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Abstract: Vanillic acid, a naturally occurring phenolic acid 

found in various plant sources such as vanilla beans and certain 

fruits, has recently gained interest as a precursor for synthesizing 

liquid crystals. With its phenolic hydroxyl group and methoxy 

substitution on the aromatic ring, vanillic acid offers multiple 

functionalization opportunities that can lead to the formation of 

liquid crystalline structures. The ease of chemical modification 

and the environmentally friendly nature of vanillic acid make it a 

promising compound for creating novel LC materials. This review 

provides an overview of the advancements in vanillic acid-based 

liquid crystals. It explores the chemical strategies used to 

transform vanillic acid into mesogenic compounds, the resulting 

liquid crystalline phases, and their properties. Furthermore, we 

examine the thermal, optical, and mechanical behaviors of these 

materials and highlight their potential applications. Given the 

growing need for sustainable materials, vanillic acid-based liquid 

crystals offer an exciting new direction for academic research and 

practical applications. 

Keywords: Liquid Crystal, Hydroxy Carboxylic Acid, LC 

Phases.  

Abbreviations: 

LCs: Liquid Crystals 

XRD: X-ray Diffraction 

PET: Poly Ethylene Terephthalate 

FDCA: Furan Dicarboxylic Acid 

AVA: Acetyl Vanillic Acid 

DABP: Diacetoxybiphenyl 

ABA: Acetoxy Benzoic Acid 

WAXD: Wide-Angle X-ray Diffraction  

PPDL: Poly ω-Pentadecalactone  

LCP: Liquid Crystalline Polyester  

POM: Polarized Optical Microscopy 

PLA: Polyester and Polylactide  

FE-SEM: Field Emission Scanning Electron Microscopy 

EDX: Energy-Dispersive X-Ray Spectroscopy 

Si: Silicon 

Cl: Chlorine 

Na: Sodium 

I. INTRODUCTION

The Liquid crystals (LCs) represent a unique state of

Manuscript received on 23 January 2025 | First Revised 

Manuscript received on 04 February 2025 | Second Revised 

Manuscript received on 16 March 2025 | Manuscript Accepted 

on 15 April 2025 | Manuscript published on 30 April 2025. 

*Correspondence Author(s)
Ami Yogeshkumar Patel*, Scholar, Department of Chemistry, Sheth 

P.T. Arts & Science College, Shri Govind Guru University, Godhra 
(Gujarat) India. Email ID: amiyogeshpatel@gmail.com, ORCID ID:

0009-0005-4352-3121 
Dr. Mukeshkumar L. Chauhan, Associate Professor, Department of 

Chemistry, Sheth P.T. Arts & Science College, Shri Govind Guru 

University, Godhra (Gujarat) India. Email ID: 

chauhanmukesh2@yahoo.com, ORCID ID:  0009-0009-0020-6360 

© The Authors. Published by Lattice Science  Publication (LSP). This is 

an open access article under the CC-BY-NC-ND license 

http://creativecommons.org/licenses/by-nc-nd/4.0/ 

matter, exhibiting characteristics of both liquids and 

crystalline solids. This review focuses on the development 

and properties of liquid crystals derived from vanillic acid 

(4-hydroxy-3-methoxybenzoic acid), a naturally occurring 

phenolic acid with versatile chemical reactivity. Vanillic 

acid's structural components, such as the phenolic hydroxyl 

group and methoxy substituent, offer opportunities for 

functionalization, making it an attractive precursor for the 

synthesis of novel liquid crystalline materials. The methoxy 

group stabilizes nematic mesophases through 

electron-donating effects, aids in packing, and impacts 

thermal properties by reducing the melting temperature. The 

hydroxyl group provides strong intermolecular hydrogen 

bonding, increases molecular polarity, and improves 

mesophase stability and transition temperatures. The 

carboxylic acid group contributes to strong intermolecular 

interactions through hydrogen bonding and dipole-dipole 

interactions, influences the mesophase range, and increases 

the material's overall stability. By controlling the molecular 

packing, stability of mesophases, thermal properties, and 

intermolecular interactions, these groups help tailor the 

performance of vanillic acid-based liquid crystals for various 

technological applications. 

The review discusses the synthesis routes for vanillic 

acid-based liquid crystals, including esterification and 

alkylation, which allow for the design of mesogenic cores 

with varying molecular architectures. Emphasis is placed on 

the impact of molecular structure on mesophase behavior, 

thermal stability, and optical properties. Studies have shown 

that modifications of vanillic acid can lead to different liquid 

crystal phases, such as nematic, smectic, and cholesteric, 

depending on the nature and length of side chains attached to 

the core. This comprehensive review aims to provide a 

foundation for researchers interested in the intersection of 

natural products and liquid crystal technology, offering 

insights into the potential of vanillic acid as a sustainable 

resource for advanced functional materials. 

Vanillic acid is of great interest in the medical field as it 

possesses numerous biological properties e.g. antioxidant [1], 

antimicrobial [2], anti-inflammatory [3], anticancer [4], 

antidiabetic [5], and antinociceptive activities [6] 

anticoagulant [7], antiulcer [8], etc. The roots of Angelica 

Sinensis [9] and Euterpe Oleracea [10] are rich sources of 

vanillic acid. Vanillic acid can also be synthesized from 

vanillin by silver oxide method [11]. Vanillic acid can be 

produced by oxidizing vanillin [12], which can be isolated 

from lignin [13]. Vanillic acid is also a building block in the 

various polymer syntheses [14]. The presence of the bulky 

side methoxy group possesses mesogenic properties and is 

suitable as a co-monomer for 

the synthesis of Thermotropic 

polyesters [15]. Vanillic acid 

can (a) improve the monomer 

sequence distribution, (b) 
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increase the stability of the thermotropic melt (c) decrease the 

polymer melting temperature and (d) improve the 

spinnability of thermotropic polyesters [16].  

II. RESULTS AND DISCUSSION  

Li and co-workers synthesized thermotropic 

liquid-crystalline copolyesters through the polycondensation 

of vanillic acid (V), 4-hydroxybenzoic acid (B), and poly 

(ethylene terephthalate) (E) [17]. They observed that the 

sequence distribution of V/B/E copolyesters transitions from 

random to block-like as the content of 4-hydroxybenzoic acid 

(B) increases. This sequence distribution was also found to be 

sensitive to the catalyst concentration and the 

polycondensation time. Furthermore, the molecular weight 

distribution of the copolyesters narrows progressively as the 

vanillic acid content increases from 0% to 5 mol%.  

Building on this earlier work, Li and co-workers 

synthesized a series of thermotropic liquid-crystalline 

copolymers by incorporating different diols, such as 2,7-, 

1,3-, or 1,4-naphthalene diol (N), into the polymerization 

with terephthalic acid, 4-hydroxybenzoic acid, and 

poly(ethylene 2,6-naphthalene dicarboxylate) or vanillic acid 

(V) along with other variations of 4-hydroxybenzoic 

acid/poly(ethylene terephthalate)/comonomer copolymers 

[18]. The resulting copolymers were turbid and exhibited a 

thready texture when visually observed. Strong shear and stir 

opalescence were also observed in the copolymer melts, 

further indicating the presence of thermotropic 

liquid-crystalline properties. Polarized light micrographs of 

the copolymer melts revealed a marble or threaded schlieren 

texture, which is characteristic of the nematic mesophase. 

Polarizing microscopy of the copolymer films which were 

obtained by drawing the melts revealed that the films were 

highly oriented, fibrillated, and showed well-developed 

nematic liquid-crystalline order. 

The study demonstrated that most copolymer melts, 

especially those derived from 4-hydroxybenzoic acid and 

either 2,7-, 1,3-, or 1,4-naphthalene diol, along with 

terephthalic acid or vanillic acid, exhibited strong shear and 

stir opalescence, indicating thermotropic liquid crystallinity. 

Notably, both 2,7-naphthalene diol and vanillic acid were 

more effective in imparting thermotropic liquid-crystalline 

properties and orientation ability to the copolymers compared 

to the other co-monomers in the study. Most of the 

copolymers displayed either a marble texture or a dense 

threaded texture, indicative of a nematic mesophase, over a 

wide temperature range from 183°C to 390°C. Interestingly, 

the copolymers did not exhibit an isotropic phase before 

decomposition, suggesting that the copolymers possess a 

large nematic temperature window of at least 100°C. This 

broad nematic phase window makes these copolymers 

suitable for a wide range of conventional melt-processing 

conditions. The nematic textures were further confirmed by 

X-ray diffraction (XRD) fiber diagrams of solid copolymer 

extrudates, which showed clear patterns indicative of 

oriented molecular structures in the solid state. Monomer 

ratios were identified as critical factors influencing both the 

melt texture and the melting temperature of the copolymers. 

In particular, the elliptical shape of the scattering pattern in 

the H-region of the sheared films of the three naphthalene 

diol unit-containing copolymers suggested that the films 

consisted of oriented rod-like aggregates. These rod 

aggregates are composed of well-aligned, rigid 

macromolecules, further confirming the liquid-crystalline 

nature of the materials. 

This study and demonstrates the successful synthesis of 

thermotropic liquid-crystalline copolyesters and copolymers 

with a broad nematic phase window [17]. The orientation 

behavior, melt texture, and high thermal stability of these 

materials make them promising candidates for advanced 

applications in the polymer industry, especially for uses that 

require high-temperature stability and liquid-crystalline 

properties [18]. The results underscore the importance of 

monomer selection and composition in tuning the 

thermotropic behavior and structural characteristics of these 

copolymers. 

Xin-Gui Li and Mei-Rong Huang [19], investigated the 

thermotropic liquid-crystalline terpolymers synthesized from 

acetoxy vanillic acid, p-acetoxy benzoic acid [20], and poly 

(ethylene terephthalate) (PET) in different molar ratios of 

these monomers. The study aimed to determine the thermal 

stability and kinetic parameters of the thermal decomposition 

of the copolymers derived from p-oxybenzoate (B), ethylene 

terephthalate (E), and vanillate (V). The researchers observed 

that thermal degradation of the copolymers began at 436°C in 

nitrogen and 424°C in air, with the degradation temperature 

increasing as the content of the B-unit increased while 

maintaining a fixed V-unit content of 5 mol%. The first 

maximum weight loss occurred above 444°C in nitrogen and 

431°C in air. At 500°C and 800°C, the char yields in nitrogen 

and air showed considerable differences, indicating the 

influence of the atmospheric conditions on the degradation 

process. The thermal decomposition process was 

hypothesized to occur in multiple stages. The first major 

stage is likely associated with the removal of ester, ethylene, 

methoxyl groups, and hydrogen atoms from the terpolymer 

chain. Following this, intermolecular condensations may 

occur, leading to the formation of carbonaceous char at 

relatively high temperatures. Furthermore, the introduction 

of a methoxyl group in the benzene ring of the aromatic 

polyester chain was found to lower the overall thermal 

stability of the copolymer and accelerate the degradation rate 

under non-isothermal heating conditions. 

The findings and suggest that the introduction of different 

monomers, particularly the methoxylated vanillic acid 

derivative, influences the thermal stability and degradation 

mechanisms of these terpolymers [19]. The study also 

provides insights into how the composition of the terpolymer 

impacts its thermal behavior, with increased B-unit content 

and the presence of methoxyl groups affecting both the 

thermal degradation onset and the char formation process. 

These insights are crucial for designing high-performance 

materials with tailored thermal properties for various 

industrial applications [20]. 

Kricheldorf and co-workers synthesized randomly 

branched copolyesters from β-(4-hydroxyphenyl) propionic 

acid, 4-hydroxybenzoic acid, and vanillic acid in a 1:1:1 

molar ratio [21]. A binary 

copolyester was also obtained 

from trimethylsilyl- β- (4- 

acetoxyphenyl) propionate, 

trimethylsilyl -4- acetoxy 
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benzoate, and tris acetyl gallic acid. In this process, 

difunctional monomers, such as vanillic acid, were used in 

their silylated forms. Additionally, biodegradable 

thermotropic copolyesters were synthesized through 

polycondensation of aromatic hydroxy acids (with acetylated 

phenolic OH groups and silylated carboxyl groups) in 

combination with tris acetyl gallic acid. The researchers 

found that the stability of the nematic phase increased as the 

branching density decreased. Interestingly, a partial 

liquid-crystalline (LC) character was observed even when the 

linear chain segments were relatively short. They also 

observed that lower branching density could improve the 

mechanical properties of the copolyesters. However, an 

increase in branching density, such as the inclusion of 

vanillic acid, gradually destabilized the LC phase, leading to 

a reduced thermotropic liquid-crystalline behavior. 

This study demonstrates that the degree of branching 

significantly influences the thermal and mechanical 

properties of the copolyesters. While a lower branching 

density enhances the stability of the nematic phase and 

improves the mechanical properties, increasing the branching 

density, particularly with vanillic acid, destabilizes the 

liquid-crystalline phase. These findings underscore the 

importance of controlling the branching structure to optimize 

the performance of thermotropic copolyesters, especially for 

applications where both thermal stability and mechanical 

strength are critical [21]. 

Xin-Gui Li and co-workers synthesized a series of 

terpolymers from p-acetoxybenzoic acid (B), polyethylene 

terephthalate (E), and p-acetoxyvanillic acid (V) or 

1,4-diacetoxybenzene/ terephthalic acid (P) through molten 

polycondensation. For structural characterization, films and 

ribbons were prepared from the polycondensation melts. IR 

spectra, 1H-NMR spectra, and wide-angle X-ray 

diffractograms for the as-drawn ribbons of different 

monomer unit ratios of B/E/P were recorded. The study 

revealed that the terpolymers exhibited almost identical FTIR 

spectral characteristics, indicating that these properties were 

independent of the monomer unit ratio. In contrast, in the 

1H-NMR spectra, the chemical shifts of the protons on the B, 

E, and P units showed minimal variation with changes in the 

copolymer composition, suggesting that the molecular 

environment of the protons was largely unaffected by the 

monomer ratio. Additionally, the meridional maxima in the 

wide-angle X-ray diffraction patterns were periodic and 

exhibited only slight variations in d-spacing with changes in 

the copolymer composition, further supporting the idea that 

the structural organization of the terpolymers was relatively 

consistent across different compositions [22]. 

This study demonstrates that the incorporation of different 

monomer ratios (B/E/P or B/E/V) in the terpolymers does not 

significantly affect the overall molecular structure as 

observed through FTIR and 1H-NMR spectroscopy. The 

consistent structural features across varying compositions 

suggest that these terpolymers maintain a stable, well-defined 

structure regardless of the monomer ratio. Additionally, the 

slight variations in the X-ray diffraction patterns with 

composition indicate that while the terpolymers may have 

some degree of structural flexibility, their basic molecular 

organization remains relatively constant. These findings are 

important for understanding the structural stability and 

potential applications of these terpolymers in various fields, 

including materials science and polymer engineering [22]. 

Sanjay Rastogi and co-workers synthesized 

aromatic-aliphatic bio-based polyesters using 2,5-furan 

dicarboxylic acid, suberic acid, and acetylated vanillic acid. 

They found that the incorporation of the rigid, aromatic 

2,5-furan dicarboxylic acid moiety led to the formation of 

block copolymers, while the vanillic acid moiety tended to 

decrease the extent of block formation. As the aromatic 

content increased, the mechanical performance of 

compression-molded articles improved. These bio-based 

polyesters exhibited low melting temperatures, stable 

liquid-crystalline (LC) behavior, and low crystallinity, all of 

which contributed to good mechanical performance for 

compression-molded samples. The presence of the 2,5-furan 

dicarboxylic acid ring and the vanillic acid moiety required 

higher thermal energy to rotate the aromatic ring, which was 

anticipated to enhance the dimensional stability and 

high-temperature performance of these polymers. These 

aromatic-aliphatic bio-based polyesters also exhibited a 

low-temperature transition from the crystalline to the nematic 

phase, with stable nematic phases observed up to 300°C and 

beyond. Mechanical analysis indicated that the polymer 

performance correlated with their crystallinity. Higher 

crystallinity resulted in ductile behavior, while lower 

crystallinity led to higher modulus, increased stress at break, 

and lower strain at break [23]. 

Building on this work, Sanjay Rastogi and co-workers 

synthesized thermotropic polyesters by copolymerization of 

2,5-furan dicarboxylic acid (2,5-FDCA), O-acetyl vanillic 

acid (AVA), 4-acetoxy benzoic acid (ABA), 4-acetoxy-3- 

methoxybenzoic acid, and 4,4'-diacetoxybiphenyl (DABP) 

using various compositions [24]. The high melting 

temperatures of the 2,5-FDCA/DABP/ABA polymers 

hindered molecular weight buildup, leading to the use of 

O-acetyl vanillic acid (AVA) as a co-monomer during 

polymerization. The methoxy group in AVA was found to 

disrupt the crystal lattice of the 2,5-FDCA/DABP/ABA 

systems, lowering the melting temperature. To examine the 

impact of AVA on the melting temperature and 

morphological properties, they replaced ABA with AVA. 

Morphological changes were observed in the 

2,5-FDCA/DABP/ABA/AVA 15/15/60/10 copolymer at 

300°C. Similar experiments were conducted with other 

compositions, such as the 2,5-FDCA/DABP/ABA/AVA 

15/15/50/20 system and the 15/15/70/0 system, with 

temperature-dependent morphological changes measured 

between 220°C and 380°C. 

Further expanding on this research, Sanjay Rastogi and 

co-workers focused on the melt drawing, compression 

molding, and solvent casting of aromatic-aliphatic 

thermotropic polyesters based on vanillic acid [25]. To 

develop fully renewable thermotropic polyesters with 

high-temperature resistance, it was recommended to reduce 

or eliminate the aliphatic content in the polymer backbone. 

Decreasing the aliphatic content resulted in longer relaxation 

times during processing, 

likely leading to fibers with 

better mechanical 

performance. Additionally, 

reducing the aliphatic content 
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allowed for the development of thermotropic polymers with 

higher melting temperatures, enabling a high-temperature 

heat treatment step that further enhanced their properties. 

Wide-angle X-ray diffraction (WAXD) analysis of the 

thermotropic polymers revealed that the orientation 

parameter increased with an increasing draw ratio of the 

fiber. The polymers, processed from their thermotropic 

melts, retained their orientation up to 120-130°C, after which 

they started to melt. 

The studies conducted by Sanjay Rastogi and co-workers, 

and highlight the importance of polymer composition and 

structure in determining the thermal, mechanical [23], and 

liquid-crystalline properties of bio-based thermotropic 

polyesters [24]. Incorporating aromatic moieties, such as 

2,5-furan dicarboxylic acid and O-acetyl vanillic acid, 

significantly enhances the thermal stability, dimensional 

stability, and mechanical performance of these materials 

[25]. The results indicate that controlling the monomer 

composition, particularly the aromatic content and the 

presence of methoxy groups plays a key role in tailoring the 

properties of these bio-based polyesters. Additionally, 

reducing the aliphatic content in the polymer backbone can 

improve the polymer's high-temperature performance, 

allowing for further processing and the development of fibers 

with improved mechanical properties. These findings 

contribute to the design of high-performance thermotropic 

polyesters for various applications, particularly in areas 

requiring high-temperature resistance and good mechanical 

properties. 

Wilsens and co-workers studied the morphology and 

performance of melt-drawn poly(ω-pentadecalactone) 

(PPDL) fibers reinforced with a vanillic acid-based 

thermotropic liquid crystalline polyester (LCP) through in 

situ reinforcement. PPDL was synthesized using ω

-pentadecalactone, triethylaluminum, and N, N′-ethylene 

bis -(salicylimine). The vanillic acid-based LCP was 

prepared by melt-acidolysis copolymerization of acetylated 

p-hydroxy benzoic acid, vanillic acid, suberic acid, and 

hydroquinone. The morphological properties of the 

PPDL/LCP blend were examined using varying proportions 

of both components. The results showed that melt-drawn 

fibers containing up to 30 wt% LCP maintained their ductile 

behavior while exhibiting increased tensile modulus and 

tensile strength. As the LCP content and orientation 

increased, both the tensile modulus and tensile strength of the 

fibers were enhanced. The PPDL/LCP interface revealed that 

transcrystallization of PPDL occurred on the surface of the 

oriented LCP fibrils. This transcrystallization mechanism 

improved the interfacial interactions between the two 

components, leading to better mechanical properties. These 

improvements were attributed to the enhanced interfacial 

bonding, which allowed for better load transfer between the 

PPDL and LCP phases. The morphology of the blend was 

found to be strongly dependent on both the fiber morphology 

and the processing conditions. These factors affected the 

degree of LCP orientation and crystallization behavior, 

which, in turn, influenced the mechanical properties of the 

fibers [26]. 

The study by Wilsens and co-workers demonstrates that 

blending PPDL with vanillic acid-based LCP significantly 

improves the mechanical properties of PPDL fibers. The 

addition of LCP enhances the tensile modulus, yield strength, 

and toughness of the fibers without compromising their 

ductility, especially at LCP concentrations up to 30 wt%. The 

improved performance can be attributed to the enhanced 

interfacial interactions between the PPDL and LCP phases, 

facilitated by the transcrystallization of PPDL on the LCP 

fibrils. These findings suggest that LCP blending is a 

promising strategy for improving the mechanical 

performance of ductile aliphatic polyesters, offering a 

potential route for developing high-performance, and 

reinforced biodegradable fibers [26]. 

Dietmar Auhl and co-workers investigated the effect of 

shear rate on the orientation and relaxation behavior of 

vanillic acid-based liquid crystalline polymers (LCPs). To 

synthesize the monomer for these studies, they acetylated 

vanillic acid to produce 4-acetoxy-3-methoxybenzoic acid. 

This monomer was then reacted with p-acetoxybenzoic acid, 

suberic acid, and 1,4-diacetoxybenzene in the presence of 

Zn(AcO)₂. The resulting polymerization of this monomer 

yielded the vanillic acid-based aromatic-aliphatic 

thermotropic polyester polymer. The researchers observed 

that the vanillic acid-based LCPs exhibited rapid molecular 

relaxation during processing. To better understand the 

orientation and relaxation processes involved, they studied 

the rheological response of these materials using in situ 

wide-angle X-ray diffraction (WAXD) and polarized optical 

microscopy (POM). They identified a two-step process for 

the relaxation of shear stress. The first, faster step of 

relaxation was associated with the release of elastic energy 

stored in the stretched poly domain texture, while the second, 

slower process was linked to the coalescence of domains and 

the relaxation of inter-chain orientation. These findings 

provided a deeper understanding of the relationship between 

the mechanical properties of LCPs and their processing 

conditions. The researchers also found that processing at high 

shear rates accelerated the relaxation of inter-chain 

orientation, which could limit the mechanical performance of 

the LCPs after processing. This insight helps reconcile 

seemingly contradictory reports on the processing and 

mechanical properties of LCPs and their blends [27]. 

Dietmar Auhl and co-workers' study highlights the 

complex relationship between shear rate, molecular 

orientation, and relaxation in vanillic acid-based liquid 

crystalline polymers. The two-step shear stress relaxation 

process they observed—comprising an initial rapid release of 

elastic energy followed by a slower coalescence of 

domains—illustrates the intricate mechanisms underlying the 

mechanical properties of these materials during processing. 

Their findings emphasize that high shear rates can accelerate 

the relaxation of inter-chain orientation, potentially 

compromising the mechanical performance of the LCPs. This 

information is crucial for optimizing processing conditions 

and improving the mechanical properties of LCPs and their 

blends, especially in applications requiring precise control 

over molecular orientation and relaxation behavior [27]. 

Gijsbert Willem de Kort investigated the potential of liquid 

crystal polymer (LCP) 

reinforced thermoplastic 

composites, aiming to 

identify key parameters for 

the production of processable 
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materials [28]. It focuses on the combination of thermotropic 

polyester and polylactide (PLA) and demonstrates that 

amorphous LCPs with low processing temperatures can be 

effectively used. A suitable LCP, with a viscosity slightly 

lower than the molten matrix, enables the formation of a 

fibrillar morphology under different processing conditions 

while minimizing the thermal degradation of the PLA matrix. 

Furthermore, the recycling of LCP-PLA composites without 

a loss in mechanical performance is shown, provided that the 

viscosity ratio stays below one. The study leads to the 

development of a system for producing amorphous LCPs 

with tunable viscosity, and the findings apply to other 

polymer-polymer systems as well. 

Olga Ferreira and co-workers investigated the solubility of 

syringic acid, vanillic acid, and veratric acid in pure water as 

well as in various organic solvents, including methanol, 

ethanol, 1-propanol, 2-propanol, 2-butanone, ethyl acetate, 

acetonitrile, dimethylformamide, 1,2-propanediol, 

1,3-propanediol, and 1,3-butanediol [29]. The solubility 

measurements were carried out at two different temperatures, 

25.2°C and 40.2°C, to assess the effects of temperature on 

solubility. In addition to the solubility data, they also 

determined the enthalpies of solution for the solutes in the 

selected solvents. The solubility values were found to vary 

significantly depending on both the solute (syringic acid, 

vanillic acid, or veratric acid) and the solvent used. The 

organic solvents generally showed higher solubility for the 

acids compared to pure water. Among the organic solvents, 

alcohols like methanol and ethanol exhibited the highest 

solubility for all three acids, while solvents such as 

acetonitrile and dimethylformamide also showed relatively 

high solubility values. The temperature increase from 25.2°C 

to 40.2°C led to a general increase in the solubility of all acids 

in most solvents, with some exceptions. Enthalpy data 

indicated that the dissolution process of these acids was 

endothermic, meaning that heat was required for the 

dissolution process to occur. The magnitude of the enthalpy 

change varied between the different acids and solvents, 

suggesting that the interaction between solute and solvent 

molecules plays a key role in the solubility process. 

Olga Ferreira and co-workers' study provides valuable 

insights into the solubility behavior of syringic acid, vanillic 

acid, and veratric acid in both water and various organic 

solvents. The results indicate that these acids are more 

soluble in organic solvents than in pure water, with alcohols 

being the most effective solvents for dissolution. The 

increase in solubility with temperature suggests that the 

dissolution process is endothermic, and the enthalpy data 

further supports the notion that solvent-solute interactions are 

crucial in determining solubility. These findings can be 

useful for applications involving the extraction and use of 

these acids in different solvent systems, particularly in 

pharmaceutical and chemical industries where solvent choice 

and temperature control are essential for optimizing 

solubility and dissolution rates [29]. 

Thiruvengadam and co-workers synthesized vanillic acid 

nanocomposites using chitosan and silver nanoparticles and 

conducted morphological studies using field emission 

scanning electron microscopy (FE-SEM). To prepare the 

nanocomposite, they first prepared a chitosan nanoparticle 

suspension. Vanillic acid silver nanoparticles were 

synthesized by mixing vanillic acid with silver nitrate 

solution, followed by reduction and nanoparticle formation. 

The nanocomposites were characterized by various 

techniques, including FE-SEM, which revealed the 

morphology and particle size distribution of the 

nanocomposite materials. The elemental composition of the 

vanillic acid nanocomposites was determined through 

energy-dispersive X-ray spectroscopy (EDX), which showed 

the presence of silver, calcium, carbon, oxygen, nitrogen, and 

trace amounts of silicon (Si), chlorine (Cl), and sodium (Na). 

The presence of silver nanoparticles is thought to contribute 

significantly to the biological activity of the nanocomposite. 

Additionally, the vanillic acid-based nanocomposites 

exhibited significant anticancer activity, which was likely 

attributed to the synergistic effects of the chitosan, silver 

nanoparticles, and vanillic acid. The biological evaluation 

showed promising results, indicating the potential of these 

nanocomposites for use in cancer therapy [30]. 

This study demonstrates the successful synthesis of 

vanillic acid nanocomposites incorporating chitosan and 

silver nanoparticles. The nanocomposites exhibited a unique 

elemental composition and morphology, as confirmed by 

EDX and FE-SEM analysis. The presence of silver 

nanoparticles, in combination with vanillic acid, appears to 

enhance the biological properties of the nanocomposites, 

particularly their anticancer activity. These findings suggest 

that the vanillic acid-based nanocomposites may hold 

promise as a novel therapeutic agent in cancer treatment, 

offering a biocompatible, multifunctional material with 

potential for targeted therapy. The incorporation of silver 

nanoparticles into chitosan-based systems could lead to the 

development of effective drug delivery platforms with 

enhanced biological efficacy [30]. 

Patel and co-workers synthesized a series of alkoxy 

derivatives of vanillic acid, which were combined with 

4'-hydroxy-4-ethyl carboxylate azo benzene [31]. Steglich 

esterification was employed to synthesize the compounds, 

resulting in the formation of 4-(4'-n-alkoxy vanilloyloxy) 

phenyl azo 4"-ethyl benzoate [32]. The synthesized 

compounds were characterized as nematogenic, displaying a 

short-range liquid crystalline phase with the exhibition of a 

smectic phase [33]. The thermal stability of the compounds 

was evaluated, and the average thermal stability was found to 

be 208.5°C. The nematogenic mesophase of these 

compounds was observed to range from 5.0°C to 45.0°C, 

indicating that the materials exhibit liquid crystalline 

properties within this temperature range [34]. These results 

suggest that the compounds could be suitable for applications 

requiring materials with thermal stability and specific liquid 

crystalline properties. 

This study demonstrates that the synthesized compounds 

exhibited a smectic phase, indicating their potential as 

nematogenic materials with short-range liquid crystallinity. 

The thermal stability of these compounds, with an average 

decomposition temperature of 208.5°C, and the nematogenic 

mesophase observed between 5.0°C and 45.0°C, demonstrate 

their promising potential for 

use in applications where 

liquid crystalline properties 

and thermal stability are 

required. These findings 
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could contribute to the development of new liquid crystalline 

materials for a range of advanced technological applications, 

including displays and sensors. 

III. CONCLUSION 

Vanillic acid, with its unique molecular structure and 

functional groups, plays a significant role in the development 

of liquid crystalline materials. Through various studies, it has 

been demonstrated that vanillic acid can be effectively 

incorporated into polymeric systems to impart desirable 

liquid crystalline properties. These properties include 

nematic and smectic mesophases, which are critical for a 

wide range of technological applications, including displays, 

sensors, and optical devices. The introduction of vanillic acid 

into copolymers and composites has been shown to enhance 

thermal stability, orientational behavior, and mechanical 

performance, making it a valuable building block for the 

synthesis of advanced liquid crystalline materials. As 

research continues, the role of vanillic acid in tailoring the 

thermal, mechanical, and optical properties of liquid 

crystalline systems remains promising. The ability to modify 

the molecular structure of vanillic acid derivatives and their 

integration into complex polymer matrices opens up new 

possibilities for the development of high-performance 

materials. The continued exploration of vanillic acid-based 

liquid crystals offers exciting prospects for innovations in 

material science, especially in the fields of flexible 

electronics, smart materials, and sustainable technologies. 

ACKNOWLEDGEMENT 

Authors acknowledged gratitude to the authorities of 

S.P.T. Arts and Science College, Godhra and Shri Govind 

Guru University, Godhra GUJARAT for providing research 

facilities and their supports. 

DECLARATION STATEMENT 

After aggregating input from all authors, I must verify the 

accuracy of the following information as the article's author. 

▪ Conflicts of Interest/ Competing Interests: Based on 

my understanding, this article has no conflicts of interest. 

▪ Funding Support: This article has not been sponsored or 

funded by any organization or agency. The independence 

of this research is a crucial factor in affirming its 

impartiality, as it has been conducted without any 

external sway. 

▪ Ethical Approval and Consent to Participate: The data 

provided in this article is exempt from the requirement for 

ethical approval or participant consent. 

▪ Data Access Statement and Material Availability: The 

adequate resources of this article are publicly accessible. 

▪ Authors Contributions: The authorship of this article is 

contributed equally to all participating individuals. 

 REFERENCES 

1. Y. Zhu, T. Li, X. Fu, A.M. Abbasi, B. Zheng, R.H. Liu, (2015) 

Phenolics content, antioxidant and antiproliferative activities of 

dehulled highland barley (Hordeum vulgare L.), Journal of Functional 
Foods, 19, 439-450. DOI: https://doi.org/10.1016/j.jff.2015.09.053      

2. H. Falleh, R. Ksouri, K. Chaieb, N. Karray-Bouraoui, N. Trabelsi, M. 
Boulaaba, C. Abdelly, (2008) Phenolic composition of Cynara 

cardunculus L. organs, and their biological activities. Comptes Rendus 

Biologies, 331, 372-379. DOI: 
https://doi.org/10.1016/j.crvi.2008.02.008      

3. P.S.M. Prince, K. Dhanasekar, S. Rajakumar. (2015) Vanillic acid 

prevents altered ion pumps, ions, inhibits FAS-receptor and caspase 

mediated apoptosis-signaling pathway and cardiomyocyte death in 

myocardial infarcted rats. Chemico-Biological Interactions, 232, 68-76. 
DOI: https://doi.org/10.1016/j.cbi.2015.03.009     

4. U.G. Dziki, M. Świeca, M. Sułkowski, D. Dziki, B. Baraniak, J. Czyż. 
(2013) Antioxidant and anticancer activities of Chenopodium quinoa 

leaves extracts–in vitro study. Food and Chemical Toxicology, 57, 

154-160. DOI: https://doi.org/10.1016/j.fct.2013.03.023       
5. L. Mojica, A. Meyer, M.A. Berhow, E. González de Mejía. (2015) Bean 

cultivars (Phaseolus vulgaris L.) have similar high antioxidant capacity, 
in vitro inhibition of α-amylase and α-glucosidase while diverse 

phenolic composition and concentration. Food Research International, 

69, 38-48. DOI: https://doi.org/10.1016/j.foodres.2014.12.007      
6. L.K.A.M. Leal, T.M. Pierdoná, J.G.S. Góes, K.S. Fonsêca, K.M. 

Canutoc, E.R. Silveira, A.M.E. Bezerra, G.S.B. Viana. (2011)A 
comparative chemical and pharmacological study of standardized 

extracts and vanillic acid from wild and cultivated Amburana cearensis 

AC Smith. Phytomedicine. 18, 230-233. DOI: 

https://doi.org/10.1016/j.phymed.2010.05.012     

7. B.L. Dhananjaya, A. Nataraju, R. Rajesh, C.D. Raghavendra Gowda, 
B.K. Sharath, B.S. Vishwanath, Cletus J.M. D’Souza. (2006) 

Anticoagulant effect of Naja naja venom 5′ nucleotidase: demonstration 

through the use of novel specific inhibitor, vanillic acid. Toxicon. 48, 
411-421. DOI: https://doi.org/10.1016/j.toxicon.2006.06.017       

8. P. Malairajan, G. Gopalakrishnan, S. Narasimhan, K.J.K. Veni, S. 
Kavimani. (2007) Anti-ulcer activity of crude alcoholic extract of Toona 

ciliata Roemer (heart wood). Journal of Ethnopharmacology, 110, 

348-351. DOI: https://doi.org/10.1016/j.jep.2006.10.018   
9.  J.A. Duke. (1992). Database of phytochemical constituents of GRAS 

herbs and other economic plants. CRC Press. 
https://www.routledge.com/Handbook-of-Phytochemical-Constituents-

of-GRAS-Herbs-and-Other-Economic-Plants-Herbal-Reference-Librar

y/Duke/p/book/9780849338656?srsltid=AfmBOorz6458XBNNQsqvD
U_dbT8LzRMMaLslWmv61DlNmMzdO48-VgEj  

10. L.A Pacheco-Palencia, S. Mertens-Talcott, S.T. Talcott. (2008) 
Chemical composition, antioxidant properties, and thermal stability of a 

phytochemical enriched oil from Acai (Euterpe oleracea Mart.). Journal 

of Agricultural and Food Chemistry, 56, 4631-4636. DOI: 
https://doi.org/10.1021/jf800161u    

11. I.A. Pearl, (1946) Reactions of vanillin and its derived compounds. I. 
The reaction of vanillin with silver oxide1. Journal of the American 

Chemical Society, 68, 429-432. DOI: 

https://doi.org/10.1021/ja01207a025 
12.  M. Fache, E. Darroman, V. Besse, R. Auvergne, S. Caillol,  B. 

Boutevin. (2014) Vanillin, a promising biobased building-block for 
monomer synthesis. Green Chemistry, 16, 1987–1998. DOI: 

https://doi.org/10.1039/C3GC42613K   

13. M. Fache, B. Boutevin, S. Caillol. (2015) Vanillin, a key-intermediate 
of biobased polymers. European Polymer Journal, 68, 488–502. DOI: 

https://doi.org/10.1016/j.eurpolymj.2015.03.050  
14. H.R. Kricheldorf, G. Schwarz. (1984) New polymer syntheses: 10. 

Syntheses of high molecular weight poly(4-hydroxybenzoate)s by bulk 

condensations of 4-hydroxybenzoic acids. Polymer, 25, 520–528. DOI: 
https://doi.org/10.1016/0032-3861(84)90214-3    

15. H.R. Kricheldorf, G. Löhden. Whisker 11. (1995) Poly(ester-Amide)s 
derived from vanillic acid and 4-aminobenzoic acid. Polymer, 36(8), 

1697–1705. DOI: https://doi.org/10.1016/0032-3861(95)99016-N   

16. H.R. Kricheldorf, T. Stukenbrock. (1997) New polymer syntheses, 92. 
Biodegradable, thermotropic copolyesters derived from β-(4 

hydroxyphenyl)propionic acid. Macromolecular Chemistry and 
Physics, 198, 3753–3767. DOI: 

https://doi.org/10.1002/macp.1997.021981134    

17. X.G. Li, M.R. Huang, G.H. Guan, T. Sun, (1997) Synthesis and 
characterization of liquid crystalline polymers from p-hydroxybenzoic 

acid, poly(ethylene terephthalate), and third monomers. Journal of 
Applied Polymer Science, 66(11), 2129-2138. DOI: 

https://doi.org/10.1002/(SICI)1097-4628(19971219)66:11<2129::AID-

APP9>3.0.CO;2-J    
18. X.G. Li, M.R. Huang, G.H. Guan, T. Sun, (1995) Molecular structure of 

liquid-crystalline copolyesters of vanillic acid, 4-hydroxybenzoic acid 
and poly( ethylene terephthalate) Die Angewandte Makromolekulare 

Chemie, 221, 69-85.  DOI: 

http://doi.org/10.54105/ijac.A2028.05010425
http://www.ijac.latticescipub.com/
https://doi.org/10.1016/j.jff.2015.09.053
https://doi.org/10.1016/j.crvi.2008.02.008
https://doi.org/10.1016/j.cbi.2015.03.009
https://doi.org/10.1016/j.fct.2013.03.023
https://www.sciencedirect.com/author/7003305843/mark-alan-berhow
https://doi.org/10.1016/j.foodres.2014.12.007
https://doi.org/10.1016/j.phymed.2010.05.012
https://doi.org/10.1016/j.toxicon.2006.06.017
https://doi.org/10.1016/j.jep.2006.10.018
https://www.routledge.com/Handbook-of-Phytochemical-Constituents-of-GRAS-Herbs-and-Other-Economic-Plants-Herbal-Reference-Library/Duke/p/book/9780849338656?srsltid=AfmBOorz6458XBNNQsqvDU_dbT8LzRMMaLslWmv61DlNmMzdO48-VgEj
https://www.routledge.com/Handbook-of-Phytochemical-Constituents-of-GRAS-Herbs-and-Other-Economic-Plants-Herbal-Reference-Library/Duke/p/book/9780849338656?srsltid=AfmBOorz6458XBNNQsqvDU_dbT8LzRMMaLslWmv61DlNmMzdO48-VgEj
https://www.routledge.com/Handbook-of-Phytochemical-Constituents-of-GRAS-Herbs-and-Other-Economic-Plants-Herbal-Reference-Library/Duke/p/book/9780849338656?srsltid=AfmBOorz6458XBNNQsqvDU_dbT8LzRMMaLslWmv61DlNmMzdO48-VgEj
https://www.routledge.com/Handbook-of-Phytochemical-Constituents-of-GRAS-Herbs-and-Other-Economic-Plants-Herbal-Reference-Library/Duke/p/book/9780849338656?srsltid=AfmBOorz6458XBNNQsqvDU_dbT8LzRMMaLslWmv61DlNmMzdO48-VgEj
https://doi.org/10.1021/jf800161u
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Irwin+A.++Pearl
https://doi.org/10.1021/ja01207a025
https://pubs.rsc.org/en/results?searchtext=Author%3AMaxence%20Fache
https://pubs.rsc.org/en/results?searchtext=Author%3AEmilie%20Darroman
https://pubs.rsc.org/en/results?searchtext=Author%3AVincent%20Besse
https://pubs.rsc.org/en/results?searchtext=Author%3AR%C3%A9mi%20Auvergne
https://pubs.rsc.org/en/results?searchtext=Author%3ASylvain%20Caillol
https://pubs.rsc.org/en/results?searchtext=Author%3ABernard%20Boutevin
https://pubs.rsc.org/en/results?searchtext=Author%3ABernard%20Boutevin
https://doi.org/10.1039/C3GC42613K
https://doi.org/10.1016/j.eurpolymj.2015.03.050
https://doi.org/10.1016/0032-3861(84)90214-3
https://doi.org/10.1016/0032-3861(95)99016-N
https://doi.org/10.1002/macp.1997.021981134
https://doi.org/10.1002/(SICI)1097-4628(19971219)66:11%3c2129::AID-APP9%3e3.0.CO;2-J
https://doi.org/10.1002/(SICI)1097-4628(19971219)66:11%3c2129::AID-APP9%3e3.0.CO;2-J


Indian Journal of Advanced Chemistry (IJAC) 

ISSN: 2582-8975 (Online), Volume-5 Issue-1, April 2025 

         7 

Published By: 

Lattice Science Publication (LSP) 

© Copyright: All rights reserved. 
 

Retrieval Number: 100.1/ijac.A202805010425 
DOI: 10.54105/ijac.A2028.05010425 

 Journal Website: www.ijac.latticescipub.com 

 

https://doi.org/10.1002/apmc.1995.052270108   
19. X.G. Li, M.R. Huang, (1997) Textures of thermotropic liquid-crystalline 

copolymers containing either 2,7-, 1,5- or 1,4-naphthalenediol or 

vanillic acid units. Die Angewandte Makromolekulare Chemie 249, 

163-181. DOI: https://doi.org/10.1002/apmc.1997.052490111    

20. X.G. Li, M.R. Huang, (1999) Thermal Degradation Kinetics Of 
Thermotropic Copoly (P-Oxybenzoate-Ethylene 

Terephthalate-Vanillate) By A High-Resolution Thermogravimetry. 
Journal of Macromolecular Science, Part A: Pure and Applied 

Chemistry A, 36(5-6), 859-878. DOI: 

https://doi.org/10.1081/MA-100101568    
21. Antonio Reinaa, Andreas Gerken, Uwe Zemann, Hans R. Kricheldorf. 

(1999) Liquid-crystalline hyperbranched and potentially biodegradable 
polyesters based on phloretic acid and gallic acid. Macromolecular 

Chemistry and Physics, 200, 1784–1791. DOI:  

https://doi.org/10.1002/(SICI)1521-3935(19990701)200:7<1784::AID-
MACP1784>3.0.CO;2-B   

22. X.G. Li, M.R. Huang, (2000) Molecular Chain Structure Of 
Thermotropicp-Oxybenzoate/Ethyleneterephthalate/ Vanillate Or 

Phenyleneterephthalate Terpolymers. Polymer-Plastics Technology and 

Engineering, 39(2), 317–331. DOI: 

https://doi.org/10.1081/PPT-100100032   

23. C.H.R.M. Wilsens, J.M.G.A. Verhoeven, B.A.J. Noordover, M.R. 
Hansen, D. Auhl, S. Rastogi. (2014) Thermotropic Polyesters from 

2,5-Furandicarboxylic Acid and Vanillic Acid: Synthesis, Thermal 

Properties, Melt Behavior, and Mechanical Performance. 
Macromolecules, 47 3306−3316. DOI: 

https://doi.org/10.1021/ma500433e   
24. C.H.R.M. Wilsens, B.A.J. Noordover, S. Rastogi. (2014)  Aromatic 

thermotropic polyesters based on 2,5-furandicarboxylic acid and 

vanillic acid. Polymer, 55, 2432-2439. DOI: 
http://dx.doi.org/10.1016/j.polymer.2014.03.033   

25. C.H.R.M. Wilsens, Y.S. Deshmukh, W. Liu, B.A.J. Noordover, Y. Yao, 
H.E.H.Meijer, S. Rastogi, (2015) Processing and performance of 

aromatic-aliphatic thermotropic polyesters based on vanillic acid. 

Polymer, 60, 198-206. DOI: 
https://doi.org/10.1016/j.polymer.2015.01.045    

26. C.H.R.M. Wilsens, M.P.F. Pepels, A.B. Spoelstra, G. Portale, D. Auhl, 
Y.S. Deshmukh, J.A.W. (2016) Harings, Improving Stiffness, Strength, 

and Toughness of Poly(ωpentadecalactone) Fibers through in Situ 

Reinforcement with a Vanillic Acid-Based Thermotropic Liquid 
Crystalline Polyester. Macromolecules, 49(6), 2228–2237. DOI: 

https://doi.org/10.1021/acs.macromol.5b02419    
27. G.W. de Kort , N. Leoné, E. Stellamanns, D. Auhl, C.H.R.M. Wilsens, 

S. Rastogi. (2018) Effect of Shear Rate on the Orientation and 

Relaxation of a Vanillic Acid Based Liquid Crystalline Polymer. 
Polymers, 10(9), 935. DOI:   https://doi.org/10.3390/polym10090935   

28. G.W. de Kort (2021). Thermotropic polyesters and polylactide: a route 
to sustainable and reprocessable reinforced composites. [Doctoral 

Thesis]. Maastricht University. DOI: 

https://doi.org/10.26481/dis.20210125gk   
29. S.M. Vilas-Boas,V. Vieiraa, P. Brandão, R.S. Alves, J.A.P. Coutinho, 

S.P. Pinho, O. Ferreira, (2019) Solvent and temperature effects on the 
solubility of syringic, vanillic or veratric acids: Experimental, modeling 

and solid phase studies. Journal of Molecular Liquids, 289, 111089. 

DOI: https://doi.org/10.1016/j.molliq.2019.111089    
30. B. Venkidasamy, U. Subramanian, H.S. Almoallim, S. Ali Alharbi, 

R.R.C. Lakshmikumar, M. Thiruvengadam, (2024) Vanillic Acid 
Nanocomposite: Synthesis, Characterization Analysis, Antimicrobial, 

and Anticancer Potentials, Molecules, 29(13), 3098. DOI: 

https://doi.org/10.3390/molecules29133098   
31. S. Chauhan, V.R. Patel, (2024) A synthesis and mesophase behaviour of 

homologous series: 4-(4’-n-alkoxyvanilloyloxy) phenyl-azo 
-4”-ethylbenzoate with terminal ester group as a ethyl carboxylate. 

World Scientific News, 191, 30-42. 

https://worldscientificnews.com/a-synthesis-and-mesophase-behaviour
-of-homologous-series-4-4-n-alkoxyvanilloyloxy-phenyl-azo-4-ethylbe

nzoate-with-terminal-ester-group-as-a-ethyl-carboxylate/  
32. Aworinde, A. K., Adeosun, S. O., & Oyawale, F. A. (2020). Mechanical 

Properties of Poly (L-Lactide)-Based Composites for Hard Tissue 

Repairs. In International Journal of Innovative Technology and 
Exploring Engineering (Vol. 9, Issue 5, pp. 2152–2155). DOI: 

https://doi.org/10.35940/ijitee.c8501.039520  
33. Meenakshi, C., Bharathi, J., & Karthikeyan, S. (2019). Experiment work 

on the Effect of Hygrothermal Environment on the Mechanical 

Behaviour of Natural Fiber Reinforced Epoxy Composites. In 
International Journal of Engineering and Advanced Technology (Vol. 8, 

Issue 6s2, pp. 587–589). DOI: 
https://doi.org/10.35940/ijeat.f1174.0886s219  

34. Venkategowda, T., & L H, Dr. M. (2019). Effect of Fiber Loading on 
Mechanical and Physical Properties of Uniaxial Long Kenaf Bast Fiber 

Reinforced Epoxy Composites. In International Journal of Recent 

Technology and Engineering (IJRTE) (Vol. 8, Issue 4, pp. 

12224–12229). DOI: https://doi.org/10.35940/ijrte.d8850.118419  

AUTHOR’S PROFILE 

Ami Patel is a research scholar in Chemistry at Shri Govind 

Guru University, Godhra. She holds a Master’s degree in 

Organic Chemistry from the Department of Chemistry, Sardar 
Patel University, Vallabh Vidyanagar, Anand. Her research 

focuses on the study of the liquid crystal properties of vanillic 
acid. She has presented her research at both national and 

international conferences.  

 
Dr. Mukesh L. Chauhan is an Associate Professor in the 

Department of Chemistry at Sheth P. T. Arts and Science 
College, Godhra, affiliated with Shri Govind Guru 

University, Godhra. He has published more than 30 research 

articles and authored 3 books. Additionally, he has 
successfully guided 6 research students and 4 research scolars are doing their 

research. 
 

 
Disclaimer/Publisher’s Note: The statements, opinions and 

data contained in all publications are solely those of the 

individual author(s) and contributor(s) and not of the Lattice 

Science Publication (LSP)/ journal and/ or the editor(s). The 

Lattice Science Publication (LSP)/ journal and/or the 

editor(s) disclaim responsibility for any injury to people or 

property resulting from any ideas, methods, instructions or 

products referred to in the content. 
 

 

 
 

 

http://doi.org/10.54105/ijac.A2028.05010425
http://www.ijac.latticescipub.com/
https://doi.org/10.1002/apmc.1995.052270108
https://doi.org/10.1002/apmc.1997.052490111
https://doi.org/10.1081/MA-100101568
https://doi.org/10.1002/(SICI)1521-3935(19990701)200:7%3c1784::AID-MACP1784%3e3.0.CO;2-B
https://doi.org/10.1002/(SICI)1521-3935(19990701)200:7%3c1784::AID-MACP1784%3e3.0.CO;2-B
https://doi.org/10.1081/PPT-100100032
https://doi.org/10.1021/ma500433e
http://dx.doi.org/10.1016/j.polymer.2014.03.033
https://doi.org/10.1016/j.polymer.2015.01.045
https://doi.org/10.1021/acs.macromol.5b02419
https://doi.org/10.3390/polym10090935
https://doi.org/10.26481/dis.20210125gk
https://doi.org/10.1016/j.molliq.2019.111089
https://doi.org/10.3390/molecules29133098
https://worldscientificnews.com/a-synthesis-and-mesophase-behaviour-of-homologous-series-4-4-n-alkoxyvanilloyloxy-phenyl-azo-4-ethylbenzoate-with-terminal-ester-group-as-a-ethyl-carboxylate/
https://worldscientificnews.com/a-synthesis-and-mesophase-behaviour-of-homologous-series-4-4-n-alkoxyvanilloyloxy-phenyl-azo-4-ethylbenzoate-with-terminal-ester-group-as-a-ethyl-carboxylate/
https://worldscientificnews.com/a-synthesis-and-mesophase-behaviour-of-homologous-series-4-4-n-alkoxyvanilloyloxy-phenyl-azo-4-ethylbenzoate-with-terminal-ester-group-as-a-ethyl-carboxylate/
https://doi.org/10.35940/ijitee.c8501.039520
https://doi.org/10.35940/ijeat.f1174.0886s219
https://doi.org/10.35940/ijrte.d8850.118419

