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CHAPTER X 

CONCLUDIGNG REMARKS 

 

In this thesis, I have endeavoured to ascertain the various non-covalent interactions 

of ionic liquids, ionic liquid based surfactants and some bioactive molecules in 

aqueous system. Four benign and novel ionic liquid based surfactants, surface active 

ionic liquids were synthesized, purified, and studied in diverse way. This study was 

important from the point of basic, high level of fundamental as well as application 

based research. Biologically active molecules were not only explored in 

physicochemical method but also their biologically activity was assessed in the light 

of physicochemical interactions, either inclusion or its related substance release 

mechanism and anti-bacterial study. 

Different types of interactions exist between the ions in solutions. These types of 

non-covalent interactions are of current interest in surface, solution, and especially 

in supra-molecular chemistry. These interactions help in better understanding of 

salvation consequences of ionic liquid and bio-molecules in various liquid 

environments. Volumetric, viscosity, conductometric, refractive index and surface 

tension studies confirm the extent of molecular interactions in a particular solution 

system. Spectroscopic investigation such as, uv-visible, fluorescence, FT-IR, SEM EDS 

and NMR method indicates an insight into the molecular interaction occurring in 

particular group or site of a given system. It also given idea about stoichiometry of 

the supramolecular species formed in the solution.  

In Chapter IV, from the spectroscopic studies (FTIR, NMR, and Mass), it was 

confirmed that the synthesized ionic liquid-based surfactant was 1-butyl-4-

methylpyridinium lauryl sulfate. It can be used as a fluorescence quencher, a benign 

& efficient surfactant. Further, in the presence of β-Cyclodextrin, it becomes more 

efficient surfactant which was confirmed by the critical studies of micellization. 

Conductivity, surface tension, and fluorescence study confirm the formation of a well 

fitted 1:1 host-guest as well as 2:1 inclusion complex with β-Cyclodextrin. From the 

UV-vis job plot and HRTEM, the formation of the mixed inclusion complexes was 

undoubtedly established. The HRTEM also had given unique morphology of the 
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inclusion complex along with the simultaneous presence of both micelle and vesicle 

which was further supported by Dynamic light scattering result. Therefore this work 

and novel data from this work may give a new insight of molecular interaction, 

supramolecular delivery system, and much more applications. 

In Chapter V, Benign ionic liquid based surfactants were synthesized. Melting point, 

FTIR, FTNMR was confirmed about the purity of the product. The CMC value 

obtained from 3 techniques implies BMIMDS has lower CMC and higher efficiency as 

surfactant than BMPDS.  BMIMDS & BMPDS has quite similar aggregation number, 

obtained from the fluorescence quenching method.  Higher value of zeta potential of 

BMIMDS compare to BMPDS at comparable concentration established role of 

counter ion in monomer as well as micellar stability. Equivalent size profiles from 

DLS for both derived surfactants indicate the aggregation even far beyond CMC. POM 

study of the BMIMDS show lamellar behavior obtained similar to liquid crystal. With 

increase in temperature the aggregate nature was disappear for the BMPDS. 

Chapter VI  

Chapter VII The existence of inclusion complex between planar, six membered 1-

methylpyridinium-3-carboxylate cation and cyclodextrins stabilised by different 

types of non-covalent interactions, were established by the means of multifarious 

techniques. Solubility enhancement upon was not observed here and later was also 

not our target. 

The conductance as well surface tension results indicates about the existence of 

inclusion and a preliminary idea about the probable stoichiometry. FTIR has given 

idea about the interaction pattern of inclusion. ESI-MS fragmentation patter further 

confirm about inclusion. Job plot obtained from the UV-vis also confirm about 1:1 

stoichiometry. The role of methyl group in inclusion was also established by 2D-

NOESY, TEM and DLS have given trustworthy idea about the size and structural 

variation upon inclusion in dry and solution state respectively. Our observation from 

the fluctuation of the OD values encourage us to assume that keeping the reaction 

for a longer period of time, inclusion complexes may show the inhibition of the 

enzyme indicating sustained antidiabetic activity. Also the derivative of cyclodextrin 

or their inclusions complexes can show enhance solubility and consequently may 

show enhance anti diabetic activity along with substance release. So this study not 
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only describes a systematic broad approach for studying inclusion phenomenon of 

alkaloid with cyclodextrin, but also explores the possibility of better application 

from an anti diabetic alkaloid in different ways.  

Chapter VIII, It is evident from this study, that there is a strong interaction between 

citric acid and uric acid and it becomes stronger with rise in temperature. As 

molecules of uric acid are engaged with the citric acid molecules, the accumulation 

among the uric acid molecules becomes less effective. The table S1 was given a 

strong evidence of enhances solubility of uric acid in the presence of citric acid. 

Therefore, the process of crystallization and deposition of uric acid gets hampered in 

presence of citric acid. The above fact suggests that the relief of painful effect of gout 

can be achieved by consumption of more citrus fruits and by making warmth the 

affected area.  

Chapter IX, The 1H-NMR spectra, surface tension and conductivity study shows that 

the natural amino acid L-cysteine forms host-guest inclusion complex with both the 

CDs. The surface tension and conductivity study suggests the inclusion complex 

formation and 1:1 stoichiometry of the complex while the NMR data confirms the 

inclusion. These two inclusion complexes have vast applications in the field of bio-

chemistry.  

In conclusion ionic liquid based surfactants are quite advance from different point of 

view. it is also generalised that inclusion complexation and solvation consequences 

of ionic liquid based surfactants and bio active molecules would be of immense 

helpful in understanding the nature of various interactions existing in liquid 

environments. This novel research work leads to various important outcomes which 

will help to promote future application based research to a great extent.  

 

 




