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Highlights: 

• A new group of mesogenic compounds from the Schiff's base family with dimethyl 

substitution around a benzoate center was created. 

• The investigation of liquid crystalline phases was carried out using a polarized optical 

microscope (POM). 

• Molecules were built with Gauss View 6 software and optimized with DFT calculations 

at M06-2X/6-31 G++ (d,p) level in Gaussian 16 quantum chemistry package. 

• Anritsu Shockline VNA model MS46322A with SPEAG DAK-TL was used to collect 

complex permittivity data of samples. 
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Abstract 

A new homologues series of liquid crystalline material (E)-4-(((3,4-dimethylphenyl) imino) 

methyl) phenyl4-n-alkoxybenzoate (SBn) synthesized. SBn compounds was subjected to 

analysis using infrared spectroscopy, proton magnetic resonance, 13C NMR, UV- visible and 

mass spectroscopy for characterization. The investigation of liquid crystalline phases and their 

transition enthalpies was carried out using a polarized optical microscope and differential 

scanning calorimetry, respectively. All compounds within the homologous series display 

mesogenic properties. The SB1 -SB7 homologues exhibit an enantiotropic nematic mesophase 

within the temperature range of 180-106 °C, while the SB14 -SB18 homologues show a smectic 

A mesophase at temperatures between 78-75 °C. Additionally, the SB8 -SB10 homologues 

exhibit a monotropic smectic A mesophase at 61-59 °C. The phase transitions observed in 

series SBn are compared with those of structurally related compounds to assess the influence 

of central linkage and lateral tail `substitution on their mesophase behavior. With the help of 

DFT; EHOMO and ELUMO energy gap were computed to be negative for all derivative molecules, 

indicating their stability and in the following order: SB4 > SB6 > SB8 > SB12.  Dielectric through 

determined values of complex permittivity of the synthesised liquid crystal over a broad 

frequency range are reported. Determined static permittivity value of liquid crystal is 2.25, at 

room temperature. The compound SBn exhibited a relaxation peak in the dielectric loss spectra 

in the microwave frequency range, which may be assigned to the rotation of the end polar group 

of the molecule. 

Key words: Liquid Crystal, Schiff’s base, mesogenic, nematic, smectic A. 
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1. Introduction 

Recently, the synthesis of the liquid crystals along novel structures has been a core vital subject 

in liquid crystal research. Liquid crystalline materials are widely used in various technological, 

academic, and scientific fields. They are of great interest due to their applications in 

coordination chemistry, organic light-emitting diodes, in-plane switching mode liquid crystal 

display, biological systems, and more [1–4]. An Organic compound’s mesophase stability rely 

on its molecular construction, a slight alteration in the molecular arrangement results in a 

substantial modification of its mesomorphic characteristics [5]. Notably, changing the structure 

of central linkages affects its polarity and also the mesophase stability is affected due to 

changes in the polarity of the molecule. Previously investigated the Schiff base ester synthesis 

with methoxy, ethoxy and chloroethyl tail [6–8]. Numerous investigations have focused on 

studying how alterations in terminal substituents, a highly impactful molecular attribute, 

influence the occurrence of specific liquid crystal phase[9]. Formerly investigated on two novel 

lateral methyl-substituted Schiff's bases containing cinnamate ester and ester central linkages. 

The liquid crystals derived from these compounds were synthesized and analyzed in terms of 

their mesomorphic properties [10]. Various terminal substituents are involved, including small 

polar compact substituents or alkoxy chain [11]. Designing new thermotropic liquid crystals 

hinges on crucial criteria such as the choice of a terminal groups, flexible aliphatic chains and 

mesogenic core [12]. 4-hydroxybenzoic acid is an aromatic compound with high chemical 

stability, being extensively used in food, pharmaceutical and cosmetic industries and therefore 

widely distributed in various environments [13].  

Since1864, the initial observation of the interaction between aromatic aldehydes and primary 

amines resulting in the formation of imine derivatives (R1R2C=NR3) was credited to the 

German chemist [14,15]. Schiff base have many critical practical applications in biological 

activity [16–21]. Schiff base also play a significant role in another captivating realm of liquid 

crystal research, specifically concerning the inherent molecular polarization exhibited by 

certain organic molecules adopting a banana-shaped molecular configuration [22]. The 

capacity of banana-shaped molecules to autonomously organize and self-assemble introduces 

a captivating and innovative outlook on the utilization of polar smectogenic compounds. 

Numerous banana compounds or polar smectic compounds originate from Schiff bases 

(SBs).[23–25]. Schiff’s base imparts a tiered core molecular structure while maintaining 

                  



molecular linearity, thereby ensuring increased stability and facilitating the formation of 

mesophase [26]. The influence of liquid crystal arm number, end group polarity, and central 

core structure on star-shaped liquid crystal development with Schiff’s base linkages [27]. Gold 

nanoparticles embedded in a composite material, iron dendrimer complexes, and lanthanide 

complexes of Schiff's base liquid crystals were produced through a synthesis process. The 

investigation focused on examining their electrical conductivity, photoluminescence 

characteristics, antioxidant activity, magnetocaloric properties, and quenching behavior [28–

32]. The photochemical kinetic characteristics of Schiff’s base liquid crystals derived from 

isoxazole and isoxazoline compounds [33]. Density Functional Theory (DFT) reveal the 

morphology of the chemical structure [34–37]. Dielectric spectroscopy serves as a crucial 

technique in the realm of material characterization, offering valuable insights into both 

intermolecular and intramolecular interactions. This method proves instrumental in unravelling 

the intricate molecular structures within a given molecular system [38].  Dielectric 

spectroscopy encompasses the assessment of the material’s complex permittivity, examining 

how it changes concerning frequency at either a consistent temperature or across various 

temperature points. Effectively deciphered dielectric data prove valuable in diverse fields such 

as semiconductor design, liquid crystals research [39,40], polymer science [41], as well as 

colloid and emulsion sciences [42]. A comprehensive analysis of dielectric and electrical 

characteristics across a spectrum of Paracetamol concentrations in distilled water. The 

investigation spanned frequencies from 20 Hz to 2 MHz and temperatures range from 293.15K 

to 323.15K, with intervals of 10K. The acquired dataset underwent thorough analysis, leading 

to interpretations cantered around the dynamics of solute-solvent interactions. Deviations in 

dielectric properties were observed in correlation with the concentration of PCM in distilled 

water, displaying anomalous behavior within the specified concentration range [43].  

In this contemporary investigation, our aim is to deepen our comprehension of how the 

mesogenic properties are influenced by variations in alkoxy chain length and terminal 

substitution. To achieve this, we have synthesized novel liquid crystalline compounds. These 

compounds feature Schiff’s base with ester as well as central linkages. Subsequently, we have 

conducted a comparative analysis with a structurally related to the liquid crystal compound. 

 

2. Experimental 

2.1 Materials and methods 

4-Hydroxybenzoic acid, Potassium hydroxide, Ethyl alcohol, n-alkyl halides, 4-

Hydroxybenzaldehyde, Glacial acetic acid, N, N’-Dicyclohexylcarbodiimide, 4-

                  



Dimethylaminopyridine, Tetrahydrofuran, 3,4-Dimethyl aniline were used as received. Thin 

layer chromatography was performed (Merck, Kiesel 60F254 pre-coated). Infrared spectra (IR) 

were recorded using a Shimadzu IR-408 spectrophotometer with potassium bromide (KBr) 

pellets, while proton nuclear magnetic resonance spectra (400MHz) and 13C NMR (125MHz) 

were obtained using a Bruker Avance Neo-spectrometer with deuterated chloroform. Mass 

spectra were recorded using waters-Single quadrupole mass detection (80-1500 ES+, centroid, 

cv=30). Phase appearance and transition were analysed via thermal polarizing optical 

microscopy (POM) employing a polarizing optical microscope with a heating stage. Leica DM 

2500P polarizing optical microscope with a connected with a Linksys temperature control unit 

in conjunction with Leica DFC295 camera for image capture. Sample preparation: thin film of 

powder sample was sandwiched between a glass slide and coverslip. The enthalpies associated 

with changes in phases, quantified in kilojoules per mole, were determined through the 

utilization of a Shimadzu DSC-60 plus system, a type of differential scanning calorimeter 

(DSC). operating at a scanning rate of 10℃ per minute.  The electronic structures of all four 

molecules (SB4, SB6, SB8 and SB12) were studied using quantum mechanical calculations. Each 

molecule was constructed using gauss view 6 software [44] and was subjected to geometry 

optimization using DFT calculations at the M06-2X/6-31G++(d,p) level of theory [45] as 

implemented in gaussian 16 quantum chemistry package [46]. No symmetry constraints were 

imposed during the optimization. Optimized geometries were used to visualize molecular 

orbitals and their associated energy values using gauss view 6. In particular, the nature and 

energetics of the lowest unoccupied molecular orbital (LUMO) and highest occupied molecular 

orbital (HOMO) were characterized. In dielectric complex permittivity measurement of the 

sample in pallet from were carried out in two frequency regines 200Hz to 2.0 MHz and 500 

MHz to 20 GHz. 

 

2.2 Synthesis 

Synthesis of 4-n-alkoxybenzoic acid (A)  

4-n-alkoxybenzoicacid (A) were prepared from 4-hydroxybenzoic acid [47]. 4-hydroxybenzoic 

acid (0.1 mole), 1-bromoalkane (0.12 mole) and potassium hydroxide (0.25 mole) were 

dissolved in ethanol and refluxed for 7 to 8 hours. 25ml of 10% potassium hydroxide solution 

was added and refluxed for 2 hours. At room temperature, the mixture was acidified with 1:1 

(cold hydrochloric acid): ice. After filteration, collect the solid materials and it was 

recrystallized from methanol. Purities were checked by thin layer chromatography. The yield 

was 81–88%. 

                  



Synthesis of 4-formylphenyl 4-n-alkoxybenzoate (B)  

4-n-alkoxybenzoic acid (0.10 mole) and 4-hydroxybenzaldehyde (0.15 mole) were dissolved 

in dry tetrahydrofuran (THF). Actually, 0.1 mole of N, N′-Dicyclohexylcarbodiimide (DCC) 

[48] and 0.01 mole of 4-Dimethylaminopyridine (DMAP) were added to the reaction mixture. 

The reaction left under stirring at room temperature overnight. The insoluble solid of 1,3-

dicyclohexyl urea was filtered out, and the residue was washed with THF. The solvent from 

the filtrate was removed using a rotary evaporator, and the solid material was recrystallized 

from methanol. Purities were checked by thin layer chromatography on Merk kiesel gel 60F254 

precoated plates. The yield was generally 65–72%. 

Synthesis of (E)-4-(((3,4-dimethylphenyl) imino) methyl) phenyl 4-n-alkoxybenzoate (C).  

0.01 mole of 4-formylphenyl 4-n-alkoxybenzoate for series (SBn) were solubilized in 

anhydrous ethanol. Subsequently, the solution was carefully added drop-wise to the round 

bottom flask (RBF) containing 0.01 mole of 3,4-dimethylaniline, which had been previously 

dissolved in anhydrous ethyl alcohol [49] along with a small quantity of glacial acetic acid, 

ensuring thorough mixing. The contents of the round bottom flask were then subjected to reflux 

for a duration of four to six hours. Following this, the resulting reaction mixture was filtered 

while still hot, leading to the precipitation of the product. The obtained crude product was 

subjected to multiple recrystallization processes using ethyl alcohol. The purity of Series-SBn 

was assessed through the utilization of thin-layer chromatography (TLC). The overall yield 90-

96%. The synthetic route of Series- SBn are illustrated in Scheme-1. 

 

                  



 
 

R=CnH2n+1 

[ n (number of carbon) = 1 to 8,10,12,14,16,18] 

(i) R-Br, KOH, Ethanol (ii) DCC(N, N′-Dicyclohexylcarbodiimide), DMAP(4-

Dimethylaminopyridine), THF (iii) Glacial aceticacid, Ethanol. 

 

3. Characterisation   

(E)-4-(((3,4-dimethylphenyl) imino) methyl) phenyl 4-ethoxybenzoate (SB2) 

IR Spectrum (KBr) νmax/cm-1: 2979, 2882 (aliphatic C-H stretching), 1722 (-C=O stretching, 

ester), 1601 (-CH=N-), 1504 (-C=C- stretching), 1417 (C-H bending, -CH3), 1261 (C–O 

stretching, ester), 1064 (C-O stretching, ether), 862 (aromatic C-H bending). 1H-NMR 

Spectrum (400 MHz, CDCl3) δ in ppm: 1.46 (t, 3H, ˗CH3), 2.28 (s, 3H, Ar-CH3), 2.30 (s, 3H, 

Ar-CH3), 4.12 (m, 2H, Ar-O-CH2-),6.99 (d, H, ArH), 7.05 (d, 2H, ArH), 7.16 (d, H, ArH), 7.24 

(s, H, ArH), 7.32 (d, 2H, ArH), 7.96 (d, 2H, ArH), 8.14 (d, 2H, ArH), 8.47 (s, H, -Ar-CH=N-

). 13C NMR (125 MHz, CDCl3): δ 14.66 (H3С-C-O-Ar),19.33, 19.86 (H3C-Ar), 63.99(-H2C-

O-Ar), 114.32, 118.09, 121.29, 122.10,129.84, 130.28, 132.35, 133.97, 134.53, 137.36, 149.65, 

153.29 for aromatic carbons, 158.20 (-CH=N), 163.46(O-C, aromatic carbon),164.62 (-COO-

). Mass Spectrum: m/z calculated for C24H23NO3: 373.17, Found: 374.29. Colour: Yellow. 

Melting point: 161°C. Yield: 86.0%. 

(E)-4-(((2-methyl-4-nitrophenyl) imino) methyl) phenyl 4-n-butyloxy benzoate (SB4) 

                  



IR Spectrum (KBr) νmax/cm-1: 2951, 2928 (aliphatic C-H stretching), 1725 (-C=O stretching, 

ester), 1602 (-CH=N-), 1510 (-C=C- stretching), 1423 (C-H bending, -CH3), 1251 (C–O 

stretching, ester), 1056 (C-O stretching, ether), 848 (aromatic C-H bending). 1H-NMR 

Spectrum (400 MHz, CDCl3) δ in ppm: 0.99 (t, 3H, ˗CH3), 1.83–1.52 (m, 4H, 2 X ˗CH2-), 2.28 

(s, 3H, Ar-CH3), 2.31 (s, 3H, Ar-CH3), 4.06 (t, 2H, Ar-O-CH2-), 6.99 (d, H, ArH), 7.01 (d, 2H, 

ArH), 7.15 (d, H, ArH), 7.26 (s, H, ArH), 7.31 (d, 2H, ArH), 7.96 (d, 2H, ArH), 8.14 (d, 2H, 

ArH), 8.48 (s, H, -Ar-CH=N-). Colour: Yellow. Melting point: 145 °C. Yield: 84.0%. 

(E)-4-(((3,4-dimethylphenyl) imino) methyl) phenyl 4-(hexyloxy) benzoate (SB6) 

IR Spectrum (KBr) νmax/cm-1: 2929, 2850 (aliphatic C-H stretching), 1728 (-C=O stretching, 

ester), 1604 (-CH=N-), 1508 (-C=C- stretching), 1421 (C-H bending, -CH3), 1251 (C–O 

stretching, ester), 1058 (C-O stretching, ether), 844 (aromatic C-H bending). 1H-NMR 

Spectrum (400 MHz, CDCl3) δ in ppm: 0.92 (t, 3H, ˗CH3), 1.48–1.35 (m, 8H, 3 X ˗CH2-), 1.82 

(m, 2H, ̠ CH2-C-O-), 2.28 (s, 3H, Ar-CH3), 2.30 (s, 3H, Ar-CH3), 4.05 (t, 2H, Ar-O-CH2-), 6.99 

(d, H, ArH), 7.01 (d, 2H, ArH), 7.15 (d, H, ArH), 7.26 (s, H, ArH), 7.33 (d, 2H, ArH), 7.96 (d, 

2H, ArH), 8.14 (d, 2H, ArH), 8.48 (s, H, -Ar-CH=N).  13C NMR (125 MHz, CDCl3): δ 14.03 

(-H3C-O-Ar), 19.34, 19.87 (H3C-Ar), 22.59, 25.66, 29.06, 31.54 for methylene carbons (CH3-

(CH2)4-O-), 68.36 (-H2C-O-Ar), 114.36, 118.09, 121.23, 122.26, 129.86, 130.29, 132.35, 

133.97, 134.55, 137.38, 149.66, 153.31 for aromatic carbons, 158.27 (-CH=N-), 163.46 (O-C, 

aromatic carbon), 164.63 (-COO-); Mass Spectrum: m/z calculated for C28H31NO3: 429.23, 

Found: 430.39. Colour: Yellow. Melting point: 114°C. Yield: 84.0%. 

(E)-4-(((2-methyl-4-nitrophenyl) imino) methyl) phenyl 4-n-heptyloxy benzoate (SB7) 

IR Spectrum (KBr) νmax/cm-1: 2929, 2850 (aliphatic C-H stretching), 1728 (-C=O stretching, 

ester), 1604 (-CH=N-), 1508 (-C=C- stretching), 1421 (C-H bending, -CH3), 1251 (C–O 

stretching, ester), 1058 (C-O stretching, ether), 844 (aromatic C-H bending). 1H-NMR 

Spectrum (400 MHz, CDCl3) δ in ppm: 0.90 (t, 3H, ˗CH3), 1.59–1.31 (m, 10 H, 4 X ˗CH2-), 

1.76 (m, 2H, ˗CH2-C-O-), 2.28 (s, 3H, Ar-CH3), 2.30 (s, 3H, Ar-CH3), 4.05 (t, 2H, Ar-O-CH2-

), 6.99 (d, H, ArH), 7.01 (d, 2H, ArH), 7.15 (d, H, ArH), 7.26 (s, H, ArH), 7.33 (d, 2H, ArH), 

7.96 (d, 2H, ArH), 8.14 (d, 2H, ArH), 8.47 (s, H, -Ar-CH=N). 13C NMR (125 MHz, CDCl3): δ 

14.09 (-H3C-O-Ar), 19.34, 19.87 (H3C-Ar), 22.61, 25.95, 29.03, 29.10, 31.76 for methylene 

carbons (CH3-(CH2)5-O-), 68.36 (-H2C-O-Ar), 114.36, 118.08, 121.24, 122.26, 129.85, 130.28, 

132.35, 133.99, 134.54, 137.38, 149.68, 153.31for aromatic carbons, 158.23 (-CH=N-), 163.69 

(O-C, aromatic carbon), 164.62 (-COO-); Mass Spectrum: m/z calculated for C29H33NO3: 

443.25, Found: 444.43. Colour: Yellow. Melting point: 106°C. Yield: 84.0%. 

                  



(E)-4-(((2-methyl-4-nitrophenyl) imino) methyl) phenyl 4-n-octyloxy benzoate (SB8) 

IR Spectrum (KBr) νmax/cm-1: 2924, 2854 (aliphatic C-H stretching), 1725 (-C=O stretching, 

ester), 1605 (-CH=N-), 1510 (-C=C- stretching), 1417 (C-H bending, -CH3), 1263 (C–O 

stretching, ester), 1070 (C-O stretching, ether), 843 (aromatic C-H bending). 1H-NMR 

Spectrum (400 MHz, CDCl3) δ in ppm: 0.90 (t, 3H, ˗CH3), 1.51–1.30 (m, 10H, 5 X -CH2-), 

1.83 (m, 2H, ˗CH2-C-O-), 2.29 (s, 3H, Ar-CH3), 2.31 (s, 3H, Ar-CH3), 4.05 (t, 2H, Ar-O-CH2-

), 6.99 (d, H, ArH), 7.01 (d, 2H, ArH), 7.15 (d, H, ArH), 7.26 (s, H, ArH), 7.33 (d, 2H, ArH), 

7.95 (d, 2H, ArH), 8.15 (d, 2H, ArH), 8.48 (s, H, -Ar-CH=N-). Mass Spectrum: m/z calculated 

for C30H35NO3: 457.26, Found: 458.53. Colour: Yellow. Melting point: 101°C. Yield: 84.0%. 

(E)-4-(((2-methyl-4-nitrophenyl) imino) methyl) phenyl 4-n-decyloxy benzoate (SB10)  

IR Spectrum (KBr) νmax/cm-1: 2924, 2854 (aliphatic C-H stretching), 1725 (-C=O stretching, 

ester), 1605 (-CH=N-), 1510 (-C=C- stretching), 1417 (C-H bending, -CH3), 1263 (C–O 

stretching, ester), 1070 (C-O stretching, ether), 843 (aromatic C-H bending). 1H-NMR 

Spectrum (400 MHz, CDCl3) δ in ppm: 0.91 (t, 3H, ˗CH3), 1.51–1.33 (m, 14 H, 7 X ˗CH2-

),1.83 (m, 2H, ˗CH2-C-O-), 2.29 (s, 3H, Ar-CH3), 2.30 (s, 3H, Ar-CH3), 4.06 (t, 2H, Ar-O-

CH2-), 6.99 (d, H, ArH), 7.01 (d, 2H, ArH), 7.15 (d, H, ArH), 7.26 (s, H, ArH), 7.33 (d, 2H, 

ArH), 7.96 (d, 2H, ArH), 8.16 (d, 2H, ArH), 8.48 (s, H, -Ar-CH=N). 13C NMR (125 MHz, 

CDCl3): δ 14.09 (H3С-C-O-Ar), 19.34, 19.87 (H3C-Ar), 22.60, 25.95, 29.06, 31.76, for 

methylene carbons (CH3-(CH2) 8-O-), 68.35 (-H2C-O-Ar), 114.35, 118.09, 121.23, 122.26, 

129.85, 130.28, 132.35, 133.98, 134.53, 137.37, 149.67, 153.31 for aromatic carbons, 158.21 

(-CH=N-), 163.68 (O-C, aromatic carbon), 164.61 (-COO-);Colour: Yellow. Melting point: 

97°C. Yield: 84.0%. 

(E)-4-(((2-methyl-4-nitrophenyl) imino) methyl) phenyl 4-n-dodecyloxy benzoate (SB12)  

IR Spectrum (KBr) νmax/cm-1: 2919, 2854 (aliphatic C-H stretching), 1724 (-C=O stretching, 

ester), 1604 (-CH=N-), 1510 (-C=C- stretching), 1423 (C-H bending, -CH3), 1262 (C–O 

stretching, ester), 1072 (C-O stretching, ether), 846 (aromatic C-H bending). 1H-NMR 

Spectrum (400 MHz, CDCl3) δ in ppm: 0.96 (t, 3H, ˗CH3), 1.47–1.29 (m, 18 H, 9 X ˗CH2-

),1.74 (m, 2H, Ar-O-C-CH2-), 2.25 (s, 3H, Ar-CH3), 2.28 (s, 3H, Ar-CH3), 4.07 (t, 2H, Ar-O-

CH2-), 2.29 (s, 3H, Ar-CH3), 2.31 (s, 3H, Ar-CH3), 4.05 (t, 2H, Ar-O-CH2-), 6.99 (d, H, ArH), 

7.01 (d, 2H, ArH), 7.15 (d, H, ArH), 7.26 (s, H, ArH), 7.33 (d, 2H, ArH), 7.95 (d, 2H, ArH), 

8.15 (d, 2H, ArH), 8.48 (s, H, -Ar-CH=N).  Colour: Yellow. Melting point: 86°C. Yield: 82.0%. 

(E)-4-(((2-methyl-4-nitrophenyl) imino) methyl) phenyl 4-n-hexadecyloxy benzoate 

(SB16) 

                  



IR Spectrum (KBr) νmax/cm-1: 2956, 2924 (aliphatic C-H stretching), 2859, 1742 (-C=O 

stretching, ester), 1659 (-CH=N-), 1598 (-C=C- stretching), 1417 (C-H bending, -CH3), 1269 

(C–O stretching, ester), 1054 (C-O stretching, ether), 862 (aromatic C-H bending).  1H-NMR 

Spectrum (400 MHz, CDCl3) δ in ppm: 0.91 (t, 3H, ˗CH3), 1.97–1.26 (m, 26 H, 13 X ˗CH2-

),1.74 (m, 2H, ˗CH2-C-O-), 2.29 (s, 3H, Ar-CH3), 2.31 (s, 3H, Ar-CH3), 4.05 (t, 2H, Ar-O-

CH2-), 6.99 (d, H, ArH), 7.01 (d, 2H, ArH), 7.15 (d, H, ArH), 7.26 (s, H, ArH), 7.33 (d, 2H, 

ArH), 7.95 (d, 2H, ArH), 8.15 (d, 2H, ArH), 8.48 (s, H, -Ar-CH=N-). Colour: Yellow. Melting 

point: 76°C. Yield: 79.0%. 

(E)-4-(((2-methyl-4-nitrophenyl) imino) methyl) phenyl 4-n-octadecyloxy benzoate (SB18) 

IR Spectrum (KBr) νmax/cm-1: 2956, 2859 (aliphatic C-H stretching), 1742 (-C=O stretching, 

ester), 1659 (-CH=N-), 1598 (-C=C- stretching), 1417 (C-H bending, -CH3), 1269 (C–O 

stretching, ester), 1054 (C-O stretching, ether), 862 (aromatic C-H bending). 1H-NMR 

Spectrum (400 MHz, CDCl3) δ in ppm: 0.90 (t, 3H, ˗CH3), 2.08–1.22 (m, 30 H, 15 X ˗CH2-

),2.29 (s, 3H, Ar-CH3), 2.29 (s, 3H, Ar-CH3), 3.74 (m, 2H, ˗CH2-C-O-),  4.22 (t, 2H, Ar-O-

CH2-), 6.99 (d, H, ArH), 7.09 (d, 2H, ArH), 7.22 (d, H, ArH), 7.28 (s, H, ArH), 7.31 (d, 2H, 

ArH),  7.97 (d, 2H, ArH), 8.01 (d, 2H, ArH), 8.16 (d, 2H, ArH), 9.89 (s, H, -Ar-CH=N-). 

Colour: Yellow. Melting point: 75°C. Yield: 74.0%. 

 

4. Results and discussion  

4.1 Spectral analysis 

Upon analysis of the 1H-NMR spectrum, it was observed that a solitary proton from the imine 

group exhibited a singlet peak within the range of 9.89–8.47 (s, H, -CH=N-). A total of eleven 

aromatic protons manifested themselves in the form of six doublet peaks (d) spanning the 

regions of 8.16–8.14 (d, 2H, ArH), 7.97–7.95 (d, 2H, ArH), 7.33–7.31(d, 2H, ArH), 7.22–7.15 

(d, H, ArH), 7.09–7.01 (d, 2H, ArH) and 6.99 (d, H, ArH) for Series SBn. Conversely, a single 

aromatic proton was detected as a singlet peak in the region of 7.28–7.24 (s, H, ArH) for the 

series SBn. The ether (-CH2-O-Ar) protons of the alkoxy chain showcased resonance signals 

within the range of 4.22–4.05 (J = 6.1–6.4 Hz), appearing as a triplet. Similarly, the methyl 

proton linked to the terminal phenyl ring resonated at δ 2.31–2.28, presenting as a singlet. The 

methylene protons belonging to the alkoxy chain resonated between 3.74–1.22, displaying a 

multiplet pattern. Lastly, the methyl group of the alkoxy chain resonated at 1.46-0.90 (J = 7.3–

7.9 Hz) in the form of a triplet. The infrared spectrum (νmax/cm-1) exhibits absorption bands 

of moderate intensity in the range of 2979–2850 cm⁻¹ attributed to aliphatic C-H (Sp3 

                  



hybridized) functional groups. The stretching related to carbonyl (-C=O) in the vicinity of 

1742–1722 cm⁻¹ was detected in the context of Series SBn. Within the range of 1659–1601 

cm⁻¹, there was observed a moderate intensity stretching associated with the bond of imine (-

C=N-). The C=C stretching frequency observed at 1598-1504 cm⁻¹, notably the absorption at 

1423-1417 cm⁻¹ is related to the bending vibration of C-H bonds in methyl groups (–CH₃). 

1269-1054 cm⁻¹ are associated with the stretching vibrations of C–O bonds in ester and ether 

groups, respectively. 862-843 cm⁻¹ serves as a marker for the bending vibrations associated 

with aromatic C-H bonds. UV-Visible spectra (Figure 1) of Series SB4 reveal distinctive 

features, characterized by dual peaks. The initial peak, observed at 275 nm with an intensity of 

1.75, is associated with the dispersion of electron density from the alkoxy oxygen donor 

towards the aromatic nucleus. This phenomenon significantly influences intermolecular 

attraction, subsequently impacting the mesophase behaviour of the compound. Concurrently, a 

second peak emerges at 321 nm with a hyperchromic shift of 0.70, attributable to the extension 

of conjugation. This extension enhances the η-π* adsorption, contributing to the observed 

spectral characteristics. 

 

Figure 1. UV-V is absorption spectra of series SB4 & SB8) 

 

4.2 Mesomorphic behaviour 

In this study, a series of derivatives of (E)-4-(((3,4-dimethylphenyl) imino) methyl) phenyl 4-

n-alkoxybenzoate SBn were investigated for their mesomorphic behavior. It was found that all 

the derivatives in this series exhibited mesogenic properties. The derivatives with n-alkoxy 

groups ranging SB1 to SB7 demonstrated an enantiotropic nematic mesophase. These nematic 

mesophases ware enantiotropic, indicating they could reversibly transform between the 

nematic phase and isotropic liquid phase with changes in temperature. On the other hand, the 

derivatives with n-alkoxy groups, specifically SB14 to SB18, exhibited an enantiotropic smectic 

A mesophase. Smectic A phase was also enantiotropic, allowing reversible transformation with 

                  



temperature changes. Notably, SB8 and SB10, displayed monotropic mesophase. SB8 exhibits 

a nematic mesophase in the heating stage, while a smectic A mesophase is exhibited in the 

cooling stage. The middle member of the series SB12 displayed both Smectic A and nematic 

mesophases. This observation suggested that it had a border temperature range in which could 

exist in either the smectic or nematic phase. Table 1 recorded the transition temperature data 

for these derivatives, providing valuable information about the temperature. Additionally, 

Figure 2 illustrated the mesomorphic behavior of the SBn compounds, showing their clearing 

and melting points of all derivatives. Notably, a consistent trend of decreasing clearing 

temperatures across the series was observed. The relationship between the nematic to isotropic 

transition temperatures (N–I) and the alkoxy-chain length (n) follows a proportional decrease. 

These findings are consistent with the research findings of Gray [50] and Imeri [51]. In other 

words, as the alkoxy-chain length increases, the N–I temperatures decrease in a manner 

supported by the studies conducted by Gray and Imrie. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  



 

Table 1: Phase transition temperatures (ºC) of series SBn compounds. 

Compound  

R =-

CnH2n+1 

n = 

Cr  SmA 

 

 N  I 

SB1 1 •  - •  180 • 210  

SB2 2 •  - •  161 • 192  

SB3 3 •  - •  156 • 182 

SB4 4 •  - •  145 • 174 

SB5 5 •  - •  126 • 163 

SB6 6 •  - •  114 • 146 

SB7 7 •  - •  106 • 148 

SB8 8 •  (61) •  101 • 155 

SB10 10 •  (59) •  97 • 151 

SB12 12 •  86 •  103 • 137 

SB14 14 •  78 •       - • 112 

SB16 16 •  76 •  - • 106 

SB18 18 •  75 •  - • 104 

() = monotropic value; Cr=crystalline solid; SmA=smectic A phase; N=nematic phase; 

I=isotropic liquid phase; •=phase exists. 

 

 

 

 

                  



 
Figure 2. LCs phase behaviour of series SBn 

() = monotropic value; Cr=crystalline solid; SmA=smectic A phase; N=nematic phase; 

I=isotropic liquid phase. 

 

4.3 Polarising optical microscope study 

The examination of mesomorphic characteristics in every derivative within the synthesized 

Series SBn was conducted utilizing a polarized optical microscope equipped with a heating and 

cooling platform. The experimental procedure involved creating a slender sample layer by 

carefully placing the derivatives between coverslip and glass slide, forming a sandwich-like 

arrangement. This method allowed for the subsequent analysis of mesogenic characteristics. 

The derivatives of series SBn were discovered to exhibit mesogenic properties. Notably, in 

series SB1 to SB7 derivatives displayed an enantiotropic nematic mesophase. Similarly, SB14 

to SB18 derivatives of series SBn showed an enantiotropic smecticA mesophase. Derivative SB8 

exhibited a schlidren nematic phase at 101°C to the isotropic (155°C) phase, (POM texture 

shown in Figure 3) while a smectic A mesophase is exhibited in the cooling stage at 61°C. On 

other hand SB12 demonstrated a focal conical smectic A phase on heating from the crystalline 

state to 86°C followed by nematic mesophase at 103°C and isotropic range at 137°C. 

Derivative SB18 display smectic A mesophase at 78 °C to the isotropic (112°C) while heating.  

                  



 
Figure 3.  Optical microphotographs of Nematic (while heating) & Smectic phase (while 

cooling) at 101°C and 61°C of compound SB8 (a & b). Optical microphotographs of Smectic 

& Nematic phase (while cooling) at 86°C and 103°C of compound SB12 (c & d). 

 

4.4 Differential Scanning calorimetry analysis (DSC) 

Calorimetry serves as a valuable technique for investigating phase transitions, offering precise 

data that allows us to derive meaningful insights about the characteristics of the phases 

involved in these transitions. In our current research, we conducted measurements to determine 

the enthalpies associated with the mesogenic homologues within series SBn. The enthalpies of 

phase transitions upon heating are documented in units of kJ/mol, and these measurements 

were obtained using a scanning rate of 10°C per minute. We confirmed the thermal stability of 

these compounds by consistently obtaining identical thermograms during repeated heating 

cycles. In Figure 4, shows the DSC thermograms for the SBn compounds, which were 

generated during the initial heating cycle at 10°C per minute. 

SB4 showed two clear peaks while heating, at 145°C and 174°C. These represent the transitions 

from a crystalline state to a nematic state (Cr-N) and from the nematic state to an isotropic state 

                  



(N-I). The enthalpy changes for these transitions are 51.6130 kJ/mol and 0.8241 kJ/mol, 

respectively. As well as compound SB8 displays two peaks 101°C and 155°C at heating stage. 

while a smectic A mesophase is exhibited in the cooling stage at 60°C.  The enthalpy changes 

for these transitions are 45.1124 kJ/mol and 0.5871 kJ/mol, as well as smectic A mesophase 

enthalpy changes value is 10.93 kJ/mol respectively. Compound SB12 displays three peaks at 

temperatures of 86°C, 103°C, and 137°C. These temperature points correspond to the 

transitions from crystal to Smectic A (Cr-SmA), Smectic A to nematic (SmA-N), and nematic 

to isotropic (N-I) phases, respectively. These transitions are accompanied by changes in 

enthalpy, with values of 44.8818 kJ/mol, 0.0410 kJ/mol, and 0.5592 kJ/mol, in the same order. 

Additionally, the consistency of these findings was further confirmed through polarized optical 

microscopy (POM) analysis.  

Table-2 shows the phase sequences, transition temperatures, as well as enthalpies and entropies 

for the mesogenic members within Series SBn. Notably, the data underscores the remarkable 

stability exhibited by all the mesomorphic compounds, with particular emphasis on the 

heightened stability observed in the lower members of the homologous series SBn. 

Table-2 highlights a noteworthy observation: within Series SBn, the enthalpy values associated 

with transitions are significantly higher compared to the enthalpy values corresponding to 

melting. The variation in enthalpy and entropy alterations observed during the transformation 

from a crystalline state to a smectic A phase within the synthesized series SBn could be 

attributed to structural variances in SBn. Variances in planarity and length of SBn molecules 

can affect intermolecular interactions, thereby impacting the phase transition enthalpy in 

relation to the length of the alkoxy chain. Similarly, a comparable trend is noted in the nematic 

transition. The enthalpy during the shift from crystalline to nematic exceeds that from nematic 

to isotropic. As evident in Table 2, the slight changes in enthalpy during N-I transitions can be 

attributed to factors like the aspect ratio, the inclusion of the vinyl group for improved 

alignment, and enhanced molecular biaxiality due to dimethyl substitution on the side. These 

aspects collectively contribute to a reduction in entropy change during the specified transition. 

[52,53]. 

 

 

 

 

                  



Table: -2 Phase transition temperatures (°C), enthalpy change, entropy change and normalised 

entropy of the series- SBn by DSC and POM measurement.  

Compound Transition Peak temp./℃ ΔH/kJmol-1 ΔS/kJmol-1 K-1 

SB4 
Cr-N 145 51.613 0.1235 

N-I 174 0.8241 0.0024 

 SB8 

Cr-N 101 45.1124 0.1216 

N-I 155 0.5871 0.0014 

SmA 61 10.93 0.0327 

SB12 

Cr-SmA 86 44.8818 0.1250 

SmA-N 103 0.0410 0.00011 

N-I 137 0.5592 0.0014 

 

 

Figure 4. DSC thermogram of series SB (4, 8 & 12). 

(A=SB4, B=SB8 & C=SB12) 

4.5 Dielectric study 

0.73 gm of compound SBn was compressed into a pellet using a Press-Well Hydraulics unit at 

4 ton/MPa pressure to measure dielectric properties, with complex permittivity tests conducted 

at frequencies ranging from 200 Hz to 20 GHz using an Agilent precision LCR meter E4980A 

and Agilent 16451B dielectric test fixture. [54,55] The test fixture was calibrated to eliminate 

the systematic measurement error prior to initiate the experiment. The complex dielectric 

function ε*(f) of the sample was determined at 161 frequency points on log scale in the 

frequency range of 200 Hz to 2 MHz [47,48]. Anritsu Shockline Vector Network Analyser 

(VNA) model no. MS46322A along with SPEAG DAK-TL (Dielectric Assessment Kit for 

Thin Layers) was utilized [56,57] to obtain complex permittivity data of samples at 391 

                  



frequency points in the frequency range of 500 MHz to 20 GHz. All the dielectric 

measurements were taken at room temperature, 300.15 K. 

Frequency dependence of dielectric constant (ε′) and dielectric loss (ε”) of synthesised LC in 

two frequency spans: 200 Hz ≤ f ≤ 2 MHz and 500 MHz ≤ f ≤ 20 GH z at 300.15 K temperature, 

is represented in Figure 5. It can be seen that the values of ε′ is almost frequency independent 

over the entire frequency range. Frequency independent value in the static frequency region 

200 Hz ≤ f ≤ 2 MHz is taken as static dielectric constant (εs), which is 2.25, suggesting polar 

nature of the compound. Molecules of the studied compound become locked in a solid or rigid 

lattice at room temperature, hence cannot contribute to orientational polarization causing 

smaller value of static dielectric constant. From the dielectric loss against frequency plot shown 

in Figure 5, it can be seen that dielectric loss values of this compound are order of magnitude 

higher in the low frequency regime and decreases rapidly with frequency. Higher value of 

dielectric loss at the lower end of the frequency range may be attributed to the translational 

diffusion of ionic impurities in the sample. In the microwave frequency range, a peak in 

dielectric loss at frequency 10.9 GHz is observed, providing relaxation time value of 14.6 pS. 

This loss due to the rotation of the end polar groups of the molecule.  

 

Figure 5. Plots of dielectric constant (ε′) and dielectric loss (ε”) vs frequency of synthesised 

SBn. 

 

4.6 DFT 

All four series SBn molecules (SB4, SB6, SB8 and SB12) were optimized using the DFT 

methods at the M06-2X/6-31G++(d,p) level of theory. The optimized geometries are shown in 

Figure 6 and the various electronic properties are presented in Table 3. For each molecule, we 

calculated the energy gap (EHOMO-ELUMO), which is an important parameter to assess the 

thermal stability and the chemical reactivity of a molecule. The EHOMO and ELUMO energy gap 

were computed to be negative for all derivative molecules, indicating their stability and in the 

following order: SB4 > SB6 > SB8 > SB12. Interestingly, ELUMO energy values were calculated 

                  



to be negative for all four molecules, indicating their reactive nature. Further, Frontier 

Molecular Orbital analysis illustrates that for all molecules, the highest occupied molecular 

orbital (HOMO) orbital is localized on the terminal phenyl ring of the Schiff’s base (Figure 

7). Whereas the lowest occupied molecular orbital (LUMO) orbital is localized on the  orbitals 

of the phenyl ring connecting the base with the alkoxy group. 

Table 3. The calculated EHOMO, ELUMO (eV), EHOMO - ELUMO (E, eV), and dipole moment 

(Debye) for molecules as calculated at the M06-2X/6-31G ++(d,p) level of theory.  

 EHOMO (eV) ELUMO (eV) 
EHOMO - ELUMO 

(eV) 

Dipole Moment  

(Debye)  

SB4 -5.8524 -0.5794 -5.2730 3.52 

SB6 -5.8504 -0.5875 -5.2629 3.54 

SB8 -5.8510 -0.6011 -5.2499 3.59 

SB12 -5.8477 -0.6147 -5.2330 3.41 

 

Figure 6: The geometry of SB4, SB6, SB8 and SB12 molecules optimized at the M06-2X/6-

31G++(d,p)  level of theory. 

 

 

                  



 

 

Figure 7: The HOMO and LUMO orbitals SB4, SB6, SB8 and SB12 molecules as calculated 

at the M06-2X/6-31G++(d,p) level of theory. 

5. Comparative study 

The properties of the mesophase in a liquid crystal compound are greatly impacted by its 

molecular structure. Relationship can be established between the transition process, stability of 

the mesophase, and the temperature span of the mesophase through an examination of the 

molecule's geometry and form. Table 4 provides a concise overview of the phase transition 

temperatures, the temperature range of the nematic mesophase, and the onset of the nematic 

phase for the synthesized series. Additionally, comparative data for Series-X [58], Series-Y 

[59], and Series-Z [10] is included for reference. The molecular structures of the comparison 

series are depicted in Figure 8.  

The comparison presented in Table 4 indicates that the width of the nematic mesophase and 

the N-I transition temperature of the SB8 series are 11°C and 60°C lower, respectively, when 

compared to the X series. This discrepancy can be attributed to the structural difference 

between the molecules of SB8 and X, which is limited to the terminal linkages. While both 

series share the same central ester linkages, SB8 features a terminal dimethyl group, whereas 

X has a methyl terminal group. The distinction between SB8 and X lies solely in the terminal 

substitution, where the methyl group in X is positioned para, while in SB8, it is positioned ortho 

                  



and para laterally. This alteration in the electron-donating methyl group impacts the overall 

polarity of the molecule, ultimately leading to a decrease in the melting point. 

In a similar vein, the Series-Y exhibits a difference in the presence of a terminal fluoro (-F) 

group at the meta position, resulting in a reduction of 36°C in the nematic mesophase length of 

SB8, along with a 14°C lower N-I transition temperature in comparison to series SB8. This 

alteration in the location of the electron-donating dimethyl group impacts the stability of the 

terminal ring, subsequently influencing the thermal stability of the compound. The lateral 

substitution within the phenyl ring connected to Schiff's base introduces a twisting steric effect 

within the molecule. 

Series-Z and SB8 differ in terms of the end polar nitro (-NO2) and methyl (-CH3) substituted 

phenyl ring that is connected with Schiff’s base in Series- Z, while a dimethyl substituted ring 

is connected with Schiff’s base in series SB8. The nematic mesophase length of SB8 is reduced 

by 3°C, and the N-I transition temperature of series-Z is lower by 33°C respectively, in 

comparison to that of series SB8. This alteration in the position of electron contributing 

dimethyl group influences the stability of the end ring which consequently impacts the thermal 

stability of the molecule. 

Table:-4 Comparison of the phase transition temperatures, nematic mesophase range and 

comparative molecular structures of compounds SB8, X, Y and Z. 

Compound Nematic Isotropic 
Mesophase 

range/⸰C 

Commencement 

of nematic 

phase 

SB8 101 155 54 C8 

X 112 215 103 C8 

Y 137 141 4 C8 

Z 104 122 18 C8 

 

 

                  



 

Figure 8. Comparative geometry of Series-SB8, X, Y and Z. 

 

6. Conclusion 

New liquid crystal Schiff’s bases bearing ester moiety SBn were synthesised and investigated 

for their mesophase and DFT calculation. Our study involved investigating how the behavior 

of compounds is affected by varying the terminal attachments, including changes in the alkyl 

chain and the addition of terminal dimethyl groups. Additionally, the presence of a tail 

substituent influences the mesomorphic properties of reported series. The homologs of series 

SBn from [SB1 to SB7] demonstrated an enantiotropic nematic mesophase within the 

temperature range of 180-106 °C, from [SB14 to SB18] exhibited an enantiotropic smectic A 

mesophase at temperatures between 78-75 °C, as well as [SB8 and SB10] exhibits a nematic 

mesophase in the heating stage at 101-97 °C, while a smectic A mesophase is exhibited in the 

cooling stage at 61-59 °C. With the help of DFT; EHOMO and ELUMO energy gap were computed 

to be negative for all derivative indicating their stability in the following order: SB4 > SB6 > 

SB8 > SB12. Dielectric study through determined values of complex permittivity of the 

synthesised liquid crystal over a broad frequency range reported. Also determined static 

permittivity value of liquid crystal is 2.25, at room temperature. The compound exhibited a 

relaxation peak in the dielectric loss spectra in the microwave frequency range, which may be 

assigned to the rotation of the end polar group of the molecule.  
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Scheme -1 

 

 
 

R=CnH2n+1 

[ n (number of carbon) = 1 to 8,10,12,14,16,18] 

(i) R-Br, KOH, Ethanol (ii) DCC(N, N′-Dicyclohexylcarbodiimide), DMAP(4-

Dimethylaminopyridine), THF (iii) 3, 4 dimethyl aniline, Glacial aceticacid, Ethanol. 
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