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CHAPTER-II · 

INTRODUCTION OF REVIEW OF THE EARLIER WORKS 

2.1 THE IMPORTANCE OF SOLUTION·CHEMISTRY 

One of the interesting facts of solution chemistry is that the exact 

structure of the- solvent molecule in a solution is not known with certainty. 

The introduction of an ion or solute modifies the solvent structure to an extent · 

whereas the solute molecules are also modified.· The interactions between 

. solute and solute, solute and solvent, and solvent and solvent molecules and 

the resulting ion-solvation become predominant. The assessment of ion pairing 

in these systems is important because of its effect on the ionic conductivity and 

hence the mobility of the ions in solution. This explains the spurt in research in 

solution chemistry to elucidate the exact nature of these interactions through 

experimental studies involving conductometry, viscometry, densitometry, 

spectroscopy, ultrasonic interferometry and other suitable methods and to 

)..__ interpret the experimental data collected. 1
-
7 

I .. 

t. 

The behaviour of electrolytes in solution depends mainly on ion-ion and 

ion-solvent interaction~. The former interaction, in general, is stronger than 

the latter. Ion-ion interaction in dilute electr~lyte solutions is now theoretically 

well understood, but the ion-solvent interaction or ion-solvation still remains 

a complex process. 

In the last few decades, considerable emphasis has been placed on 

research in the behaviour of electrolytes in non-aqueous and mixed solvents to · 

investigate the ion-ion (solute-solute) and ion-solvent interactions under varied 
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conditions. Different sequences of solubility, differences in solvating power 

and possibilities of chemical or electrochemical reactions unfamiliar in aqueous 

chemistry have opened new vistas for physiCal chemists and interest in these 

organic solvents transcends traditional boundaries of inorganic, organic, 

physical, analytical and electrochemistry·. 8 

In ion-solvation studies, broadly three types of approaches . have been 

made to estimate the' extent of solvation. The first ·.is the solvational approach · · · · 

involving the studies of viscosity, conduct~nce, ~tc., of electrolytes· and the 

derivation of various factors associated with ionic solvation,9 the second is the 

thermodynamic approach by measuring the fre~ energies, enthalpies and 

entropies of solvation of ions from which fa9!ors associated with solvation can 

be elucidated, Io and thi.. third is to use spectroscopic measurements where the 

spectral solvent shifts or the chemical shifts determine their qualitative and 

quantitative nature. II 

We shall particularly dwell upon the •different aspects of transport and· 

thermodynamic properties as the present dissertation is intimately related to 

the studies of viscosities, conductances, ultrasonic velocities and.spectroscopic 

properties of some important electrolytes in 2-methoxyethanol (ME), and 1,2-

.. 

j- , dimethoxyethane (DME), and- in the binary mixtures of ME with. N

methylacetamide (NMA) and N,N-dimethylacetamide (DMA). 

2.2 THERMODYNAMICS OF ION-PAIR FORMATION 

The standard Gibbs energy changes for the iqn associati6n process, AG0
, 

can be calculated from the equation 

(1) 
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The values of the standard enthalpy change, Mf0
, and the standard 

entropy change, ~8°, can be evaluated from the temperature dependence of ~G0 

values as follows , 

(2) 

· 2 ~L\G
0 

M=-T 
. dT p 

(3) 

The ~Go values can be fitted with the help of a polynomial of the type. 

and the. coefficients of the fits can be compiled together with the cr% 
values of the fits. 

The standard values at 298.15K arethen: 

(5) 

(6) 

~H 298 .15 = C0 + 298.15c 1 (7) 

The main factors which govern the standard entropy of ion association 

of electrolytes are : (i) the size and shape of the ion·s, (ii) charge density on the 

ions, iii) electrostriction of the solvent molecules. around the ions, and iv} 

penetration of the solvent molecules inside the space of the ions, and the 

influenc·e ofthese factors are discussed .later. 
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The non-Coulombic part of the Gibbs energy, L\G*, can also be 

calculated using the following equation, 12 

(8) 

R 
KA = (4nNA/ 1000) J r2 exp ~qlr- W±"/kT J dr (9) 

a 

where the symbols have their usual significance. The q"tlantity 2q/r is 

the Coulombic part of the interionic mean force potential and W0 
± is its non

Coulombic part. 

The procedure for the evaluation ofthe-non-Coulombic part of the 

entropy and enthalpy (and L\S * and m* respectively) is the same as that used 

for obtaining .L\S * and m*. 
* . . . 

The .L\G values at different temperatures can :be fitted to the polynomial . 

L1G* = c*o + c1* (298.15- T) + c; (298.15- T)2 (10) 

and the coefficients of the fits along with the s% values can be 

determined. 

- . 
The values of AG?, .L\S0 and L\H0 at 298.15K are then easily obtained 

from the following equations. 

(11) 

* * ..1S29R/5 = c I (12) 

* - * * .11!298.15 -co +298.15ci (13) 
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2.3 VISCOSITY 

Although viscosity is not a thermodynamic property, together with the · 

partial molal volume V 2, it gives much information regarding the ion-solvent 

interactions, structures of electrolytic solutions and solvation.' Jones and Dole13 

suggested· the first quantitative · empirical relation correlating the relative 

viscosities ( llr) of the electrolytes and their molar concentrations (c): .... 

(14). 

The equation reduces to 

(15) 

where A and B are constants specific to ion-ion and ion-solvent . 

interactions respectively. The equation is equally applicable to aqueous· and . 

non-aqueous systems where there is no ion-association. The term A cy,, arose · 

from the long range coulombic forces between the· ions. The significance· of 

the term has since been· realized due to the development of Debye-Huckel 

theory14
(a) of interionic attractions, Falkenhagen's :theo~etical calculations of 

'A' using the equilibriu~ theory14
(b),(c) a,nd the theory of irreversible processes 

in electrolytes developed by Onsagar and Fuoss. 14
(d) 

The 'A' coefficient depends on the ion-ion interactions and can be 

calculated using the Falkenhagen-Vemon equation14
.(c) 

0.2577 A0 I. j.A.+o_A_o12J 
L_-0.6863rn (16) Atheo = 

where A0
, A.+0 and A._0 are the limiting conductances of the electolyte, 

cation and anion respectively, at temperature T, E is the dielectric constant and 
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llo is the viscosity of the solvent. For most solutions this equation is valid up to 

0.1MP·16 

2.3.1 Division ofB-Coefficients into Ionic Values 

In order to identify the separat6 contributions of cations and anions to 

the total solute-solvent interactions, the B-coefficients as determined by Jones

Dole's equation has to be resolved irito ionic components. For this Cox. ·and 

Wolfenden, 17 Gurney, 18 Sacco et al, 19 
• Tuan and Fuoss,20 and several authors 

used different approximations and assumptions for different systems. For 

example, Sacco et a/19 proposed the widely used 'reference electrolyte' 

method. Thus, for Ph4PBPh4 in water, we have, 

(17) 

Bph
4 

PBPh 
4 

is obtained from, 

(sillce Pl4PBPI4 is scarcely soluble in water). Thesevalues are in good 

agreement with those obtained by other methods. 

However, according to Krumgalz21 it is impossible to select any two 

ions·for which L0 
= L0 in all solvents and at proper temperatures. Also~ even if 

the mobilities· of some ions are equal at infinite dilution, they· are not . 

necessarily equal at moderate concentrations. Further, equality of· ionic 

dimensions does not necessarily imply equality of B-coefficients of these ions, . 

as they are likely to be solvent and ion-structure dependent. 

Krumgalz proposed a method22 based· on the fact that the . large 

tetraalkylammonium ions are not solvated in organic solvents. So, the ionic B

values for .large RtW ions (where R ~ Bu) in organic soly{mts are proportional 
.. 

to their ionic dimensions. 
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(19) 

Where, a = B/ and b is a constant independent of temperature and 

solvent nature. Extrapolation of the plot of BR ,NiR > Pr or Bu) against 

r1R4 W to zero cation dimension gives B/ directly in the proper solvent from 

which other ionic B-values can be calculated. 

Ionic B-values can also be calculated from the following equations : 

(20) 

· and 

B. +fB + 3 13 .· 
R N R+ N = r R N +;r R+N+ 
4 4 4 4 

(21) 

The radii of the tetraalkylaminonium ions have been calculated from the 

accurate conductance data. 23 

On similar reasonmg, Gill and Sharma24 used Bu4NBPh4 as the 

reference electrolyte and proposed the equations 

Bph4F 
3 

~3 r Ph4 F 
= = 

BBu
4

N+ r3Bu4 N+ ' 

.. (22) 

and 

BBu
4

NBPh = BBu
4 

N+ + Bph B-
i:f (23) 

because the ionic radii of Bu4W (5.00 A) and ofPh4B- (535 A) have been . 

found to remain constant in different non-aqueous and mixed non-aqueous 

t . solvents. Lawrence and-·"Sacco25
'
26 used Bu4NBBu4 ·and Ph4PBPh4 as reference 

electrolytes because these cations and anions are· symmetrically shaped and · · 
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have almost equal van der Waals volumes. Their results and the conclusions of 

Thomson et aP7 agreed well with the reported values. 

It is obvious that most of these methods are based on certain 

approximations and anomalous results may arise unless proper mathematical 

theories are developed to calculate B-values. 

2.3.2 Thermodynamics of Viscous Flow 
'·' 

Feakins et at28 suggested the following expression 

·vo Vo 1 - 2 
B + 

1000 ' 

V/ 

1000 
(24) 

where. V 1° and V 2 ° are the partial molal volumes of the solvent and solute · 

respectively, ~J..L 1 o# is the five energy of activation. for viscous flow per mole 
. . 

of t]J.e solvent arid Dm2 o# is the contribution per niole of solute to the· free . 

energy ofactivation for the viscous flow of the solution. 

2.3.3 Effects of Shape and Size 

Stokes and Mills 15 regarded the ions in : solution as rigid spheres 

suspended in a continuum and proposed an equation· for relative viscosity as 

11/110 = 1 + 2.50 .(25) 

where 0 is the volume of the fraction occupied by the particles. 

However, considering the different aspects .?f the problem, spherical shapes · · . 

have been assumed for electrolytes having hydrated ions of large effective size 

(particularly polyvalent monatomic ~ation). Thus, combining the · above 

equation with Jones-Dole equation (14), we have 

(26). 



\ ' 

/ 

t 

Introduction of Review of the Earlier Works 

Neglecting Ac112 in comparison with Be, and substituting 0 = cVi, where Vi 

is the partial molal volume of the solute, we get 

2.5Vi=B (27) 

Assuming that the ions behave like rigid sphere~ with effective ra~lii Rr , 

movmg in a continuum, B± can be equated to 

B± = 2.5 v ± = 2.5 X 4/3 1!- (Rr3 Nil 000) (28) 

Rr calculated using (28) should be close to crystallographic radii or corrected, 

Stokes' radii if the ions are scarceiy solvated and behave as spheriCal entities. · · - : :. 

But Rr values of the ions, which are higher thari the crystallographic radii · 

indicate solvation. 

The number (n) of solvent molecules bourid to the ion in the primary 

solvation shell can be calculated by comparing the Jones-Dole equation with 

that ofEinstein.29 

(29) 

· ... _,' > ~·.·.: 

Where Vi is the bare ion molar volume and Vs the molar volume of the solvent. - · - -

The- above equation has been used by a number of workers30~33 to study the 

nature of solvation. 

2.4 CONDUCTANCE 

Conductance measurement is one of the most accurate and widely used 

physical methods for investigating the electrolyti~ solutions.8
•
34

•
35 Together 

with transference number determination, it provides an excellent method for- -

obtaining si~gle ion V.alues. In conjunctio~ with viscosity measurements:, 

conductance data give much information regarding ion-ion and ion-solvent 

interaction. 
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Onsagar36 was the first to successfully apply Debye-Huckel theory of 

interionic. associations. Subsequently, Pitts,37 and Fuoss and Onsagar38
•
39 

independently worked to account for both long and short range interactions. As 

Pitts' values different considerably from Fuoss and Onsagar's values, Fuoss . . . . 

and Hsia 40 modified _the original Fuoss-Onsagar equation. The modified 

Fuoss-Onsagar equatim{is of the form35 

'. 

where G(Ka) is a complicated function of t~e variable. The Simplified · • 
form 

(31) 

is generally employed in the analysis of experimental results. Fuoss and 

Accascina38 made further. correction of equation (3 i) taking into consideration 

the change in the viscosity of the solutions and assumed the validity of 

Walden's rule. The new equation is 

In most cases, however, J2 is inade zero, but this leads to ; a systematic · · 

deviation of the experimental data from the theoretical equations. 

2.4.1 Ion-Association. 

The plot A versus c112 (limiting Onsagar equation) is used to determine 
o ·o th the dissociation or as~ociation of electrolytes. If A (expt) > A (theo)• e 

electrolyte may be regarded as completely dissociated but if A0
(expt) < A0 

(theo), 

the electrolytes may be regarded as associated. The difference between A0
(expt) 

and A0
(theo)• would be considerable with increasing: associatio~.41 

. :_ ·, 
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For strongly associated electrolytes, association constants KA . and A 0 

were determined using the Fuoss-Kraus equation42 or Shedlovsky's equation,43 

T(z) 1 KA cy± 3A 
+ 

T(z) 
(33) 

A 

Where T(z) = F(z) (Fuoss-Kraus) and IIT(z) = S(z) (Shedlovsky) 

F(z) = 1- z (1-z((1-z(1- ...... )"~~, )"~~,}~~, (34) ·. _. __ , __ 

-~ 
\ 

and . i . 3 
S(z) = 1 + z + z 12 + z I 8 + .... : .. (35} .. 

The plot of T(z) I A against cy±2 A I T(z) should be a straight line _

having an intercept of l!A0 and a slope ofKA I (A0
)
2

. When KA is large, there 

will be considerable uncertainty in the value!r of A 0 and KA determined from ; _ · 

the equation (33). 

The Fuoss-Hsia _conductance equation for associated electrolytes ts 

gtven as 

A = A0
- S(ac)y, + E(ac) 1n(ac) + J1(ac)- J2(ac)Y2

--:- KA Ay±2(ac) (36) 

This eqlJation was modified by Justice.44 

2.4.2 Ion-Size Parameter and Ionic Association 

In 1978, Fuoss put forward a new conductance equation,45 iephicing the 

one he had formulated three years earlier. He classjfied the _ions of electrolytic · 

solutions into three categories : (i) those which find an ~on of opposite·cbarge 

in the first shell of the nearest neighbours (contact pairs) with ru = a; (ii) those 

with overlapping Gurney co-spheres (solvent separated pairs); and (iii) those 

which find no other unpaired ion in a surrounding sphere of radius R, -where 

t · R is the diameter of the co-sphere (unpaired ions). Thermal motion and forces 

establish a steady state, represented by the equilibria 

·-.· .. ··.'.· 
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A+ + B- EO: .... (A+ .......... B) 

Solvent-separated 
Pair 

<"""A+ B- ~AB 
~ 

Contact Neutral 
pair molecule 

(37) 

From this equation Fuoss derived an expression for the association. 

constant or conductometric pairing constant. 

(38) 

Where, KR describes the formation and separation of solvent-sep(lfat~d 

pairs by diffusion, in and out of the spheres of diameter R around the cations 

(calculated using the continuum theory), Ks is a con~tant d~scribing the specific· 

short range ion-solvent and ion-ion interactions by which contact pairs fonrt 

and dissociate. 

The details of t.he calculations are presented in the 1978 paper.· The 

shortcomings of the previous papers have been rectified in the present set of 

equations that are more general than. the previous ones and can be. used jn · 

higher concentration regions (0.1 niri aqueous solutions). 

For a given set of conductivity. values (cj, Aj, , J = 1, ...... , n) three· 

adjustable parameters, the limiting molar conductivity (A 0 ), association · 

constant (KA), and the co-sphere diameter (R), are :derived from the foilowing 

set of equations : 

A= p[A0 {1 + RxJ + EJ] . (39) 

p=l-a(l-'}j (40) 

r=I-KAcrl (41) 

-lnf= {3k/2(1 + kR) (42) 

{3 = i /Dk8 T (43) 

KA = KR I (1 - a) = KR( 1 + KJ (44) 

. :· '. : 

.. 
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Where Rx is the relaxation field effect, EL is the electrophoretic · · 

countercurrent , k-1 is the radius of the ion atmosphere,. D is the dielectric 

constant of the solvent, e is the electron charge, k8 is the Boltzmann constant, y 

is the fraction of solute present as unpaired ion, c is the molarity of the 

solution, f is the activity coefficient, T is the temperature in absolute scale, 

and b is twice the Bjerrum distance. The computations can be performed on_ a: .. 
computer using the progratnme suggested by Fuoss. · 

· 2.4.3 Limiting Ionic Equivalent Conductances 

The limiting equivalent conductance (A 0 ) can be divided into ionic· 
. . . 

components using the experimentally determined transport number of ions ( 4) 

as follows 

(45) 

However, accurate transference number deteiminations are limited to · 

011ly a few solvents. Hence, various attempts·wete made to develop indirect· 

methods to obtain the limiting ionic equivalent conductance, in imiic solvents · 

for which experimental transference numbers are not yet available .. These 

methods have. been well described by Walden,46 Fuoss,47 and Gi11.48
· 

Krumgalz, 49 suggested a new method based • on the fact, ·confirmed by·.·· • : 

NMR studies that the large teraalkyl(arul) onium ions are not solvated in 

organic solvents, in the .kinetic sense, due toa the extremely weak electrostatic · 

interactions between the solvent molecules and the large ions with low surface 

charge density. 

From the consideration of the motion of a solvated ion in an· electrostatiC.· 

field as a whole, it is possible to calculate the radius of the moving particle by 

the Stokes equation 

(46) 
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Where A is a coefficient varying from 6 (in the case of perfect sticking) 

to 4 (in the case of perf~ct slipping). Since the r5 values, the real dimensions of 

the non-solvated tetraalkyl (aryl) onium ions, must be constant, we have 

(47) 

This relation has been tested using the ~± 0 values determined with . 

precise transference numbers. The product becomes constant and indepe~dent. -. _::, .:· 
"!·'· 

of the chemical nature of the organic solvents for the I-Am4B-, PlitAs+ and . ; '. "" 

PlitB- ions and for tetraalkylammonium cations· starting from Et4W. The 

relation can • also be well utilized to . determine "A± 0 
_ values of ions in other 

organic solvents from the determined A 0 values. 

We have used Bu4NBPh4 as the 'reference _electrolyte', but instead of 

equal division, we divided the A 0 values using_ a method similar to that . -· -· · 

proposed by Krumgalz21 for division ofB-values. 

A0 (Bu4W) 

"A0 (Ph4B) 

r(PlitB) 5.35 
= 1.07 

The r values have been taken from the works ,of Gill et al. 48 

. (48) 

. . . . . 

The values calculated by this method see~ to be correct in different 

organic and mixed organic solvents~ However, in aqueous binary mixtures, the 

solvation pattern may ~be different and the validity of this equation may be· 

questioned. 

Recently, Gill eta/50 proposed the following equation 

A0 (Bu4W) 

"A 0 (Ph4B-) 
= 

5.35- (0.0103E 0 +ry) 

5.00- (0.0103 E0 + 'ry) 

and the ratio is close to 1.07 as used by us. 

(49) 

,.:-·'• 

-. 
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2.4.4 Solvation Number 

An ion has an electric field or force around it which fades out into a 

negligible value after a short distance (~lOA). In other words there is an 

effective volume within which its· influence oper~tes. The solvent molecules 

within this volume may be said to be ipteracting With the ion, resulting in the . · 

solvation of the ion. These interactions result· in the orientation of the solvent . 

molecules towards the ion. The number of solvent molecules that are involved· 

in the solvation of the ion is called solvation number. If the solvent is water, . 

this js called.hydration nu~ber.51 . · .. · ... · .···.: 

Depending upon the distance from the 10n, we· can ClassifY two. 

solvation regions : pri!Pary and secondary solvation regions. Here we are 

concerned with the primary solvation region. "The primary solvation number is··· 

defined as the number of solvent molecules which surrender their own 

translational freedom and remain with a the ion, tightly bound, as it moves .. o. : • I • • 

around, or the number of solvent molecules which are aligned in the force field 

of the ion. 

If the limiting conductance of the· ion I of. charge . Zi is known, the 

effective radius of the solvated ion can be determined from Stokes' law. The • 

volume of the solvation shell is given by the equation. 

(50) 

Where rc is the crystallographic radius of the ion. The solvation number 

ns would then be obtained from 

.(51) 
·, 

Assuming Stokes' relation to hold good, the: ionic solvated volume can · 

be obtained, because of the packing effects, 52 from 

V/= 4.35 rj . (52). 
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Where V8° is expressed in mol/mole and r8 in ang~troms. However, this 

method is not applicable to ions of medium size though a number of empirical 53 

and theoretical corrections54
'
55 have been suggested in order to apply it to most 

of the ions. 

2.4.5 Stokes' Law and Walden's Rule 

The limiting conductance Aj0 of a spherical ion of radius Ri moving iri a 
. . 

solvent of dielectric continuum can be written, . according to . Stokes' 

hydrodynamics,. as 

(53) . 

'. 

• .1 . . 

. ·~ 

If the radius Ri is assumed to be the s~e in every organic salven~, as · · .. : 

would be the case of bulky orgimic ions, we get ·,. 

(54) 

This is known as the Walden rule. 56 the effective radii obtained using: · 

this equation can be used to estimate the solvation numbers._However, Stokes' 
. . 

radii failed to give the effective size of the solvated ions for small ions. 

2.4.6 Recent Conductivity Equations 

From 1992 to 1995, Blum, Turq and co-workers57~59 have developeda 
. . 

mean spherical approximation (MSA) version of conductivity equations .. Their 

theory starts from the same continuity and hydrodynamics equations used in 

the more classical treatments; however, an important difference consists in.he 

use of the MSA expressions for the equilibrium and structural properties of the · 

electrolyte solutions. Although the differences in the derivation of the classical 

and MSA conductivity· theories seem relatively small, it has been .claimed . that . 

the performance of the MSA equation is good over a much wider concentration · 
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range than that covered by the classical equations. However, no thorough study . 

of the performance of the new equations at the· level of the experimental 
. . . 

uncertainty of conductivity measurement is yet available in the literature, with · 

a the exception of a very recent study by Bianchi et al. 60
(aJ They compared the · 

results obtained using the old and new equations. in order to evaluate their 

capacity to describe the conductivity of different electrolyte solution. Their· 

investigation too is limited to only three aqueous salt solutions and the pictl!re • . ' ' 
.. · . .:·· .. 

is consistent showing a better performance for the classica1 equations as far ~s · · · · ·. •. · 

the system electrolytes are concerned. 

In 2000, A Charidra and B. Bagchi60
(b) have -evolved a new microscopic" 

approach to ionic conductance and viscosity based on mode coupling theory .. ··· 

Their study gives microscopic expressions qf conductance and · visc.osity . irt . · . 

terms of static and dynamic structure factors o.f the charge and · numbe~ .. ·. 

densities of the electrolyte solution. They claim that their new equation is · · ... 

applicable at low as well as at high concentrations and it describes the cr6ss: •· ·. · · 

over from low -to high concentration smoothly. Debye, Ruckel, Ohsagar and 

Falkenhagen expressions can be derived from this self-consistent theory at the 

limiting, very low ion concentration. For conductance the agreement seems to .· 

be satisfactory up to 1 ~ concentration. 

2.5 APPARENT AND PARTIAL MOLAR VOLUMES . 

Fundamental properties such as enthalpy,_ ·entropy and Gibbs energy· 

represent the macroscopic state of the system as an average of numerous 

microscopic state~ at a given tempera~ure and pressure. An interpretation of 

these pr:operties in terms of molecular phenomena is generally difficult. . 

Sometimes, higher derivatives of these properties can be. interpreted more.·, 

effectively in terms of molecular phenomena is generally difficult. Sometimes, 

·,. · .... 
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higher derivatives of these properties· can be interpreted more effectively in 

temis of molecular interactions. For example, the partil:i.l molar vohime,. the 

pressure derivative of partial molal Gibbs energy~ is a useful parameter for . 

interpreting solute-solvent interactions. Various concepts regarding molecular 

processes in solutions such as, electrostriction, 61 hydrophobic hydration, 62 

micellization63 and cosphere overlap during solute-·solute inter~ctions 18•64 have 

to a large extent been derived and interpreted from.the partial molar volume · 

data of many compounds. 

The apparent molar volumes, ~v. of the solutes can be calculated using 

the following equation 

~v = M/ Po - 1 OOO(p - Po)/cpo (55) 

where M is the molecular weight of the solute, Po and r are the densities·.· 

of the solvent and solution respectively and c is the molarity of the solution. 

The partial molar volume, V 2 can be obtained from· the equation 

1000- ~v 
(56) . 

Masson65 found that ~v varies with the· square root of the inolar 

concentration by the linear equation 

(57) 

where ~v 0 is the apparent molar volume at infmite dilution (equal to the 
. . 

partj(ll molar vohime at infinite dilution) and Sv0
. is the experimental slope. 

Redlich and Meyer66 have shown that an equation of the form of (57) cannot be 

any more than a limiting law where for a given solvent and temperature, the 
. . . 

slope Sv 0 should depend only upon the valence type. They suggested the 

equation 

•' .. ·. 

. '·· ' .. ~ . ./ 
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Most of the existing ionic limiting partial: molar volumes in ·organic 
. . ' 

solvents were obtained by the application of methods developed for aqueous 

solutions. For sometime, the method of Conway et az7° 

Most of the existing ionic limiting partial. molar volumes ·in organic 

solvents were obtained by the application of methods developed for aqueous 

solutions. For· sometime, the method of Conway. et az7° was widely used, . 
They plotted the Iimitirig partial molar vol~e, V~ NX for a sefies of Iiomolo.gous .. · 

.. e •4 .··. · . 

tetraalkylammonium chiorides, bromides and iodides with a halide ion in 

common, as a function of the formula weight of the cation, MR w, and obtained. 
. . ··• . ' 

straight-line graphs for each series. Their results were claimed to fit the 

equation. 

(63) 

and the extrapolation to zero cationic formula weight gave.the limiting partiaL ... 

molar v~lumes of the halide ions, V0 
x-· Uosaki et az71 and later Knimgalz72 

· · 

applled the saine method to non-aqueous electrolyte solutions in a wide 

temperature range. In qur laboratory too we have used this method for the 

division of partial molar volumes into the . ionic components in 2-

methodyethanol. 73 

2.6 ULTRASONIC VELOCITY 

In the last two decades there have been a number of studies on the 

ultrasonic velocities and isenctropic compressibiliti~s of liquids,· s~lutions c,md 

liquid mixtures 74 because these data provide useful information about 

molecular interactions, association and dissociation. Various parameters· like 

molar isentropic and isothermal compressibilities, apparent molal 

·, 

compressibility, isentropic compressibility, deviation m isentropic· 

compressibility from ideality, etc. can very well be evaluated and studied from · 

,· ... 

,·· .. ·· 

. . ~ : . ; . . 
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(58) 

where Sv=Kw312
, is the theoretical slope based on molar concentration, . 

including the valence factor where 

(59) 

and 
. . 

K = N 2 e3(8p / 1000 e 3 RT)l12 (81n e/8Ph- ~/3 (60) 

In equation (60); ~ is the compressibility of the solvent and· the other 

te11J1S have their usual significance. · ... ,·· .. · 

The Redlich-Meyer's extrapolation equation66 adequately represents tpe · · · 

concentration dependence of many 1 : 1 and 2: 1 electrolytes in dilute soh.itio~s; ·.' ·.• ' :: '' ' .. 

however, studies67 on some 2:1, 3:1 and 4:1 eleCtrolytes show deviations froin 

this equation. Thus, for poly-valent electrolytes, ~he more complete Owen- : .· · · 

Brinkley equation 68 can be used to aid in the extrapolation to. infinite -dilution 

and to adequately represent the concentration ·dependency of ~v· The Owen

Brinkley equation68 which includes the ion-size parameter, a (~m), is given by· 

where the symbols have their usual significance. However; this equation . · .. 

is not widely used for non-aqueous solutions. 

Recently, the Pitzer formalisil1 has been used by Pogue and Atkinson69 
· .· 

to fit the apparent molal volume data. The Pitzer equation for the apparent · .. 
. . . . 

molar volume of a single salt MvM Xvx is 

~v=~v0+V I ZMZx I A/2bln(l+b.YI)+2vMvxRT[mBvMx~m2(vMvx)112CvMx] (62) 

where the symbols have their usual significauce. 

Ionic Limiting J?,artial Molar Volumes 



.k:. 

Introduction of Review of the Earlier Works Q). 

the measurement of ultrasonic speeds in solutions. Isentropic compressibllities · 

play a vital role in charaCterization of binary liquid mixtures. 

2.6.1 Apparent Molal Isentropic Compressibility 

The apparent molal isentropic compressibility, the second <;lerivative of 
.• . . . . 

the Gibbs energy, is also a sensitive indicator ofm~iecularinteractions and c~n 
provide useful information about these, particularly in cases where partial" 

molal volume data alone fail to provide an unequivocal interpretation of the . 

interactions.75
-
78 The isentropic compressibility (K5} values are calcul~te~ using 

the Laplace- equation 

(64)• 

.. 

. . . . . . ~ 

where 'u' is the . sourid velocity in solution and p is the solution density. :. 

The apparent molal isentropic compressibility ( KtJ>) of the liquid solution is 

calc:ulated using the relation. 

Ktj> = [(1000/mpp0 ) ( K5Po- Ks 0 P)] + K5 Mlpo (65) : 

where m is .· the molality of he solution; K5 ° and . K5 are the· 

compressibility coefficients of the solvent and &olutiort respectively.·. 

Plotting of KtJ> against the square-root of th~ molal concentration: of the . 

·._, : 

. . . . . 

solutes and extrapolation to zero molal concentration gives the limiting · · .. 

apparent molal isentropic compressibility ( KtJ> 0 ) according to the equation. 75
•
78 

(66). 

where sk .·is the experimental slope. 

The limiting molal isentropic compressibility ( KtJ> 0 ) arid the experimental' 

slope (Sk) can be interpreted in terms . of solute~solvent and solute-solute. 

interactions, respectively. It is well established that the solutes causing 

electrostriction lead to a decrease in the compressibility of the soiution.79
•
80 

.·· ... 
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This is reflected by the negative values ~ 0 of electrolyte solutions. 

Hydrophobic solutes often show negative compressibilities due to the 

ordering induced by them in the water structure.6.3·79 The compressibility-of 

hydrogen ... bohded stru_cture, however, varies depending on the nature of H

bonds · involved.,79 the poor fit of the solute molecules81 as well as the . · 

possibilitiy of flexibJe H;..bond formation causing a more compressible· 

environment ( and hence a positive ~ 0 value) . in the aqueous ~edi~u~:. 

Positive·~ 0 values have been reported in aqueous non-electrolytes82
. and non~ . 

electrolyte-non-electrolyte solution. 

2.7 SOME RECENT TRENDS IN SOLVATION MODELS 

The last decade (199Q~2000) witnessed some interesting trends . in · 

development of some sol~ation models· and computer software. Based on a vast . . .· 

collection of experimental free energy of solvation data,. C.J.Cramer, 

D.G.Truhlar and co-workers from the University qf Minnesota,· USA, 

constructed a series of solvation models (SMI -SMS series) to predict and 

calculate the free energy of solvation of a chemical Gompound. 84
-
88 These 

models. are applicable tq virtually any substance composed of H, C, N, 0, F, . . ... 
. . 

. ~ P, S.· Cl, Br and/or I. The only input data required are molecular formula, 

geometry, refractive index, surface tension, Abraham's a· (acidity parameter) 

and b . (basicity parameter) values, and, in the latest models, the dielectric . 
. . . . 

. constants. Many of these parameters for a number of compounds are· available 

in the internet at http://comp.chem.umn.edUJsolvation.89 

The advantage of models like SMS series is that they can be used to 

predict the free energy ·of self-solvation to better than 1 Kcal/mol. They can 

also be used to predict the vapour pressure at 298.15K with useful accuracy. 

They are especially useful when other methods are .not available. One can also .· 

analyse factors like, electrostatics, dispersion; hydrogen bonding, etc., using · 
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these tools. They are also relatively inexpensive and available in easy to use · · 

computer codes. 

A Galindo et al, 90
•
91 have developed Statistical Associating Fluid Theory 

. . 

for Variable Range (SAFT"'"VR) to model the thermodynamics and phase 

equilibria of electrolyte jiqueous solutions. The water molecules are modeled as 

hard spheres with four short range attractive sites to account for the hydrogen- · 

bond interactions. The electrolyte is modeled as two ·hard spheres of different. . . . . 

diameter to describe the anion arid cation. The: Debye~Huckel and mean· 
spherical approximations are used to describe the interactions. 

.· ·'.·.' 

Good agreement with experimental data is found for a number· of 

aqueous electrolyte solutions. The relative permitivity takes values very close 

to unity, especially in the. case in which the mean spherical approximation is . 

used, indicating a good description of the solvet?-t E.Bosch et al/2 of the 

University of Barcelona, Spain, have compared several Preferential ·Solvation 

Models especially for _.describing the polarity of dipolar hydrogen bond. 

acceptor-cosolvent mixtures. 

2.8 Viscous Antagonism and ·synergy . 

Tetrahydrofuran(fHF) is a ~ood industrial solvent. It· figures 

prominently in the high energy battery industry and has found its application in . 

organic syntheses as manifested from the physico-chemical studies in this 

medium. 93
•
94 

. . 

Alcohols are very widely used in industry, including the manufecture of . · 
. . . 

pharmaceuticals and cosmatic products, in enology and as an energy source. 

Rheology is the branch of science that studies material deformation and 

flow, and is increasingly applied to ·analyse the viscous behavior of many 

pharmaceutical products,95
-
104 and to establish :their stability and· even 
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bioavailability since it has been firmly established that viscosity influences 

drug absorption rate in the body. 105
-
106 

The present investigation quantifies the viscous antagonism established 

m two ternary mixture studied here at different· temperatures. Since these 

systems exhibit volume· contraction, an analysis has also been made of the 

.density of the mixtures at various temperatures. 

The study of the viScous behavior of pharmaceuticals, foodstuffs) • 

cosmetics or industrial products, etc., is essential for confirming tbat their. 

viscosity is appropriate for the contemplated use of. the products .. 

·Viscous antagonism is defined as the :interaction betweens the· 
. . . . . ~ . . . . . . . 

components of a system causing the net viscosity of the latter to be less than 

the · sui:n of the viscosities of each component considered separately. In 

contraposition to viscous antagonism, viscous synergy . is the term used irt 

application to the inter~ction between the components of a system that causes 

the total viscosity of the latter to be greater than the sum of the viscosities of 

each component considered separately. 

In tui:n, if the total viscosity of the system :is equal to the sum of the . · · 

viscosities of each component considered separately the system is said to lack . 

interaction. 107
-
108 

The method most widely used to analyse the antagonic and synergic 

behaviour of various solvent-mixtures is that developed by Kaletune-Gencor 

and Peleg109 allowing quantification of antagonic interactions taking place in 

mixtures involving vari~ble proportions of the constituent components. The 

method compares the viscosity of the system, determined experimentally, llexp; 

with the viscosity expected in the absence of interaction llmix· defined as : 

(121) 

. .. · 

.. ·._: :··· 

. ., · ... 
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where XA, Xa are the fraction by weight of the system A and B, and 11A 

and TJa are the viscosities measur~d experimentally, of the systems A and B 

respectively. Accordingly, when Tlexp < Tlmix ; the system is considered to 

exhibit viscous synergy .. 

This procedure is used when Newtonian fluids are involved, since in 

Non-Newtonian systems shear rate must be taken into account, ·and other· 

antagonism indices defined in consequence:110 
. In order to sec~re mor~ ' . 

comparable viscous antagonism results, the so-called · antonic index (h}, 

introduced by Howell, 111 is also taken into account : . 

(i22) 
. . . . .. 

The method used to analyse volume contraction· and dilatation is 

similar to that applied to viscosity, i.e., density of the mixture is deterinined· 

experimentally, Pexp and· a calculation is made of its theoretical value, Pmix• in. 

the supposition that volume contraction exists,' based on the followit:lg 

expressiOn : 

(123) 

where XA, Xa are the fraction by weight of the system A and B and.pA 

and Pa are the · densities, measured experimentally of the systems A and B 

respectively. Accordingly~ when Pexp > Pmix , volume 

REFEENCES 

1. Y. Marcus, Introduction to Liquid State Chemistry, Wiley-Interscience, 

New York, 1997. 

2. G.A.Krestov, Thermodynamics · of Solvation, . Ellis Horwood,· 

Chichester, 1991. 

~ . . . . 

' . . ' 
· .. · .. 



/ 

Introduction of Review of the Earlier Works 

3. J. Padova, in Water and Aqueous Solution~, Ed. R.A.Home, Wiley

Interscience, New York, 1972, chapter 4. 

4. R. Femandez-Prini, H. Corti and M. Japas, High Temperatures Aqueous 

Solutions : Thermodynamic Properties, C.R.C. Press, Boca Raton, 

Florida, 1992 . 

. 5. V.N. Afanasyev and I.E.Korolev, Thermodynamics of Electrolyte· . . :. 

Solutions, Institute of Non-Aqueous Solution Chemistry,. Ivarovo,- ·.:.·.·::.·::·. 
- . . :· 

·Russia, 1992. 

6. J.Barthel, H-J. Gores, G. Schmeer and R. Water, in Non-aqueous · · 

Electrolyte Solutions in Chemistry and Modern Technology, TopiCs in . · . · 

Current Chemistry, Vol.3, Springer Verlag, Berlin~Heidelberg, New 

York, 1983. 

7. 0. Popovych and R.P.T. Tomkins, Non-aqueous Solution Chemistry, 

Wiley-Interscience, New York, 1981. 
·, 

8. Physical Chemistry of Organic Solvent Systems, Eds. A. K. Covington· 

and T. Dickinson, Plenum Press, New York, 1973, Chapter I. 
. 

9. (a). J.D.Pandey and A. Yasmin, Proc. Ind. Acad. Sci., 1997, 109, 289 .. 

(b) J. D. Pandey, Y~ Akhtar and A. K. Sharma, Ind: J. Cheni., 1998, 

37A, 1094. 

10. (a) J. I. Kim, J. Phys. Chem., 1978, 82, 191. 

(b) N. Saba and B. Das, J. Chem. Eng. Data~, .1997, 42, 117, 

11. (a) D. E. Irish, in Ref. 8, Chapter 4. 

(b) W.Kemp, Organic Spectroscopy, 3rd (ELBS) ed., Macmillan Press, 

Hampshire, U.K., 1993. 

12. J. Barthel, H. J. Gores and L. Kraml, J. Phys .. Chem., 1996, 100, 1283, 

13. G.Jones and M.Dole, J. Amerc. Chem. Soc., 1929, 51, 2950. 



i 

Introquction of Review of the Earlier Works 

14. (a) P. Debye and E·. Ruckel, Z. Phys., 1923, ~4, 185. 

-+ (b) H. Falkenhagen and M. Dole, Z. Phys., 1929, 30, 611. 

(c) H. Falkenhagen, Z. Phys., 1931, 32, 745. 

--~-

(d) L. Onsagar and R. M. Fuoss, J. Phys. Chern., ·1932, 36, 2689. 

(e) H. Falkenhagen and E.L.Vemon, Phil. Mag., 1932, 14, 537. 

15. R. H. Stokes and R. Mills, Viscosities of Electrolytes and Related . · .. 

Properties, Pergamon Press Ltd., 1965. . :· .. 

16. H. Donald, B. Jenkins andY. Marcus, Chern: Rev., 1995, 95,2695. 

17. W.M.Cox and J:H.Wolfenden, fJroc. Roy, Soc. , London, 1934, 145A, 
··' 

475. 

18. R.W.Gumey, Ionic processes in Solution, McGraw Hill, New York; 

1954. 

19. A. Sacco, A.D.Giglio and A. Dell' Atti,. J. Chern. Soc., Faraday 

Trans., 1, 1981, 77, 2693. 

20. D.F.Tuan and R.M.Fuoss, J. Phys. Chern., 1963, 67, 1343. 

21. . B.S.Krungalz, J. Chern. Soc., Faraday Trans., L 1980, 76, 1275. 
' 

22. B.S.Krumgalz, Russ. J. Phys. Chern., 1972, 46, 858, 1973, 47, 528 

23. B.S.Krumgalz, Russ, J. Phys. Chern., 1971,. 45, 1448. 
. . 

24. D.S.Gill and A.N.Sharma, J. Chern. Soc., Faraday Trans., L 1982, 78; 

475. 

25. K.GLawrence and a. Sacco, J. Chern. Soc., Faraday Trans., L .1983, 

79, 615. 

26. A. Sacco, M.D.Monica, A.D.Giglio and K.G.Lawrence, J. Chern. Soc., 

Faraday Trans., I, -1983, 79, 2631. 



J 

\. 

Introduction of Review of the Earlier Works G> 
27. P.T.Thomson, B. Fischer and R. H. Wood, J ~oln. Chern., II, 1982, 1. 

28. D. Feakins, D.J.Freemantle and K.G.Lawrerice, J. Chern~ Soc., Faraday 

Trans., 1, 1974, 70, 795. 

29. D. Feakins and K. G. Lawrence, J Chern. Soc., 1966, A,, 212. 

30. R;T.M. Bicknell, K.G.Lawrence, M.A.SCelay, D. Feakins and· ·L. ·~.-· ~ 

Werblan; J. Chern. Soc., Faraday Trans., 1, 1976, 72,. 307. 

31. D. Feakins, W.E.Waghome andK.G.J;.-awrence, J. Chern. Soc., Faraday. 

Trans., 1, 1986, 82, 563 . 

32. D. Nandi and D.K.Hazra, J Chern. Soc., Faraday Trans.; 1, 1989, 85, 

4227,. 

33. B. Das and D.K.HCJ.zra, Bull. Chern. Soc., Jpn, 1992, 65, 3470,. 

34. A.P.Abbott and C.A. Eardley, J. Phys. Chern. B., 2000, 104, 9351. 

35. R.Femandez-Prini, in Ref. 8, Chapter 5. 

36. L. Orisagar, z. Phys., 1927, 28, 277. 

· 37. E .. Pitts, Proc. Roy. Soc., 1953, 217A, 43. 

38. R. M. Fuoss an,(F. Accascina, Electrolytic Conductance, Inter-science, 

New York, 1959. 

39. · R.M.Fuoss and L. Onsagar, J. Phys. Chern., 1957, 61, 663. · · 
: :, . 

40. R.M.Fuoss and KL.Hsia, Proc. Nat!. Acad. Sci., ·1967, 59, 1550,; · 

J.Am. Chern. Soc., 1968, 90, 3055. · 

4l.D.E.Arrington and E. Grinswold, J. Phys. Chern., 1970, 74,123. 

42. R.M.Fuoss and C.A.Kraus, J. Am. Chern. Soc., 1933,. 55, 476. 

43. T. Shedlovsky,. J Franklin. Instt., 1938, 225, 739 .. 
. . 

44. J. C. Justice, R. ~ury and C. Treiner, J. Chim. Phys., 1968, 65, 1707. · : 

.· ' ~ 



). 

. -~ \ .. 

Introduction of Review of the Earlier Works 

45. R.M.FtJoss, J. Phys. Chern." 49, 525, 1975, 82, 2427, 1978, Proe. Natl. 

Acad. Sci., USA, 1978, 75, 16. 

46. P. Walden, H. Ulich and G. Busch, Z. Phys. Chern., 1926, 123, 429. 

47. A. D' Aprano ~d R.M.Fuoss, J. Soln. Chern,, 1975, 4, 175 .. -·- ·-.-

48. · D.S.Gill and M.B. Sekhir, J. Chern. Soc:, Faraday Trans., I, 1982; 78, 
• • . 'I ._ . . . . . : . ~ 

119. 

49. B.S.Krumgalz, J Chern. Soc., ·Faraday Trans., L -1983, 79,-571; 1985,: . · · 

81, 241. 
. . 

. 50. D.S.Gill, N. Kumari and M.S.Chauhan, J. Chern. Soc., Faraday Trans.~· . . . . . 

I, 1985, 81, 687 .. . . '. · . 

51. J. O'M. ·Bockds· and A.K.N. Reddy, Modern Electrochemistry, Voi.I, ·. 

Plenum Press, New York, 1971 .. 

52. R~H. Stokes and R.A.Robinson, Trans. Faraday Soc.,_ 1957, 53, 301. .· · 

53.R.T.M.Bicknell, K.G.Lawrertce and D. Feakins, · J. Chern. Soc.,. · 

Faraday Trans., I, 1980, 76, 637. 

54. R. Zwanzig, J.Chem. Phys., 1963, 38; 1603, 1605. 

55. E.J.Passeron, J. Phys. Chern., 1964, 68,2728. 

56. P. Walden, Z. Phys. Chern., 1906, 55; 207;:1912, 78, 257 .. 

57. 0. Bernard, W.Kunz, P. Turq. and L. Blurrt, J. Phys. Chern., 1992~ 96, >_ · ... 

3833. . .1 

58. P.Tarq, L. Blum, 0. Berriard and W. Kunz, J. Phys. Chern., 1995; 99, 

822. 

59. S. Durand-Vidal, P. Turq and D. Bernard, J. Phys. Chern., 1996, 100_, 

17345. 

·, 

<•• ·, •• : • 

.·.' 

. . . . . ' 
·, ·,_ 

. , .. -···-:.·. 

· .. _·, .. 

. . 

,,;' _ _. .. ·-_ 

'.··· .. 
·. · .. _, .. 



I 

-~ 
\ , 

. . }-

. r 

Introduction of Review of the Earlier Works 

60. (a) H. L. Bianchi, I. Dujovne and R. Femandez-Prini, J soln. Chern., · 

2000, 29, 237. 

(b) A. Chandra·and B. Bagchi, J Phys. Chern. B:, 2000, 104, 9067. 

61. H. S. Hamed and B.B.Owen, The Physical Chemistry of Electrolyte 

Solutions, Reinhold, New York, 1958, Chapter 8. 

62. C. Tanford, lfydrophobic Effect : Formation of Miscellers and. : , 
. . ~ :. . ; : . ·' 

Biological Membranes, 

. 1980. 

2nd edn., Wi~ey - Interscience, New York,.' 
... : .. , 

_:,.· 

. ;.._:_·_.·· ... .,. 

63 .. E. Vikingstad, Aggregation Process in Solutions, Eds. E." Wyri-Jop.e~ •• · .. 

and J. Gormally, Elsevier, Amsterdam, 1983~ pp. 100-117. 

64. J. E. Desnoyers, M. Arel, G. Perron and C. Jolicoeur, J Phys. Chern., 

1969, 73, 3347. 

. 65. D.O.Masson, Phil. Mag., 1929; 8, 218. 

66. 0. Redlich and D. M. Meyer, Chern. Rev., 1964·, 64,221. 

67. L.A.Dunn, Trans. Faraday Soc., 1968, 64; 295 r. 

·. . . 
·. '. 

68: B.B.Owen and S.R.Brinkley, Jr., Ann. N Y.Acad. Sci., 1949, 51, 753 .. · 

69. R~Poglie and G. Atkinson,J Chern. EYJg. Data, 1988, 33, 370 . 

·-.:· 
~.:. ~ ::. : 

. ... · ........ . 

. . ~ . 

-·· •' 

. '. ~·· 

70. B.E.Conway, R,E. Verral and J.E.Desnoyers, Trans. Faraday Soc., .. 

1966, 62, 2738 . 

. 71. K. Uosaki, Y. Kondo andN. Tokura, Bull. Chem:Soc., Jpn., 1972,45, 

871. 

72; B.S.Krumgalz, J Chern. Soc., Faraday Trans., 1, 1980, 76, 1887. 

73. B. Das and D.K.Hazra, J Chem.Eng. Data, -1991; 36,403 . 

74. G. Douheret and M. I. Davis, Chern. Soc. Rev., 1993, 22, 43. 

.· .· .' 

.... · ..... 

. ·,; 

. ; _:· .',·_ . 
.. ,.• 

: .. ':.· .. 



I 

---+ . 

.J .. 
. \ 

Introduction of Review of the Earlier Works 

75. N. Rohman and S. Mohiuddin, J. Chern. Soc. Faraday Trans., 1997, 

93, 2053. 

76. M.V.Kaulgud and K. S. Mohan Rao, Ind. J. Chern.,. -1988, 27 A, 12. 
,. 

77; A. Kumar, J. Am. Chern. Soc., 1993, 115,9243. 

78. M. Iqbal and R.E. Verral, Can. J. Chern., 1989, 67, 727. 

79. B.E.Conway and R.E. Verral, J. Phys. Chern:, 1966, 70, 3952. 

80. K. Gddm and H. Noguchi, J. Phys. Chern., 1979, 83; 2706. 

81. L.G.Hepler, Can. J Chern., 1969, 47, 4613,. 

82. M.V.Kaulgud and K.J.Patil, J. Phys. Chern., .. 1976, 80, 138: 

83. K.J.Patil, G.R.Mehta and R.K.Chandewar, Ind. [. Chern., 1986; 25A,- -

1147. 

. · .. 
. .. 

84. C.J.Cramer and D._G.Truhlar, J. Am. Chern. Soc., 19~1, .Jl3, 8_30~.- - .. , · 

85. D.J.Giesen, J.W.Storer, C.J.Cramer and D.G.Truhlar, J. Am.- Chem . . 
Soc., 1995, 117,·1057. 

86. C.J.Cramer and. D.G.Truhlar, J Org. Chern., 1996, 61, 8720, Erratilm: · 

1999, 101, 309 .. .· 
. ' . -. . 

87. G.D.Hawkins, C.J.Cramer and D.G.Truhla~, J Phys. Chern. B, 1998, · · 

102, 3257. 

88. G.D.Hawkins, C.J.Cramer and D.G.Truhlar, J Phys. Chern. B, 1998, · 

102,3257. 

· 89. P. Winget, G. P. Hawkins, C. J. Cramer and D. G. Truhlar, 1 Phys . 
. I'. 

Chern. B, 2000, 104,4726. 

90. A.Gil-Villegas, A. Galindo, P.J.Whitehead;· S.J.Mills, G. ·Jackson and· · 
. . 

A. N. Burgess, J.' Chern.Phys., 1997, 106, 4168. 

.· •_, 

· .. ·. 

. . ·-·.· ·., 

~ . . . 
.·.:. •, 

·.< 



I . 

.•. _J . 
\_' 

Introduction of Review of the Earlier Works 

91. A. Galindo, L.A.Davies, A.Gil-Villegas and G.Jackson, Mol. Phys., 

1998, 93, 241. 

92. M. Roses, C. Rafols, J. Ortega and E. Bosch, J. Chem.Soc., Perkin 

Trans. 1995, 2, 1607. 

93. C.G. Janz, R.P.T Tomkins. Non-aqueous ele~trolytes Handbook, 

Academic Press, New York, 1973, vol.2. 

94. R. Jasinki; High Energy Batteries, Plenum Press,· NewYork;· 1967. . 
. . . ' . : . '· .· 

95. · J. Ferguson, Z. Kemblonski, Applied Fluid Rheology, Elsevier Science·. 

Publishers Ltd., University Press, Cambridge, 1991. 

96. H A Barnes, J.F. Hutton, Walters , K., An Introduction to Rheology,: · 

Elsevier Science Publishers, B. V., Amsterdam, 1993; 
. . . . 

·. 97. C.W. Macosko, Rheology, Prirzciples, Measuremimtsand Applications, 

· VCH Publishers Inc. New York; 1994. 

98. M.Garcia-Velarde ; Porlos Fluidos Y Sus Corrients, Revista Esp~ndi:t 

de Fisica, 1995; 9: 12-20. 

.. : 

.r_. 

.,-. 

~- .. ;: . 

.:-; 

.·-._-·. 

99. R Shukla, M Cheryan; Performance of Ultrafiltration membrances in.· 

Ethanol~· Water Solution: Effect of Membrane Conditioning, Journal- · · · · · 

of Membrane Science, 2002, 198 : 104-11 0_. · · .· ., · · ·· .· . 
. . ·:-.,·. 

100. J M Resa, C Gonzalez, J Lani : Enthalpies of Mixing ., ·heat and_:_ ·. · : · 

viscosities of alcohol, Journal of Food Engineering,. 26'02 ; 199 : 237-: •. . . : .·. 

247. 

101. M: J Assael, ~· K Dalaouti, I Metaka : On the Correlation. of 

Transport Properties of Liquid Mixture. Fluid Phase Equilibria, 2002 ; · 

199 : 237-247. 
. . 

102. A. Das, Teenologia Farmaceutica, Ed. Actibia S.A., Zaragoza, 1979. ··. 

.. 

. : . 
-_.···. 

~--. 

: ; __ ,' 

':. ·-

. ;__ .... 

; .· .. 
-.--.,:;. 



·.·-~·· 

Introduction of Review of the Earlier Works 

103. R. Voight, Tratado de tecnologia Farmaceutical, Ed., Acribia S.A., 

Zaragoza, 1982. 

104. C. K Zeberg-Mikkelsen, S ··'E Quinones-Cisneras, E. H Stenby; 

Viscosity, Modeling of Associating Fluids Based on the Friction .· 

Theory : Pure Alcohols, Fluid Phase Equilibria, 2002; · 194-197 : ·. 

1191~1203. 

105. C Fauli-Trillo, Tratado de Farmacia Galenica Ed. S.A. Lujan Madrid, · 

1993. 
. . 

" .:: .. · ... ·.: 

106. J Swarbrik, J C Boyland: . Encyclopaedia . of Pharmaceutical.· .. · ·: ~· 
. · .. 

Technology: Marcel Dekker Inc., New York, 1993. · ··-

107. J Pellicer : Sinergia Viscosa, Fundam~ntos. de Reologia. Los .~aterials -·. 

viscoelasticos. Applicaciones a las industries Alimentarias . of 

Quimico- Pharmaceuticals, . Universidad . International. Menendoz 

Pelayo, Valoncia (Spain), October, 1997. · ·· ·. 

108. G Copetti, R Lapasin; E.R. Morries · et al : Proceed4Ig of the 4th · · · 
•. . 

European Rheology Conference, Seville (Spain), 1994, 215;.217. 

-109. G · Kalentune :Geneer, M Peleg , Rheological Characteristl.cs ·of · 

Selected Food Gum Mixtures in Solution , Journal of Texture Studies~ •.. ·· 

1986: 17; 61-70. 

110. D D Christianson: Hydrocolloid Interaction with Starches In: Food· 

Carbohydrates · D. R. Linebak and G.E. Inglett, (ed. · S) AvL Pub. 

Wesport. Conn. 1982: 399-419. 

111. N K Howell, Proceedings of the 71
h International Conference, Wales.· 

. . 
. ,• 

1993. G.O. Phillips, P A Williams, D J Wedlock, Oxford UniversitY · 

Press, New York, 1994: 77-89. 

• • I. 

,.· 




