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ABSTRACT

A study of the effect of magnetic field as a result of a
permanent magnet of a power of {.26 kG on the conductance
values and association constants of CaCl; in 50 % by weight mixed
ethanal-water solvenis in nbsence and presence of 10 % by weight
PV A -water solvents was made. The results were compared with
the values in the absence of magnetic field. A simplified equation
for 1:2 asymimmetric association constant was wsed for the
calculation of the association constanis {K,) for CoCl; in both
solvent mixtures, this equation was derived from (he Fuoss-
Shedlovsky equation and Qstwald dilution law and the evaluated
values ore discussed,

INTRODUCTION

A varlety of physicochemical methods has been applied to the study of jun—seivent and
ion-jon interaction in electrolyte soiution. Conductivity is used as a good method for
explaining the jon- sofvent interactions and the association of ians in different solutions
{Dash et al. (2006)], and is used {Fooss et al (1957) and Szware (1972 )} for the
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determination of the association constant K, . A number of theoretical equations for the
calculation of the electrical conductance of electrolytle solution have been developed [
{Fuoss et g} (1959), Pitts {1953} and Funss et al (1967)) al} based on Debye «~Hucke!
theory of interionic interaction .The values of the assoctation constants K, [Gllkerson
et al. (1980} was used 10 give informration about the role played by the solvent
molecules in the pair formation process. in this study, we add 2 conducting polymer
{Naormann (20023 and Han{ 2005}]1 FVA (10%) , a5 a solvent, 10 & solution of CoCl;
in 50% ethanol-H;Q solvent mixtures. The elfect of these solvent mixtures on the
association constants of CoCliy has been investigated ,moreover, we study the effect of
magnetic field on these association constants of CoClyin the same solvent mixtures, the
association constants were calcufated by using a simplified equation [Hamada et al
(200973) for 1:2 asymmetric salis denived from Fuoss-Shedlovsky equation and Qstwald
diiution law { Shedlovsky et al.{1956) , Fuoss, R. M. ( 1975), Fuass, R. M.(1977) and
Covington (19733 using conductivity technique.

EXPERIMENTAL

Cobalt chioride was obtained from Merck and ethanol from BDH and they were used
withow further purification. Polyvinylalcohol, MW, 17,030, which iz 2 water soluble
poiymer, from Arondale Laborations, Engtand was nsed. Portions of 5 mi mixed 50 %
ethanol-H,0 were placed in test twhes then different salt concentrations of CoCl; +10 %
PV A solutions by weight were added and disscived. The prepared solutions were lefi
for two days in water thermostat of the type {Polyscience 8105, USA) at 298.1{5 K w0
reach equilibrium. The required volumes were withdrawn and measured using density,
conductivity and capacitance techniques.The density values were measured by
withdrawing 1 mi portions of the prepared solulions, wansferring them o specific
gravity botgles {1 mi capacity} and weighing nsing Metter (Toledo USA) , four digital
weighing balance. The density values have been used to calculate the solvated radi
{Goman (1988)). Conduciances and capaciiances ‘were mepsured expenimentally by
using a multimeter of the type {Macom (MXG620)} with sensitivity of 1%. A dipping
type cell with two carbon electrodes which are 1cm apart with o cell constant equals
0.96, was used. At least, the mean of a three reedings was reported. The conductance
values of all soiutions were commected by subtracting their values from that of the pure
sojvenis. The required temperature was edjusted at 298.15 K with a precision of £1 K.A
iwo poles permanent magnet was used with a power of 1.26 kG measured by Gauss
meter {Modei GM-54}. The conductance vajues under the influence of the magnetic .
field were measured by piacing the solutions between the two poles of the magnet.

RESULTS AND DISCUSSTION

From the densities measured for CoCly in mixed 50% ethapol-H; 0O solutions and in 10%
PVA and mixed 50% ethanod-H,(? solutions at 298.15 K, the molar volumes were
evaluated in both solveni mixtures by dividing the molecular weight of CoCl; by the
densities, The evaluated volume values gre represented in Tables (1) and (2) in absence
and presence of 0% PVA consequendy.
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From the molar volumes, the solvated radii r, [ Gomaa ( 1991)] in A° units for CoCl;
and 50% ethanol-H(J in absence and presence of PVA were calculated by using

equation(l)
3
L =%/V-ZW N, $

Where V is the molar volume of CoCly and N, is the Avogadro’s number. The refative
capacilance{€) of CoCl sofvtions in 50% (EtOH-H;0) solvents in absence and
presence of 10% PVA was evaluated by dividing the measured capacitances in
microfarads (UF) by that of water and their values are given also in Tables (1} and (2},

Table {1); Molar volumes {V), relative capacitances (€ ), solvated radii (r,), Bom
equation constants A, B and mean activity coefficients (yx) of different
ColC{; concentragions in 50% mixed ethanoi-water solutions at 298,15 K.
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Table Z; Molar volumes (V), relative capacitances (&}, solvated radii (r,},
Born equation constants A, B and mean activity coefficients (yt)
of different CoCl; concentrations in 50% mixed ethanol-water
solvent10% FVA solutions at 298.15 K.

em® fmol

128.259
128.046
127.669
126,809
126.672
125813
125.206
124367

The mean activity cocfficienls {y:) were calcniated by the use of the modified Born
equation [Born et al. (1978)] as given by equation {2):

-AZ'Z4T
log yt = e )
Ert=17s rJC
And the consianis are given by :
O
4= 1«823.1:!1? and B= 50,2?:
(1) (£T)y

where Z* and Z are the charges of the positive and nepative ions of the electrolyte used,
T, s the solvated mdjus end A and B are Born constants, € is the experimental relanve
capacitance for CaCl; selutions and Cy, is the cobalt chioride moiar concenteation. The
values of 1,, A, D and € as well ag the calcuiated mean activity coefficients () are
represented in Tebles (1) and {2) for CoCl; in 5¢ % (EtOH-H,0) solutions in absence
and presence of 10% by weight of PVA at 298.15 K . It is noticed that their values
decrease by increasing electrolyle concentratians.

For calculating the association constents for 1:2 asymmetric electrolytes, a simplified
equation has been used {Hamada et al (2009)) as foliows:

Ky
A+ 2B =" AR, )]
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l-a
*Tacia’ @
Where a is the dissociation degree and is given by:
o= m {5)
A

a

Where $ (Z) is the Fuosg-Shediovsky parameter, A is the molar conductunce and A,
is the molar conductance at infinite dilution
By substituting the o value from eq. (5} in eq. (4) we get:

- A -A)
* T 4CkINS(Z)

{6}

The simplified equation (6) is derived from Fuoss-Shedlovsky theory and the
Ostwatd dilution faw. It is known that S (Z) factor for alf sirong electrol ytes
fHamada et al. (2009)] is approximately equal to one in different solvents. The
molar conductance of CoCl; was estimated from the measured specific
conductance by applying equation (7) [Hamada et al. (2009) and Ei-Shishtawi
et al, (201111,

_ K, K_,.1000
C

A

7

Where K, is the measured specific conductance, chu is the cell constant which equals
0.96 and C, is the CoCl; concentrations in molel.”. On drawing the relation between
molar conductance and square oot of the CoCl; concentrations, straight lines are
obtained in 50 % {EtOH-H,{} mixed solvents in absence and presence of 10 % by
weight PVA, Extrapolating these lines 1o zero concentration, the limiting matar
conductance, A, were evaluated The same rejation was nbiained from the measured
specific conduclivities in presence of the magnetic field estabiished from a permanent
magnet of a power equals §.26 kG, From A, A, values, the association constants {K,)
for CoCly in 50 % {EtOH-H;0) and 50 % (EtOH-H;03+10 % PV A sclvents in presence
and absence of magnetic field were evaluated by applying equation {7} and the results
are given in Tables (3) and (4). The dissociation degrees (o) for CaCl; in bath solvent
mixtures were also evaluated in absence and presence of magnetic field, Tables {3} and

“).
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Table (3): Molar conductance { A), dissociation degrees (i) and association
Constaenf (K,) for CoCl; in 50% ethancl-H;O solvents in absence (A)
and presence (P) of magnetic field of average power 1.26 K. Gauss at

298,15 K.

Ka
(dm’
mol’")

6 354 x10°

1.4

7567 X107

3.493 x10°

1.340 x10°

4.819 x10°

5.803x 10°

1.840% 108

4786 % 10°

A A =36mS. C,lmol’.

P:A,=7.90mS. C,  mol?,

5.756 xi0F

2.069 x 167

Tabie 4: Molar conductance (A}, dissociation degrees (@) and association
constams {K,) for CoCl; in 50% ethanel-H,O solvents and 10%
PVYA in absence {(A) and presence (P} of magnetic field of average power
1.26 K, Gauss 21 208,15 K. ‘

1219 x 1¢°
6.512x 10° §

Ka
(dm’
molh)

1,150 x10™

2.888 x10™ B

3463 x10"

9 074x10%

2.20 x1¢°

6.683 x10°

6.99x10°

2.630x10"

5 798x10°

2.449 x10°

1373x10°

1.493 xt0° |

4.321x10°

4.072 x10°

1.120x10°

1.833 x10°

150
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A:Ay=33m 8. Cp? mol™.
P: A, =47 mS Colmoalt

1t was chserved that the increase in CoCl; concentrations is accompanied by a decrease
in the dissociation degree and consequently a decrease in K, values. It was also,
chserved that addifion of 10% PV A to 50% (EtQH-H,0) increases CoCl, associations,
Le., increases the K, values to a several order of magnitude, Tabfes (3} and (4}, which is
slways accampanied by a decrease in conductivity vslues , this means that the
associatian of electrolyte ions takes place in g better manner through the polymer media.
This was attributed [Simha et al. {2001)] o the fact that PYA which has hydroxyl
groups on ajwernaie carban atoms arranged in leng backhone, chelates the cations, the
complexing behavior of PV A with transition metal ions is well established {Yokoi et al.
{1986) and Young et ai. (1992)} Swdies Watabe {1974)] of {0% PVA membrane
complexed with cobalt jons showed the growth of CaCi; panicies arranged in circular
manner at a curved polymer-polymer interface. 1t was reporied that PYA hus a
combined effect of surface entrapment and weak Van Der Waals bonds [Young et al.
{1992)]. It was concluded that a decrease of seli-polymer (PVA) aggregation occurs due
1o the presence of ethanol which causes breaking of hydrogen bonds between PYA
molecules which enhances the aturaction of metal ions and results in the iarge increase
in solvation. It was sugpgested [Toledn et 3l(Z008)} that the magnetic field causes
hydrogen bonding to be broken. It was also suggested that magnetic field caoses
changes in conductivity; they [Holysz et al. (2007)] concluded that magaetic feld
caused hydrating waler structure around the ions which explains the decrease in
conductivity value in presence of the magnetic field Tables (3) and {4} which may be
due to the increased solvation as = result of the rupture of different hydrogen bonding
{arising from«H,;0, E¢t-OH, PVA) resulting in less mobility of the jons. Also, the
chelating “endency of PYA may be incressed due to breaking hydrogen bonding
between P YA molecules which helps more in reducing the value of conductivity, These
factors resulting in decreased values of conductivity, also, consequently fed to &n
increase of the assocsation constants in presence of magnetic field.

CONCLUSION

I: was observed that addition of 10% PV A to CoCl, +50 % ethanol-waler mix ure
increases the association constant of CoCly to a severat orders of magnitude. Using a
magnetic field results in an increase of the association constanis in both solvent
mixtures.
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