
CHAPTER-VI 

Ion Association and Solvation Behavior of Some Alkali Metal 
Acetates in Aqueous 2-butanol Solutions at T = 298.15, 303.15 
and308.15 K 

6.1 Introduction 

The solvation behavior of ions in solutions can be well understood in 

terms of ion-solvent, ion-ion and solvent-solvent interactions. Ion solvation is 

one of the most important factors determining the rate and mechanism of 

various physico-chemical processes occurring in solutions with ionic species as 

intermediates. Also conductance study of electrolytes over a range of 

temperature in pure and mixed solvent media provides valuable information 

about their thermodynamic behavior. Usually a mixture is repeatedly tested by 

electrolytes with a common ion (anion or cation) to confirm the trend of changes 

and to reveal the influences of the co-ion on the quantities derived. In such a 

direction, aqueous binary mixtures of organic solvents with a varying range of 

composition are most frequently investigated solvent medial-5, Also a number of 

conductometric 6 and related studies of different electrolytes in non-aqueous 

solvents, specially mixed organic solvents, have been made for their optimal use 

in high energy batteries 7 and for understanding organic reaction mechanisms 8• 

Ionic association of electrolytes in solution depends upon the mode of solvation 

of its ions 9·17, which in its turn depends on the nature of the solvent or solvent 

mixtures. Such solvent properties as viscosity and the relative permittivity were 

taken into consideration as these properties help in determining the extent of ion 

association and the solvent-solvent interactions. 

2-Butanol- is a colorless flammable secondary alcohol with limited mutual 

solubility in water but completely miscible with polar organic solvent such as 

ethers and other alcohols. It is primarily used as a precursor to the industrial 

solvent, methyl ethyl ketone. Aqueous 2-butanol mixture is a poorly studied 

media due to limited mutual solubility of the constituent liquids and conductance 

study of alkali metal acetates in aqueous 2-butanol mixture is still rare, though 

the conductance studies on alkali metal halides in aqueous 2-butanol mixtures 
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have been described frequently in the literature 13·17. Therefore, in the present 

work an attempt has been undertaken to discuss the molar conductances (A) 

and association constants ( K A,c) of three alkali metal acetates viz., lithium 

acetate (LiAc), sodium acetate (NaAc) and potassium acetate (KAc) in aqueous 2-

butanol mixtures at 298.15, 303.15 and 308.15 K. The alkali metal acetates were 

selected, because unlike halides acetate anion is unsymmetrical in structure with 

both a hydrophilic and hydrophobic end and it may suffer extensive solvation via 

hydrogen bond interactions 18 in aqueous alcoholic media. Experimental results 

were treated by Fuoss conductance-concentation equation 19-20 to obtain limiting 

molar conductance (A0 ) and association constant (KA,c) which served further to 

calculate the Walden product (A0170 ) and other thermodynamic quantities of the 

ion-association reaction ( ilG0
, ilH 0 and ilS 0 

). The calculation was further 

extended to derive the activation energy of the ionic transport (ilH•) and 

described accordingly. 

6.2. Experimental Section 

6.2.1. Chemicals 

The alkali metal acetates selected for the present work, i.e., lithium acetate 

(LiAc), sodium acetate (NaAc) and potassium acetate (KAc) each of A. R. grade 

(purity > 99.5%) were procured from Merck, India and purified as described in 

the literature 21_ 2-butanol (A. R. grade, Merck, India, purity> 99.5%) was shaken 

well with anhydrous KzC03 and left over night, next it was distilled at 372 K 21_ 

The purity of the chemicals, checked by gas-liquid chromatography, were better 

than 99.8%. 

6.2.3. Apparatus and procedure 

Doubly distilled de-ionized water with a specific conductance of 1x 10·6 S cm·1 at 

298.15 K was used for preparing the mixed solvents by mass. Concentrated 

stock solutions of each electrolyte in the mixed solvents were prepared by mass. 
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For conductance runs the working solutions were obtained by mass dilution of 

the stock solutions and densities of the solutions were measured with a 

vibrating-tube density meter (Anton Paar, DMA 4500M), maintained at± 0.01 K 

of the desired temperatures and calibrated at the experimental temperatures 

with doubly distilled water and dry air. The uncertainty in density was estimated 

to be ± 0.0001 g cm-3 and that of the temperature was ± 0.01 K The density 

coefficient D (kg2 dm• moJ-1) was obtained assuming a linear change of solvent 

density 22 on its molality m following the relation p = p0 + Dm, where p, p0 are 

the densities of the solutions and solvent mixtures, respectively. The density 

coefficient was assumed to be temperature invariant but dependent on the 

nature of the electrolyte and its values were (0.0642, 0.1325, 0.0875) in the 

solvent mixture with an alcohol mass fraction w2 =0.70, (0.3429, 0.1789, 0.3621) 

in the solvent mixture with w2 =0.80and (0.3356, 0.3576, 0.6496) in the solvent 

mixture with w2 =0.90, respectively for LiAc, NaAc and KAc. These values were 

used to convert the test solution molality (m) into molarity (c) by means of the 

relation: 

c = _lO_O_Om_p'--
!OOO+mM 

where M is the molecular weight of alkali metal acetates. 

(1) 

In order to neglect the influence of triple ions or higher ionic aggregations on 

conductivity, the highest molarity of the working solutions were kept around 

cmax = 3.2x10-7 e; at 298.15 K 1s. The uncertainty of molarity of different salt 

solutions is evaluated to ± 0.0001 mol ·dm·3. Actually several independent 

solutions were prepared and the runs were performed to ensure reproducibility 

of the results. Appropriate corrections were also made for the specific 

conductance of the solvents at all temperatures. The viscosity was measured by 

means of a suspended Ubbelohde type viscometer, calibrated at 298.15 ± 0.01 K 

with doubly distilled water and purified methanol using density and viscosity 

values from the literature 2,23,24 and the efflux times of flow were recorded with a 

digital stopwatch correct to ± 0.01s. The uncertainty of the viscosity 

measurements was± 0.003 mPa·s. 
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The details of the methods and measurement techniques had been described 

elsewhere 25,26. 

The conductance measurements were carried out in a Systronic 308 

conductivity bridge (accuracy± 0.01 %) using a dip-type immersion conductivity 

cell, CD-10. The cell was calibrated by the method of Lind et a!. 2' using aqueous 

potassium chloride solutions. Measurements were made in a water bath 

maintained within± 0.01 K of desired temperature. During the conductance runs 

cell constant was within the range 1.10-1.12 cm·1. The conductance data were 

reported at a frequency of 1 kHz and the accuracy was± 0.3%. 

6.3. Result and Discussion 

The solvent properties of aqueous 2-butanol solutions are reported in 

Table 1, where e, is relative permittivity, p0 the density, T/o the viscosity and Au 

conductance of the solvent mixtures, respectively. Molar conductivities of the 

studied alkali metal acetates at different molalities are given in Table 2 and 

depicted in Fig. 1. The conductance data were analyzed in terms of limiting molar 

conductance A and ion-association constant KA,, of the electrolytes using Fuoss 

conductance-concentration equation 19·20, resolved by an iterative procedure 

programmed in a computer as suggested by Fuoss 19. For such an analysis initial 

A0 values for the iterative procedure were obtained from Shedlovsky 

extrapolation 2B of the experimental data using least square treatment. 

Shedlovsky method involves a linear extrapolation of conductance data given by 

the relation, 

(2) 

where A0 is limiting molar conductivity and other symbols have their usual 

meaning described earlier 1,29. 
So with a given set of conductivity values (c,,A., i =1,2, ... ,n), three 

adjustable parameters, i.e., A" K A,, and the distance parameter R were derived 

from the Fuoss conductance equation. Here R is the association distance or co

sphere diameter, i.e. the maximum center-to-center distance between the ions in 
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the solvent separated ion-pairs (SIP). Since there is no precise method 30 for 

determining the R -value and for the electrolytes studied no significant minima 

were obtained in the 0' A versus R -curve and thus in order to treat the data in our 

system, R-values were preset at the center-to-center distance of solvent 

separated ion-pairs 1,19,20, i.e, R =a+ d; where a= rc+ + rc- and d is the average 

distance corresponding to the side of a cell occupied by a solvent molecule. The 

definitions of d and related terms have been described in the literature 1,19,20 • 

The values of the crystallographic radii for the alkali metal cations were obtained 

form literature 31 and that of acetate anion was calculated to be 2.28A according 

to a scheme suggested by Marcus 32, 

The Fuoss conductance-concentration equation 19, 2o may be represented 

by a set of relations as follows: 

A= p[A 0(1 +Rx) + EL] 

p=1-a(1-y) 

r=1-KA.ccrf} 

-In f = jJK/2(1 + K.) 

j3 = e2/e,K8T 

KA,c = K./(1-a) =· KR(l+ Ks) 

(3) 

(4) 
(5) 

(6) 

(7) 
(8) 

where Rx is the relaxation field effect, EL is the electrophoretic counter current, 

K-1 is the radius of the ionic atmosphere, e, is the relative permittivity of the 

solvent, r is the fraction of solute present as unpaired ion and other symbols 

have usual significance as described earlier 1,19,20 • 

We input for our program the number of data, n; followed by relative 

permittivity of the solvent mixture, e,; initial A 0 values, T, p, molecular weight 

of the solvents along with c,, A, values with i = 1, 2, ... , n and an instruction to 

cover pre-selected range of R -values increased by a step O.lA for the iterative 

process. Actual calculations involved determination ofA 0 and KA,c values with 

minimum standard deviation ( 0' A) defined as, 

0'~ = t [A1(calc)- A,(obs)]
2 

•=I n- P 
(9) 
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Thus, conductance data were analyzed by fixing the distance of closest 

approach R with two parameters fit ( p = 2 ). Table 3 shows that for all the 

electrolytes studied, the limiting molar conductances (A0 ) increase as the 

temperature increases but decrease as the mass fraction of 2-butanol in the 

solvent mixtures increase. This trend in limiting molar conductance ( A0 ) can be 

well described by the viscosity behaviour of the solvent media. A perusal of 

Tables 1 and 2 show that the conductance of the alkali metal acetates decreases 

along with a parallel decrease in viscosity and density of the solvent mixtures 

(due to addition of more alcohol) at particular experimental temperature, 

suggesting that the effective ionic size of the cations necessarily increases 33 i.e., 

preferential solvation of the alkali metal acetates occurs in aqueous 2-butanol 

mixtures. But the limiting molar conductances (A0 ) follow the order: LiAc > 

NaAc > KAc suggesting that solvation increases the ionic sizes of cations in such a 

way that the sizes of the solvated cations follows the crystallographic radii order 

for the alkali metal ions in aqueous 2-butanol solutions. The values of KA.c 

follows the order: LiAc < NaAc < KAc for all the solvent composition and 

experimental temperature, i.e., with increasing alcohol content the association 

equilibrium shifts to the right of the above order as a result of decrease in 

mixture permittivity. 

Walden products (A07J0 ) for the alkali metal acetates are given in Table 4. 

The variation of Walden products (A07J0 ) with solvent composition and 

temperature may be attributed to changes in ion-solvation and ion- solvent 

interactions. Walden product (A07J0 ) either varies slightly with temperature or is 

almost independent of temperature for the electrolytes studied within the 

experimental errors but decreases with increasing mass fraction of the alcohol. 

This is inost probably due to pre-solvation of ions (by alcohol molecules) that 

lead to an increase of the hydrodynamic radii of ions and decrease of their 

mobility. The values of Walden products (Ao7J0 ) follow the order: LiAc > NaAc > 

KAc for a particular solvent mixture at an experimental temperature. This 

difference in association behavior can be attributed to the differences in the 

acetate ion· cation interactions and may not be due to specific solvent effects 

i18 



Jon Association .................. At T= 298.15, 303.15 and 308.15 K 

alone. However, the order in Walden products indicates a hydrodynamic radius 

enlargement for the cations (from Li+ to Na•). Though smaller ions are expected 

to be will be strongly solvated, the position of the curves in Fig. 2 (A0q0 versus w2 

) suggests a relationship Li+ < Na+ < K+ for this radius. We have earlier found just 

the opposite result for the studied alkali metal acetates in aqueous glycerol 

solutions 34 suggesting that smaller ions are strongly solvated, though such 

differences gradually diminished at higher concentrations of glycerol. But in the 

present work the reversed trend in hydrodynamic radii is very interesting. No 

doubt aqueous 2-butanol solutions are comparatively Jess characterized by 

intermolecular hydrogen bond interaction, so more extensive ion-solvent 

interaction is thus expected. But the degree of ion-solvent interaction or 

preferential interaction (solvation) is such that the effective size of the solvated 

cations follows the order Li• < Na• < K•. This indicates that the alkali metal 

cations prefer water molecules to 2-butanol molecules in their solvation or 

coordination sphere. Such a reversed order for solvated cations has also been 

reported earlier in literature 35,36 and Kay 37 has suggested that the difference is 

attributable to the differences in the acetate ion- cation interactions rather than 

solvent effects. 

The distance parameter R, shown in Table 3, is the least distance that 

two free ions can approach before they merge into ion pair. R values were found 

to increase with increase in both the temperature and mass fraction of alcohol ( 

w2 ) in the solvent mixture. These effects can be attributed to the thermal 

activation of the solvent sheath due to the activation of the solvent molecules at 

enhanced temperature and more molecular volume of 2-butanol molecules than 

water. 

In order to minimize the contribution of the thermal expansion of the 

solvent to the reaction enthalpy, K A,, was converted to molality scale using the 

equation 15: 

(10) 
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The enthalpy ofthe ion-association (AH 0
) and the activation enthalpy of charge 

transfer (AH"), assuming both the parameters as temperature independent, 

were evaluated by the least squares analysis of the relations: 

LJ.H" 
lnKAm =---+/ 

· RT g 

2 LJ.H• 
InA;, +-lnp0 =---+!' 

3 R,T 

(11) 

(12) 

The second term on the left hand side of eq. (12) originated 38 from 

(1/3)(ainvjaT)p, V stands for the volume of the cube containing a unit mass of 

solvent and Rg is the universal gas constant. The standard deviations (a) of 

linear fit for eq. (11) and (12) were within 0.000-0.002. Gibbs energy ( .!lG0
) of 

the ion-association reaction was calculated by the relation 39: 

iJ.G0 = -R,T InK A,m (13) 

and the standard enthalpy of ion-pair formation was calculated by the relation 39 

(14) 

Values of these thermodynamic properties at 298.15 K are presented in Table 5. 

The negative values of AH 0 and AG 0 can be explained by participation of specific 

covalent interaction in the ion-association process. But the binding entropy ( AS 0 

) between the ions was found to be negative to unfavor the ion-association 

process and thus favoring ion solvation process. The uniformly descending 

nature of the curves ( AG 0
) in Fig. 3 indicates a greater degree of association at 

comparatively lower solvent permittivity. However, comparatively higher values 

of KA,c than the limiting molar conductances (A0 ) indicate that the studied 

electrolytes are sufficiently associated in aqueous 2-butanol mixtures and this 

fact is in line with the low to moderate relative permittivity of the solvent media. 

The activation enthalpy of ionic movement or charge transfer ( AH") as depicted 

in Fig. 4 exhibits close similarity to the dependence of the fluidity (reciprocal 

viscosity) temperature gradient ( d(ln¢)/d(l/T)) on the solvent composition 

presented by a dashed line. According to Brummer and Hills 38, 39 the activation 
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enthalpy of charge transfer ( LlH') at constant pressure is a temperature 

dependent complex quantity, 

(15) 

where Ll v• is the volume of activation for unit displacement of a mole of ions, 

LlU'is the internal energy change for the same displacement at constant volume, 

Jris the internal pressure of the solvent, (aU jaV)T. .:lV'increases and 

corresponding LlU • decreases with increasing ionic size and molar volume of the 

solvent 38, 39. Thus similarity in shapes of the curves 15,34 in Fig. 4 indicates 

closeness between the mechanisms of the two transport processes. 

6.4. Conclusion 

The present work revealed that the· effective size of the cations increases 

in aqueous 2-butanol mixtures due to preferential solvation in such a way that 

the sizes of the solvated cations follow their crystallographic radii. The degree of 

ion-solvent interaction also indicated that the alkali metal cations prefer water 

molecules to 2-butanol molecules in their solvation or coordination sphere. 

However, this association behavior can be attributed to the differences in the 

acetate ion- cation interactions and may not be due to specific solvent effects 

alone. 
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Table 1 
Density (p0 ), viscosity (7]0 ), relative permittivity ( e,) and conductivity (A,) of 

aqueous 2-butanol solutions. 

Mass Po xl0-3 /kg ·m·3 1]0 /mPa ·s 

fraction of 
A, x 106 /S·cm·1 e, 

This work Lit This work Lit 
2-butanol 

(wz) 
298.15 K 

0.70 0.8638 0.863516 3.342 3.34316 14.416 25.016 

0.80 0.8436 0.842616 3.098 3.09916 4.116 20.016 

0.90 0.8228 0.821616 2.812 2.81116 2.316 16.616 

303.15 K 

0.70 0.8596 0.859016 2.795 2.79616 16.7 16 24.3 16 

0.80 0.8392 0.838216 2.608 2.60716 4.5 16 19.416 

0.90 0.8188 0.817416 2.375 2.37316 2.616 16.0 16 

308.15 K 

0.70 0.8551 0.854516 2.377 2.37616 19.3 16 23.5 16 

0.80 0.8348 0.833716 2.216 2.21416 5.216 18.8 16 

0.90 0.8135 0.813116 2.029 2.02716 2.916 15.416 
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Table2 

Molar conductivities (A) of the alkali metal acetates at various molalities ( m) in 
aqueous 2-butanol solutions with different 2-butanol mass fraction ( w2 ) at 
different temperatures. 

A /S·cm2·mol·l 
mx104 /mol·kg·l 298.15 K 303.15 K 308.15 K 

LiAc (w2 =0.70) 

6.9 16.63 20.67 24.29 
11.6 15.60 19.39 23.32 
17.4 14.87 18.50 22.64 
23.2 13.90 18.20 22.06 
29.0 13.42 17.40 21.38 
40.5 12.29 16.09 20.51 
46.3 11.75 15.60 20.00 
52.1 11.33 15.50 19.54 
57.9 10.95 15.00 19.05 
63.7 10.45 14.60 18.57 

NaAc(w2 =0.70) 

6.9 15.83 19.6 22.60 
11.6 14.88 18.60 21.80 
17.4 14.00 17.70 21.00 
23.2 13.27 17.00 20.40 
29.0 12.70 16.40 19.80 
40.5 11.60 15.39 18.80 
46.3 11.09 14.95 18.20 
52.1 10.61 14.30 17.70 
57.9 10.13 14.20 17.20 
63.7 9.64 13.50 16.70 

KAc (w2 =0.70) 

6.9 14.57 18.22 21.10 
11.6 13.60 17.33 20.23 
17.4 12.80 16.36 19.50 
23.2 12.06 15.82 18.80 
29.0 11.43 14.93 18.29 
40.5 10.46 13.96 17.20 
46.3 9.93 13.42 16.70 
52.1 9.50 12.98 16.20 
57.9 9.07 12.53 15.80 
63.7 8.71 12.36 15.50 
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LiAc (w2 =0.80) 

3.6 15.91 20.20 22.70 
5.9 15.43 19.30 22.00 
8.3 14.63 18.80 21.40 

11.9 14.00 18.10 20.70 
14.2 13.50 17.50 20.20 
17.8 13.02 16.90 19.50 
20.2 12.70 16.50 19.00 
23.7 12.00 16.00 18.40 
26.1 11.65 15.60 17.38 
29.6 11.25 15.00 17.20 

NaAc (w2 =0.80) 

3.6 15.11 18.90 21.80 
5.9 14.64 18.13 20.80 
8.3 14.00 17.60 20.10 

11.9 13.36 17.00 19.32 
14.2 12.86 16.40 18.90 
17.8 12.29 15.81 18.00 
20.2 11.89 15.45 17.60 
23.7 11.33 14.80 16.96 
26.1 11.01 14.38 16.52 
29.6 10.57 13.74 16.03 

KAc (w2 = 0.80) 

3.6 14.71 17.50 19.50 
5.9 14.07 16.61 18.60 
8.3 13.36 15.89 18.00 

11.9 12.71 15.09 17.30 
14.2 12.40 14.55 16.60 
17.8 11.79 14.00 16.00 
20.2 11.43 13.60 15.54 
23.7 11.00 12.95 14.73 
26.1 10.64 12.70 14.29 
29.6 10.00 12.40 13.80 

LiAc (w2 =0.90) 

1.2 14.40 19.00 21.50 
3.6 13.29 17.54 20.16 
6.1 12.36 16.60 19.09 
7.3 12.07 16.42 18.80 
8.5 11.71 16.02 18.20 

10.9 11.20 15.11 17.40 
12.2 10.85 14.89 17.20 
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13.4 10.64 14.65 16.90 
14.6 10.36 14.25 16.40 
17.0 10.00 13.93 15.60 

NaAc (w2 =0.90) 

1.2 12.69 17.36 19.60 
3.6 11.60 16.20 18.00 
6.1 10.88 15.07 17.00 
7.3 10.56 14.64 16.62 
8.5 10.25 14.14 16.13 

10.9 9.69 13.69 15.50 
12.2 9.38 13.40 15.10 
13.4 9.13 12.88 14.69 
14.6 8.94 12.64 14.50 
17.0 8.50 12.00 13.88 

KAc (w2 =0.90) 

1.2 11.69 16.60 17.32 
3.6 10.56 15.21 16.07 
6.1 9.88 14.20 15.14 
7.3 9.50 13.88 14.79 
8.5 9.20 13.56 14.36 

10.9 8.75 12.94 13.66 
12.2 8.56 12.60 13.30 
13.4 8.31 12.29 13.00 
14.6 8.00 11.93 12.64 
17.0 7.56 11.40 12.14 
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Table3 
Limiting molar conductivities ( A0 ), ion-association constants ( K A,c ), distance 

parameter ( R ) and standard deviations (a A ) of experimental A from the Fuoss 
conductance-concentration equation in aqueous 2-butanol solutions. 

Temp (K) A0 (Scm2 mor') KA,c(dm3 mor1
) 

R(A) aA (Scm2 mol 1 

) 

LiAc (w2 =0.70) 
298.15 20.43 ± 0.12 441.23 ± 0.24 6.32 0.23 
303.15 23.54 ± 0.11 246.13 ± 0.22 6.33 0.20 
308.15 26.87 ±0.10 147.98 ± 0.20 6.34 0.18 

NaAc (w2 =0.70) 

298.15 19.82 ± 0.13 494.73 ± 0.26 6.67 0.28 
303.15 22.66 ± 0.14 271.57 ± 0.24 6.68 0.18 
308.15 25.53 ± 0.15 187.77 ± 0.21 6.69 0.25 

KAc (w2 =0.70) 
298.15 18.58 ± 0.20 566.12 ± 0.31 7.05 0.24 
303.15 21.62 ±0.10 335.72 ± 0.21 7.06 0.18 
308.15 23.93 ±0.14 207.19±0.21 7.07 0.17 

LiAc (w2 =0.80) 
298.15 18.66 ± 0.15 549.81 ± 0.27 6.57 0.21 
303.15 22.82 ± 0.12 388.51 ± 0.26 6.58 0.18 
308.15 25.76 +0.11 360.96 + 0.22 6.59 0.37 

NaAc(w2 =0.80) 
298.15 17.89 ± 0.11 588.63 ± 0.20 6.92 0.23 
303.15 21.63 ± 0.12 433.00 ± 0.23 6.93 0.26 
308.15 24.81 ± 0.10 430.67 ± 0.22 6.94 0.21 

KAc (w2 =0.80) 

298.15 17.36 ± 0.14 619.29 ± 0.24 7.29 0.20 
303.15 20.39 ± 0.11 581.85 ± 0.23 7.30 0.11 
308.15 22.76 ± 0.18 542.13 ± 0.28 7.31 0.28 

LiAc ( w2 = 0.90) 

298.15 15.96±0.11 856.24 ± 0.20 6.88 0.13 
303.15 20.68 ±0.18 644.12 ± 0.29 6.89 0.16 
308.15 23.55 + 0.17 622.63 ± 0.25 6.90 0.27 

NaAc (w2 =0.90) 
298.15 14.23 ± 0.09 988.22 ± 0.02 7.23 0.17 
303.15 19.32 ± 0.10 841.43 ± 0.14 7.24 0.23 
308.15 21.54± 0.12 761.38 ± 0.09 7.25 0.17 

KAc (w2 =0.90) 
298.15 13.81 ±0.18 1117.20 ± 0.26 7.60 0.16 
303.15 18.38 ± 0.20 865.99 ± 0.29 7.61 0.18 
308.15 19.24±0.18 813.07 ±0.30 7.62 0.23 
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Table4 

· Walden products (A0770 ) of the electrolytes studied in aqueous 2-butanol 

solutions. 

Mass fraction A0770 / S·cm2 ·moJ-1. mPa·s 

of 

2-butanol ( wa) 
298.15 K 303.15 K 308.15 K 

LiAc 
'~U 

0.70 68.28 65.79 63.87 

0.80 57.81 59.51 57.08 

0.90 44.88 49.11 47.78 

NaAc 

0.70 66.24 63.35 60.68 

0.80 55.42 56.41 54.98 

0.90 40.01 45.88 43.70 

KAc 

0.70 62.09 6D.43 56.88 

0.80 53.78 53.18 50.44 

0.90 37.06 43.65 39.04 
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Table 5 

Activation enthalpy of ionic transport ( Mf#) and thermodynamic parameters of 
the ion-association reaction ( !J.H0

, !J.G0 and !J.S0
) for the electrolytes under 

study in aqueous 2-butanol solutions at 298.15 K. 

Mass fraction of 

2-butanol ( w2 ) 
Mf# IKJ·moJ-1 !J.H' IKJ·moJ-1 !J.G0 I KJ·mol·1 I tJ.S' J·K-1·moP 

LiAc 

0.70 20.4 -84.2 -14.7 -232.9 

0.80 24.1 -33.1 -15.2 -59.9 

0.90 29.2 -25.4 -16.3 -30.5 

NaAc 

0.70 18.8 -74.8 -15.0 -200.7 

0.80 24.5 -24.9 -15.4 -31.7 

0.90 31.2 -20.8 -16.6 -14.1 

KAc 

0.70 18.8 -77.5 -15.4 -208.4 

0.80 20.2 -10.9 -15.5 15.3 

0.90 28.5 -25.2 -16.9 -27.9 
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Figure 1. Plots of molar conductances (I\) of alkali metal acetates versus 
molality (m) in aqueous 2-butanol solutions: a) with different mass fraction of 2-
butanol (w2 ) at 298.15 K and b) at different temperatures with w2 = 0.70 at 
different temperatures. Symbols: 1)., LiAc; o, NaAc; o, KAc. Symbols represent 
experimental values and solid lines represent calculated ones. 

191 



Ion Association .................. At T= 298.15, 303.15 and 308.15 K 

70 
At298.15K 

60 

50 

40 ,..... 
"' 
~ At303.15K ..... 60 

~ 0 
0 

"'s 50 
(.) 

Cl) 
'-' 40 ~ 
<t 

60 At308.15K 
{!, 
0 

50 0 

40 

0.7 0.8 0.9 
w2 

Figure 2. Plots of Walden products (J\170 ) versus mass fraction (w2 ) of 2-

butanol in aqueous 2-butanol solutions for alkali metal acetates at different 
temperature. Symbol: !1, LiAc; o, NaAc; o, KAc. 
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Figure 3. Plot of Gibbs energy ( AG0
) versus mass fraction ( w2 ) of 2-butanol in 

aqueous 2-butanol solutions for alkali metal acetates at 298.15 K. Symbol: 1'1, LiAc; 
o, NaAc; o, KAc. 
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Figure 4. Plot of Activation enthalpy of the charge transport ( I!.H•, solid lines) and 
the temperature gradient of fluidity ( •, dashed line) for the aqueous 2-butanol mass 
fraction ( w2 ) at 298.15 K. Symbols: 11, Li+; o, Na+; o, K+. 
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