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Influence of Permanent Magnet on the Association Constants of FeCls in 50 %
Ethanol—H,O Solutions (Conductometrically) at 298.15 K Using a New Equation

for 1:3 Asymmetric Electrolytes'

Nagah A. El-Shishtawi,* Maany A. Hamada,® and Esam A. Gomaa*'S

Department of Physics and Department of Chemistry, Faculty of Science, Mansoura University, 35516, Mansoura, Egypt

The external two poles of a permanent magnet of a power of 1.26 kG were used to study their effect on the
conductance values of FeCl; in a 50 % by weight mixed ethanol —H,O solvent. The results were compared
with values in the absence of the magnet. A new equation for the 1:3 asymmetric association was obtained
and used for the calculation of the association constants (Ka) for FeCl; solutions in a 50 % ethanol
(EtOH)—H,0 solvent in the absence and presence of an external magnetic field. The new equation was
derived from the Fuoss—Shedlovsky equation and Ostwald dilution law, and the evaluated values are

discussed.

Introduction

Many authors have studied the association constants of many
sdlts in solutions conductometrically like Barthel* and Deepa.?
lon—solvent interactions have been explained in different
electrolytes and polymers using conductivity, relaxation, and
Fourier transform infrared (FTIR) measurements,® Shchori et
al. and Luz®* used conductivity to study the complexation of
Na* with some crown ethers in DMF solutions.

Different Fuoss theories have been used for the estimation
of the association constants (Ka) for symmetric electrolytes, like
the Fuoss—Shedlovsky, Fuoss—Kraus, Fuoss—Edelson, and
Fuoss—Debye theories.>®

A new equation is needed for 1:3 asymmetric electrolytes
which facilitate the calculation of K, (association constant)
easily.

The purpose of study is to apply a new equation for the
asymmetric 1:3 salts in solutions derived from the Fuoss—
Shedlovsky theory and Ostwald dilution law,® which are needed
for evaluating chemical engineering data. Thiswork also studied
the effect of a magnet on the association of strong 1:3
electrolytes which had not been studied before in the literature.

Ferric chloride has many applications like, etching copper in
ferric chloride solutions’ and forming with phenylalanine agar
used for the differentiation of enteric bacilli on the basis of their
ability to produce phenylpyruvic acid by oxidative deamination.
The FeCl; reagent visualizes the phenylalanine deamination
reaction.®

Experimental Section

Ferric chloride was obtained from Merck and ethanol from
BDH and were used without further purification; 5 mL aliquots
of mixed 50 % bidistilled water and ethanol (by volume) were
put in test tubes, and then different concentrations of FeCls
were added and dissolved. After preparing the solutions, they
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were left for more than one day in a water thermostat of the
type Polyscience 8105 (USA) at 298.15 K.

The necessary volumes from each test tube were withdrawn
and measured using conductivity, capacitance, and density
techniques.

The density measurements were done by taking 1 mL of the
prepared solutions, placing them in a specific gravity bottle (1
mL capacity), and weighing using a digital Mettler (Toledo,
USA) analytical balance. The density values have been used to
calculate the solvated radii.®*° Conductances and capacities were
measured by using a multimeter of the type Macom (MX620)
with a sensitivity of 0.1 %.

A dipping type conductivity cell, with two carbon electrodes
with 1 cm apart and a cell constant equal to 0.96, was used. At
least two readings were done for each measurement.

The conductance values of al FeCl; solutions were corrected
by subtracting their values from that of the mixed 50 % by
ethanol —H,0 solvent. The temperature was adjusted to 298.15
K with a precision of £+ 0.05 K.

Two poles of a permanent magnet (model G.M-54) was used
with apower of 1.26 kG by touching the magnet to the surface
of the tube containing the solution.

The measured FeCl; solutions were put between the two
external magnetic poles, and the conductivities were remeasured.

Results and Discussion

From the densities measured for FeClz in a50 % by volume
ethanol—H,0O solvent, the molar volumes were evaluated by
dividing the molecular weight of FeCl; by the densities, and
the evaluated volumes are represented in Table 1.

From the molar volumes, the solvated radii rsin A units for
FeClz in 50 % EtOH—H,0 solutions were calculated by using

eq 1-11
ro = 4V.0.239N, (1)

where V isthe molar volume of FeCl; (molecular weight divided
by the solution density) and N, is Avogadro’s number.

© 2010 American Chemical Society

Published on Web 09/08/2010



Journal of Chemical & Engineering Data, Vol. 55, No. 12, 2010 5423

Table 1. Molar Volumes (V), Relative Capacitance (&), Solvated
Radii (rs), Born Equation Constants A and B, and Mean Activity
Coefficients (y.) of Different FeCl; Solutionsin a 50 % Mixed
EtOH—H,0 Solvent at 298.15 K

Table 2. Molar Conductance (A) in cm?-Q™%, Dissociation Degrees
(), and Association Constants (K,) for FeCl; in a 50 % EtOH—H,0
Solvent in the Absence (A) and Presence (P) of a Magnetic Field of
Power 1.26 kG at 298.15 K@

Cm \%
mol-L™*  cm®-mol™* € r+1078 A B-10° log y.
0.084 212.03 24 4.38 3.01 0.60 —1.49
0.1 214.84 26 4.40 2.67 0.57 —1.41
0.15 221.90 28.5 4.45 2.33 0.55 —-1.39
0.21 231.72 325 4.51 191 0.51 —1.28
0.25 238.19 35 455 171 0.49 —-121
0.34 252.66 41 4.64 1.35 0.46 —1.06
0.42 269.89 a7 4.75 1.10 0.43 —0.93
0.52 293.32 54 4.88 0.89 0.40 —0.81

The relative capacitance (€) for FeClz in 50 % EtOH—H,0
solutions was eva uated by dividing the measured capacitances
in microfarads (uF) by that of water, and their values are also
given in Table 1.

The mean activity coefficients of FeClz in 50 % EtOH—H,0
solutions were calculated by the use of the modified Born
equation™ as given in eq 2.

AZ'Z\C,,

- — 2
1+ Bry/C, 8
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where Z™ and Z~ are the charges of the positive and negative
ions of the electrolyte used, rs the solvated radii, and A and B
are Born constants. € is the relative capacitance for 50 %
EtOH—H,0, FeCl; solutions. C,, is the ferric chloride concen-
tration. The calculated activity coefficients are presented in Table
1 aso.

For calculating the association constants for 1:3 asymmetric
electrolytes a new eguation can be derived as follows:

K
AT® + 3B ==AB, ©)
11—«
Ky=—% 4
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o (dissociation degree) = % ®)
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where §Z) is the Fuoss— Shedlovsky parameter, A isthe molar
conductivity, and A, isthe molar conductance at infinite dilution.
By substituting the o value from eq 5 in eq 4, we get:

A03([\0 - A)

= — 6
27C, Yy . *A*'S2)° ©
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Equation 6 is simple in application and derived from the
Fuoss—Shedlovsky theory and Ostwald dilution law.® It is

Cm A P
mol-L ™t A'103 o Ka A'103 08 Ka
0.084 21 084 6.13-10° 2.8 0.683 2.78-10°
0.1 20 0.80 3.05-10° 2.65 0.646  1.27-10°
0.15 19 076  1.23-10° 24 0585 6.06-10°
0.21 18 072 28-10* 21 0512 1.90-10°
0.25 17 068 1.49-10* 1.9 0463 1.16-10°
0.34 1.6 064 297-10° 1.55 0378 4.21-10%
0.42 15 060 9.15-10? 13 0.317 2.00-10*
0.52 14 056 3.1-10? 0.95 0.232 1.85-10%

AA Ao = 2510° P: A, = 4.1-10°

known that the S(Z) factor for all stong electrolytes™ is
approximately equal to one in different solvents.

The molar conductance of FeCl; solutions was estimated from
the measured specific conductances by applying eq 7.2

_ Kg+Kog* 1000

2 ™

m

where K is the measured specific conductance, K is the cell
constant which equals 0.96, and C,, is the FeCl; concentration
in mol-L~1. On drawing the relation between molar conduc-
tances and the sguare root of the FeCl; concentration, straight
lines are obtained in the absence and presence of the magnet in
a 50 % EtOH—H,0 mixed solvent. Extrapolating these lines to
zero concentration, the limiting molar conductances, A,, were
obtained.

The measured molar conductance values for ferric chloride
agree well with that of literature values.*

From A and A, values, the association constants (Ka) for
FeCl3 in 50 % EtOH—H,0 solutionsin the presence and absence
of amagnetic field were calculated, and their results are given
in Table 2. The dissociation degrees a. were also calculated for
FeCl; solutions in the absence and presence of the permanent
magnet, and these dataare also given in Table 2. It was observed
from Tables 1 and 2 that the activity coefficients increase with
an increase in the FeCl; concentrations due to the increase of
ion—ion interactions.

It is concluded from Tables 1 and 2 that the association
constants decreased for al solutions in the presence of the
magnet due to more cation attraction near the magnet. This
indicated that the ferric ion prefers to attract to the magnet than
migrate to the bulk solution, causing a decrease in both
association constants and dissociation degrees.

It is also concluded that a simple equation could be used for
evaluating the association constant, giving logical data, rather
than that of the complicated Fuoss—Shedlovsky theory.®

Literature Cited

(1) Barthel, J.; Krienke, H.; Holovko, M. F.; Kapke, V. I.; Protsykevick,
I. A. The association mean spherical approximation in the theory of
nonaqueous electrolyte solutions. Condens. Matter Phys. 2000, 3, 657—
674.

Deepa, M.; Agnihorty, S. A.; Gupta, D.; Chardra, R. Electrochemical
studies on polymer electrolytes. Electrochim. Acta 2004, 49, 373—
3830.

Shchori, E.; Jagur, J.; Grodzinski, Z.; Luz, Z.; Shoprer, M. Kinetics
of complexation of monocyclic polyethers with alkali metal ions:
sodium 23 - nuclear magnetic resonance of sodium dibenzo-18-
crown-6 in N,N-dimethylformamide. J. Am. Chem. Soc. 1971, 93,
7133-7138.

@

~

3

=



5424  Journal of Chemical & Engineering Data, Vol. 55, No. 12, 2010

(4) Luz, Z. lon solution studied by nuclear magnetic resonance. Isr.
J. Chem. 1971, 293-299.

(5) Covington, A. K.; Dickinson, T. Physical Chemistry of Organic Sol vent
Systems; Plenum Press: London, 1973.

(6) Fuoss, R. M.; Accasing, F. Electrolyte conductance; Interscience: New
York, 1959.

(7) Habu, S; Yoshihiro, Y. Studies of copper etching in ferric chloride
solutions. Ind. Eng. Chem. Process Des. Dev. 1982, 21 (A), 511—
514.

(8) Halt, J. G. Bergey's manual of determination bacteriology, 9th ed.;
Williams & Wilkins: Baltimore, MD, 1994.

(9) Gomaa, E. A. Excess volumes and excess dielectric constants of mixing
NMF, EtOH and HMPT with water. Proc. K. Neder. Akad. Wet., Ser.
B 1988, 91, 363-368.

(10) Gomaa, E. A. Excess volumes and excess dielectric contants of binary
mixtures dimethylformamide-water dimethylsulfoxide—water and
dimethylacetamide—water at 298 K. Ind. J. Technol. 1988, 26, 461—
465.

(11) Gomaa, E. A. Hydrogen bonding of o-nitoaniline in water—DM SO
mixtures. Rev. Roum. Chim. 1991, 39, 1253-1260.

(12) Kim, J.1.; Cecal, A.; Born, H. J.; Gomaa, E. A. Preferential Solvation
of singlelon: A critical study of the Ph,AsPh,B assumption for single
ion thermodynamics in mixed agqueous - acetonitrile and agueous -
N,N-dimethylformamide solvents. Z. Phys. Chem. Neue Folge 1978,
110, 209-227.

(13) Gomaa, E. A.; Hafez, M. H.; Moussa, M. N. H. Conductivity of
anisaldehyde carbohydrazone methyl trimethyl ammonium chloride
complexes of some transition metals in DMF. Bull. Soc. Chim. Fr.
1986, 3, 361-368.

(14) Conductance data for commonly used chemicals, Rosemount Analyti-
ca Inc.: Irvine, CA, 1994. http://www.RAuniloc.com.

Received for review May 21, 2010. Accepted August 20, 2010.
JE100534S



