
  

 

CONCLUDING REMARKS 

 

In this thesis, I have studied the molecular interactions of ionic solids and ionic 

liquids in miscellaneous solvent systems and also host-guest inclusion complexation of 

ionic solid and ionic liquid with diverse host molecules. Molecular interfacess have been 

studied with the help of thermophysical, thermodynamic, transport, surface tension, 

optical properties of solutions along with FTIR and NMR studies. 

The research reported in this dissertation explains the procedures and results as 

well as the studies of the molecular interactions that have been carried out on ionic 

liquids and amino acids. The overall goal of initiating an understanding of the structure 

property relationship of ionic liquids has been reached. This was done through work on 

several ionic liquids differing mainly in their cationic and anionic parts. By looking at 

thermophysical, thermodynamic and transport properties of these materials, a more 

complete knowledge of phosphonium, ammnomiun, imidazolium, pyridinium and 

pyrrolidinium -based ionic liquids and ionic solids was achieved.  

The volumetric, viscometric, interferometric, conductometric refractive index 

studies helped us to evaluate the extent of molecular interaction in a particular solution 

quantitatively whereas the FTIR measurements gave an insight into the type of 

molecular interaction occurring in any solution systems. Various types of interactions 

exist between the ions in solutions, and of these, ion-ion and ion-solvent interactions 

are of current interest in all branches of chemistry. These interactions help in better 

understanding the nature of solute and solvent, that is, whether the solute modifies or 

distorts the structure of the solvent. 

Mixed solvents enabled the variation of properties such as dielectric constant or 

viscosity, and therefore the ion-ion and ion-solvent interactions occurring in the 
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solutions systems could be better understood. Moreover, different quantities strongly 

influenced by solvent properties could be derived from concentration dependence of 

the electrolyte conductivity. Consequently, a number of conductometric and related 

studies of different electrolytes in nonaqueous solvents, especially mixed organic 

solvents, have been made for their optimal use in high-energy batteries and for 

understanding organic reaction mechanisms. Ionic association of electrolytes in 

solution depends upon the mode of solvation of its ions, which in turn depends on the 

nature of the solvent or solvent mixtures. Such solvent properties as viscosity and the 

relative permittivity have been taken into consideration as these properties help in 

determining the extent of ion association and the solvent-solvent interactions. Thus, 

extensive studies on electrical conductance in mixed organic solvents have been 

performed to examine the nature and magnitude of ion-ion and ion-solvent 

interactions. 

 

Thus, the discussion of the molecular interactions throughout the thesis has been 

concluded chapter wise as follows:   

 

         The present Chapter IV reveals a through conductometric, volumetric and 

viscometric studies indicate that LiAsF6 is more conducting in all the solvent mixtures 

studied. In case of 0.25 mass fraction of AN in DEC, triple-ion formation was seen for the 

electrolytes. The result revealed that the major portion of the electrolytes exists as ion-

pairs and a minor portion as triple-ions and it was observed that LiI has the highest 

tendency to form triple-ions among the three electrolytes.  In case of 0.50 and 0.75 mass 

fraction of AN in DEC high solvtaion was seen in case of LiI in all the solvent mixtures 

studied. With the increase in the mass fraction of AN in the solvent mixture it was seen 

that the conductance of the electrolytes decreases which indicates that the lower mass 

fraction of AN in DEC gives better conductance of the electrolytes under study. The 

volumentric and viscometric studies were in excellent agreement with the conductance 

studies indicating more ion-solvent interaction in LiI solution which increase with the 

increase in the mass fraction of AN in DEC. 
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       The Chapter V deals an extensive study of Hept4NI in o-Toluidine, o-Xylene and 

2-Nitrotoluene leads to the conclusion that, the salt more associated in 2-Nitrotoluene 

than the other two studied solvents. It can also be seen that in the conductometric 

studies in o-Toluidine and o-Xylene the Hept4NI remains as triple-ions and ion-pairs 

and the extent of triple-ion formation is higher in o-Xylene than o-Toluidine. But in 2-

Nitrotoluene the Hept4NI remains as only ion-pairs. The experimental values obtained 

from the volumentric and viscometric studies suggest that in solution there is more ion-

solvent interaction than the ion-ion interaction and the extent of ion-solvent interaction 

of Hept4NI is highest in 2-Nitrotoluene. 

 

        In Chapter VI, we have focused on the characteristic interfaces of some model 

biological systems [D(-)fructose and D(+)galactose], with an IL. The studied 

physicochemical properties provide us complete explanation for the interfaces of IL 

with carbohydrates. From the analysis of thermodynamic data, it is revealed that the 

association process for [bmp]Cl is  higher in case of D(-)fructose than in D(+)galactose 

solution. This process is endothermic and entropy controlled at all the studied 

temperatures. Density and viscosity studies interpret limiting apparent  molar  volume,
 

0
V   

and viscosity B-coefficient  which describes that ion-solvent interaction is increased 

with increasing the conc. of D(-)fructose and D(+)galactose and decreased with 

increasing temperature. NMR study analysis reveals that no specific and stronger 

interactions occur between IL and carbohydrates. However the study confirms that 

interaction of IL with carbohydrates is higher in D(-)fructose than that of D(+)galactose. 

The study provides a profound insight into the potential toxicity of ILs in mixed systems 

of IL and biomolecules. 

 

         The Chapter VII shows The extensive conductometric study of [BMP][Br] in FA, 

DMA, and DMF leads the conclusion that the electrolyte more associated in FA than in 

the other two solvents. The reliable value of volumetric, viscometric and 

interferometric studies also intends to map the physicochemical behaviour in solution 

and suggests that in solution there is more ion–solvent interaction than ion–ion 
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interaction. The molar refraction values also support the above fact that the highest ion-

solvent interaction is seen in case of FA solvent. In all the solvents the electrolyte forms 

ion-dipole interactions as evident from the FT- IR studies. 

 

       The Chapter VIII helps us to conclude that the ionic solid form host-guest ICs 

with both α and β-CD both in solution and solid state. With the help of 1H NMR study it 

may be substantiated that inclusion occurs in the apolar cavity of both CD molecules, 

even as surface tension and conductivity data suggest 1:1 stoichiometry. Volumetric, 

viscometric and refractometric measurements are also in excellent concord with 

another study and furthermore suggested the interactions between ionic solid and CD. 

The solid state of ICs have been characterised by FT-IR, confirming their creations also 

in solid state. In this study the inclusion phenomenon of ionic solid has been originated 

extra ensnared in case of β-CD than α-CD. The binding constants, evaluated using a non-

linear programme by the conductivity method also supports the trend of IC formation. 

As a consequence, the exclusivity of our present research work is diverse appliances in 

the field of bio-chemistry such as drug delivery tools, recycling extraction agents and 

nano-sensors and so on. 

 

       In Chapter IX the extensive study of surface tension and conductance 

measurements concludes the hydrophobic interfaces of DDAPS in the apolar cavity of 

the oligosaccharides such as α and β-cyclodextrins favours the inclusion complex 

formation. The results point out that the oligosaccharides such as α and β-CD and the 

selected IL are finally form stable inclusion complexes (ICs) with a 1:1 stoichiometry. 

They both are promoting to each other due to the soluble nature by the formation of 

ICs, where α and β-CD molecules adopting a symmetrical conformation, and each 

glucose unit of α and β-CD being in a similar environment. The inclusion complex 

formation is more all-embracing in case of β-CD than in α-CD. Hence, the generous 

culmination discussed and explained in this exertion exigent the exclusivity of the work 

and pertinent to the design for sundry applications. 
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      In Chapter X commencing the prevalent study of the IL, [bmpy]PF6 in different 

solvent systems it leads to conclude that the IL is more associated in DO than in THF 

and ACN. The results originated from the conductometric study evidently demonstrate 

that the IL in DO and THF mostly remains as triple-ions rather than ion-pairs, but in 

ACN the IL remains as ion-pairs. The investigational assessments achieved form the 

volumetric and viscometric studies at different temperatures also afford the similar 

concurrence as derived from the study of transport property. Further, due to the 

diverse permittivity of the inspected solvents the extent of ion-solvent interaction of 

[bmpy]PF6 is amplified in this order:  DO>THF>ACN 

More extensive studies of the different thermophysical, thermodynamic and 

transport properties of the electrolytes will be of sufficient help in understanding the 

nature of the ion-solvent interactions and the role of solvents in different chemical 

processes. The study of the viscous behavior of pharmaceuticals, foodstuffs, cosmetics 

and industrial products etc. is essential for confirming that their viscosity is appropriate 

for the contemplated used of the products. 

The proper understanding of the ion-ion and ion-solvent interactions may form 

the basis of explaining quantitatively the influence of the solvents and ions in solution 

and thus pave the way for real understanding of different phenomena associated with 

solution chemistry. However, it is necessary to remember that molecular interactions 

are very complex in nature. There are strong forces existing in the molecule and it is not 

really possible to separate them all. Nevertheless, if careful judgement is used, valid 

conclusions can be drawn in many cases relating to degree of structure and order of the 

system.  

The broad studies of the different physicochemical, thermodynamic, transport 

and spectral properties of the ionic solids and ionic liquids in different solvents will be 

of sufficient in understanding the nature of the ion-solvent interactions and the role of 

solvents in different chemical processes. Here in this research work I have also tried to 

explore the formation of host-guest inclusion complexes of ionic solids and ionic liquids 

with several host molecules such as α and β cyclodextrins. This host-guest 

complexation has been confirmed by conductance, surface tension, FTIR and NMR 
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spectroscopy. These studies are very much important in pharmaceutical industries, 

food industries, paint industries, cosmetic and hygiene industries and in also enhance 

the speed of diagnostic test reaction. 

So, it may be concluded that our research work has adequate significance in the 

different branches of sciences and demands a far reaching effect for the augmentation 

of the advance research. 

 In the near future we endeavor to widen our research work with ionic solids 

and ionic liquids which I hope will certainly compliment our present findings. In recent 

years, with the advent of new synthetic technologies such as catalytic 

symmetric/asymmetric synthesis, phase transfer catalysis, and catalysis, the diversity 

of molecular interactions that can be studied, has increased to the highest degree.  

I hope this thesis provides substantial launching point for the readers to begin 

their own investigation into the chemical nature of remarkable ionic solids and ionic 

liquids. With gradual discovery of newer ionic liquids and solids, the possibility for 

development of synthetic methods and research in academic, industry and biological 

field grows up as well. I anticipate this thesis contributes plenty of knowledge in 

different sectors. 

 


