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ABSTRACT

The conductance of potassium ferricyanide and fgmaide has been measured in the concentrationeasfg
1x10° to 6x10°% mol dn? in aqueous and aqueous binary mixtures contaimiffguctose (5, 10, 15% (w/w)) at
different temperatures (298.15-313.15K). The cotahae data in all cases have been computed by &rsdgl
equation to obtaint®, and K, Based upon the composition dependence of Waldatugrathe influence of the d-
fructose mixtures on the solvation of ions has klisoussed. The values of the association constiptare used
to obtain various thermodynamic parameters for élssociation process in the solution. It has beeseoled that
the electronic contribution is totally negligiblewards the standard transfer thermodynamic quaettiti
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INTRODUCTION

D-Fructose is a monosaccharide with molecular féam@;H,,0s or HOCH-(C=0)-(CHOH}-CH,OH, whose five
hydroxyl (-OH) groups are arranged in a specificywadong its six-carbon backbone. Because of ithdst
solubility in water, it is of great interest for maresearchers to study the ion-solvent interadibormulti-charged
electrolytes like potassium ferricyanide and feyatide ions in solution as well as in chemical pahdrmaceutical
research. The conductance studies of ferricyanidiefarrocyanide ion in different compositions ofterawith d-

fructose mixtures can be useful for obtaining infation on the behavior of ions in solutions andithteractions of
water and d-fructose with each other and with thieits. The calculated values of association consiaam well

known to be composite quantity depending upon $ipgeand non-specific solute-solvent interactiond athe

separation of various interaction contributions @seally difficult. Since the composition of aquano solvent is
varied, in addition to the dielectric constant aédn, there is also variation of solvent-solverteraction in aquo-
organo solvent. The specific and non-specific dawaeffects on the ion-association phenomena neaghiained
from the studies on aquo-organo solvents. Howeherg is a possibility of preferential solvationviater-soluble
d-fructose solution. The aim of present investiyatis to study the role of ion-water soluble d-fose interactions
characterizing the preferential solvation of th&uto In this paper, we report the molar conduataotpotassium
ferricyanide and ferrocyanide in water and wateghwi-fructose mixtures which is measured at tentpega at 5K
intervals ranging from 298.15K to 313.15K.
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EXPERIMENTAL SECTION

All chemicals used were of GR or BDH., AnalaR gsad@onductivity water (Specific conductance < Bcm')
was used for preparing water with d-fructose (,01® and 15 %,(w/w) ) mixtures .The d-fructose eaotin the
mixed solvents was accurate to within £0.01%. Téle solutions were prepared on the molal basiscmyersion
of molal to molar was done by using the standaptession [1] considering the density differencethatrespective
temperatures. The conductance measurements weie gnaa digital reading conductivity meter with asgévity
of 0.1% and giving the conductance value of thregtsd A dipping type conductivity cell with a piaised
electrode (cell constant 1S djnwas used. The measurements were made over thetaire range of 298.15-
313.15 K (+0.05K). The specific and molar conducemare expressed in terms of S'cand S crh mol™,
respectively. The ionic strengths of the solutiamse kept as low as possible (<11 10° M). The experiment was
carried out with different concentrations of saas (ranging from 1xIdto 6x10? M in water, and 5.0, 10.0 and
15.0 wt% d-fructose in water. The conductance dferint concentrations of potassium ferricyanided an
ferrocyanide were measured making appropriate ctiores for the conductance of the solvents conakrne

Table 1. Values of A%, (Sm?mol™), K a(m®mol™) and A%, n, of Ferricyanide and Ferrocyanidein water and
water and d-fructose mixtures at different temperatures

d-Fructose (Wt%) | Temperature(K) | A% | Ka [ A%ne
Ko[F(CN)e]
298.15 535.6+6.1| 31.82+1.99| 4771.66
0.0 303.1¢ 581.2+6.. | 29.11+1.9. | 4639.1.
’ 308.15 641.3+6.6 | 30.86+1.96| 4656.47
313.15 703.1+6.9| 35.58+2.01| 4598.27
298.15 451.0#5.2 28.76+1.89 4399.95
5.0 303.15 499.845.5 28.70+1.89 4196.82
' 308.15 545.845.8 29.24+1.91 4189.01
313.15 589.6+5.9 28.20+1.87 4085.92
298.15 394.1+4.8 26.68+1.80 4344.55
10.0 303.15 439.5+#5.1] 27.63+1.85 4182.28
’ 308.15 481.7#¢5.3 27.40+1.85 4080.48
313.15 520.6+5.5 27.30+1.84 3889.40
298.15 342.8+4.4 27.22+1.84 4397.09
15.0 303.15 382.3+4.7 27.76x1.86 4277.17
’ 308.15 418.9+5.0 28.11+1.87 4190.67
313.15 460.3+5.2 28.73+1.89 4018.41
Ka[FE(CN)e]
298.15 663.0+7.0 40.59+2.26 5906.66
0.0 303.15 737.1+7. 45.22+2.37 5883.53
' 308.15 801.9+7.9 45.71+2.39 5822.59
313.15 872.3+8.3 48.44+2.46 5704.84
298.15 554.6+6.4 40.68+2.26 5410.67
5.0 303.15 609.1+6.7 39.54+2.20 5114.61
’ 308.15 666.1+7.1 41.30+2.27 5112.31
313.15 723.4+7.4 42.03+2.29 5013.16
298.15 488.1+6.1] 43.42+2.3p 5380.81
10.0 303.15 543.0+6.5 44.70+2.36 5167.18
' 308.15 592.9+6.§ 44.81+2.37 5022.45
313.1¢ 647.5+7.. | 45.40+2.3! | 4837.4
298.15 417.615.6 42.06+2.29 5356.55
15.0 303.15 477.146.0 45.87+2.39 5337.Y9
' 308.15 512.9+6.2 42.77+2.31 5131.05
313.15 561.3+6.6 43.47+2.33 4900.14

RESULTSAND DISCUSSION

The experimental values of the conductance measumsnfor potassium ferricyanide and ferrocyanideéer and

in three wt% compositions of water with d-fructosextures, after solvent correction, were analyseihgi
Shedlovsky [2,3]equation. The limiting molar conductivity valua$,, are obtained by using the value of ion-size
parameter @= g as @= 0, q and 2q are very close to each other [4¢ Jdlculated values of K the ion association
constant and\°,, values in aqueous and in water- d-fructose -mb@slents are given in Table 1 at experimental
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temperatures. Table 1 also contains the valuesalfl®v produch®.m, for the multi-charged electrolytes at 298.15
K only.

It is clear from Table 1 that the values &£, increase regularly with an increase in temperafareboth the
electrolytes indicating less solvation or higherbility of the ions in all the solvent systems stdli This is due to
the fact that the increased thermal energy resulyseater bond breaking and variation in vibragipmotational and
translational energy of the molecules that leakigber frequency and hence, higher mobility of ions

It is observed that tha®, values are higher in case of ferrocyanide tharicfganide. Hence we can conclude that
higher is the charge and total no of ions, moneaise of conductance. In both the cases, we obdeha theA®,,
values in water in all temperatures are greater that in all compositions of water with d-fructaséxtures, which
indicates that d-fructose molecules hinder the titglof ions in mixed solvents. As the weight pentage of d-
fructose increases, more is the number of d-frectnslecules in solvent cage, hence less is thelityodi the ions.

The all time high value oA°, in water only for both the salts may be attributeche fact that in spite of high
dielectric constant of water, the potassium, fgaiide and ferrocyanide ions have become highlydtgd which
reflects factors affecting their effective size asttbngth of the columbic field in the range of thelration shell.
The factors that affect the size of the ions cathieeradii of the strongly hydrated potassium agmiocyanide ions
and the interionic distance between them. Bothfaélotors influence the hydrodynamic radii of thedcand thus
influence theA®, values.

The association constant,Kvalues of both potassium ferricyanide and ferro@ya obtained show an irregular
trend with increase in temperature and also witlieiase in d-fructose percentage. This may be atitibto the
varying degree of exothermic ion-pair associatiansed due to difference in ionic stability, specifin-solvent and
solvent-solvent interactions. The variation of YNalden productA°.n.) with composition at 298K is shown below
in Figure 1.

It is found that the Walden product is higher iseaf ferrocyanide ion than that of ferricyanida.idhe higher
value of Walden product indicates weak solvatiorthaf ions. It is known that the variation of Waldgroduct

reflects the change of solvation. As the weightpetage of d-fructose increases, there is a vaniatend observed
in Walden product values.
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Figure 1. Plot of Walden products (Ao 1) vs. wt% of aqueous d-fructose solutions.

Since the conductance measurements of an ion degeEmdmobility, it is quite reasonable to treat teductance
data similar to the one employed for the rate pge(¢8] that takes place with the change in tempezat.e.
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Aom — Ae—ES/RT (1)
where A is the frequency factor, R the gas constadtk the Arrhenius activation energy of the transpootcpss.

From the plot of log\°, versus 1/T, the fralues have been computed from the slope  (@B8ZR) and are given
in Table 2.

The standard free energy change for the associpt@asess is calculated from equation (2) [6]
AG°® = - RT InK, 2)

The heat of associationH®, is calculated from the slope of the plot of jniersus 1/T and the entropy change,
AS’, from Gibbs-Helmholtz equation,

AG®= AHO-TAS (3)

The values of the standard thermodynamic paramatergiven in Table 2 at 5 only.

From Table 2, it is evident that the activationrgyeE, is positive for both the salts in all solventtieTiree energy
change AG®, values are negative for both the salts in theesulsystems studied. This shows that the assowiati
process is favoured over the dissociation procesalithe mixed solvents. The positive valuesaéf® and AS®

(except one case) show that the association pragegglothermic in nature and the randomness of iiorall the
solvent systems.

Table 2. Thermodynamic Parameters AG® (kJ mol™), AH® (kdmol™), AS® (Jmol ™K ™) and Es (kJmol™) at 25°C

d-Fructose Wt%) | AG®° | AH° | AS® | Es
K3[FE(CN)e]
0.0 857 | 5.98 | 48.85] 14.19
5.0 832 | 061 | 25.88] 13.85
10.0 -8.14 | 0.97 | 30.56 | 14.40
15.0 8.19 | 2.70 | 36.53| 15.15
K4[Fe(CN)e]
0.0 9.18] 8.42] 59.0§ 14.00
5.0 9.19| 2.17| 3811 13.7F
10.0 934 211 3844 1453
15.0 9.27| 0.48] 3272 1491

The transfer thermodynamic quantities, exfs’; AH% andAS”, for potassium ferrocyanide and ferricyanide in 5,
10, 15 wt% of d-fructose solutions at°@5only are given in Table 3. The effect of solventthese quantities may
be explained on the basis of the magnitude anddfigmese quantities.

The free energy change for the transfer process(W)X- MX(s), has been calculated in mole fraction scale
because it will eliminate free energy changes argivien by

AG% = CAG®y - “AG®) (4)

where the superscripts w and s refer to water aixddrsolvents, respectively, ands° values are given in mole
fraction scale, as

AG’\ = AG’, — (v-1) x 2.303 RT log (0.001 M) 5)

wherev is the number of moles of ion produced from ondena salt and N, is the average molar mass of the
concerned solvent.

The entropy changeA8’) and enthalpy change\l®) of transfer process have been derived by meartbeof
following equations
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AS’ = - dAG%)/MT
and
AH% = AG® + TAS, (6)

The negative values afG° (excepting in 5.0 and 10wt% d-fructose for potassierricyanide) indicate that the
overall effect of permittivity as well as of cheraimature (which mainly reflects the relative bagiand solvating
capacity) of the solvent makes the transfer ofslete (both cations and anions) from water torttieed solvent
favorable. In this case, the ions (of the solumgear to be in a lower free energy state in theethsolvent than in
water, and hence the transfer is spontaneous.

The values oAH®% andAS’, are found to be negative in both the salts. Thgatiee values oAH andAS’; suggest
that when a bulky organic molecule like d-fructolseadded to a highly polar water molecule, theedisolvent
becomes less associated than pure water.

Thus, the transferred ion breaks more structupuie water than in the mixed solvent. This is ferteupported by
the fact that the transfer process is the strudamaing process including the solvation of ionsiethis exothermic
accompanied by entropy decrease. The negative gntb the transfer of solutes (i.e. ions of theused) can
probably be attributed to a grater structure foromain the mixed solvent than in water. Consequeiitie degree of
solvent orientation is more in the mixed solvemrirtin aqueous medium.

Considering the transfer thermodynamic quantitesrising of two parts, namely, electrostatic @fising from
the difference in the dielectric constants of thivents, and chemical (ch) which reflects the ctoatnature of the
solvent including basicity as well as the solvatiagacity of the solvent as[7-9]

AX% = AX e+ AXCcn (7)

where X stands for G, H or S.

Assuming that the radii of the ions do not changh tihe change of the solvent, the valuea@f, ., andAS’ ¢ are
calculated by means of Born equation:

AG’ e = (N62/2) (83_1 _3w-l)(r+_l +r _l)

and

ASOt,el =- (Né/z) (r+-l tr -1) (Ss-l es-l _Sw-:L ew-l) 8

where £ and r are the radii of cation and anion, respectivelyande,, are the dielectric constants of the mixed
solvent and water, respectivebs.= dine/dT and6,, = dine,/dT, the temperature coefficients of the corresjrand
solvents. N is the Avogadro number and e is thet®lric charge. The values of the dielectric camtstaf water

and that of the water and d-fructose mixtures akert from the literature [10].

Table 3. Standard transfer thermodynamic quantities AG® (kJ mol™), AH® (kdmol™), AS® (Jmol ™K ) at 298.15K

d-fructose(Wt%) | AG% | AG%a [ AG% s | A | AR [ ASia | AH% | AH%e | AH%m
K[Fe(CN)e]
5.0 0.047 | 2.21x10% | 0.047 | -22.29] -6.53x10" | -22.29 | -6.599 | -1.94x10" | -6.596
10.0 0.013] 4.41x10 | 0.013 | -16.91| -1.23x10" | -16.91 | -5.030 | -3.66x10~ | -5.028
15.0 -0.270] 9.64x18 | -0.270 | -10.10] 4.08x10 | -10.10| -3.282] 1.21x16 | -3.281
K Fe(CN)]
5.0 -0.275| 2.23x1H6 | -0.275| -20.05| -6.53x16 | -20.05| -6.254| -1.94x16 | -6.251
10.0 -0.731] 4.46x16 | -0.731| -18.69] -1.23x10 | -18.69| -6.304] -3.66xT0 | -6.301
15.0 -0.965] 9.75x18 | -0.965| -23.39] 4.08x10 | -23.39| -7.942] 1.21x16 | -7.938
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From equation (7), the value afG%, is determined from the values aG°% andAG®, and so is the value of
AS’en Thus, from the values ofG’% ., and AS’¢, the value ofAH® ., has been computed [11-16]. All these
computed values are given in Table 3.

The observed negative values A%’ ¢, (except 5 and 10wt% of potassium ferricyanide)gsst) that the mixed
solvents possess larger solvating capacity towdiefons and are more basic than the water. Isasfaund that the
electronic contribution is totally negligible inl @hses. The values af3; ., andAH®% ¢ are also found to be negative

in all cases. Thus, the chemical contribution tasarGibbs free energy, entropy and enthalpy changes
accompanying the transfer process of ferricyanit farrocyanide (since the cation is samé,) kons from water

to water and d-fructose mixtures suggest that ¢fueaus d-fructose is a stronger solvating agemt siraple water.

CONCLUSION

In this paper, the molar conductance of potassiemmciyanide and ferrocyanide in water and watehwlitfructose
mixtures has been measured at temperatures rafrgimg298.15K to 313.15K. As the temperature incesashe
conductance value goes on increasing. Higher i<hiaege and total no of ions (in case of ferroaya)i more is
value of conductance. As the weight percentagefafictose increases, more is the number of d-feetoolecules
in solvent cage, hence less is the mobility of ithes. This lead to low value of conductance at éigtveight
percentage of d-fructose in comparison to watee bm-association constant and thermodynamic paeamas
well as transfer thermodynamic quantities have bealculated and their roles towards solvation haeen
discussed.
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