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CHAPTER XII 

Concluding Remarks 

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

viscous synergy and antagonism of some liquid mixtures along with the 

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

systems. 

The study of synergy and isentropic compressibility in the aqueous 

mixtures of 1,4-dioxane (DO) and tetrahydrofuran (THF) with some 

monoalkanols lead to the conclusion that lower monoalkanols have greater 

affinity for 1,4-dioxane (DO) or tertahydrofuran (THF) and a,mong the 

isomers, the monoalkanols with hydroxyl group positioned at the second 

carbon atom accept more 1,4-dioxane (DO) and tetrahydrofuran (THF) than 

those with the terminal hydroxyl group. 

Also, monoalkanols containing up to three carbon atoms mix with water in 

any proportion and the higher monoalkanols mix with water in limited 

proportion. The monoalkanols with the hydroxyl group positioned at the 

second carbon atom accept more water than those wi,th the terminal 

hydroxyl group and their 11max, 1
11

, and E, values are, therefore, considerably 

higher. 

The behavior of resorcinol in different mass% of aqueous 1,4-dioxane 

mixtures and pure 1,4-dioxane was observed at different temperatures. The 

study indicates the presence of strong solute~solvent interactions that 

strengthens further with a rise in temperature and weakens with an increase 

in the amount of 1,4-dioxane in the mixed solvents. However, the mixtures 

are characterized by the presence of weak solute-solute interactior;ts that 

decreases with a rise in temperature and increased amount of 1,4-dioxane. 

Further; resorcinol acts as a structure breaker in these solvent media. The 

compressibilities obtained from the data supplemented with the ultrasonic 

speeds indicate electrostriction of the solvent molecules around resorcinol 

molecules. 

The conductance study of some ammonium and tetrarukylammori.ium 

halides in aqueous binary mixtures of 1,4-dioxane (DO) at 298.15 reveals 
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that all the electrolytes mentioned above are highly associated in these 

media. Also for an electrolyte, the association constant ( K A) increases. with. 

an increase in the amount of 1,4-dioxane (DO) in the solvent mixtures due· to 

preferential salvation and thus leading to a decrease in Walden product. It 

is, however, interesting to note that electrolytes with smaller cation/anion 

are more solvated than those with smaller cation/ anion and this is in 

accordance with the electrostatic theory of the simple dependence upon ionic 

sizes. 

The volumetric and viscometric study of liquid mixtures

tetrahydrofuran + methanol, tetrahydrofuran + benzene, n-hexane + 

benzene, i-propanol + n-hexane, i-propanol + benzene, t~trahydrofuran + 

methanol + benzene, i-propanol + benzene + n-hexane at 303.15, 313.15 

and 323.15 K reveals that the mixtures are characterized by the presence of 

viscous antagonism and volume contraction due to molecular dissociation 

and electrostriction. Also a decrease in the antagonic interaction index (!A) 

with a rise in temperature implies a gradual increase in molecular package. 

The studies of excess properties of the binary mixtures of 1,3-

dioxolane with a series of monoalcohols lead to some interesting 

conclusions. For. example, MeOH having the highest polarity achieve~ the 

most favorable intermolecular H-bonded interactions with the cyclic diether 

molecules. Moreover, its simple structure and smaller size leads to 

interstitial accommodation with 1,3-dioxolane molecules more easily 

. compared to the higher monoalcohols with greater structural complexity. 

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

molybdate in aqueous binary mixtures of 1,4-dioxane at different 

temperatures. The study reveals the presence of strong ion-solvent and weak 

ion-ion interactions. Also, the ion-solvent interactions are further 

strengthened at higher temperature and increased amount of the cyclic 

diether, suggesting larger electrostriction and absence of 'caging/packing' 

effect. Sodium molybdate behaves as a structure breaker in lower mass% of 

1,4-dioxane but behaves as a structure maker at 30 mass% of the same. 

The study of the molecular interactions between butylamine and N, N

dimethyformamide (DMF) with some alkyl acetates indicated that the specific 

interaction between the unlike molecules is predominated by hydrogen 
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bonding and the degree of specific intermolecull;lT interactions decreases as 

the chai:r;1 length of the alkyl group increases. 

The excess properties of the binary mixtures of 1,3-dioxolane and 1,4-

dioxane with butyl acetate, butyric acid, butylamine and 2-butanone studied 

at 298.15 K reveals that the cyclic diethers behave differently towards the 

other mixing component. This may be due to their structural difference (One 

methylene group short in 1,3-dioxolane) and dipolar and quadrupolar order 

subject to the difference in the position of the -0- groups in their respective 

structures. 

The selection of 1,4-dioxane as one of the primary solvents stems out 

from the fact that it is a non-hydrogen bonded cyclic diether, miscible with 

water in all propqrtion and has a boiling point (101.30C) close to that of 

water. Moreover, its dipole moment is close to zero (0.45D) and has a 

dielectric constant of 2.209. Thus the aqueous 1,4-dioxane mixtures enabled 

us to study the effects of wide variation of dielectric constants and solvent 

characteristics on the salvation, dissociation, specific solute-solvent 

interactions and other structural effects associated with solution chemistry. 

1,4-dioxane has been found to differ from the alcohols in their behavior 

towards water. While alcohols are usually structure makers, 1,4-dioxane is a 

net structure breaker. 1,4-dioxane can be considered as a non-polar fluid in 

contrast with 1,3-dioxolane, considered as a polar fluid. Also 1,3-dioxolane 

has more structure making character than 1 ,4-dioxane. The reason is 

probably the lower quadrupolar order and smaller electron donor strength of 

1,3-dioxolane with respect to those of 1,4-dioxane. 

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 very 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. 
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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 arid 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. 
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