compound showed isotropic behavior 
throughout the cooling process at 63°C, while the 
smectic transition occurred below this temperature, at 
60°C, and the compound reverted to the crystalline 
state at 38°C. The system enthalpy was found to 
change in the cooling cycle from –5.91 to –119.48 J/g. 

For compound 3k, the first endothermic peak was 
observed at 63°C under heating conditions due to the 
formation of smectic phase, and isotropic phase was 
formed at 73°C. On cooling conditions, the exo-
thermic peaks were found at 58°C and under 40°C. 
The enthalpy changed in the heating cycle from 
99.79 to 3.91 J/g, and in the cooling cycle, from 
–3.82 J/g.

 Comparative study of Series 1 and Series X 
homo logs. The mesomorphic properties of the new 
series (3a–3l; Series 1) were compared with those of 
structurally related homologous series 4a–4l (Series X) 
[16] (Fig. 4).

Compounds 4 were synthesized by coupling of 
4-alkoxybenzoic acids with trans-ferulic acid n-pentyl 
ester. Compounds 3a–3l were obtained by coupling 
between different alkoxy derivatives of trans-ferulic 
acids and pentyl 4-hydroxybenzoate. Unlike Series X, 
the lateral methoxy group in Series 1 homologs is 
present at the right-hand-side benzene ring and is 
adjacent to the n-alkoxy group. Another noticeable 
change is that the α,β-unsaturated ester group in 
Series 1 compounds is located between the benzene 
rings, whereas in Series X, the double bond is present 
near the terminal ester group. These two major changes 
alter the molecular polarizability, the length-to-breadth 
ratio of homologues, and even the steric hindrance. 
These structural changes may result in a change in 
liquid crystalline properties from homologue to homo-
logue and from series to series. Table 2 shows some 
liquid crystalline properties of Series 1 and Series X 
compounds. As seen in Table 2, the compounds of 
both series are predominantly smectogenic without 
a nematic phase. In both series, the smectogenic 
mesophase is observed starting from the C6 homolog. 

Fig. 3. DSC thermograms of compounds 3f and 3k during the heating and cooling cycles (heating/cooling rate 10 deg/min).
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The average thermal stability for Series 1 is 77.85°C, 
and for Series X, 81.8°C. This is the main difference 
resulting from the inversion of the structure. For Series 
X, the total mesophase length ranges from 9 to 31°C, 
which is larger than the total mesophase length range 
for Series 1 (4 to 17°C).

As follows from the molecular structures of Series 1 
and Series X compounds, their horizontal axes have 
identical lengths, as they consist of two benzene rings 
and COO, OR, and CH=CH–COO units. The length-
to-breadth ratio is lower in Series 1 than in Series X 
due to the changed positions of the lateral methoxy 
group and ethylene double bond. Thus, the positions of 
lateral substitution and CH=CH double bond are the 
main factors responsible for the presence or absence of 
nematic and smectic mesophases.

EXPERIMENTAL

The melting points were determined in open 
capillaries using a Tempo electrothermal device. The 
progress of reactions was monitored by thin-layer 
chromatography on precoated silica gel 60 F254 plates 
(Merck); spots were visualized under UV light at λ 254 
or 365 nm or by treatment with iodine vapor. The IR 
spectra were recorded on a Shimadzu FT-IR spectrometer 
equipped with an ATR accessory. The 1H NMR spectra 

were recorded with a Bruker Avance III spectrometer 
(400 MHz) in DMSO-d6 using tetramethylsilane as 
an internal standard. The mass spectra were obtained on 
a Shimadzu GCMS QP2010 Ultra mass spectrometer 
using a direct inlet probe. All reactions were carried out 
under an ambient atmosphere. All chemicals were 
purchased from Loba, Molychem, SRL, and CDH and 
used without further purification. Enthalpies and 
transition temperatures were determined by diff erential 
scanning calorimetry (DSC) at a heating (cooling) rate 
of 10 deg/min using a Perkin Elmer thermal analyzer. 
The phase transition temperatures were also measured 
using a polarizing optical microscope attached to 
a Mettler FP82HT heating plate.

(E)-3-(4-Alkoxy-3-methoxyphenyl)prop-2-enoic 
acids 1a–1l (general procedure). A mixture of 
(E)-3-(4-hydroxy-3-methoxyphenyl)prop-2-enoic acid 
(0.1 mmol), corresponding alkyl halide (0.12 mmol), 
and potassium hydroxide (0.25 mmol) in 10 mL of 
methanol was refl uxed for 3 to 4 h. A 10% aqueous 
solution of potassium hydroxide (20 mL) was then 
added, and the mixture was further refl uxed for 2 h. The 
refl ux time increased with increasing length of the alkyl 
chain. The mixture was cooled and acidifi ed with dilute 
hydrochloric acid, and the precipitate was fi ltered off  
and recrystallized from ethanol or acetic acid [12, 17].

Table 2. Average thermal stability of Series 1 and Series X compounds

Parameter Series 1 Series X

Smectic–isotropic 77°C (C6–C16) 81°C (C6–C14)

Appearance of smectic phase C6 C6

Mesophase length 4 to 17°C 9 to 31°C
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Fig. 4. Series 1 and Series X compounds.
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Pentyl 4-hydroxybenzoate (2). 4-Hydroxybenzoic 
acid (0.1 mmol) was added to 2 mL of anhydrous 
pentan-1-ol containing a catalytic amount of concen-
trated (98%) sulfuric acid. The mixture was refl uxed in 
a water bath for 5 to 6 h, cooled, and poured into excess 
ice water (1 L or more). The solid product was fi ltered 
off , washed with a 4 N aqueous of sodium hydrogen 
carbonate and then with water, and recrystallized from 
distilled hexane [18, 19].

Pentyl (E)-4-{[3-(4-alkoxy-3-methoxyphenyl)-
prop-2-enoyl]oxy}benzoates 3a–3l (general proce-
dure). N,N′-Dicyclohexylcarbodiimide (10 mmol) and 
a catalytic amount of 4-(dimethylamino)pyridine were 
added with stirring to a solution of (E)-3-(4-alkoxy-3-
methoxyphenyl)prop-2-enoic acid 1a–1l (10 mmol) and 
pentyl 4-hydroxybenzoate (2, 0.8 mmol) in 10 mL of 
methylene chloride. The mixture was stirred overnight, 
fi ltered, washed twice with a solution of sodium hydro-
gen carbonate, and concentrated. The residue was 
treated with hexane, and the product was isolated as 
white crystals [20–22].

Pentyl (E)-4-{[3-( 3,4-dimetyloxyphenyl)prop-2-
enoyl]oxy}benzoate (3a). Yield 75%. IR spectrum, ν, 
cm–1: 619 (δCH2), 854 (δC6H4-p), 2921 (CH2), 1722, 
1605, 1278 (C=O, C–O), 1515, 1452 (C–Carom, 
HC=CH), 1119 (C–O), 1005 (CH=CH), 3052 (C–
Harom). Found, %: C 69.33; H 6.58. C23H26O6. Calculat-
ed, %: C 69.38; H 6.53. M 398.

Pentyl (E)-4-{[3-(4-ethoxy-3-methoxyphenyl)-
prop-2-enoyl]oxy}benzoate (3b). Yield 79%. IR spec-
trum, ν, cm–1: 685 (δCH2), 979 (δC6H4-p), 2921 (CH2), 
1721, 1602, 1263 (C=O, C–O), 1513, 1467 (C–Carom, 
HC=CH), 1115 (C–O), 979 (CH=CH), 3025 (C–Harom). 
Found, %: C 69.89; H 6.84. C24H28O6. Calculated, %: 
C 69.87; H 6.88. M 412.

Pentyl (E)-4-{[3-(3-methoxy-4-propoxyphenyl)-
prop-2-enoyl]oxy}benzoate (3c). Yield 78%. IR spec-
trum, ν, cm–1: 657 (δCH2), 789 (δC6H4-p), 2936 (CH2), 
1715, 1595, 1259 (C=O, C–O), 1515, 1452 (C=Carom, 
HC=CH), 1016 (C–O), 912 (CH=CH), 3057 (C–Harom). 
Found, %: C 70.40; H 7.709. C25H30O6. Calculated, %: 
C 70.45; H 7.712. M 426.

Pentyl (E)-4-{[3-(4-butoxy-3-methoxyphenyl)-
prop-2-enoyl]oxy}benzoate (3d). Yield 80%. IR spec-
trum, ν, cm–1: 673 (δCH2), 889 (δC6H4-p), 2926 (CH2), 
1722, 1595, 1298 (C=O, C–O), 1529 (C=Carom, 
HC=CH), 1134 (C–O), 3007 (C–Harom). 1H NMR spec-
trum, δ, ppm: 0.87 t (6H, J = 6.8 Hz, CH3), 1.30 m (4H, 
CH2), 1.472 m (2H, CH2), 1.73–1.72 m (4H, J = 

6.4 Hz, CH2), 3.84 s (3H, OCH3), 4.31–4.30 m (2H, 
J = 6.4 Hz, OCH2), 4.01 t (2H, J = 6.4 Hz, OCH2), 
8.04 d.d (2H, J = 6.8 Hz, Harom), 7.36 d.d (2H, J = 
8.4 Hz, Harom), 7.02 d (1H, J = 8.4 Hz, Harom), 7.31 d 
(1H, J = 8.4 Hz, Harom), 7.45 s (1H, Harom), 6.82 d (1H, 
J = 16 Hz, CH=CH), 7.83 d (1H, J = 16 Hz, CH=CH). 
Found, %: C 70.89; H 7.32. C26H32O6. Calculated, %: 
C 70.91; H 7.38. M 440.

Pentyl (E)-4-({3-[3-methoxy-4-(pentyloxy)-
phenyl]prop-2-enoyl}oxy)benzoate (3e). Yield 75%. 
IR spectrum, ν, cm–1: 617 (δCH2), 859 (δC6H4-p), 2925 
(CH2), 1725, 1607, 1279 (C=O, C–O), 1512, 1452 
(C=Carom, HC=CH), 1117 (C–O), 1004 (δCH=CH), 
3056 (C–Harom). Found, %: C 71.34; H 7.54. C27H34O6. 
Calculated, %: C 71.38; H 7.59. M 454.

Pentyl (E)-4-({3-[4-(hexyloxy)-3-methoxy-
phenyl] prop-2-enoyl}oxy)benzoate (3f). Yield 72%. 
IR spectrum, ν, cm–1: 616 (δCH2 ), 857 (δC6H4-p), 2925 
(CH2), 1723, 1605, 1281 (C=O, C–O), 1513, 1451 
(C=Carom, HC=CH), 1119 (C–O), 857 (δCH=CH), 
3054 (C–Harom). 1H NMR spectrum, δ, ppm: 0.88 t 
[3H, J = 6.8 Hz, CH3(CH2)5], 0.91 t [3H, CH3(CH2)4], 
1.30 m (8H, CH2), 1.40 m (2H, CH2), 1.73–1.71 m 
(4H, J = 6.8 Hz, CH2), 3.826 s (3H, OCH3), 4.29–
4.27 m (2H, J = 7.6 Hz, OCH2), 4.01 t (2H, J = 6.4 Hz, 
OCH2), 8.03 d.d (2H, J = 8.4 Hz, Harom), 7.37 d.d 
(2H, J = 8.4 Hz, Harom), 7.01 d (1H, J = 8.4 Hz, Harom), 
7.31 d (1H, J = 8.4 Hz, Harom), 7.45 s (1H, Harom), 
6.80 d (1H, J = 16 Hz, CH=CH), 7.82 d (1H, J = 
16 Hz,  CH=CH).  Found,  %: C 71.75;  H 7.73. 
C28H36O6. Calculated, %: C 71.77; H 7.74. M 468.

Pentyl (E)-4-({3-[4-(heptyloxy)-3-methoxyphe-
nyl]prop-2-enoyl}oxy)benzoate (3g). Yield 73%. IR 
spectrum, ν, cm–1: 615 (δCH2), 859 (δC6H4-p), 2925 
(CH2), 1722, 1616, 1282 (C=O, C–O), 1513, 1452 
(C=Carom, HC=CH), 1179 (C–O), 1012 (δCH=CH), 
3027 (C–Harom). 1H NMR spectrum, δ, ppm: 0.88 m 
(6H, CH3), 1.26 m (6H, CH2), 1.41 m (6H, CH2), 1.75–
1.73 m (4H, J = 6.8 Hz, CH2), 3.84 s (3H, OCH3), 
4.33–4.31 m (2H, J = 6.8 Hz, OCH2), 4.01 t (2H, J = 
6.4 Hz, OCH2), 8.05 d.d (2H, J = 8.8 Hz, Harom), 
7.38 d.d (2H, J = 8.4 Hz, Harom), 7.02 d (1H, J = 
8.4 Hz, Harom), 7.33 d (1H, J = 8.8 Hz, Harom), 7.45 s 
(1H, Harom), 6.82 d (1H, J = 16 Hz, CH=CH), 7.83 d 
(1H, J = 16 Hz, CH=CH). Found, %: C 72.17; H 7.94. 
C29H38O6. Calculated, %: C 72.19; H 7.97. M 482.

Pentyl (E)-4-({3-[3-methoxy-4-(octyloxy)phenyl]-
prop-2-enoyl}oxy)benzoate (3h). Yield 75%. IR spec-
trum, ν, cm–1: 616 (δCH2), 853 (δC6H 4-p), 2923, 2920 
(CH2), 1721, 1603, 1281 (C=O, C–O), 1513, 1451 



RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.   60   No.   10   2024

1997EFFECT  OF  LATERALLY  SUBSTITUTED  METHOXY  GROUP

(C=Carom), 1119 (C–O), 1001 (δCH=CH), 3065 
(C–Harom). 1H NMR spectrum, δ, ppm: 0.87 t [3H, 
J = 7.2 Hz, CH3(CH2)7], 0.92 t [3H, J = 6.8 Hz, 
CH3(CH2)4], 1.28 m (8H, CH2), 1.42 m (6H, CH2), 
1.75 m (4H, J = 6.8 Hz, CH2), 3.84 s (3H, OCH3), 
4.02 t (2H, J = 6.4 Hz, OCH2), 4.31–4.28 m (2H, J = 
6.4 Hz, OCH2), 8.05 d.d (2H, J = 8.8 Hz, Harom), 
7.35 d.d (2H, J = 2 Hz, Harom), 7.03 d (1H, J = 8.8 Hz, 
Harom), 7.33 d (1H, J = 2 Hz, Harom), 7.47 s (1H, J = 
1.6 Hz, Harom), 6.82 d (1H, J = 15.16 Hz, CH=CH), 
7.84 d (1H, J = 14.8 Hz, CH=CH). Found, %: C 72.77; 
H 8.18. C30H40O6. Calculated, %: C 72.55; H 8.12. 
M 496.

Pentyl (E)-4-({3-[4-(decyloxy)-3-methoxyphe-
nyl] prop-2-enoyl}oxy)benzoate (3i). Yield 72%. IR 
spectrum, ν, cm–1: 619 (δCH2), 852 (δC6H4-p), 2919 
(CH2), 1718, 1602, 1276 (C=O, C–O), 1510, 1448 
(C=Carom, HC=CH), 1117 (C–O), 1007 (δCH=CH), 
3057 (C–Harom). Found, %: C 73.25; H 8.45. C32H44O6. 
Calculated, %: C 73.26; H 8.48. M 524.

Pentyl (E)-4-({3-[4-(dodecyloxy)-3-methoxy-
phenyl]prop-2-enoyl}oxy)benzoate (3j). Yield 78%. 
IR spectrum, ν, cm–1: 682 (δCH2), 857 (δC6H4-p), 2919 
(CH2), 1771, 1601, 1261 (C=O, C–O), 1515, 1469 
(C=Carom, HC=CH), 1117 (C–O), 981 (δCH=CH), 
3022 (C–Harom). 1H NMR spectrum, δ, ppm: 0.88 t 
[3H, J = 6.8 Hz, CH3(CH2)11], 0.91 t [3H, CH3(CH2)4], 
1.30 m (8H, CH2), 1.40 m (2H, CH2), 1.73–1.71 m 
(4H, J = 6.8 Hz, CH2), 3.83 s (3H, OCH3), 4.29–
4.27 m (2H, J = 7.6 Hz, OCH2), 4.01 t (2H, J = 6.4 Hz, 
OCH2), 8.03 d.d (2H, J = 8.4 Hz, Harom), 7.37 d.d 
(2H, J = 8.4 Hz, Harom), 7.00 d (1H, J = 8.4 Hz, Harom), 
7.31 d (1H, J = 8.4 Hz, Harom), 7.45 s (1H, Harom), 
6.81 d (1H, J = 16 Hz, CH=CH), 7.82 d (1H, J = 
16 Hz, CH=CH). Found, %: C 73.88; H 8.75. 
C34H48O6. Calculated, %: C 73.83; H 8.79. M 552.

CONCLUSIONS

The novel homologous series of esters consisting of 
two phenyl rings connected through the CH=CH–COO 
group, terminal OAlk and COOC5H11 groups, and 
lateral methoxy group are smectogenic from C6 to C16 
with a low melting point. As compared to the pre-
viously synthesized homologous series, the new com-
pounds showed lower thermal stability, similar smectic 
mesophase formation temperature, and lesser total 
mesophase length (temperature range). The sequential 
addition of methylene units to the left end of the 
n-alkoxy terminal group affects the mesomorphic prop-
erties of homologues within the same series. The width 

of the molecules of the new series is smaller compared 
to the previous series, but there is no significant change 
in the flexibility of homologue to homologue, so the 
nematic phase is not observed. The newly synthesized 
homologous series may be useful for studying binary 
systems, as well as for agricultural purposes [23, 24].
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