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Abstract: Methylthio moiety was observed to alter the mesomorphic features of rod-like Schiff-
base-derived liquid crystalline materials. For this purpose, a new series of (E)-4-(alkoxy)-N-(4-
(methylthio)benzylidene)aniline (In) liquid crystals were synthesized and examined using experi-
mental and computational approaches. The compounds in the series differ from each other in the
terminal alkoxy chain length that is attached to one end of the aromatic core. Various spectroscopic
methods were used to verify the molecular structures of the produced derivatives. All compounds
were checked for correct chemical structures using elemental analysis, FT-IR, 1H-NMR, and 13C-NMR.
Both a polarized optical microscope (POM) and a differential scanning calorimeter (DSC) were used
in order to study the behavior of liquid crystals. Both tested compounds I6 and I8 have monotropic
nematogenic properties while the longer chain derivative I16 shows non-mesomorphic behavior.
Computational studies were carried out using density functional theory (DFT) calculations to val-
idate the experimental results. All of the analyzed compounds had their reactivity characteristics,
dipole moments, and polarizability explained. Finally, in order to determine the chemical shape–
mesomorphic property relationship, the present examined series was compared to other structurally
comparable homologues.

Keywords: thioether liquid crystal; Schiff base; nematic phase; DFT; (E)-4-(alkoxy)-N-(4-(methylthio)
benzylidene)aniline

1. Introduction

Liquid crystals (LCs), are an interesting subclass of soft matter, with features that
lie between those of solid crystals and liquids [1]. They have attracted a great deal of
attention due to their incredibly useful and interesting uses in a number of scientific areas,
including sunlight-driven polymer actuators [2], Pancharatnam–Berry (PB) microlenses [3],
biosensors [4], organic field effect transistors (OFETs) [5], liquid crystal elastomers [6],
photovoltaics [7], and telecommunications [8]. Designing and manufacturing new, inex-
pensive liquid crystalline materials with great thermal stability and a large mesophase
temperature range will always be a challenge. One of the most effective ways to develop
novel, affordable LC materials with specific properties has turned out to be chemically
changing geometry.

Even relatively few alterations to molecular geometry of the molecule, such as the
inclusion of heteroatoms or the presence of various lateral substituted atoms or groups [9],
can result in substantial modification in its mesomorphic behavior. Different types and
classes of substituents with different polarities have been repeatedly incorporated into
different LC structures, in order to modify the molecular geometry, conformational pref-
erences, the transition temperature, the mesomorphic properties, and some other crucial
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physical properties that are necessary for designing and developing new low-cost LC
materials with improved properties suitable for display technologies. The development of
new technologies, such as liquid crystal lasers and lenses, could be enhanced by nemato-
gens with a high birefringence, which are already being used to improve LCD displays.
Accordingly, nematogens that contain terminal alkylthio chains have high birefringence
values, because the sulfur atom in their structures is highly polarizable. [10,11].

Schiff bases are a prominent group of chemical compounds that include the imine
(–C=N–) connection. Schiff bases have numerous potential uses in a range of indus-
tries, including catalysis [12], corrosion chemistry [13], pharmaceuticals [14], and pho-
tochromism [15]. Since they are able to preserve a linear geometry, high stability, and the
polarity of their imine linkages, they serve as a strong core structure that allows mesophase
formation [16]. All Schiff base characteristics have been extensively investigated for their
fascinating liquid crystalline behavior [17]. Since the discovery of LCs, many studies have
been conducted on compounds containing heteroatoms (N, O, or S). Due to the polarizabil-
ity of heteroatoms, their incorporation into LC molecules has a significant impact on the
molecular geometry, phase transitions, mesomorphic properties, dielectric properties, and
thermal stability, producing advanced functional materials with intriguing mesomorphic
properties. Moreover, the incorporation of the alkylthio group with an imine linkage
significantly challenges our knowledge of the relationship between molecular structure
and liquid crystalline behavior. Using differential thermal analysis (DSC) and polarization
optical microscopy (POM) in the course of an experimental investigation, the thermal and
mesomorphic behavior of the novel series has been characterized. Theoretically, these
findings will be explored within the context of density field theory (DFT). Some of our
research focus is on integrating experimentally established values with theoretical models
for estimating the effects of molecular geometry confirmation on the distinctive attributes.
The multiple optical factors interact with one another, demanding stimulated knowledge of
both the LCs’ molecular geometries and orbital energies. Additionally, DFT is an effective
method for easily acquiring insight into the characteristics of the molecule.

The aim of the present work is to synthesize new Schiff-base-derived LCs and to
investigate the influence of the terminal methylthio group on the phase behavior of the
resulting derivatives. Therefore, series of LC compounds (In), namely, ((E)-4-(alkoxy)-
N-(4-(methylthio)benzylidene)aniline, were synthesized. Compounds in the series differ
from each other in the length of the terminal alkoxy chain connected to an end, where
hexyloxy, octyloxy, and hexadecyloxy chains are used, while the other end is connected to
the methylthio group. The liquid crystal investigations of all synthesized compounds were
carried out using DSC and POM. The theoretical parameters were investigated using DFT
calculations. These calculations are also used to demonstrate the terminal groups affect
mesomorphic characteristics.

2. Results and Discussion
2.1. Chemistry

Schiff bases In were prepared via direct condensation reaction between 4-methylthioben
zaldehyde with alkyloxy anilines, as demonstrated in Scheme 1. Molecular formulas and
structures of In were verified using elemental analysis, FT-IR measurements, and NMR
spectroscopy. The spectroscopic findings match the expected structures. All of the syn-
thesized compounds display the alkyl aliphatic protons abundance when analyzed by
Fourier-transform infrared (FT-IR) and nuclear magnetic resonance (NMR) spectroscopy.
Infrared spectrum of In shows absorption peaks in the region 2917–2963 cm−1 that can be
ascribed to the typical absorption for aliphatic C-H stretching. Furthermore, the azomethine
group shows an absorption band in the region 1619–1657 cm−1, which distinguishes the
amine group stretching. In the 1H-NMR spectrums, the aliphatic side chain protons reveal
peaks at the chemical shift from 0.89 to 3.99 ppm. Moreover, their equivalent carbons show
peaks in the region 14.14–68.32 ppm in 13C-NMR. Moreover, the unsaturated aromatic
moiety is identified in both carbon and proton NMR spectra. Thus, protons of the aromatic
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rings show four doublet peaks in the downfield region from 6.94 to 7.85 ppm in proton
NMR, whereas the carbon NMR spectrum displays downfield peaks in the region 114.99
to 157.80 ppm, and these attributed to the carbons of the aromatic ring. Consequently,
the highly deshielded signal at 157.80 ppm is ascribed to the non-hydrogenated aromatic
carbon that directly connects to the alkoxy side chain.

Crystals 2023, 13, x FOR PEER REVIEW 3 of 13 
 

 

carbons show peaks in the region 14.14–68.32 ppm in 13C-NMR. Moreover, the unsatu-
rated aromatic moiety is identified in both carbon and proton NMR spectra. Thus, protons 
of the aromatic rings show four doublet peaks in the downfield region from 6.94 to 7.85 
ppm in proton NMR, whereas the carbon NMR spectrum displays downfield peaks in the 
region 114.99 to 157.80 ppm, and these attributed to the carbons of the aromatic ring. Con-
sequently, the highly deshielded signal at 157.80 ppm is ascribed to the non-hydrogenated 
aromatic carbon that directly connects to the alkoxy side chain. 

 
Scheme 1. Synthesis of (E)-4-(alkoxy)-N-(4-(methylthio)benzylidene)aniline (In). 

Furthermore, the existence of the doubly bonded imine group (Schiff base) is estab-
lished by NMR. Therefore, the H-NMR spectra show a singlet peak in the region δ 8.44–
8.59 ppm that matches the imine proton. Moreover, 13C-NMR displays a downfield peak 
near ≈ 158 ppm, which corresponds to the imine unsaturated carbon. Recently, both ele-
mental analysis and MS provided further confirmation for their molecular formula and 
structures. 

2.2. Liquid Crystalline Properties 
Figure 1 displays the DSC thermograms of typical compounds I6 and I8 during heating 

and cooling scans. It is evident that compounds display only one endotherm peak that is 
typical of crystal–isotropic transitions following heating. Both I6 and I8 compounds display 
two transition temperatures during the cooling cycle. The POM measurements show tex-
tures that support the formation of N mesophases (Figure 2). While n-hexyloxy and n-oc-
tyloxy derivatives show a nematic phase under a POM, n-hexadecyloxy derivatives do not 
show any liquid crystal phase. This demonstrates that, depending on the terminal chain 
length, these compounds possess monotropic characteristics with a mono-morphic phase. 
Table 1 provides a summary of the details on the transition temperatures and related en-
thalpy of all studied homologues series (In). To determine the effect of the terminal alkoxy 
chain length on the mesophase behavior, the transition temperatures of all the examined 
derivatives are graphically displayed in Figure 3. 

  

Scheme 1. Synthesis of (E)-4-(alkoxy)-N-(4-(methylthio)benzylidene)aniline (In).

Furthermore, the existence of the doubly bonded imine group (Schiff base) is es-
tablished by NMR. Therefore, the H-NMR spectra show a singlet peak in the region δ
8.44–8.59 ppm that matches the imine proton. Moreover, 13C-NMR displays a downfield
peak near ≈ 158 ppm, which corresponds to the imine unsaturated carbon. Recently, both
elemental analysis and MS provided further confirmation for their molecular formula
and structures.

2.2. Liquid Crystalline Properties

Figure 1 displays the DSC thermograms of typical compounds I6 and I8 during heating
and cooling scans. It is evident that compounds display only one endotherm peak that is
typical of crystal–isotropic transitions following heating. Both I6 and I8 compounds display
two transition temperatures during the cooling cycle. The POM measurements show
textures that support the formation of N mesophases (Figure 2). While n-hexyloxy and
n-octyloxy derivatives show a nematic phase under a POM, n-hexadecyloxy derivatives
do not show any liquid crystal phase. This demonstrates that, depending on the terminal
chain length, these compounds possess monotropic characteristics with a mono-morphic
phase. Table 1 provides a summary of the details on the transition temperatures and related
enthalpy of all studied homologues series (In). To determine the effect of the terminal
alkoxy chain length on the mesophase behavior, the transition temperatures of all the
examined derivatives are graphically displayed in Figure 3.
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Figure 2. Nematic texture of I8 derivative upon cooling round at 99 ◦C under POM.

Table 1. Transition temperatures (◦C), enthalpy in kJ/mol, and normalized entropy of transitions for
series In.

Comp. TCr–N ∆HCr–N TN–I ∆HN–I ∆SN–I

I6 105.3 57.14 101.2 * 0.69 0.22
I8 109.2 49.75 101.4 * 1.29 0.41
I16 113.1 60.69 - - -

The phase transition from solid to nematic is denoted by the notation Cr–N, while the phase transfer from nematic
to isotropic is denoted by the notation N–I. * Monotropic phase.
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Data from Table 1 and Figure 3 show that as the length of the alkoxy chain increases
from n = 6 to 16, the melting temperatures of the produced derivatives also increases.
The melting point increases as the polarizability of the compounds within the same series
increases. Additionally, every member of the homologous series is monotropic, has a limited
temperature mesomorphic range, and has low mesophase thermal stability. The shortest
terminal chain compound (n = 6) is monomorphic and purely nematogenic, exhibiting a
monotropic N phase. The C8H17O derivative (I8) also exhibits a monotropic N phase. The
I–N transition phase stability upon cooling is mostly the same for both compounds I6 and
I8, due to the difference in terminal chain length in two CH2 units. The compound with
longest chain length (I16) is found to be non-mesomorphic. Only two members (n = 6, 8) of
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the prepared group display liquid crystalline behavior. Despite how unusual this pattern
is, it remains interesting to find out why the longer chain (n = 16) is non-mesomorphic. The
lower tendency in the thermal transition of the N phase is caused by the reduction in the
rigid mesogenic core. However, as the length of the alkoxy chain increases, the N phase
range reduces until it disappears at n = 16. This possibly could be explained based on the
intensification of the Van der Waals forces that exist between lengthy alkoxy chains, which
causes their interweaving and produces lamellar packing, which disrupts the N phase.

According to the aforementioned findings, crucial elements such the polarizability,
polarity of the substituent groups, stiffness, aspect ratio, and molecular architecture are
often responsible for the stability of the generated mesophase. These factors have varying
degrees of influence on how the mesophase behaves. It is well-known that an increase
in the polarity and/or polarizability of the mesogenic core of a particular mesomorphic
compound, which is influenced by the polarity of the substituent that consequently affects
the polarity of the entire molecular structure, increases the stability of a mesophase of
that compound. The estimated entropy changes of mesophase transitions (∆S/R) for the
substances under investigation are displayed in Table 1. The (∆S/R) related to the N
transition is found in small magnitudes for both liquid crystalline derivatives I6 and I8. The
slight promotion of molecular biaxiality by the azomethine linkage group [18,19], however,
may be the reason of the minor values observed in both members I6 and I8.

2.3. Effect of the Methythio Group on the Mesomorphic Behavior

The present group was compared to previously synthesized, structurally compara-
ble compounds in order to determine the relationship between chemical structure and
mesomorphic properties. A homologous group of azomethine mesogens, including N-
4-fluorobenzylidene-4-(alkyloxy)benzenamine (IIn, Figure 4), was recently reported [20].
Depending on the terminal alkoxy chains length, all the homologues previously synthe-
sized exhibited monotropic smectogenic properties with different thermal stability [20]. The
mesomorphic properties of that terminal fluorinated series (IIn) were compared with our
prepared series In to examine the impact of the terminal polar group on the mesomorphic
behavior, and the mesomorphic features of that terminal fluoro group were compared with
our synthesized methylthio series, In.
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Compounds IIn differ from our group In only in the terminal aromatic ring of their
molecules; the latter have F substituent at the terminal benzene nucleus while the former
have a methylthio group there. It was reported that compounds IIn are fully smectogenic,
possessing purely smectic A phases, while In are purely nematogenic, except the I16 deriva-
tive. A comparison between our current group In and IIn is made in order to examine the
impact of the terminal methylthio group insertion into the terminal ring of the molecule
on the formation, nature, and stability of the mesomorphic behavior of compounds. The
elevated molecular dipole moment of the mesogenic core, which is mostly based on the
location of the polar group, determines the nature and stability of the mesophase that is
produced. Additionally, the semectic A molecular packing is disrupted by the insertion
of the methylthio group into the para position with regard to the imino group (In), lead-
ing to purely nematic phases for n = 6 and 8 carbons. The location and/or orientation
of the methylthio group have a major role in determining the type and stability of the
mesophase formation.
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In another work [21], 4-(methylthio)benzylidene-4’-n-alkanoyloxyanilines (IIIn, Figure 5)
were reported, and their mesomorphism investigated. It was found that the n-hexanoyloxy
(III6) and n-octanoyloxy (III8) derivatives exhibited monotropic nematic phase, while the
n-hexadecanoyloxy (III16) derivative showed non-mesomorphic behavior. The mesophase
was disrupted for the longer terminal chain component, and the intermolecular interactions
within the molecule were thought to be affected by the length of the molecular shape.
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2.4. DFT Study
2.4.1. Optimized Geometry and Thermal Parameters

A compound’s geometry is an essential characteristic that affects how the molecule be-
haves in other aspects. In order to find the most stable geometry, the optimum geometrical
structures of series In were adopted. The estimated quantum chemical parameters were
correlated computationally using the DFT method for all azomethine derivatives. Using
the DFT method with the B3LYP 6-311G(d,p) basis set, DFT calculations were performed in
the gas phase. Each optimized geometrical structure, shown in Figure 6, was stable, and
this is acceptable due to the lack of the imaginary frequency. Table 2 provides a summary
of the computed quantum thermal parameters, zero-point energy, polarizability, and dipole
moment of all investigated compounds, In.
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Table 2. Estimated thermal parameters, polarizability, and dipole moment for investigated series, In.

Compound ZPE
(Kcal/Mol)

Thermal
Energy

(Kcal/Mol)

Enthalpy
(Kcal/Mol)

Gibbs Free
Energy

(Kcal/Mol)

Entropy
(Cal mol.k)

Polarizability
(α)

Bohr3

Dipole
Moment(D)

I6 255.2745 270.4004 270.9928 218.4428 176.2572 295.8240 2.9016
I8 291.0420 307.9067 308.4997 251.3037 191.83846 319.9326 2.8768
I16 437.6267 461.1987 461.7917 387.5484 249.0150 396.9743 2.8560

The length of the alkyl chain was discovered to affect the calculated thermodynamic
parameters and zero-point energy of compounds In [22,23]. They were expected to increase
as the alkyl chain length in series In increased. As seen in compound I16, the longer
nonpolar moiety provides high thermal stability.

The DFT outcomes show that the dipole moment in series In decreases with increasing
the non-polar part of alkyl chain, indicating that the length of alkyl moiety has a significant
impact on the reactivity of investigated compounds. The polarizability of a molecule
is determined by the responsiveness of the electron cloud in a molecular system to the
approach of a charge. Larger compounds are more polarizable. Accordingly, it is found
that compound I16 has the highest polarizability due to the large size.

2.4.2. Frontier Molecular Orbitals

Frontier molecular orbitals (FMO) are defined as the highest occupied (HOMO) and
lowest unoccupied (LUMO) molecular orbitals. The LUMO has a capacity for accepting
electrons, making it an electron acceptor, whereas the HOMO is an electron donor. An
increase in HOMO energy and a decrease in LUMO energy generally results in an increase
in a molecule’s binding power. Using the DFT method with the B3LYP 6-311G(d,p) basis
set, the energies of the HOMOs and LUMOs of the compounds were determined, as shown
in Table 3. The FMO shown in Figure 7 demonstrates that the distributions of HOMO and
LUMO for series In are identical. In general, HOMO and LUMO electron clouds are evenly
distributed over the two benzene rings, while HOMO located mainly on benzene ring come
from alkoxy aniline, but LUMO in mainly distributed over arylidene moiety.

Table 3. Quantum chemical parameters based on optimized structures of the investigated compounds
at B3LYP/6-311G(d,p) level of theory.

Parameter I6 I8 I16

EHOMO (eV) −0.2134 −0.2133 −0.2021
ELUMO (eV) −0.0708 −0.0707 −0.0604

∆E (eV) 0.1426 0.1426 0.1417
IP (eV) 0.2134 0.2133 0.2021
EA (eV) 0.0708 0.0707 0.0604
χ (eV) 0.1421 0.1420 0.1313
µ (eV) −0.1421 −0.1420 −0.1313
η (eV) 0.0713 0.0713 0.0708
σ(eV−1) 14.0292 14.0292 14.115
ω (eV) 0.1416 0.1415 0.1216
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According to the FMO energy analysis, molecule I16 has greatest HOMO energy
compared to the other compounds. However, I6 has the highest LUMO energy. The
chemical softness or hardness and chemical reactivity of the molecule are revealed by the
energy gap between HOMO and LUMO. A soft molecule is one that has a small energy gap
and exhibits strong chemical reactivity as well as stronger intermolecular interactions. Hard
molecules are those that have a large energy gap and have higher thermal stabilities [24,25].
Consequently, the energy gap of compounds In is in the order of I6 = I8 > I16.

2.4.3. Chemical Reactivity Descriptors

With the aid of DFT, the relationship between the stability, chemical reactivity, and
molecular structure can be better understood using the global chemical reactivity descrip-
tors. The calculation of many significant quantum chemical parameters, including electron
affinity (EA), ionization potential (IP), chemical potential (µ), absolute electronegativity
(χ), absolute softness (σ), absolute hardness (η), and electrophilicity index (ω) highly
depends on the values of FMO. The larger values of the chemical hardness (η) reveal low
molecular activity, while the softness parameter (σ) represents high molecular interactions.
Furthermore, the interaction increases with increasing chemical potential.

Table 3 points out that, among series In, compound I16 has the highest reactivity based
on all the computed parameters except ELUMO, which predicts that compound I6 should be
the most reactive.
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2.4.4. Molecular Electrostatic Potential (MEP)

It’s crucial to establish the molecular electrostatic potential (MEP) in order to verify
the information concerning the reactivity of series In. In terms of color shading, the
MEP provides the fundamental details about the molecular size, shape, and essentially its
positive, negative, and neutral electrostatic potentials. These could be used as a technique to
forecast how the molecular structure of the substances relates to physicochemical properties.
Red color denotes the negative potential, which is largely focused around oxygen and
nitrogen atoms and is preferential for electrophilic attacks, while blue color denotes the
positive potential, which is primarily localized on hydrogen atoms and shows the preferred
sites for nucleophilic attacks. The MEP of the compounds In are shown in Figure 8,
revealing that the shadowing of heteroatoms including oxygen, nitrogen, and sulfur atoms
by a red cloud suggests a high electron density for these regions, whereas, the green
cloud mainly distributed over the alkyl chains predicts low electron density but high
electrostatic potential.
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3. Experimental Section
3.1. Instruments and Apparatus

The purity of the prepared compounds was checked by thin-layer chromatography
(TLC, E Merck, Rahway, NJ, USA). Melting points were determined by MEL-TEMP II melt-
ing point apparatus in open glass capillaries. The IR spectra were recorded as potassium
bromide (KBr) discs on a Perkin–Elmer (Waltham, MA, USA) FT-IR (Fourier-transform
infrared spectroscopy), Faculty of Science, Alexandria University. The NMR spectra were
carried out at ambient temperature (~25 ◦C) on a (JEOL, Tokyo, Japan) 400 MHz spec-
trophotometer, NMR Unit, Faculty of Pharmacy, Mansoura University. Elemental analyses
were analyzed at the Regional Center for Mycology and Biotechnology, Al-Azhar Univer-
sity, Cairo, Egypt. Mass spectrum were carried out on direct inlet part to mass analyzer
in Thermo Scientific (Waltham, MA, USA) GCMS model ISQ at the Regional Center for
Mycology and Biotechnology (RCMB), Al-Azhar University, Nasr City, Cairo. The mass
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spectroscopy system was used to confirm the purity of the compounds as well as explore
the characteristic fragmentation and the expected molecular weight.

Differential scanning calorimeter, TA instrument Co. Q20 (DSC; Des Plaines, IL, USA)
was used for calorimetric measurements. The melting point and enthalpy of indium and
lead were used for DSC calibration. Aluminum pans and (2–3 mg) sample amounts were
used for DSC measurements investigation. Then, 30 mL/min nitrogen gas inert atmosphere
and 10 ◦C/min heating rate were selected for all measurements and all transition were
recorded from the second heating scan. The types of the mesophase texture were identified
by a standard polarized optical microscope (POM, Wild, Germany) with Mettler FP82HT
hot stage and the temperature controller was attached as thermocouple for temperature
measurements. All recorded values were made twice, and the results have an accuracy of
±0.2 ◦C for transition temperature.

3.2. General Method for Synthesis of (E)-4-(alkyloxy)-N-(4-(methylthio)benzylidene)aniline In

To a stirred solution of 4-(methylthio)benzaldehyde (0.01 mol) in 10 mL absolute
ethanol, alkoxy anilines (0.01 mol) were added and refluxed for 2–3 h. The reaction mixture
was monitored by TLC. The crude products were filtered then washed by absolute ethanol.

(E)-4-(hexyloxy)-N-(4-(methylthio)benzylidene)aniline I6

Colorless crystals, 3.04 g (93%) yield; m.p. 105-106 ◦C. IR (KBr):
−
v 3092 (SP

2 = C–H),
2930 (SP

3 –C–H) and 1657 (C=N) cm−1. 1H NMR (DMSO-d6, 400 MHz): δ 8.59 (s, 1H,
CH=N), 7.84 (d, J = 8.1 Hz, 2H, Ar–H), 7.37 (d, J = 8.1 Hz, 2H, Ar–H), 7.27 (d, J = 8.5 Hz,
2H, Ar–H), 6.96 (d, J = 8.5 Hz, 2H, Ar–H), 3.98 (t, J = 6.4 Hz, 2H, OCH2), 2.54 (s, 3H, SCH3),
1.80–1.66 (m, 2H, CH2), 1.47–1.40 (m, 2H, CH2), 1.37–1.29 (m, 4H, 2 CH2), and 0.89 (t,
J = 6.2 Hz, 3H, CH3) ppm. 13C NMR (DMSO-d6, 126 MHz): δ 158.03, 157.78, 144.47, 142.75,
133.31, 129.25, 125.86, 122.84, 115.40, 68.13, 31.49, 29.16, 25.68, 22.56, 14.64, and 14.40 ppm.
C20H25NOS requires: C, 73.33; H, 7.70; N, 4.27% found: C, 73.59; H, 7.84; N, 4.53%. MS M+

at m/z 327.07 (24%)
(E)-4-(octyloxy)-N-(4-(methylthio)benzylidene)aniline I8.

Colorless crystals, 3.19 g (90%) yield; m.p. 109 ◦C. IR (KBr):
−
v 3037 (SP

2 =C-H), 2963
(SP

3 –C–H) and 1655 (C=N) cm−1. 1H NMR (DMSO-d6, 400 MHz): δ 8.59 (s, 1H, CH=N),
7.85 (d, J = 7.2 Hz, 2H, Ar–H), 7.37 (d, J = 8.0 Hz, 2H, Ar–H), 7.28 (d, J = 7.8 Hz, 2H, Ar–H),
6.97 (d, J = 8.3 Hz, 2H, Ar–H), 3.98 (t, J = 5.9 Hz, 2H, OCH2), 2.55 (s, 3H, SCH3), 1.80–1.63
(m, 2H, CH2), 1.49–1.37 (m, 2H), 1.32–1.24 (m, 8H, 4 CH2), and 0.89 (t, J = 9.9 Hz, 3H,
CH3) ppm. 13C NMR (DMSO-d6, 101 MHz): δ 158.07, 157.80, 144.47, 142.78, 133.33, 129.25,
125.86, 122.84, 115.44, 68.13, 31.72, 29.22, 29.18, 29.15, 26.01, 22.56, 14.64, and 14.45 ppm.
C22H29NOS requires: C, 74.30; H, 8.23; N, 3.94% found: C, 74.58; H, 8.41; N, 4.18%. MS M+

at m/z 355.92 (23%).
(E)-4-(hexdecyloxy)-N-(4-(methylthio)benzylidene)aniline I16.

Colorless crystals, 4.10 g (88%) yield; m.p. 113 ◦C. IR (KBr):
−
v 3038 (SP

2 = C–H), 2917
(SP

3 –C–H) and 1619 (C=N) cm−1. 1H NMR (CDCl3, 400 MHz): δ 8.44 (s, 1H, CH=N), 7.82
(d, J = 8.2 Hz, 2H, Ar–H), 7.32 (d, J = 8.2 Hz, 2H, Ar–H), 7.24 (d, J = 8.6 Hz, 2H, Ar–H), 6.94
(d, J = 8.6 Hz, 2H, Ar–H), 3.99 (t, J = 6.5 Hz, 1H, OCH2), 2.55 (s, 3H, SCH3), 1.91–1.73 (m, 2H,
CH2), 1.64 (s, 2H, CH2), 1.56–1.40 (m, 2H, CH2), 1.28 (s, 22H, 11CH2), and 0.90 (t, J = 6.5 Hz,
3H, CH3) ppm. 13C NMR (CDCl3, 101 MHz): δ 157.84, 157.51, 144.73, 142.59, 133.22, 128.87,
125.79, 122.15, 114.99, 68.32, 31.94, 29.93, 29.84, 29.80, 2975, 29.71, 29.68, 29.62, 29.60, 29.43,
29.38, 29.33, 26.07, 22.71, 15.19, and 14.14 ppm. C30H45NOS requires: C, 7467.90 449.0729
(43%)

4. Conclusions

A new series of (E)-4-(alkoxy)-N-(4-(methylthio)benzylidene)aniline (In) liquid crystals
were synthesized, and optically, as well as theoretically, investigated. Various spectroscopic
methods were used to confirm their molecular structures. DSC and POM were used to
study their mesomorphic behavior. Liquid crystalline phases were recorded depending
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on the length of the terminal alkoxy chain. Moreover, both I6 and I8 derivatives exhibit
monotropic mesomorphic ranges while the compound I16 is non-mesomorphic. DFT results
reveal that the dipole moment of the presented compounds decreases with increasing the
non-polar part of alkyl chain, which may be play role in the non-mesomorphic property
that is observed for the longer chain derivative I16.
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