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A series of new hybrid amide-based liquid crystals was successfully synthesized and
characterized. The 4-alkoxybenzoic acids (1a-b) were synthesized via the alkylation and
subsequent saponification of methyl 4-hydroxybenzoate using heptyl and decyl bromide,
respectively. The amidation of compounds 1a—b with thionyl chloride and 1,4-phenylenediamine
yielded N,N'-(1,4-phenylene)bis(4-substituted benzamides) (2a—b), which possess a symmetrical
structure. These compounds were characterized using Fourier transform infrared (FTIR)
spectroscopy, nuclear magnetic resonance (NMR) spectroscopy, and CHN elemental analysis.
The determination and conformation of liquid crystal properties were achieved using polarized
optical microscope (POM) and differential scanning calorimetry (DSC). The main functional
groups in compounds 2a-b can be seen in the FT-IR spectrum by the characteristic stretching
vibrations of Csp3-H, C=0, C=C, and C-O stretching at ~ 2900 and 2850, 1700, 1600, and
1290 cm, respectively. In the 'H-NMR spectrum, a singlet peak at 8 9.24 ppm showed the
presence of amino groups in the compound, indicating the successful formation of amide linkage.
Compounds 2a—b show nematic phase with schlieren texture at 131.4 and 130.9 °C, respectively.
The DSC thermograms of compounds 2a—b demonstrate two transitions, thus confirming
the presence liquid crystals transition. The structure property relationship between the alkyl
chains, symmetrical structure, and linkage units serves as the main factor influencing the

presence of mesophase.
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Liquid crystals (LCs), also known as mesophases, are
unique materials that exhibit long-range molecular
orientational order like crystalline solids but lack long-
range three-dimensional positional order, similar to
liquids [1, 2]. This intermediate state between the
crystalline solid and amorphous liquid phases allows
LCs to exhibit both liquid-like properties (e.g., fluidity,
droplet formation, and inability to support shear)
and solid-like characteristics (e.g., anisotropy in
optical, electrical, and magnetic properties) [3-5].
Liquid crystalline mesophases also often display a
periodic molecular arrangement in one or more spatial
directions, further highlighting their dual nature [6—8].

Liquid crystal materials comprise the core
units, terminal units, and linkage units [9]. The
properties of the terminal and core units and their
combination determine all the optical and physical
characteristics of liquid crystals, including viscosities,
dielectric constants, elastic constants, absorption
spectra, transition temperatures, the presence of
mesophases, anisotropies, and optical nonlinearities
[10-14]. The physical characteristics' reliance on
the molecular components can be demonstrated
by several general findings [15,16]. Schiff-based
liquid crystals, for example, are often unstable.
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Although molecules like ester, azo, and azoxy are
more stable, they are quite vulnerable to UV light,
moisture, and temperature changes [17]. Generally,
a liquid crystal can be classified as nematic, cholesteric,
smectic, or columnar mesophase depending on how
the molecules are arranged [18].

Symmetrical compounds typically exhibit
higher melting points compared to their less
symmetrical isomers [19]. Several studies have
shown a correlation between a molecule's symmetry
number (c) and its melting temperature [20]. Symmetry
appears to influence the transition from a crystalline
solid to an isotropic liquid; however, it is still
uncertain whether symmetry has a similar effect
on other order-to-disorder transitions, such as the
transformation from a solid to a liquid crystalline
phase or from a liquid crystal to an isotropic liquid
[21]. Voisin and his colleagues reported a series
of dibenzophenazine derivatives to examine the
differences in phase transitions among sixteen pairs
of isomers with varied overall molecular symmetry.
Their results indicated that molecular symmetry had a
limited effect on the clearing temperature. However,
in all but one case, the more symmetrical isomer
exhibited a significantly higher melting point. Similar
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trends have been observed in discotic mesogens derived
from triphenylene, where molecular symmetry shows
a stronger influence on the clearing temperatures [22].

Symmetrical amide-based liquid crystals with
different alkyl chains are characterized by their unique
structural design and tunable mesophase behavior.
These compounds feature a symmetric core with
amide linkages that enhance intermolecular hydrogen
bonding, leading to improved thermal stability and
organized mesophase structures [23]. The incorporation
of varying alkyl chain lengths on either side of the
molecule allows for fine-tuning of molecular packing,
flexibility, and overall mesophase characteristics,
such as transition temperatures, type of mesophase
(e.g., nematic, smectic), and temperature range
of liquid crystalline phases [24]. This structural
versatility makes them particularly attractive for
developing advanced functional materials in
optoelectronic applications [25]. The ability to
tailor the physical properties through simple
modifications in the alkyl chains sets these materials
apart from traditional LC systems, marking a
significant advancement in LC molecular design.

The ability to tailor properties through alkyl
chain variation is closely linked to the presence of
these chains, as liquid crystals rely on them to provide
amphipathic characteristics, enabling solubility in
both ionic and organic solvents [26]. However, the
length of alkyl chain can affect the structure of the
compound and hence influence the overall chemical
compound [27]. For instance, for an organic surfactant
compound, a higher alkyl chain length improves
the packing of surfactant molecules at the metal-
electrolyte interface, leading to a better inhibition
performance; on the other hand, a very high
hydrophobicity level reduces the inhibition performance
[28]. The length of alkyl chain also has a significant
effect on liquid crystals. Xu and colleagues examined
the influence of alkyl chain length on the properties
of 1-alkyl-3-methylimidazolium fluorohydrogenate
ionic liquid crystals [29]. Their findings revealed a
parallel increase of mesophase's temperature range
with alkyl chain length. This is primarily due to the
dissolution of van der Waals interactions between the
alkyl chains, which is reflected in the rise in transition
temperature, or AH, at clearing temperatures as alkyl
chain length increases. The layer gap of the interdigitated
bilayer structures increases in the crystalline phase and
the liquid crystalline mesophase as the alkyl chain
length increases. Due to the development of a smectic
layer structure, the ionic conductivity of C,MIm(FH),F
(x=12, 14, and 16) showed a notable anisotropy, and
the anisotropy increases in degree as the cation's alkyl
chain length increases [29].

While liquid crystal compounds have been
the subject of much investigation, the phase
characteristics of symmetrical amide-based molecules
coupled to various terminal groups remain largely
unexplored. There is a lack of research on the
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interaction between the terminal group, linking unit,
and core system as a key factor in a compound's ability
to exhibit the mesophase transition. Therefore, this
research is focused on investigating the influence of
varying alkyl chain lengths on the mesophase behavior
exhibited by symmetrical amide-based liquid crystals.
It examines the effect of alkyl side chain length
variation on the thermal and structural characteristics
of the resulting mesophases, thereby shedding light on
the structure—property relationships within this class
of compounds. This is achieved by introducing
various terminal chains into the compounds to assess
their influence on mesophase formation and other
key properties. The purpose of varying the terminal
chains is to influence the molecular interactions
and structural alignment, which are essential for
the development of liquid crystalline phases.

EXPERIMENTAL
Chemicals and Materials

The chemicals and solvents used in this study are
1-bromoheptane, 1-bromodecane, 1,4-phenylenediamine,
methyl-4-hydroxybenzoate, potassium carbonate,
potassium iodide, potassium hydroxide, thionyl chloride,
dimethylformamide, dichloromethane, triethylamine,
tetrahydrofuran, and n-hexane. These chemicals were
purchased and used without purification from Acros
Organics (Geel, Belgium), BDH laboratory (British
Drug Houses) (Nichiryo, Japan), QREC (Asia) (Selangor,
Malaysia), Merck (Darmstadt, Germany), and Sigma-
Aldrich (Steinheim, Germany).

Characterization Methods

The examination of the synthesized compounds
was twofold: spectroscopic analysis and liquid crystal
investigation. The synthesized compounds were
characterized using Fourier transform infrared
(FTIR) spectroscopy of PerkinElmer FTIR Microscope
Spotlight 200 spectrometer (PerkinElmer, Waltham,
MA, USA) to identify the functional groups.
Measurements were conducted via the attenuated total
reflectance (ATR) technique over a wavenumber
range of 500—4000 cm™'. Nuclear magnetic resonance
(NMR) spectroscopy (Bruker, Coventry, UK) was
utilized to determine the molecular structures by
examining the 'H and '*C nuclei. The NMR spectra
were acquired on a Bruker 500 MHz Ultrashield
spectrometer using DMSO-d¢ as deuterated solvents.
Meanwhile, CHN elemental analysis was performed
using PerkinElmer II, 2400 (PerkinElmer, Waltham,
MA, USA) to evaluate the purity of the compounds by
measuring the carbon (C), hydrogen (H), and nitrogen
(N) content and comparing the experimental results.
Polarized optical microscopy (POM) was also used
to observe the phase textures of the samples by
employing a system from Linkam (London, UK).
Phase transitions were monitored during both heating
and cooling cycles. A quantitative thermoanalytical
technique known as differential scanning calorimetry
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(DSC) was performed to further verify the mesophase
transitions observed via POM. The samples were
heated at a rate of 10 °C/min and held at their isotropic
temperature for 2 minutes to ensure thermal stability.
All DSC thermograms were recorded using a Pyris
1 Differential Scanning Calorimeter (PerkinElmer,
Waltham, MA, USA).

Synthesis Summary

Intermediates 1a-b were synthesized via the alkylation
reaction of methyl-4-hydroxybenzoate and followed
by the saponification reaction, as shown in Scheme 1
[30]. Next, intermediates 1a-b underwent nucleophilic
substitution reaction to form acyl chloride before
reacting with 1,4-phenylenediamine to form the
products, 2a-b, as shown in Scheme 2 [31].

Synthesis of Intermediates 1a-b

Methyl-4-hydroxybenzoate (0.10 mol) and 1-
bromoheptane (0.10 mol) were dissolved in DMF (20
mL) separately and mixed in a 100-mL round-bottom
flask. Potassium carbonate (0.15 mol) and potassium
iodide (0.01 mol) were added to the mixture and it was
refluxed for 12 hours. Upon completion, the mixture
was poured into cold water (300 mL). The precipitate
formed was filtered and mixed with potassium
hydroxide, KOH (0.20 mol), in ethanol (150 mL). The
mixture was refluxed for 3 hours. The reaction
progress was monitored by TLC. Next, the mixture
was poured into water (300 mL) and a clear solution
was formed. HCl was added to the solution and
the mixture was stirred slowly until precipitate
was formed. The precipitate was filtered, washed
with water, and dried overnight to obtain a white
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powder. The same method was used to synthesize
intermediate 1b.

4-(heptyloxy)benzoic Acid, 1a

Yield = 10.01g (55.89%), mp: 105-107 °C, White
brown precipitate. FTIR (em™): 2927.04 and 2851.19
(Csps-H stretching), 1672.54 (C=O stretching) 1603.21
and 1429.46 (C=C benzene ring stretching), 1249.48
(C-O stretching). "TH-NMR (500MHz, DMSO-ds) 3,
ppm: 7.78 (d, J=5 Hz, 2H), 6.73 (d, J=10 Hz, 2H), 3.96
(t, J=10 Hz, 2H), 1.68 - 1.74 (m, 2H), 1.40 — 1.46 (m,
2H), 1.31 - 1.38 (m, 6H), 0.89 (t, J=15 Hz, 3H). 3C-
NMR (125MHz, DMSO-de) 8, ppm: 168.78, 158.91,
135.20, 130.31, 112.80, 67.73, 40.61, 40.52, 40.44,
40.35,40.28,40.19,40.11, 40.02, 39.85, 39.68, 39.52,
31.09, 28.83, 25.44, 21.82, 13.60. CHN elemental
analysis: Calculated for Ci4H2003 : C: 71.16%, H:
8.53%. Found: C: 71.11%, H: 8.50%.

4-(decyloxy)benzoic Acid, 1b

Yield: 10.00g (45.31%), mp: 104-106 °C, White brown
precipitate. FTIR (em™): 2917.44 and 2850.39 (Csp’-
H stretching), 1672.81 (C=0 stretching), 1601.92 and
1429.46 (C=C stretching), 1250.18 (C-O stretching).
TH-NMR (500MHz, DMSO-ds) 8, ppm: 7.78 (d, J=5
Hz, 2H), 6.73 (d, J=10 Hz, 2H), 3.96 (t, J=10 Hz, 2H),
1.68 - 1.73 (m, 2H), 1.40 — 1.46 (m, 2H), 1.29 — 1.36
(m, 12H), 0.87 (t, J=15 Hz, 3H). 3C-NMR (125MHz,
DMSO-ds) 6, ppm: 168.78, 159.00, 134.78, 130.36,
112.83, 67.73, 40.46, 40.37, 40.30, 40.21, 40.13,
39.96, 39.80, 39.63, 39.46, 31.13, 28.82, 28.79, 28.77,
28.62, 28.47, 25.45, 21.85, 13.60. CHN elemental
analysis: Calculated for Ci7H2603 : C: 73.35%, H:
9.41%. Found: C: 73.28%, H: 9.36%.
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Scheme 1. Formation of intermediates 1a-b.
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Scheme 2. Formation of compounds 2a-b.
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Synthesis of Compounds 2a-b

4-Heptyloxybenzoic acid, 1a (0.06 mol) and thionyl
chloride (0.06 mol) in DCM (40 mL) were mixed in
a 100 mL round-bottom flask to form acid chloride.
The mixture was stirred at room temperature for 2
hours to form a clear solution. A solution of 1,4-
phenylenediamine (0.03 mol) in THF (20 mL) was
added dropwise to the mixture and a white precipitate
began to form. Triethylamine, Et;N (0.03 mol) was
added and the mixture was stirred for 8 hours. The
reaction progress was monitored by TLC. The
precipitate formed was filtered and the filtrate was
collected. After it was dried, the product formed was
recrystallized from methanol. This method was
repeated to synthesize compound 2b.

N,N'-(1,4-phenylene)bis(4-(heptyloxy)benzamide), 2a

Yield: 1.45g (96.67%), mp: 97-99 °C, dark grey
precipitate. FTIR (em™): 2925.36 and 2854.47 (Csp?-
H stretching), 1655.64 (C=O0 stretching), 1604.21 and
1511.19 (C=C stretching), 1251.13 (C-O stretching).
'"H-NMR (500MHz, DMSO-ds) 3, ppm: 9.40 (s, 1H),
7.87 (d, J=10 Hz, 2H), 7.46 (s, 2H), 6.99 (d, J=5 Hz,
2H), 4.00 (t, J=10 Hz, 2H), 1.67 — 1.72 (m, 2H), 1.31
—1.41 (m, 2H), 1.22 — 1.26 (m, 6H), 0.84 (t, J=10 Hz,
3H). BC-NMR (125MHz, DMSO-ds) 5, ppm: 165.56,
161.84, 154.13, 131.30, 129.68, 123.23, 115.69, 68.69,
40.52,40.35,40.18, 40.02, 39.85, 39.68, 39.52,31.45,
29.00, 28.59, 25.75, 22.18, 13.94. CHN elemental
analysis: Calculated for C33HaN2O4 : C: 74.97%,
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H: 8.14%, N: 5.14%. Found: C: 74.95%, H: 8.12%,
N: 5.10%.

N,N'-(1,4-phenylene)bis(4-(decyloxy)benzamide), 2b

Yield: 1.09g (72.83%), mp: 87-89 °C, yellow precipitate.
FTIR (em™): 2915.31 and 2848.31 (Csp’-H stretching),
1675.12 (C=0 stretching), 1598.06 and 1467.95 (C=C
stretching), 1295.12 (C-O stretching). 'H-NMR
(500MHz, DMSO-ds) 8, ppm: 9.24 (s, 1H), 7.90 (d,
J=10 Hz, 2H), 7.48 (s, 2H), 7.01 (d, J=10 Hz, 2H), 4.03
(t, J=15 Hz, 2H), 1.69 - 1.75 (m, 2H), 1.38 — 1.44 (m,
2H), 1.25 - 1.33 (m, 12H), 0.85 (t, J=10 Hz, 3H). 13C-
NMR (125MHz, DMSO-ds) d, ppm: 165.11, 161.80,
154.21, 131.54, 129.71, 123.00, 115.60, 68.65, 41.02,
40.85, 40.68, 40.52, 40.35, 40.18, 40.02, 31.62, 29.28,
29.24,29.12,29.07, 28.94, 28.87, 22.32, 14.03. CHN
elemental analysis: Calculated for C4HssN2O4 : C:
76.39%, H: 8.98%, N: 4.45%. Found: C: 76.33%, H:
8.82%, N: 4.41%.

RESULTS AND DISCUSSION
Summary of Physical Product Characteristics

Table 1 summarizes the product yield, melting point,
and physical appearance of the synthesized intermediates
(1a-b) and final compounds (2a-b). Yields are
reported as percentages after purification. Yields
below 60% were primarily attributed to factors such
as incomplete reaction conversion, formation of side
products, and material loss during purification steps.

Table 1. Summary of physical characteristics of the synthesized compounds.

Compound Product Yield (%) Melting Point (°C) Physical Appearance
la 55.89 105-107 White-Brown Precipitate
1b 45.31 104-106 White-Brown Precipitate
2a 96.67 97-99 Dark Grey Precipitate
2b 72.83 87-89 Yellow Precipitate

Table 2. Comparison of FTIR absorption bands of the synthesized compound with reported data.

Functional Group

Vibration Stretching (cm™)

This Study Abdul R?;(i)rznsc)& Jamain Jamain et al. (2020)
C-H sp’ stretching 2851.07 and 2850.39 2931 and 2850 2919 and 2850
C=0 stretching 1672 1669 1684
C=C stretching 1600 1606 1607
C-O stretching 1250 1254 1252
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FTIR Spectral Discussion

The overall Fourier transform infrared spectra of
intermediates 1a-b displayed symmetrical or even
asymmetrical C-H sp® absorption bands at 2851.07
and 2850.39 cm™!. The C=0, C=C, and C-O stretching
were attributed to the bands at 1672, 1600, and 1250
cm’l, respectively. The absence of a large absorption
band for the O-H stretching at 3100 cm™! demonstrated
the successful insertion of an alkyl group into the
benzoate. These results are consistent with previous
studies reported by Abdul Rahim & Jamain (2025)
and Jamain et al. (2020), with slight differences in
wavenumber (Table 2) [32,33].

Intermediates 1a (heptyl chain) and 1b (decanoyl
chain) undergo reactions with SOCl, to produce
acyl chloride intermediates. The acyl chlorides
then react with 1,4-phenylenediamine to produce
symmetrical amide-based compounds, 2a (heptyl
chain) and 2b (decanoyl chain). Compounds 2a-b
show similar functional groups, with differences in
the length of the respective alkyl chain. The peaks
at2915.31 and 2848.31 cm™! were often formed by C-
H sp’ stretching, which exhibits significantly lower
frequencies and is influenced by the compound's
symmetrical stretching. Compared to the symmetric
mode, the dipole mobility and intensity decrease in the
symmetrical mode [34]. Furthermore, the existence
of many CH3 groups connected to the carbon will
cause a peak split in the C-H sp® bending, which can
be impacted within the region of 1370 to 1465 cm™'.
The FTIR spectrum observation reveals a prominent
peak presence that typically appears at a wavenumber
of 2915 cm™! and is impacted by the absorption of
C-H sp’ in alkanes.

By examining the faint peaks at wavenumbers
of 1370 to 1465 cm', the FTIR spectrum also
demonstrates the development of methyl groups,
which can be identified as the presence of bending on
CH, and symmetrical CHs, respectively, in the alkyl
chain inside the compounds. In the range of 1460 cm™,
the symmetrical CH3 bending deformation was seen
close to the CH, value, with often overlapping and
unresolved peaks. Consequently, the appearance areas
of the absorption spectra were used to establish the
presence of alkane groups in the compounds. The data
spectrum also reveals the existence of a C-O band,
which indicates the formation of ether at 1295.12 ¢cm!
for the final compound 2b. The values of this
compound may be somewhat different from those
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of compound 2a or the same, depending on the
length of structure construction.

Aromatic rings typically produce C=C stretching
bands at a range value of appearance between 1450
and 1600 cm!. These bands are typically present in
sharp bands at 1600, 1500, and 1475 cm™. A few
peaks that formed in the intermediates of the FTIR
spectrum indicated the presence of a benzene ring.
When determining the substitution formation on the
aromatic ring, it is often necessary to generate the
C-H bends that are out-of-plane at a low wavenumber
by examining the existence or lack of a ring-bending
mode about 690 cm"!. This means that strong bands
in a range of 830 to 860 cm’' may be used to
interpret the out-of-plane and aromatic ring-bending
modes, respectively. Subsequently, the two bands
indirectly show that all the compounds have para-
disubstituted, where 1,4-disubstituted ring is in the
structural formation.

Although compounds 2a-b consist of N-H
stretching, which supposedly presents a sharp peak at
the 3300 — 3000 cm™! region, no peak is observed
within that region in Figure 1. The absence of the
N-H stretching peak in the FTIR spectrum may be
attributed to the cancellation of the dipole moment
within the molecule. This typically occurs when the
N-H bond participates in a symmetrical molecular
environment, where the stretching vibration does
not result in a net change in the dipole moment.
FTIR spectroscopy relies on changes in dipole
moment during molecular vibrations to detect
functional groups. Vibrations that do not produce
such changes, particularly symmetric stretches, may
become IR inactive or exhibit significantly reduced
intensity. Consequently, the N—H bond, although
present, may not produce a detectable peak under
these conditions [35].

Table 3 presents a summary of the FTIR data
for the final compounds. All the main absorption
peaks were clearly observed in the FTIR spectra,
corresponding to the expected functional groups
present in the target compounds. These spectral features
confirm that compounds 2a-b were successfully
synthesized as the characteristic vibrations, such as
those associated with the carbonyl (C=0), amide (N—
H), and alkyl (C—H) groups, were consistent with the
proposed molecular structures. The presence of these
key peaks provides strong evidence for the formation
of the desired products and supports the structural
integrity of the synthesized compounds.
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Compound 2b

2848.31 1675.12 | 1467.95
2915.31 1598 06
- 1295.02
X
F
Compound 2a
2925.36\‘ 1511 19
2825.47 1655.54 1251.13
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

Figure 1. The overlay FTIR spectra of compounds 2a and 2b.

Table 3. FTIR vibrational stretching (cm™') for the synthesized compounds.

Compound Vibration Stretching (cm™)
N-H NH: O-H Csp3-H C=0 C=C C-0
2925.36 1604.21
2a - - - 2854 .47 1655.64 1511.19 1251.13
2915.31 1598.06
2b - - - 2848 31 1675.12 146795 1295.12

0 ! 0
. 4 7 9
Lo S5
,NN‘ 3 O
H xf H 2 6

11 A8 15: 17

8 10 12 14 16

Figure 2. Chemical structure of compound 2b with complete atomic numbering.

NMR Spectral Discussion

Since compounds 2a-b are symmetrical compounds, a
vertical plane of symmetry was induced to the center
of the benzene ring to reduce the number of peaks.
Compound 2b was used as a representative for
homologues. Figure 2 shows the chemical structure
of compound 2b with complete atomic numbering.

In the '"H NMR spectrum (Figure 3), the
downfield region at 6 9.24 ppm shows the presence
of amino groups in the compound, indicating the
successful formation of amide base. At the region
of 8 7.00 — 7.91 ppm, the signals were assigned to
significant aromatic protons like Ar-H. The aromatic
protons were present in the downfield region due to

the strong electron delocalization between them [36].
The chemical shift of HS is higher than H6 since it
is nearer than the electron-withdrawing group (i.e.,
amide group). The triplet proton signal at § 4.03 ppm
(H8) is noticeable as the O-CH;, group. The next
carbon atom in an alkyl chain can be found at the
chemical shifts of 6 1.69 — 1.75 ppm (H9) and & 1.38
— 1.44 ppm (H10). The remaining proton in the alkyl
chains appeared in the region of 6 1.25 — 1.33 ppm
(H11 — H16). Lastly, the signal at 6 0.85 ppm (H17)
was assigned to the methyl proton. The chemical shifts
observed in the aliphatic region of this compound
closely resemble those reported by Jamain et al.
(2025), indicating strong consistency in the aliphatic
structural features and confirming the reliability of the
spectral data [37].
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H11-H16
H17

c7
c3| 2 C

c8 i o ’ \i€17

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure 4. *C NMR spectrum of compound 2b.

The carbon signal at § 165.11 ppm in Figure
4 is identified as C3 due to its connection to the
electronegative nitrogen and oxygen atoms. Owing to
its attachment to the electronegative nitrogen atom,
C2 is given at 6 161.80 ppm. Since the carbon signal
at 8 154.21 ppm is bonded to the oxygen atom, it
was designated as C7. Aromatic carbons were
suggested by signals found in the 6 115.60 — 131.54
ppm range. The deshielded effect was prompted by
sp2 hybridization and diamagnetic anisotropy in the
carbon sheet [38]. Adding the NOE impact to this
condition yields the development of peak intensity
from the two carbon equivalents combined [39].
Signals seen at the highest field area in the spectrum
are often composed of more shielded carbon. The
highest intensity of carbon atoms linked to the alkyl
chain was reported in the area between 6 14.03
and 31.62 ppm.

The NMR spectra of compound 2a exhibited a
pattern similar to that of compound 2b, with slight
variations observed particularly in the upfield region
of the aliphatic range. This difference is attributed to
the shorter alkyl chain in 2a. Based on both the 'H and
13C NMR spectra of compound 2b, the integration
values matched the expected proton ratios, providing
strong support for the proposed molecular structure
and confirming the successful synthesis of the target
compound.

CHN Elemental Analysis

Table 4 summarizes the percentages of carbon (C),
hydrogen (H), and nitrogen (N) in intermediates 1a—b
and compounds 2a-b. The percentage mistakes of
each compound were determined to be fewer than 1%,
indicating their purity.
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Table 4. Summary of CHN elemental analysis data for all compounds.

Compound %oFound
(Calculated)

C (%) H (%) N (%)
1a 71.11 8.50 )
(71.16) (8.53)
1b 73.28 9.36 )
(73.35) (9.41)
2a 74.95 8.12 5.10

(74.97) (8.14) (5.14)
2b 76.33 8.82 4.41
(76.39) (8.98) (4.45)
Table 5. The phase transition of compounds 2a-b.
Compound Mode Transition Temperature (°C)
Heating Cr N I
. 98.4 . 152.9 .
2a
Cooling I N Cr
. 151.6 . 97.5 .
Heating Cr N I
. 88.7 150.6 .
2b
Cooling I N Cr
. 148.7 . 86.3 .

Note: Cr=Crystal, N=Nematic, I=Isotropic

Determination of Liquid Crystal Properties by
POM

The mesophase behavior of all compounds was
determined using a polarized optical microscope
(POM) through the heating and cooling rates of 5 °C.
Compounds 2a-b displayed liquid crystal mesophase
and thus were referred to as mesogenic. Table 5 shows
the mesophase characteristics of compounds 2a-b
under POM after the heating and cooling cycles.

Compound 2a exhibited nematic phases in
both the heating and cooling cycles. During the
heating cycle, a nematic phase appeared at 98.4 °C
before transitioning to the isotropic phase at 152.9 °C.
In the cooling cycle, the compound displayed a
nematic phase at 97.5 °C and crystallized at 151.6 °C.
Similarly, compound 2b also showed nematic phases
in both thermal cycles. It exhibited a nematic phase

at 88.7 °C during heating, followed by a transition
to the isotropic phase at 148.7 °C. Upon cooling,
the nematic phase reappeared at 151.6 °C before
crystallizing at 86.3 °C.

Generally, all the nematic phases are fluid
and have marbled textures, like those of a nematic
phase of calamitic molecules, and characteristic
schlieren textures with two and four brush defects
[40]. Schlieren textures result from a typically constant
shift in the orientation of the sample's optical index
ellipsoid, which reflects a constant shift in the molecules’
orientation [41]. The Schlieren textures of compounds
2a-b are shown in Figure 5. Both compounds exhibit
four black brushes, also known as four-point singularities.
These singularity brushes rotate in the same direction
as the polarizers, while the remaining brushes rotate in
the opposite direction. Both the polarizers and brushes
rotate at approximately the same rate [42].
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Figure 5. The POM photographs of the nematic of (a) compound 2a and (b) compound 2b upon the cooling
cycle with a magnification of 20 x 0.50.

Conformation of Liquid Crystal Properties using
DSC

The DSC thermogram of compound 2a was used as a
representation of other homologues. Figure 6 shows
the phase transition of nematic’s mesophase formation
after the heating or cooling cycles.

There were two discernible peaks in the heating
cycle. The first endotherm was recorded at 98.42 °C
(2.3056 kJmol'"), indicating the transition from crystal
to nematic. As the heating process continued, isotropic
phases developed at 152.92 °C (2.0551 kJmol™). The
intermolecular interactions between molecules broke
as a result of the development of all these peaks, and
the endothermic energy was absorbed by the crystal
molecules [43]. According to enthalpy observations,
the crystal to nematic phase transition changes more

22

20 | Heating

Peak = 98.42 °C

Peak Height = 0.6965 mW
Area = 25.951 mJ

Delta H = 4.2326 J/g

End = 102.13°C

Onset = 95.02 “C

=
!

Cooling

than the nematic to isotropic phase transition. This
phenomenon is caused by the fact that less latent heat
is required to change a liquid crystal into a liquid than
a solid crystal into a liquid. Furthermore, liquid crystal
properties are more similar to that of liquid [44].

Similarly, two peaks occurred throughout the
cooling cycle. Crystal formation started at 97.47 °C
(-2.3181 kJmol™") after the transition from isotropic
to nematic at 151.66 °C (-2.852 kJmol™!). Exothermic
energy was present during all of the transitional
stages. Any energy released to establish an
intermolecular link is known as exothermic energy.
The isotropic to nematic phase transition had the
largest enthalpy energy shift because sufficient
energy must be released to generate a fully formed
crystalline arrangement with strong intermolecular
interactions [45].
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Figure 6. DSC thermogram of compound 2a.
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Structure Property Relationship

A liquid crystal comprises a core mesogen unit and
a long alkyl chain connected with a linking unit.
The relative ordering of the anions around the
cations is influenced by the rotational flexibility
over the bond between the ring and the alkyl chain,
which has a significant impact on the melting
enthalpy and entropy [46]. Hence, the rotational
flexibility of the alkyl chain may have an impact on
the melting point of liquid crystal. A saturated alkyl
chain is said to be more flexible than an unsaturated
alkyl chain due to the presence of pi electron in
unsaturated alkyl chain [47].

Several studies suggest that because heteroatoms
(S, O, and N) may dramatically alter molecular
geometric structure, polarity, and polarizability,
heterocyclic rings in the stiff central core of liquid
crystalline molecules may transmit changes in
the mesophases and physical characteristics [48-50].
An efficient method of expanding the liquid crystal
phase interval is the introduction of m-conjugation
units to improve the molecular anisotropies by
enhancing the intermolecular actions, such as
intermolecular m-m stacking and dipole-dipole
actions. However, a moderate intermolecular action
is favorable for the liquid crystal phase stability
[51]. In this research, the conjugation between
the aromatic rings with the amide linkage unit
strengthens the intermolecular and intramolecular
interactions and leads to the synthesis of a stable
amide-based liquid crystalline.

Table 6 presents a comparative summary of
amide-based liquid crystals reported in the literature,
highlighting the influence of alkyl chain length and
amide linkages on mesophase behavior. Shorter chains
generally exhibit lower transition temperatures and
less ordered phases, while longer chains promote
higher melting points and smectic ordering [52].
The presence of multiple amide linkages typically
enhances intermolecular hydrogen bonding, leading to
increased thermal stability [53]. The data from this
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study are included for a direct comparison with
previously reported systems.

It is widely accepted that when the number
of aromatic rings in the mesogenic unit of liquid
crystalline compounds increases the resonance and
concurrent polarisation, thus making it more planar in
shape, the degree of thermal transformation of the
liquid crystalline and isotropic phases is somewhat
higher [56]. The presence of more aromatic rings in
the liquid crystal will boost the degree of thermal
transformation of the liquid crystalline, hence causing
the melting point to rise [57]. In this research, both
compounds consist of 3 aromatic rings, resulting in an
extremely high melting temperature (Tr) at 98 °C.

The symmetrical structure of both compounds
also contributes to improved efficiency in the
crystalline phase, leading to a further increase in lattice
energy [58]. More energy is needed to break the
intermolecular bond and lattice energy, thus raising
the melting point. Donaldson and his colleagues found
that while the equivalent non-symmetric dimers do
display smectic behavior, the symmetric dimers only
exhibit nematic behavior [59]. A symmetrical liquid
crystal usually will exhibit a nematic phase since a
symmetrical compound often consists of an axis of
symmetry to produce superimposed mirror image [60].
This is similar to the nematic phase, which contains a
director throughout the medium. Besides, symmetrical
molecules are considered nonpolar while asymmetrical
molecules are considered polar due to their lopsided
charge distribution. The intermolecular bonds in
asymmetrical molecules can be higher in number and
stronger than symmetrical molecules based on the
difference in polarity [61]. The interpretation for
the formation of smectic phases in non-symmetric
dimers containing cholesteryl is a delicate equilibrium
of the van der Waals interactions between the
cholesteryl segment and other aliphatic chains and
the electrostatic interactions between the cholesteryl
and aromatic-based units [62]. In this research,
compounds 2a-b, which are symmetrical amide-based
liquid crystals, exhibit only the nematic phase.

Table 6. Comparative data for amide-based liquid crystals from the literature.

Compound Structure Alkyl Amide Mesophase Ref.
Chain Linkage Type
Length (s)
7 2 C7 and 2 Nematic This
RO@—Z( J—QOR
N%: :%N C10 Stud
H H d
2a-b
R = C7H1s5, 2a; C1gH24, 2b
o .
M C6 1 Nematic [54]
Br
R e W
o-N 3 C7 and C8 1 Smectic A [55]
H
08H17O
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Amide Linkages

1 Melting Point -CHz-CH;-
L Solubility

No H-bonding:
Tow symmetry: Less stability
Poor packing
1 Melting Point
T Solubility

-CONH-

H-bonding:
More stability

Figure 7. Effects of alkyl chain length, symmetry, and amide linkages on phase behavior.

Compounds 2a-b possess relatively high
melting points. This is primarily due to the presence
of strong intermolecular interactions, including
hydrogen bonding and van der Waals forces, inherent
to amide-containing structures. A significant amount
of energy is required to overcome these interactions,
resulting in elevated melting temperatures [63].
Furthermore, the rigid, linear structure of the
molecules allows for efficient van der Waals packing,
which enhances molecular order and stability in the
solid phase. However, this packing comes at the
expense of rotational flexibility, which is typically
observed in mesogenic units with more flexible
linkages. The reduced rotational flexibility contributes
further to the increased thermal stability, thereby
raising the melting point [64]. Past research suggests
that compound 2b should exhibit nematic phase at a
higher temperature compared to compound 2a since it
has longer alkyl chain and higher energy required to
break the intermolecular bond. However, compound
2b had a lower melting point (88.65 °C) than compound
2a (98.42 °C). Since both compounds consist of long
alkyl chains, the lower melting point may be due to
increased rotational flexibility. These findings are
consistent with those of Strachan et al. (2021), who
reported similar nematic behavior in amide-based
compounds with different alkyl chains [54]. The
relative ordering of the anions around the cations is
influenced by the rotational flexibility over the bond
between the ring and the alkyl chain, which has a
significant impact on the melting enthalpy and entropy
[65, 66]. The visual diagrams in Figure 7 show the
effects of alkyl chain length, symmetry, and amide
linkages on phase behavior.

CONCLUSION

In conclusion, all the intermediates and compounds
were successfully characterized using FTIR, NMR
spectroscopy, and CHN elemental analysis. The FTIR
spectra clearly demonstrated the presence of amide
linkages, with the characteristic C=O stretching
observed at 1700 cm™. In the 'H NMR data, a singlet
peak at 6 9.24 ppm confirmed the presence of amino

groups, indicating successful formation of the amide
base. Additionally, CHN elemental analysis showed
less than 1% error for all compounds, confirming their
high purity. The liquid crystal mesophase behavior
was determined using polarized optical microscopy
(POM), where compounds 2a-b exhibited nematic
phases, establishing that these symmetrical amide-
based liquid crystals display exclusively nematic
behavior. The incorporation of long alkyl chains
contributed to increased molecular flexibility and
stabilized intermolecular interactions essential for
mesophase formation. Furthermore, the conjugation
between the aromatic ring and amide linkage resulted
in an increased melting temperature (Tn), as supported
by thermal transitions observed via DSC thermograms.
This study represents one of the first demonstrations
of symmetrical amide-based liquid crystals featuring
both heptyl (-CsHis) and decyl (-CioHa21) alkyl chains
exhibiting nematic phases. These findings highlight
the potential to tune mesophase temperature ranges
through alkyl chain length variation, providing valuable
insights for designing liquid crystalline materials
with tailored properties. Such structural-property
relationships pave the way for future applications of
these materials in advanced technologies such as
display devices and chemical sensors, where precise
control over mesophase behavior is critical.
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