
CHAPTER XII 

Concluding Remarks 

The aim of the works embodied in this thesis was to investigate the 

physico-chemical properties of some solvent-solvent and solute-solvent 

systems. 

The excess I deviation properties of the binary mixtures of formamide 

with 2-metho:xyethanol, acetophenone, acetonitrile, 1 ,2-dimetho:xyethane 

and dimethylsulphoxide was studied at 298.15 K under atmospheric 

pressure in chapter N. The study reveals that formamide (a simplest 

amide) behaves differently towards the binary mixtures depending on the 

different functional groups aJ.J.d nature of the mixing components. The 

strength of specific interaction between the mixing components follows the 

order: formamide + 1 ,2-dimetho:xyethane > formamide + acetonitrile > 

formamide + 2-metho:xyethanol > formamide + dimethylsulphoxide > 

formamide + acetophenone. This trend may also be due to intermolecular 

hydrogen bonding and interstitial accommodation between the mixing 

components. 

The behaviour of some sulphates, viz., (NH4)zS04, Na2S04, K2S04, 

MgS04, ZnS04 and CdS04 in different mass o/o of aqueous formamide 

mixtures was observed at different temperatures in chapter IX. This study 

indicates the presence of strong ion-ion interactions and these strengthen 

further with a rise in temperature as well as with an increase in the 

amount of formamide in the mixed solvents suggesting the presence of 

'caging/packing effect'. Further, the sulphates under investigation were 

found to act as structure makers in these solvent media. 

1 ,2-dimetho:xyethane is a good altemative to diethyl ether and 

benzene is the simplest stable aromatic compound. The excess/deviation 

properties of the binary mixtures of 1,2-dimetho:xyethane with benzene 

and some benzene derivatives, viz., toluene, chlorobenzene, benzyl 

chloride, benzaldehyde, nitrobenzene, and aniline was studied at 298.15 

K. The study reveals that the behaviour of 1,2-dimetho:xyethane depends 

on the nature of different mixing components. The strength of specific 

interaction for the binaries follows the order: 1,2-dimetho:xyethane + 
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aniline > 1,2-dimethoxyethane + nitrobenzene > 1,2-dimethoxyethane + 

benzaldehyde > 1,2-dimethoxyethane + benzyl chloride > 1,2-

dimethoxyethane + chlorobenzene > 1,2-dimethoxyethane +benzene> 1,2-

dimethoxyethane + toluene. This trend indicates the dependence of 

specific interactions on the nature of the functional groups attached to the 

benzene rings for different benzene derivatives and 1 ,2-dimethoxyethane 

itself. 

The studies for the ternruy systems consisting of cyclohexane + 

cyclohexanone + methyl acetate, + ethyl acetate, + propyl acetate and the 

constituent binruy mixtures of cyclohexane or cyclohexanone + methyl 

acetate, +ethyl acetate, +propyl acetate and cyclohexane + cyclohexanone 

at 298. 15 K under atmospheric pressure in chapter VI revealed that the 

derived excess/deviation properties are quite systematic and functions of 

the composition of the binruy and ternruy mixtures. It was found that the 

binruy contribution term, X :m , plays a significant role in characterizing 

the ternruy mixtures; and the maximum and minimum values of the so

called ternruy COntributiOnS, x,;3- x:IN, revealed the non-homogeneity 

prevailing in the studied ternruy mixtures. 

The conductance study of some alkyl acetates in different aqueous 

binruy mixtures of glycerol at 298.15, 308.15 and 318.15 K reveals that all 

the electrolytes mentioned in chapter VII are weakly associated in these 

media. The association constant ( K A ) increases with an increase in the 

amount of glycerol in the solvent mixtures for all the electrolytes leading to 

increase in Walden product. The values of Stokes' radii ( rs) for alkali metal 

cations (Li+, Na+ and K+) and bromide ion (Br-) indicated that they are 

comparatively more solvated than Bu 4 N+ and BPh4- ions. Also, it was 

found that acetate ion ( Ac - ) remains as solvated in aqueous glycerol 

solutions via hydrogen bond interactions. It is, however, interesting to note 

that electrolytes with smaller ions are solvated strongly. 

We have studied the ion-solvent and ion-ion interactions of sodium 

molybdate and sodium tungstate in aqueous binruy mixtures of 

acetonitrile at different temperatures. The study reveals the presence of 
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ng ion-solvent and weak ion-ion interactions. The ion-solvent 

ractions are further strengthened at higher temperature and increased 

mnt of acetonitrile in the mixtures, suggesting larger electrostriction 

absence of 'caging/packing effect'. Sodium molybdate and sodium 

~state act as structure makers and their structure making capacities 

ease as the acetonitrile content in the mixed solvents increased. The 

gstate ion is found to be a stronger structure maker than molybdate 

in the studied aqueous solutions. 

Nicotinamide is a molecule containing two nitrogen atoms- one in 

heterocyclic ring and the other as the amide group. The behaviour of 

•tinamide in aqueous binary solutions of tetrabutylammonium bromide 

observed at different temperatures. This study indicates the presence 

~trong solute-solvent interactions and these interactions are further 

ngthened at higher temperatures and higher molarity of 

abutylammonium bromide in the ternary solutions. Nicotinamide also 

~ as a water-structure promoter due to hydrophobic hydration in the 

;ence of tetrabutylammonium bromide. This structure-promoting 

Jensity of nicotinamide may also be assigned to the presence of its -

IJ"Hz group. It is, however, interesting to note that tetrabutylammonium 

nide has dehydration effects on the hydrated nicotinamide. 

The behaviour of nicotinic acid (pyridine-3-carboxylic acid) and 

zoic acid in the binary mixtures of methanol with n-amyl (n-AmOH) 

iso-amyl alcohol (i-AmOH) was investigated at 298.15 K. The study 

~als the presence of strong solute-solvent interactions and these 

ractions are further strengthened at higher amount of the isomeric n

rl or iso-amyl alcohol in methanol binary mixtures. Also, the nicotinic 

I and benzoic acid are found to act as methanol-structure promoters 

to the preferential solvation of these solutes by n-AmOH 1 i-AmOH; 

the branched structure of i-AmOH renders it a more efficient solvent. 

; fact may also be due to the +I -effect of studied alcohols and the 

lrity of the alcoholic 0-H bonds. The solvation behaviour of nicotinic 

I and benzoic acid towards the mixed alcohols are more or less similar 

lature. 
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Most of the present day knowledge on non-aqueous solutions have 

come from studies on various thermodynamic properties, e.g., density, 

transport properties, e.g., viscosity, conductance as well as acoustic 

properties, e.g .. ultrasonic speed. It, however. is necessary to remember 

that molecular interactions are ve:ry complex in nature and quite difficult 

to explore and interpret. Numerous forces may operate between the 

molecules in a solvent mixture and it is really hard to separate and assign 

them all. Nevertheless, if careful experimental technique and methodology 

is used, valid conclusions may be drawn related to nature of structure and 

order of the systems in solution phase. 

To conclude it may be stated that extensive studies of the different 

physico-chemical, biological or pharmaceutical activity between different 

components of a given mixture will be of immense help in understanding 

the nature of the different interactions prevailing in mixed systems. The 

proper understanding of the ion-ion. ion-solvent and solvent-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. 
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