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ABSTRACT 

A study of the effeet of magnetic field .., a result of a 
permanent magnet of a power of 1.26 kG on the conductance 
values and a.\Sociation constants of CoCh in 50% by weight mixed 
ethanol-water solvents in absence and presence of lO % 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 I :2 asymmetric association constant was used for the 
calculation of the association constants (KA) for CoC12 in both 
solvent mixtures, this equation was derived from the Fuoss
Shedlovsky equation and Ostwald dilution law and the evaluated 
vaiues are discussed. 

INTRODUCTION 

A variety of physicochemical methods has been applied to the study of ion-solvent and 
jon~ion interaction in electrolyte solution. Conductivity is used as a good method for 
explaining the ion· solvent interactions and the association of ions in different solutions 
[D..,b et al. (2006)], and is used [Fnoss et al (1951) and Szware (1912 )J for the 
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determination of the association constant KA . A number of theoretical equations for the 
calculation of the electrical conductance of electrolyte solution have been fk:veloped ( 
(Fuoss et ol (1959), Pitts (1953) and Fuoss etal (1967)] all based on Debyc -Ruckel 
theory of interlonic interaction .Tite values of the associarion constants KA.. [GDkerson 
et al. (1980)] was used to give infonnation about che role played by the solvent 
molecules In the pair formation process. In this study. we add a conducting polymer 
{Naarmann (2002) and Han( 2005)] PVA (10%), as a solvent, to a solution of CoCI, 
in SO% ethanoi~H20 solvent mixtures. The effect of these solvent mixtures. on the 
association constants of CoCh has been investigated ,moreover, we study the effect of 
magnetic field on these association constants of CoO:z in the same solvent mixttm;s, the 
association constants were calculated by using a simplified equation {H1UDIIda et al 
(2009)] for 1:2 asymmetric salts derived from Fuoss-Shedlovsky equation and Ostwald 
dilution law [ Shedlovsky et al.(1956) , Fuoss, R. M. ( 1975), Fuoss, R. M.(l977) and 
Covington {1973)] usJng conductivity technique. 

EXPERIMENTAL 

Cobalt chloride was obtained from Merck. and ethanol from BDH and they were used 
without further purification. PolyvinyJalcohol. M.W, 17,000, which is a water soluble 
polymer, from Arondale Laborations1 England was used. Portions of 5 ml mixed 50 % 
ethanol~lhO were placed in test tubes then different salt concentrations ofCoCit +10% 
PVA solutions by weight were added and dissolved. The prepared solutions were left 
for two days in water thermostat of the type (Polyscience 8105, USA) at 298.15 K to 
reach equilibrium. The required volumes were withdrawn and measured using density, 
conductivity and capacitance techniques.The density values were measured by 
withdrawing l ml portions of the prepared solutions, transferring them to specific 
gravity bottles (I ml capacity) and weighing using Mettler (Toledo USA) , four digital 
weighing balance. The density values have been used to calculate the soJvated radii 
{Gomaa (1988)]. Conductances and capacitances ·were measured experimentally by 
using a rrwltimeter of the type [Macom (MX620)] with sensitivity of I%. A dipping 
type cen with two carbon electrodes which are lcm apart with a cell constant equals 
0.96, was used, At least. the mean of a three readings was reported. The conductance 
values of all solutions were corrected by subtracting their values from that of the pure 
solvents. The required temperature was adjusted at 298.15 K with a precision of ±I K.A 
two poles permanent magnet was used with a power of 1.26 kG measured by Gauss 
meter {Model OM~54), The conductance values under lhe influence of the magnetic 
field were measured by placing the solutions bel ween the two poles of the magnet. 

RESULTS AND DISCUSSION 

From the densities measured for CoCiljn mixed 50% ethanol-H20 solutions and in 10% 
PV A and mixed 50% ethanol·H20 solutions at 298. IS K, the molar volumes were 
evaluated in both solvent mixtures by dividing the molecular weight of CoCh by the 
densities. The evaluated volume values are represented in TabJes (1) and (2) in absence 
and presence of 10% PVA consequently. 
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From the molar volumes, the solvated radii r, [ Gomaa ( 1991)] in A 0 units for CoCh 
and 50% ethanoi~H10 in absence and presence of PV A were calculated by using 
equation(!) : 

r =vv.\tN ' 4 A 
(I) 

Where Vis the molar volume of CoClz and NA is the Avogadro's number. The relative 
capacitance(e) of CoCI:l solutions in 50% (EJOU-H20) solvents in absence and 
presence of 10% PV A was evaluated by dividing the measured capacitances. in 
microfarads (~F) by that of water and their values are given also in Tables (I) and (2) . 

Table (I): Molar volumes (V), relative capacitances (e), solvated radii (r,), Born 
equation constants A, B and mean activity coefficients (y±) of different 
Coa2 concentrarions in 50% mixed ethanol~water solutions at 298. 15 K. 

Cm v E r, A BX!O' log Yt 
CoCI1 cmJ /mol (A') 
cone. 
molell 

I 0.084 129. 24 8.50 3.714 14. 9 0.999 3.986 
I o too t?R?QQ 1000 0.921 3 4ll<l 

0.150 128.046 12.50 3.703 8.019 0.824 2.845 
0.210 127.920 16.50 3 701 5.287 0.717 2.1QI 
0.250 127.543 18.50 3.698 4.453 I 0.677 1.959 
0.340 126.796 23.50 3.690 3.111 0.601 1.585 
0.420 126.303 28.00 3.686 2.392 0.551 1.337 
0.520 125.569 34.00 3.680 1.787 0.499 1.108 
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Table 2: Molar voJumes (V), relative capacitances (e). solvated radii (r,), 
Born equation constants A. B and mean activity coefficients (y±) 

of different CoCI:z concentrations in 50% mixed ethanol-water 
solvent !0% PV A solutions at 298.15 K. 

Cm V e 
CoCh cm3 /mol 
cone. 
mole/! 

l.084 128.299 . 5.05 
0.100 !28.046 6.50 
0.150 127.669 9.00 

12.51 
lo. s 126.672 15.(! 
I 0.34< 125.813 20.t:l 
0.420 125.206 24.50 
0.520 124.367 30.00 

3.705 
3.703 
3.699 
3. 
3. 9 
3. 11 
3675 
3.667 

A 

31.23 
21.38 
13.12 
!.019 

. ~.10 
1.962 
2.922 
2.157 

Bx!O' Logy, 

1.296 
Ll43 
0.971 
0.: 4 
0 2 
0.1 il 
0.589 
0.532 

7.560 
5.781 
4.249 
3.07 
2555 
1.92! 
1.569 
1.292 
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The mean activity coefficients (YJ were calculated by the use of the modified Born 
equation [Born eta1. (1978)] as given by equation (2): 

logy± 

And 1he constants are given by : 

A ~ 1.823xl O' 
(E.T)'' 

and B 
50.29 

(E.T)"' 

(2) 

where z+ and z· are the charges of the positive and negadve ions of the electrolyte used, 
r1 is the solvated radius and A and B are Born constants, e is the experimental relative 
capacitance for CoCl2 solutions and Cm ts the cobalt chloride molar concentration. The 
values of r,, A, B and E as well as the calculated mean activity coefficients (yt) are 
represented in Tables (I) and (2) for CoCl, in 50% (El{JH-H,O) solutions in absence 
and presence of 10% by weight of PVA at 298.15 K. lt is noticed that their values 
decrease by increasing electrolyte concentrations. 
For calculating the association constants for l :2 asymmetric electrolytes, a simplified 
equation has been used (Hamada et al (2009)} as follows: 

AB, (3) 

.. 
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1-a 
K '"' --'--c~ 

• 4C'a' 
M 

Where a is the dissociation degree and is given by: 
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(4) 

(5) 

Where S (Z) is the Fuoss-Shedlovsky parameter. A is the niolar conductance and l'l.o 
is the molar conductance at infinite dilution 
By substituting the a value from eq. (5) in eq. (4) we get 

A~(A. A) 

4C!f.A' S(Z)' 
(6) 

The simplified equation (6) is derived from Fuoss-Shedlovsky theory and the 
Ostwald dilution law. It is known that S (Z) factor for all strong electrolytes 

[Hamada et at (2009)] is approximately equal to one in different solvents. The 
molar conductance of CoC!, was estimated from the measured specific 
conductance by applying equation (7) [Hamada et at (Z009) and El-Shishtawl 
et al. (2011)]. 

(7) 

Where K9 is the measured specific conductance, ~11 is the ceJI constant which equats 
0,96 and Cm is the CoCh concentrations in tnoleL' . On drawing the relation between 
moiar conductance and square root of the CoClz concentrations, straight lines are 
obtained in 50 % (EtOH-H10) mixed solvents in absence and presence of !() % by 
weighr PV A Extrapolating these lines to zero concentration. the limiting mo!ar 
conductance, A., were evaluated .The same reiation was obtained from the measured 
specific conductivities in presence of the magnetic field established from a permanent 
magnet of a power equals I ,26 kG, From A, A.., values, the association constants (KA) 
for CoC12 in 50 % (EtOH-H20) and 50 % (EtOH-H20)+ lO% PV A solvents in presence 
and absence of magnetic field were eva(uated by applying equation (7) and the results 
are given in Tables (3) and (4). The dissociation degrees (a) for CoClz in both solvent 
mixtures were also evaluated in absence and presence of magnetic field, Tables (3) and 
(4), 
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Table (3): Molar eonduetance ( A), dissociation degrees (tt) 1!lld association 
Constant (K,J for CoCI2 in 50% ethanoi-H20 sol•ents in absence (A) 
and presence (P) of magnetic field of average power 1.26 K. Gauss at 
298.15 K. 

A 
Cm 
of 

A tt 
CoC!2 (mS. 

(Mole/1) 
cm2 

mor1
) 

0.084 3.85 0847 
0.10 2_.85 __ 0.792 
0.15 2.70 0.75 
02 2 'iO Oli94 
0.25 2.40 __ _Jl,§67_ 
0.34 2.05 0-611 
0.42 2.00 0.556 
0.52 1.85 0.514 

A: A. = 3.6 rn S. em' mor1
• 

P: A.= 7.90 rn S. Cm2 mor•. 

p 

K, A a K, 
(d m3 (mS. (d m3 

mor') cm2 mor1
) 

mor') 

9.354 xJO' 5.9 0.791 1.4 X~~ 
7.567 xlO 5.70 0.722 1.219 X I 
3.493 x!06 5.20 0.658 6.512x 106 

.340 xlo' 4.70 0.~95 2.1i2Q X ffi' 
~?xto' 4.40 0.557 1.112/i X 10' 

5.803x 10' 3.85 0.487 1.417 X Jo' 
1.840;. 10' 3.40 0.430 4.786 X 10' 
5.756 x!O' 2.85 0.360 2.069 X J()' 

Table 4: Molar conductance (A), dissociation degrees (a) and association 
constants (KAl for CoCis in 50% ethanol~H20 solvents and 10% 

Cm 
of 

CoCI2 
(Molell) 

__!!,_<!84 0.10-
0.15 
0?1 

0.25 
0.34 
0.42 
0.52 

PV A in absence (A) and presence (P} of magnetic field of average power 
1.26 K. Gauss at 298.15 K. 

A p 

A a K, A a K, 
(rn S. (dm3 (mS. (d rn3 

ern' rnor') em2 mor1
) 

rnor1
) mor1

) 

2.80 0.848 1.159 xiO 3.50 0.745 2.888 xiO'" 
?.65 0.803 1.463 xl01

' 3.15 0.67 9.974xJo1' -
245 0.742 2.20xio• 2.80 o.~ii li6R1 x!O' 
? 10 O~Q1 li QQ;!o' 2.4~ osi j 619;1ii' 
2.20 0.667 5.798xlo' 2.25 0.479 2.449 x!o" 
2.05 0.621 2.373xto• 1.85 0.394 1.493 xlo' 
1.90 0.576 4.32lxl0' 1.50 0.319 4.072 xlo' 
1.75 0.530 1.120xiOT IJ5 0.245 1.833 xlo' 
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A: A,= 3.3 m S. Cm' mor'. 
P: A,= 4.7 m S. Cm' mol'1• 
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It was observed that the increase in CoCit concentrations is accompanied by a decrease 
in the dissociation degree and consequently a decrease in KA values. It was also, 
observed that addition of 10% PV A to 50% (EtOH-H20) increases CoC!, associations, 
i.e .• increases the KA values to a several order of magnitude, Tables {3) and (4),which is 
o.Jways accompanied by a decrease in conductivity values , this means that the 
association of electrolyte ions takes place in a better manner through tile polymer media. 
This was attributed [Sinha et al. (2001)] to the fact that PYA which has hydroxyl 
groups on alternate carbon atoms arranged in long backbone, chelates the cations, the 
complexing behavior of PV A with transition metal ions is well established [Yokoi et a:l. 
(1986) and Young et al. (1992)] .Studies [Watabe (1974)] of 10% PYA membrane 
comple~ed with cobalt ions showed the growth of CoCI:!: particles arranged in circular 
manner at a curved polymer~polymer interface. It was reported that PV A has a 
combined effect of surface entrapment and weak Van Du Waals bonds [Young et a1 • 
(1992l).lt was concluded that a decrease of self-j'Oiy:mer (PYA) aggregation occurs due 
to the presence of ethanol which causes breaking of hydrogen bonds between PV A 
molecules which enhances the attraction of metal ions and results in the large increase 
in solvation. It was suggested [Toledo et al.(2008)] that the magnetic field causes 
hydrogen bonding to be broken. It was also suggested lhat magnetic field causes 
changes in conductivity; they [Holysz <t al. (2007)) concluded that magnetic field 
caused hydrating water structure around rhe 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 a result of the rupture of different hydrogen bonding 
(arising from.H10, Et-OH, PYA) resulting in less mobility of the ions. Also, the 
chelating ":endency of PVA may be increased due to breaking hydrogen bonding 
between PYA molecules which helps more in reducing the value of conductivity. These 
factorn resulting in decreased values of conductivity, alsot consequently Jed to an 
increase of the association constants in presence of magnetic field. 

CONCLUSION 

h was observed that addition of 10% PV A to CoCh +50 % ethanol-warer mixture 
increases the association constant of CoCI2 to a several orders of magnitude, Using a 
magnetic field results in an increase of the association constants in both solvent 
mixtures. 
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