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A series of new hybrid amide-ester derivatives was successfully synthesized and characterized. 

Compounds 2a and 2b were differentiated by different alkyl chains lengths (𝐶13𝐻27, 𝐶15𝐻31). 

The reaction started with 4-nitrobenzoic acid and thionyl chloride in dichloromethane, which 

was further reacted with 4-aminophenol in the presence of triethylamine to produce intermediate 

1. Next, intermediate 1 underwent an esterification reaction with myristic acid and palmitic acid 

in the presence of dicyclohexylcarbodiimide (DCC), dimethylaminopyridine (DMAP) and 

dimethylformamide (DMF) to produce compounds 2a and 2b. These compounds were 

characterized using Fourier transform infrared spectroscopy (FTIR), nuclear magnetic resonance 

spectroscopy (NMR), and carbon, hydrogen and nitrogen (CHN) elemental analysis. The  

transition mesophases of these derivatives were determined using a polarized optical microscope 

(POM). All the compounds produced were non-mesogenic and did not have any liquid crystal 

properties due to the nonlinearity of their structures. 
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The development of a variety of gadgets with unique 

characteristics and specific functions is a result of the 

advancement of materials science. Liquid crystalline 

compounds are one such class of materials that has 

sparked a great deal of study over the past few decades 

and resulted in the commercialization of a wide range 

of materials with exciting uses [1]. The unusual form 

of matter known as liquid crystals (LCs) combines 

the characteristics of liquids and crystals. They are 

substances that have a liquid-like flow but also exhibit 

molecular order and alignment, much like crystalline 

solids [2]. LCs are incredibly valuable in many 

technological applications, particularly in display 

technology [3-5]. 

 

Linking units play a crucial role in liquid 

crystals by preserving the linear nature of the core 

and ensuring compatibility with the overall structure. 

Additionally, the linking unit situated between ring 

systems helps extend the length of the molecules 

[6]. Interestingly, these linking units also affect the 

polarizability and flexibility of the molecules [7]. 

Depending on their properties, linking units can either 

add polarity or serve as non-polar groups [8]. The 

presence of linking units is believed to either enhance 

or reduce the polarizability of molecular compounds 

that exhibit LC behaviour [9]. 

 

Amide compounds are not very common in 

low-molecular-weight LCs. Amides can be classified 

as primary, secondary, or tertiary, depending on the 

nature of the N-substituents. Secondary amides can 

display LC phases, but they often come with high 

melting points. This is due to the strong hydrogen 

bonding found in these compounds [10]. Amide 

groups are utilized in LC phases to stabilize the 

arrangement of columns. The ester linking unit is 

frequently used in calamitic LCs because it is stable 

and simple to make. Additionally, the carbonyl group's 

polarizability aids in the formation of smectic phases 

and a lamellar order [11]. However, the direction of the 

polar ester linking group that connects the aromatic 

rings can be reversed, which has an essential effect on 

the mesomorphic behaviour of molecules [12]. 

 

The relationship between the molecular structure, 

which encompasses the core system, linking units, and 

terminal groups, plays a vital role in the study of LCs. 

The behaviour of ester or amide units is affected by 

LCs. Liquid crystalline properties are determined by 

the presence of a central connection and end groups. 

Aromatic nuclei are commonly found in compounds 

with short central linkages, such as amides and esters 

[13]. Mesogens that consist of both carbocyclic and 

heterocyclic aromatic residues can be found in longer 

molecules. The mesophase type is determined by the 

terminal group. The molecular shape and length of 

the terminal chain are the main factors in developing 

new LC compounds with specific types of molecular 

organization within a particular temperature range 

[14,15]. Higher temperatures can lead to the breakage 

of labile bonds, disintegration, decomposition, and 
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loss of LC properties [16]. The melting point is 

generally dependent on the molecular structure 

because attractive forces within the crystal lattice are 

influenced by the thermal stability of the solid state. 

In the mesophase, molecules exhibit easy rotation, 

resulting in dipole-dipole moments and dispersion 

forces [17,18]. 

 

Even though extensive research has been 

performed on liquid crystal compounds over the years, 

the phase properties of amide and ester compounds 

with unique properties attached to different terminal 

alkyl chains have still not been fully explored. The 

examination of the correlation between the core system, 

connecting unit, and terminal group as the primary 

factors influencing mesophase transition in compounds 

is inadequate and lacks sufficient documentation. Hence, 

this research focused on preparing and determining the 

LC properties of new amide and ester linking unit 

derivatives for the LC database. 

 

EXPERIMENTAL 

 

Chemicals and Materials 

 

The chemicals and solvents used in this study were 

4-nitrobenzoic acid, 4-aminophenol, palmitic acid, 

myristic acid, thionyl chloride, dicyclohexylcarbodiimide, 

dimethylaminopyridine, dimethylformamide,  

dichloromethane, triethylamine, tetrahydrofuran, and 

n-hexane. All the chemicals were purchased from Acros 

Organics (Geel, Belgium), BDH laboratory (British 

Drug Houses) (Nichiryo, Japan), QREC (Asia) (Selangor, 

Malaysia), Merck (Darmstadt, Germany) and Sigma-

Aldrich (Steinheim, Germany), and used without 

purification. 

 

 

 

 
 

Scheme 1. Formation of intermediate 1. 
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Scheme 2. Esterification of compounds 2a-b. 
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Characterization Methods 

 

In this study, thin layer chromatography (TLC) was 

employed to monitor the reaction progress and assess 

the purity of the products. The eluent used was a 10:90 

ratio of ethyl acetate to hexane. FTIR spectroscopy 

(PerkinElmer, Waltham, MA, USA) was used to 

determine the functional groups present in the samples, 

with scans performed within the range of 400 to 

4000 cm−1. The structures of all synthesized compounds 

were elucidated using NMR spectroscopy (Bruker, 

Coventry, UK), while the purity of the compounds 

was verified with a CHN elemental analyzer (Perkin 

Elmer, Waltham, MA, USA). The liquid crystalline 

behaviour of the compounds was examined by polarized 

optical microscopy (POM) (Linkam, London, UK) using 

an Olympus BX53 system with a scan rate of 10 °C. 

 

Synthesis Summary 

 

In this study, two schemes were involved: the formation 

of intermediate 1, and the esterification reaction 

producing 2a-b. The experiment began with 4-

nitrobenzoic acid undergoing a two-step process. The 

first step used thionyl chloride with dichloromethane. 

This was followed by the second step with 4-

aminophenol in the presence of triethylamine to 

produce intermediate 1 as shown in Scheme 1 [19,20]. 

Next, intermediate 1 underwent an esterification 

reaction, by reacting with myristic acid (palmitic acid?) 

in the presence of dicyclohexylcarbodiimide, DCC, 

dimethylaminopyridine, DMAP, and dichloromethane, 

DMF to produce compounds 2a-b as illustrated in 

Scheme 2 [21,22]. 

 

Synthesis of 4-(4-hydroxyphenyl)-4-nitrobenzamide, 1 

 

In a 100 mL round bottom flask, 0.03 mol of 4-

nitrobenzoic acid and 0.09 mol of thionyl chloride 

were combined to generate an acid chloride. Achieving 

a clear solution necessitated stirring the mixture at room 

temperature for two hours. Addition of the 0.03 mol 

solution of 4-aminophenol dropwise in 20 mL of 

THF resulted in a white precipitate. Subsequently, 

0.09 mol of triethylamine (Et3N) was introduced, and 

the mixture was stirred for 8 hours. The progression 

of all reactions was monitored using TLC. The 

precipitate was filtered, and the filtrate collected. 

Following drying, the resulting product was  

recrystallized from n-hexane. 

 

Yield = 6.11 g (78.98 %), dark black. FTIR 

(𝒄𝒎−𝟏): 3309 (N-H stretching), 3111 (O-H stretching), 

1684 (C=O stretching), 1600 (aromatic C=C stretching), 

1530 & 1344 (N=O), 1276 (C-N stretching) and 1106 

(C-O stretching). ¹H NMR (500 MHz, DMSO-𝒅𝟔) 𝛿, 

ppm: 10.06 (s, 1H), 8.29 (d, J=10 Hz, 2H), 8.06 (d, 

J=10 Hz, 2H), 8.00 (d, J=10 Hz, 2H), 6.84 (d, J=10 

Hz, 2H). ¹³C NMR (125 MHz, DMSO-𝒅𝟔) 𝛿, ppm: 

166.77, 162.55, 146.89, 143.12, 130.75, 125.80, 124.47, 

120.50, 113.96. CHN elemental analysis: Calculated 

for 𝐶13𝐻10𝑁2𝑂4 : C: 60.47 %, H: 3.90 %, N: 10.85 %. 

Found: C: 60.35 %, H: 3.85 %, N: 10.79 %. 

 

Synthesis of Compounds 2a-b 

 

In a 100 mL round bottom flask, 0.006 mol of 

intermediate 1 in 10 mL DMF was combined with 

0 .006 mol of  myris t ic  acid ,  0 .006 mol of  

dicyclohexylcarbodiimide (DCC), 0.006 mol of 

dimethylaminopyridine (DMAP), and 50 mL of 

dichloromethane (DCM). The mixture underwent 

stirring for one hour at 0 °C, followed by an additional 

12 hours at room temperature. Throughout the stirring 

process, a cloudy white solid was observed. The 

reaction progress was monitored using TLC. Upon 

completion, the precipitate was filtered, and the filtrate 

was collected. The filtrate underwent evaporation, 

resulting in the formation of a precipitate that was 

subsequently purified via recrystallization, yielding a 

white powder, 2a. The same synthetic method was 

applied to produce compound 2b. 

 

4-(4-nitrobenzamido)phenyl tetradecanoate, 2a 

 

Yield = 2.11 g (74.96 %), white powder. FTIR (𝒄𝒎−𝟏): 

3319 (N-H stretching), 2923 and 2850 (𝐶𝑠𝑝3 − 𝐻 

stretching), 1622 (C=O stretching), 1533 (aromatic 

C=C stretching), 1443 and 1309 (N=O), 1235 (C-N 

stretching) and 1081 (C-O stretching). ¹H NMR (500, 

DMSO-𝒅𝟔).  𝛿, ppm: 10.25 (s, 1H), 8.16 (d, J=10 Hz, 

2H), 7.96 (d, J=10 Hz, 2H), 7.92 (d, J=10 Hz, 2H), 

7.00 (d, J=10 Hz, 2H), 1.70-1.74 (m, 2H), 1.37-1.43 

(m, 2H), 1.22-1.33 (m, 20H), 0.82 (t, J=5, 3H). ¹³C 

NMR (125 MHz, DMSO-𝒅𝟔) 𝛿, ppm: 166.31, 162.52, 

145.90, 143.32, 137.15, 135.02, 130.24, 124.86, 120.61, 

114.97, 31.54, 29.22, 29.21, 29.18, 29.16, 29.15, 

28.93, 28.88, 25.74, 22.27, 13.99. CHN elemental 

analysis: Calculated for 𝐶27𝐻36𝑁2𝑂5 : C: 69.21 %, 

H: 7.74 %, N: 5.98 %. Found: C: 69.18 %, H: 7.70 

%, N: 5.95 %. 

 

4-(4-nitrobenzamido)phenyl palmitate, 2b 

 

Yield = 2.98 g (74.09 %), white powder. FTIR (𝒄𝒎−𝟏): 

3295 (N-H stretching), 2925 and 2852 (𝐶𝑠𝑝3 − 𝐻 

stretching), 1644 (C=O stretching), 1530 (aromatic 

C=C stretching), 1449 and 1338 (N=O), 1236 (C-N 

stretching) and 1079 (C-O stretching). ¹H NMR (500, 

DMSO-𝒅𝟔).  𝛿, ppm: 10.25 (s, 1H), 8.17 (d, J=10 Hz, 

2H), 7.96 (d, J=10 Hz, 2H), 7.92 (d, J=10 Hz, 2H), 7.00 

(d, J=10 Hz, 2H), 1.68-1.74 (m, 2H), 1.37-1.43 (m, 

2H), 1.23-1.34 (m, 24H), 0.82 (t, J=5 Hz, 3H). ¹³C NMR 

(125 MHz, DMSO-𝒅𝟔) 𝛿, ppm: 166.31, 162.53, 145.91, 

143.33, 138.55, 135.43, 130.25, 124.86, 120.61, 114.98, 

31.55, 29.25, 29.23, 29.22, 29.19, 29.18, 29.16, 29.15, 

28.94, 28.89, 25.75, 22.28, 14.00. CHN elemental 

analysis: Calculated for 𝐶29𝐻40𝑁2𝑂5 : C: 70.13 %, 

H: 8.12 %, N: 5.64 %. Found: C: 70.08 %, H: 8.11 

%, N: 5.60 %. 
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RESULTS AND DISCUSSION 

 

FTIR Spectra 

 

The FTIR spectrum of compound 2a showed that 

it had functional groups that were very similar  to 

compound 2b. The discussion of functional groups 

in compounds 2a and 2b will focus on the amide 

group, nitro group, aromatic ring stretching, carbonyl 

group stretching specifically of the amide group, 

ester group, and C-H stretching of the sp3 orbital 

of the alkane chain.  

 

The final compound differed from intermediate 

1 by the inclusion of an ester group and a lengthy alkyl 

chain. Therefore, effective addition was confirmed by 

observing the presence of C-O stretching and sp3 C-H 

stretching bands in the FTIR spectrum. The presence 

of absorption bands at 3319 cm⁻¹ indicating N-H 

stretching vibrations showed that compound 2a had 

an amide linking unit. N-H amide stretching bands 

usually appear at around 3300 to 3400 cm⁻¹. The peak 

at 1235 cm⁻¹ in the IR spectrum of the synthesized 

compound was assigned to the C-N stretching of the 

amide group. 

 

A strong peak below 3000 cm⁻¹ showed the 

presence of alkane C-H sp3 stretching. This appeared 

at a slightly lower frequency due to the symmetrical 

nature of the compound. The symmetric mode generates 

a smaller dipole moment and intensity compared to 

the asymmetric mode [23]. Thus, the alkane C-H 

stretching vibrations were observed at 2850 and 2923 

cm⁻¹ in the spectrum. These peaks showed symmetric 

(sym) and asymmetric (asym) stretching modes for the 

methylene and methyl groups [24]. 

Based on its intensity and position, the peak 

observed at 1622 cm⁻¹ was identified as a carbonyl 

group, namely the C=O stretching vibration. However, 

the presence of a band within the range of around 1600 

to 1750 cm⁻¹ confirmed that this band belonged to the 

amide group [25]. The precise location of the C=O 

group showed a downshift in frequency due to the 

conjugation effect, as it was positioned next to an 

unsaturated benzene ring. Consequently, the π electrons 

in the C=O and C=C bonds in the aromatic ring became 

delocalized. The process of conjugation enhanced the 

single bond character in the C=O and C=C bonds of the 

resonance hybrid. As a result, the force constant of these 

bonds decreased, leading to a reduction in the C=O 

absorption frequency [26]. 

 

C=C stretching bands for aromatic rings are 

frequently found between 1600 to 1450 cm⁻¹. In this 

case, the peak was at 1533 cm⁻¹, because the compound 

contained an amide group, which caused the lower 

absorption frequency. The substitution pattern on the 

aromatic ring could be determined by observing the 

peak at 890 cm⁻¹ which indicated the out-of-plane and 

aromatic ring bending mode. The band also indicated 

that all the final compounds had para- disubstituted 

(1,4-disubstituted) rings in the structure. 

 

The nitro group was indicated by strong peaks 

in the region of 1350-1550 cm⁻¹. The stretching 

vibrations of the N=O bonds, both symmetric and 

asymmetric, are the most noticeable peaks connected to 

the nitro group (Beal & Brill, 2005). It is common for 

symmetric stretching to occur between 1340 and 1380 

cm⁻¹, and asymmetric stretching to occur between 1520 

and 1580 cm⁻¹. Figure 4.2 showed typically well-

defined and strong peaks at 1309 and 1443 cm⁻¹. 

 

 

 
 

Figure 1. FTIR spectra of compounds 2a-b. 
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The intense peaks observed in the spectral 

region of 1000 to 1300 cm⁻¹ were attributed to 

the presence of ester functional groups, indicating 

the occurrence of C-O stretching vibrations. It was 

also clear that the peak at 1081 cm⁻¹ corresponded 

to the C-O stretching vibration of the ester group. 

This indicated the successful formation of an 

ester compound. 

 

Figure 1 shows the overlaid FT-IR spectra 

of the final compounds. The summarized FTIR 

vibrational stretching (𝑐𝑚−1) data of compounds 2a 

and 2b are tabulated in Table 1. It may be concluded 

that both compounds had almost the same spectral 

wavenumbers and peak intensities. This was because 

2a and 2b consisted of the same functional groups 

attached to alkyl chains of different lengths. 

 
 

Table 1. The summarized FTIR data for compounds 2a-b. 
 

Functional Group 
Vibrational Stretching (𝒄𝒎−𝟏) 

2a 2b 

N-H stretching 3319 3295 

𝑪𝒔𝒑𝟑 − 𝑯 stretching 2923 & 2850 2925 & 2852 

C=O stretching 1622 1644 

Aromatic C=C stretching 1533 1530 

N=O 1443 & 1309 1449 & 1338 

C-N stretching 1235 1236 

C-O stretching 1081 1079 

 

 
 

 
 

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

 

 
 

Table 2. Summarized ¹H NMR data for compound 2a. 
 

Proton(s) Number(s) 

of H 

Coupling 

constant, J 

(Hz) 

Chemical 

shift, 𝜹 

Multiplicity 

of signal (s) 

NH 1 - 10.25 s 

H2/H2’ 2 10 8.16 d 

H3/H3’ 2 10 7.96 d 

H7/H7’ 2 10 7.92 d 

H8/H8’ 2 10 7.00 d 

H11 2 - 1.70-1.74 m 

H12 2 - 1.37-1.43 m 

H13-H22 20 - 1.22-1.33 m 

H23 3 5 0.82 t 
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Figure 3. ¹H NMR (500 MHz, DMSO-𝑑6) spectrum of compound 2a. 

 

 

 

NMR Spectra 

 
1H NMR  

 

The structure of compound 2a is shown in Figure 2, 

with complete atomic numbering. The chemical shift, 

𝛿 (ppm) and coupling constant (J) data for compound 

2a are tabulated in Table 2 and its ¹H NMR spectrum 

is illustrated in Figure 3. 

 

When comparing intermediate 1a  with 

compound 2a, the only notable difference was the 

addition of an ester. In the ¹H NMR spectrum of 

compound 2a (Figure 3), a singlet in the downfield 

region at δ 10.25 ppm was assigned to the amide 

group. Four distinguishable doublets within δ 6.99 – 

8.17 ppm (H2/H2’, H3/H3’, H7/H7’ and H8/H8’) were 

assigned to the aromatic protons. One of these signals 

integrated to four protons and appeared as two 

overlapping doublets (H3/H3’ and H7/H7’). The 

chemical shifts of H2/H2’ were higher than those 

of H3/H3’ due to the anisotropic and resonance 

effects of an electron-withdrawing nitro group 

attached at the ortho position to H2/H2’. An amide 

carbonyl has a weaker electron-withdrawing strength 

through resonance than a nitro group [27,28]. This 

phenomenon caused the H2/H2’ signals to appear at 

the deshielded region due to lower electron density 

around these protons.  

 

Similar explanations apply to the deshielding 

effects observed in H3/H3’ and H7/H7’. H3/H3’ was 

slightly more distant from the nitro group, resulting in 

a lower deshielding effect compared to H2/H2’. For 

H8/H8’, two doublets appeared in a more shielded 

region than H3/H3’, H2/H2’, and H7/H7’. This was 

because these protons were positioned further away 

from the nitro and carbonyl groups, leading to a 

weaker inductive effect than the resonance effect [29]. 

 

In the upfield region at 𝛿 1.70-1.74 ppm, the 

presence of the 𝛼-position of H11 and the β-position of 

H12 indicated that the β-carbon and β-hydrogen were 

more shielded due to lower electron density around the 

β-carbon, as per the theory. The 𝜋-electrons of benzene 

created an anisotropic field, interacting with the β-

hydrogen and causing further deshielding [30]. The 

subsequent proton in the alkyl chain exhibited a chemical 

shift at δ 1.37-1.43 ppm as a doublet (H12), while signals 

in the range of δ 1.22-1.33 ppm were assigned to the 

remaining protons (H13-H22) in the alkyl chain. Lastly, 

a triplet upfield at δ 0.82 ppm was assigned to H23. 

 

The NMR spectra of compound 2b (Figure 4) 

exhibited a pattern similar to that of compound 2a, 

with a slight variation, particularly in the δ 1.23 - 1.34 

ppm range. This difference arose from the longer alkyl 

chain attached to 2b, leading to a higher number of 

protons compared to 2a. 
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Figure 4. ¹H NMR (500 MHz, DMSO-𝑑6) spectrum of compound 2b. 

 
 

 

 
 

Figure 5. ¹³C NMR (125 MHz, DMSO-𝑑6) spectrum of compound 2a. 

 
 

 
13C NMR 

 

The ¹³C NMR spectrum of compound 2a (Figure 5) 

showed carbon signals comprising two carbonyls, four 

methine, 6 quaternary, 15 methylene, and one methyl 

carbons. The most downfield peak was assigned to the 

carbonyl carbon of the ester linkage, which resonated 

at 𝛿 166.31 ppm (C10), while the carbonyl carbon 

of the amide group resonated at 𝛿 162.52 ppm 

(C5). These carbons were most deshielded due to 

the highly electronegative oxygen atom directly 

attached to the carbon of the carbonyl group. Oxygen 

has electron-withdrawing properties thus it pulls electron 

density away from carbon and toward itself. As 

electronegative atoms draw electrons towards themselves, 

they extract electrons from adjacent carbon atoms, 

leading to the deshielding of those carbons which thus 

resonate at a lower magnetic field [31]. 

 

Other signals at 𝛿 145.90, 143.32, 137.15, and 

135.02 ppm were assigned to the quaternary carbons 

C1, C9, C4, and C6, respectively. The nitro group (-

NO2) contains electronegative oxygen and nitrogen 

atoms. Both atoms withdraw electron density from the 

carbon atoms in the aromatic ring. This electron-

withdrawing effect resulted in the deshielding of the 

carbon atoms in the aromatic ring, leading to a higher 

chemical shift in the classification of Ar-X. The 
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electronegative oxygen atom in aryl ether may deshield 

the adjacent carbon to some extent, but it might not be 

as strong as the nitro group [32]. The aryl amine group 

(-NH) contains an electronegative nitrogen atom, but 

it also donates electron density through resonance to 

the aromatic ring. The resonance effects partially 

counteracts the deshielding effect of the electronegative 

nitrogen making the chemical shifts in aryl amine-

containing signals less deshielded compared to the 

nitro group. Meanwhile, C2/C2’, C3/C3’, C7/C7’, 

and C8/C8’ belonged to the methine carbons of the 

aromatic ring. These aromatic carbons resonated in the 

region of δ 130.24, 124.86, 120.61, and 114.97 ppm, 

respectively. C2/C2’ were more deshielded because 

they were closer to the nitro group compared to  

C3/C3’, C7/C7’, and C8/C8’. 

 

The signal (C11) at 𝛿 31.54 ppm indicated 

the presence of an ether bond in the compound.  

The carbon directly attached to the oxygen was 

slightly deshielded, but not as significantly as 

the carbonyl group carbon, owing to the electron 

donation effect of an oxygen atom. As a result, 

it had higher electron density, and the signal 

appeared in a moderately shielded region. Throughout 

the spectrum, signals appearing upfield commonly 

consisted of more shielded carbons. This was 

evident in the region of 𝛿 28.88 – 29.22 ppm, 

which comprised carbon atoms attached to the 

alkyl chain (C13-C21), with the methylene having 

the strongest intensity. The most shielded carbon 

signal at δ 13.99 (C23), corresponded to the 

methyl group within the alkyl. Due to the NOE 

effect, the long alkyl chain exhibited the strongest 

intensities in the region, with spin-spin dipoles 

interacting through space [33]. The ¹³C NMR 

chemical shift data for compound 2a are tabulated 

in Table 3. 
 

 
Table 3. The summarized ¹³C NMR data for compound 2a. 

 

Carbon Chemical Shift (ppm) 

C1 145.90 

C2/C2’ 130.24 

C3/C3’ 124.86 

C4 137.15 

C5 162.52 

C6 135.02 

C7/C7’ 120.61 

C8/C8’ 114.97 

C9 143.32 

C10 166.31 

C11 31.54 

C12 25.74 

C13-C21 28.88-29.22 

C22 22.27 

C23 13.99 

 

 

 
 

Figure 6. ¹³C NMR (125 MHz, DMSO-𝑑6) spectrum of compound 2b. 
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Table 4. CHN elemental analysis data for all compounds. 
 

Compound % Found 

(Calculated) 

C (%) H (%) N (%) 

1 60.35 

(60.47) 

3.85 

(3.90) 

10.79 

(10.85) 

2a 69.18 

(69.21) 

7.70 

(7.74) 

5.95 

(5.98) 

2b 70.08 

(70.13) 

8.11 

(8.12) 

5.60 

(5.64) 

 

 
Table 5. Phase sequence of intermediate 1 and compounds 2a-b. 

 

Compound Mode Transition Temperature 

1 Heating Cr→I  

218.7°C 

Cooling I→Cr 

217.8°C 

2a Heating Cr→I  

180.5°C 

Cooling I→Cr 

178.7°C 

2b Heating Cr→I  

204.9°C 

Cooling I→Cr 

202.8°C 
Notes: Cr=Crystal and I=Isotropic 

 

 
To conclude, each signal in the ¹³C NMR 

spectrum matched the projected structure of compound 

2a. The ¹³C NMR spectrum of compound 2b (Figure 

6) also showed a similarity to that of compound 2a, 

but had different intensities at the alkyl chain region. 

In other words, the longer the alkyl chain of a 

compound, the higher its signal intensity. 

 

CHN Elemental Analysis  

 

The percentage of carbon (C), hydrogen (H), and 

nitrogen (N) in intermediate 1 and compounds 2a 

and 2b are summarized in Table 4. The percentage 

errors for each compound were below 2 %, indicating 

that these compounds were of high purity. 

 

Determination of Liquid Crystal Properties  

 

Examination of the mesophase behaviour of the 

compounds was conducted using a polarized optical 

microscope (POM). The texture of phase transitions 

was observed under a microscope at a controlled 

temperature, and the collected data are given in Table 

5. All the synthesized compounds were found to be 

non-mesogenic, without liquid crystal properties. 

 

Table 5 indicates that all the compounds 

underwent direct isotropization and immediately  

transformed into a transparent isotropic liquid, without 

passing through liquid crystalline phases. Intermediate 

1 exhibited the highest melting point among the three 

compounds, whereas compound 2a had the lowest 

melting point. The higher transition and clearing 

temperatures observed in intermediate 1 may be 

attributed to the presence of a partial double bond in 

the amide connecting unit. Furthermore, the amide 

connecting unit’s partial double bond nature contributed 

to increased rigidity, leading to elevated transition and 

clearing temperatures in the final compounds [34]. 

Consequently, there was a decrease in the Van der 

Waal forces between compounds. The increase in the 

terminal chain length leads to an elevation in cohesive 

forces, resulting in a higher melting point [35]. This 

was due to the requirement of additional energy to 

disrupt these bonds. As a result, no liquid crystal 

properties were exhibited by intermediate 1. 

 

Terminal substituents had a significant impact 

on molecular interactions. Intermediate 1, which had 

small substituents like nitro and hydroxyl groups, was 

found to be non-mesogenic. Based on a previous study, 

the behaviour of small substituents such as chloro, nitro, 

hydroxy, and amino groups at the terminal end did not 

always form a liquid crystal phase [36]. The presence 

of a lone pair of electrons or p bonds in intermediate 1 

led to resonance in the aromatic ring, causing the 

dipole moments of the molecules to cancel out. This 

decreased the polarizability and molecular interactions 

required for the development of mesophases [37], 

rendering this compound non-mesogenic. 
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The presence of a nitro group in a molecule 

reduces the flexibility of the chemical structure. This 

rigidity hinders the development of organized 

molecular structures required for liquid crystal  

behaviour. Molecules with rigid, rod-like structures 

typically exhibit higher transition temperatures, 

as their rigidity makes them less susceptible to thermal 

fluctuations that could otherwise disrupt the ordered 

structure. Therefore, increasing molecular rigidity 

generally raises the temperature at which these 

transitions occur [38]. Additionally, the presence of 

intramolecular hydrogen bonding between the hydroxy 

group and the carbonyl group imposes further limitations 

on the movement of molecules. The presence of 

hydrogen bonding results in a stronger internal  

connection within the molecule, which hinders these 

molecules from easily aligning and producing liquid 

crystal phases [39]. Consequently, compound 1 was 

unable to form a mesophase.  

 

Compound 2b exhibited a higher melting point 

than 2a due to its longer alkyl chain. The alkyl chain with 

the greatest length has the highest transition temperatures 

[40]. The inclusion of more carbon chains resulted 

in higher transition temperatures for the compounds. 

Hence, the length of the alkyl group regulates the stability 

of the mesophase by impacting the magnitude of 

intermolecular interactions. Compounds possessing 

longer alkyl chains demonstrated enantiotropic 

mesophase, whereas compounds possessing shorter 

alkyl chains exhibited monotropic mesophase. Longer 

molecules tend to exhibit higher transition temperatures 

because the longer chains are more effective at forming 

ordered structures [41]. 

 

Even though intermediate 1 had an amide as a 

linking unit that resulted in a high melting temperature, 

it still did not exhibit mesophase. Meanwhile, both 

compounds 2a and 2b had low melting points 

compared to intermediate 1 due to their lower dipole 

moments. This was due to the ester linking unit, and 

could be related to the occurrence of resonance 

between the aromatic ring and the carbonyl oxygen 

that lowered the separation of charges along the 

compound [42].  

 

Compounds 2a and 2b did not show any 

liquid crystal character, perhaps due to the lower 

conjugation, which maximized repulsive interactions 

between adjacent aromatic rings [43]. Increased 

conjugation generally improves the electronic  

delocalization and stability of a molecule [44]. Since 

compounds 2a and 2b had less conjugation, there were 

fewer interactions between molecules of aromatic 

rings that were close to each other, and thus, fewer 

repulsive forces. This diminished the tendency for 

mesophase formation, although compound 2b had the 

highest melting temperature due to its longer alkane 

chain. The incorporation of elongated alkyl chains 

resulted in the disruption of linearity within this 

compound [45]. The lack of liquid crystal properties 

in these compounds can be ascribed to the nonlinearity 

present in their structures [46]. 

 

Finally, prior research has indicated that the 

inclusion of an amide group with an azo connecting 

unit resulted in compounds with mesogenic properties. 

Several research papers have also demonstrated the 

mesogenic properties of compounds that contain a 

Schiff base and amide as a connecting unit [47-49]. 

However, there has been less research published on 

the inclusion of an amide or ester as a connecting unit 

in liquid crystals. To exhibit liquid crystal qualities, 

certain compounds require a minimum of three  

aromatic rings, which could either be cycloaliphatic 

rings, or connected directly or through a suitable  

linking unit [50]. 

 

CONCLUSION 

 

A series of new hybrid amide-ester derivatives 

were successfully synthesised. These derivatives 

were characterized using FTIR spectroscopy, NMR 

spectroscopy and CHN elemental analysis. The liquid 

crystal characteristics of the compounds produced 

were determined using polarized optical microscopy 

(POM). Observations revealed that none of these 

compounds displayed mesomorphic characteristics. 

The combined effects of resonance, structural rigidity 

from the nitro group, and intramolecular hydrogen 

bonding in intermediate 1 contributed to its inability 

to exhibit a mesophase. In addition, inclusion of an 

amide connecting unit resulted in intermediate 1 with 

small substituents like hydroxy and nitro groups 

having a significantly higher melting temperature. 

However, these compounds still did not exhibit liquid 

crystal behaviour, while possessing linear molecular 

structures and thermal stability. In addition, one  

reason why compounds 2a-b did not induce mesophase 

may be due to their nonlinearity, caused by the loss of 

conjugation, thus making them less stable. There were 

fewer electronegative atoms attached, which led 

to the low polarizability of the compounds. Hence, 

enhancing these derivatives by modifying the terminal 

side arm with additional conjugation could further 

improve their properties. This approach involves 

introducing more conjugated systems, such as extended 

π-electron structures, into the side arm of the molecule. 

Furthermore, these derivatives bring together the 

unique properties of both amide and ester groups, 

allowing for customized molecular interactions. This 

could improve the performance and versatility of 

liquid crystal applications, such as displays, sensors, 

and optical devices. The ability to precisely control 

liquid crystal alignment and responsiveness could lead 

to significant advancements in performance and 

functionality. 
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