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CHAPTER-E 

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/deviation properties 

of the binary mixtures of acrylonitrile with cinnamaldehyde, p-anisaldehyde, Benzaldehyde was 

studied at 298.15, 308.15, and 318.15K under atmospheric pressure in chapter B.l. The study 

reveals that acrylonitrile behaves differently towards the binary mixtures depending on the 

different substitution and nature of the mixing components. The strength of specific interaction 

between the mixing components follows the order: acrylonitrile + Benzaldehyde> acrylonitrile + 

cinnamaldehyde >acrylonitrile+ p-anisaldehyde. 

Acrylonitrile Benzaldehyde 

Acrylonitrile Cinnamaldehyde 

Acrylonitrile p-anisaldehyde 
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The negative values of VE may be attributed to the dipole-induced dipole interactions 

between the component liquids of the mixtures resulting in formation of electron donor-acceptor 

complexes. It is clear that molar volume values of acrylonitrile and the other components differ 

considerably; hence, nonassociated acrylonitriles molecules are interstitially accommodated into 

the cluster of bulky aldehyde molecules yielding negative VE as well as ngative Ki values. This 

implies the negative VE an Ki values for all the three binary mixtures. 

The study in chapter B.2., express that the strength of interactions of the mixture is m 

the order: 

$ 
~ 

-~ 
Cyclohexylamine Butylamine 

.. 
~ ~ '"' . .. ... .. 

Cyclohexylamine tert-butylamine 

$ ~ . 

~ .. 
Cyclohexylamine Butanone 

~ -~ '• . 
'• . '• 

Cyclohexylamine 2-butoxyethanol 

$ ... * Cyclohexylamine n-Butylacetate 

* -~ 
Cyclohexanone Butylamine 
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* ~ ... 
Cyclohexanone tert-butylamine 

* ~ 
~ 

Cyclohexanone Butanone 

* " * Cvclohexanone Rutvlacetate 

* ~ 
Cyclohexanone 2-butoxyethanol 

cyclohexanone + butylamine > cyclohexanone + tert-butylamine > cyclohexanone + 2-butanone 

> cyclohexanone +butylacetate > cyclohexanone + 2-butoxyethanol. 

Amine systems are characterized by the presence of strong hydrogen bond interaction 

between the mixing liquids and the strength of interaction follows the order: primary amine> 

tertiary amine; also steric and other effects play a pivotal role in this regard. On the contrary, 2-

butanone systems are expressed by hydrogen bonding as well as dipole-dipole interaction 

resulting charge transfer t;omplex while, alkoxyethanols systems are characterized by the 

presence of weak hydrogen bond interaction or dispersive forces in the studied binary systems. 

The reason is probably the formation of intramolecular associates in these molecules by the 

interaction of the etheric oxygen and hydrogen of -OH group in the same alkoxyethanol 

molecule. 

After a thorough study of chapter B.3. the behavior of monoalkanols on 1,4-DO+ DMF 

we get a clear idea about the type and amount of molecular interactions between them and also 

given us an idea about antagonism. The similarity in the working formula of antagonic 
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interaction index and viscosity deviation would probably indicate that the two properties are 

similar but a close comparison between these two parameters have given the clear distinction. 

It may thus be concluded from the chapter C. I. that electrolytes such as tetraalkyl salts 

remain slightly associated in solvent mixtures and are very much solvated by DMSO than 

acetonitrile and that solvation of the ions is weakened as soon as the ion pair is formed. The 

cations are found to be substantially solvated in solvent mixtures whereas the anions appear to 

have weak interactions with the solvent molecules. The results further indicate that the 

Coulombic forces play a mftior role in the ion association processes. These electrolytes solutions, 

in general, show an increase in the association constant values with an increase in concentration 

of DMSO in the solvent mixtures. Further, the effect of concentration of DMSO on limiting 

equivalent conductances of alkali metal ions is more pronounced as compared to that of 

tetraalkylammonium ion in the present mixed solvent media. 

From the chapter C.2. the value of KP (ion pair constant) and KT (triple ion constant) 

shows that the mftior portion of the electrolytes exist as ion-pairs with only a negligible portion 

as triple ions. The observed difference in KP and KT values can be explained by molecular scale 

model 

M+ +A- B M+ .... A- B MA 

MA+A-BMAA

MA+M+BMAM+ [M=R4N and A= I] 

It also shows that for a particular solvent mixture i. e., for a particular value of dielectric 

constant of the solvent mixture, KP values are in the order: Pe14NI > He)4NI > Hep4NI and that 

of Kr values is: Pe14NI < Hex.NI < Hep4NI. This suggests that smaller R.N+ cations tend to 

remain more as ion-pairs than larger ones, which in their turn has greater capacity to form triple 

lOllS. 
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Chapter D.l.reveals the fact that ¢~ and viscosity B-coefficient values for TBAB 

indicate the presence of strong solute-solvent interactions, and these interactions are further 

strengthened at higher temperatures and higher concentrations of ascorbic acid in ternary 

solutions. This study also reveals that TBAB acts as a water-structure promoter due to 

hydrophobic hydration in the presence of ascorbic acid and ascorbic acid has a dehydration effect 

on the hydrated TBAB. 

The extensive study of the densities, viscosities of Oxalic Acid, Sodium Oxalate, 

Potassium Oxalate, Ammonium Oxalate in various mass fractions of the solvent mixture of I ,3-

dioxolane and water at different temperatures from the chapter D.2. reveals the characteristics 

and structural properties prevalent in the solutions. In summary, ¢~ and viscosity B-coefficient 

values for the different salts indicate the presence of strong ion-solvent interactions, and these 

interactions are further strengthened with a rise in temperature and with a decrease in the amount 

of I ,3-dioxolane in the mixtures. It also indicates that all studied mixtures act as structure 

breakers. 

From the results of transfer of volume, transfer of compressibility, number of hydrated 

molecules and the viscosity 'B' coefficient from the chapter D.3. it has been concluded that the 

partial molar quantities increases with the increase of concentration of catechol. The contribution 

of the zwitterions (NH3 +COO) group to the value of the partial molar volumes is larger in 

comparison to the (CH2 ) group and increases with the increasing concentration of catechol 

solution. The standard volume of transfer & transfer compressibility for the amino acids Glycine, 

L-alanine and L-valine increase with increasing concentration of catechol clearly rationalize the 

ion-hydrophilic interaction between the hydrophilic part of the said amino acid and the cosolute 

and predominant over hydrophobic interaction. But for L-leucine having the large alkyl part in 

the side chain hydrophobic interactions develop. The hydration numbers of the amino acids 

increases from Glycine to L-leucine also indicate more & more water molecules solvated due to 

increasing number of carbon atoms in the side chain by hydrophobic interaction. 
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From the experimental observations done by me , it is clear that many information 

regarding various types of interaction i.e. ion-solvent interactions in different liquid media have 

been obtained .These results are very important and useful in various industries such as modem 

battery, medicine as well as different types pharmaceutical cosmetics products. 
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i9 allowing the quantification of the 59 Allowing the quantification of tr 

antagonic and synergic interactions antagonic and synergic interactior 

taking place in mixtures involving taking place m mixtures involvir 

variable proportions of the constituent variable proportions of the constitue1 

components. components. 

iO InEq. 3 60 In Eq. 3 

3 3 

Pmix = L~Pi 
_, Lw _, 

Pma = iP; 
i=l i=l 

·g Mg•2 78 Mg2• 
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10 

0 

In Eqn. 48 

Ev;s = the experimental entropy of 

activation 

In Eqn. 49 

[
diDIV ] [dlnq,j ] R/ d(l+Bc) 

R I d(Yr) =r ) d(Yr) = ;(l+Bc) dU) 

1600 m·s-1. 

After Eqn. 88 : a; 

Eq.130: 

is( R,N') = z~ 
67ZNA'Io['i -(0.0103&0 +rY )] 

Mettler Toledo 

Digital Electronic Balance 

Balance Rotary Vacuum 

FlashEvaporator 

80 

80 

87 

88 

100 

130 
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In Eqn.48 

Ev;s =the experimental enthalpy of 

activation 

In Eqn. 49 

[
dlnqj ] [dlnq,j ] R/ d(l+B 

R / d(Yr) =R ) d(Yr) + /(l+Bc) d({ 

1600 m·s·1 

After Eqn. 88 : A i·l 

Eq.l30: 

~,(R,W)=zji 
6JrNA17o ['i -( 0.0103.s0 +I 

Rotary Vacuum Flash 

Evaporator 

MettlerToledo Digital Electronic 

Balance 



.44 Two lines: 144 

where Y" refers to an excess property 

for each i - j binary pair, and x; is the 

mole fraction of ith component, and 

A_,_, represents the coefficients. 

~46 Pure Acrylonitrile Solvent. 146 

p x10·3 /(kg·m-3) 1) !(mPa·s) 

Lit lit 

298.15 k 0.80022 0.34422 

308.15k 0.78932 0.30922 
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These two lines have been deleted. 

Pure Acrylonitrile Solvent 

(reference number shown in 

superscript) 

p x10-3 /(kg·rn-3) 

lit 

298.15 k 0.80022 

308.15k 0.78932 

1) l(mPa·s) 

lit 

0.34422 

0.30922 
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147- In the entire table 2: the d12 values are 147- As for Example: 

149 

152 

zero(O) for x1=0 and x1=1 

XI d!2 

0 0 

.2168 -.267 

0.3837 -.103 

0.5163 .142 

0.6241 -.160 

0.7135 -.194 

0.7889 -.060 

0.8532 -.253 

0.9088 -.239 

0.9573 -.094 

1 0 

In Fig.1 

VEx 103/m3 ·mol-1 

in the legend of the plot axis of 

ordinate 

l.s 
0 .., 
.§ 
(!,-I 
..... 
X 

.;.5 -'------------' 

149 

XI d!2 

.2168 ·-.267 

0.3837 -.103 

0.5163 .142 

0.6241 -.160 

0.7135 -.194 

0.7889 -.060 

0.8532 -.253 

0.9088 -.239 

0.9573 -.094 

152 In Fig.1 

VEx 106/m3 ·mol-1 

in the legend of the plot axis of ordinate 

-1.2 • 
-1.4 -'----------_J 
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166 Eq.21 166 Eq.21 

1J = exp[ ~(X; ln7J;)+d12u X;] 1J = exp[ t,(x}7J;)+2H12D X;] 

170 Table 1 170 Table 1 

the second word of (expt.) the second word of (lit.) 

The second word (lit.) The second word (expt.) 

171- In the entire table 2: 171- In the en tire table 2: 

174 Xt dt2 H12 T12 174 The zero(O) have been omitted from 

0 0 0 0 the d12. H12and T12 values for XJ=O and 

.1151 -3.0879 -.3530 -.4130 X1=1 

.2265 -.2.6022 -.1362 -.1731 As for Example: 

.3342 -.1.7931 -.0700 .0487 Xt dt2 H12 T12 

.4385 -.7765 -.2945 .2826 .1151 -3.0879 -.3530 -.4130 

.5394 .1700 .5205 .5112 .2265 -.2.6022 -.1362 -.1731 

.6373 .9654 .7281 .7153 .3342 -.1.7931 -.D700 .0487 

.7321 .1.6954 .9185 .8969 .4385 -.7765 -.2945 .2826 

.8241 2.5373 1.1141 1.0786 - .5394 .1700 .5205 .5112 

.9134 3.535 1.2812 1.2285 .6373 .9654 .7281 .7153 

1 0 0 0 .7321 .1.6954 .9185 .8969 

.8241 2.5373 1.1141 1.0786 

.9134 3.535 1.2812 1.2285 

182- In Table 7 the word Kg 182- In Table 7 the word will be kg 

184 As for Example 184 For Example 

The unit of ll.ZxlQ-3 is Kg.m·2 5-1 The unit of ll.Zx10-3 is kg.m-2 S-1 

193 InFig.9 Kg 193 In Fig.9 kg 
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195 

204 

211 

215-

221 

232 

In Fig.ll Kg 

(A)+ (B)+ MeOH < EtOH < 1-PrOH < 

2-PrOH < 1-BuOH < 1-BuOH 

<AmOH< i- AmOH 

In Table 1: Kg 

Table 3-5 the viscosity unit is P or 

Po(poise)? 

Fig. 8 

•IIE·If-~~r-r-r-r-r-r--.----1 

u u u u u u u u u u " 

195 

204 

211 

215-

221 

232 
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In Fig.ll kg 

A)+ (B)+ MeOH < EtOH < 1-PrOH < 2-

PrOH < 1-BuOH < 2-BuOH <AmOH< i-

AmOH 

In Table 1: kg 

Table 3-5 the viscosity unit is P 

Fig.8 XA is replaced by XA 
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249 

Fig 1 
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• ' i 
• 
~ ~ ~ 
~~ j: ~ 
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261 Table 4 for Kp and KT unit 

mol.dm·3 

281 In Table3 

Av/(cm3 · mol·1.S) Bv /(cm3 • moJ-2) 

287 In Table9 Kg 

287 Table9 

Skx1010/(m912. mo!·312. Pa-1) 

249 

261 

281 

287. 

287 
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In Fig.1 

The second line (cm2• Mol·1.Pas) in the 

axis legend has been omitted 

., 

~ . 
~ • 

~ : 

8 
ril 
' ' 
{ 

mass% ciDMSO 

Table 4 for Kp and KT unit 

dm3• moP 

In Table3 

Av/(cm 9i2.mol·312) and Bv/(cm6.moP) 

In Table 9 kg 

Table 9 

Sk *x1010/ m 912 . Kg112.moJ-312 Pa·1 



309 

335-

I 337 

350 

Table3 309 
.• 

Table3 

s~ x106 /(m 9/2·mol·312) 

In Table 2: Kg 335- In Table 2: kg 
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"It is clear that molar volume values 350 

of aery loni trile and the other 

components differ considerably; 

hehce, nonassociated acrylonitriles 

molecules are interstitially 

accommodated into the cluster of 

bulky aldehyde molecules yielding 

negative VEas well as ngative Ki 
values". 
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