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Abstract

Electrolytic conductivities of mixed ligand complex of
Ni(ll) in binary mixtures of methanol and water have
been measured at 288.15-308.15 K. The limiting molar
conductances (L ,) and the ion association constants (Ka)
of the electrolytes have been evaluated by analysis of the
conductance data using the Lee and Wheaton
conductivity equation. Thermodynamics of the
association processes have also been studied and the
coulombic forces are found to play a major role in the
association processes. Walden product (L h,) have also
been calculated for each solvent composition. A linear
relationship was found to exist between the logarithm of
the association constant (log K,) and the reciproced of
the dielectric constant (1/D) of the medium which
indicate the tendency of the association of ions.

Key word : Conductivity , 1,10 Phenanthroline complex
, Lee-Wheaton equation

Introduction

To obtain more information about electrolytic solution
and ion-solvent interactions and their implication on
ionic association and to determined the specific influence
of solvent properties and ion size on the association
process we have studied the association of the complex
above in a series of methanol-water mixtures. The
association behaviour of some examples of the available
data are shown as follow:

Preise measurements of electricadl conductances of
solutions of potassium picrate, potassium tetraphenyl
borate at temperatures 288.15-308.15 K have been
reported. The conductance data have been analyzed by
the 1978 Fuoss conductance-concentration eguation.
Thermodynamics of the association processes have also
been studied®. Electrolytic conductivities of dilute
solutions of Ni(ll), Cd(l1), Mg(ll) and Cu(ll) sulfate in
binary mixtures of methanol and water have been
measured at 293.15 K. The (L,) and (K,) have been
evaluated by using Lee-Wheaton equation®. The
conductivity of several akali metal thiocyanates in
water-methanol mixtures was measured at 25 °C. The
data were analyzed using the Lee-Wheaton theory for
symmetrical electrolytes to obtain ion association
constant (K,) limiting molar conductivity (L, and
limiting ionic conductivity in all the solvent systems®.
Measurements of the electrical conductivity of the
compounds 2-(2,4-dichlorophenoxy methyl-5-(3-
chlorophenyl)-1,3,4-oxadiazole and 2,5-di(2,4-
dichlorophenoxy methyl)-1,3,4-oxadiazole in mixture of
methanol water as a solvent at different percentages were
analyzed by using Lee-Wheaton equation the values of
Lo, Ka and R are calculated™®®.

Experimental

Tetra agua (1,10-phenanathroline) nickel (I1) chloride
was prepared by mixing 2 mM of 1,10-phenanthroline in
10 cm?® of ethanol and 2mM of NiCl,.6H,0 in 30 cm® of

deionized water and refluxed for about 45 min on a water
bath. On cooling and adding excess of absolute ethanol
the complex was precipitated, filtered then washed with
ice cold 50% ethanol and then recrystallized by slow
cooling to 0 °C followed by addition of excess absolute
ethanol. The product was dried under vacuum over
anhydrous calcium chloride. Magnetic eectronic
spectral, (UV), infrared measurements used for analysis
of the complex and also gas chromatography was used to
determine water content and other organic impurities.
Methanol was purified and dried by the methanol
described by Perrin® conductivity water was prepared by
digtilling twice distilled water with specific conductance
of 2 x 10° ns. Conductivity measurements were made
using Jenway PCM3 conductivity meter with frequency
range of 50 Hz-1KHz and accuracy of 0.01 ns. The cell
constant for the conductivity cell was measured using the
method of Jones and Bradshaw”, 0.01 M KCI solution
was prepared from potassium chloride (BDH reagent)
recrystallized three times from conductivity water and
then dried at (760) Torr and 500 °C for 10 hrs. The cell
g:onstant was checked regularly and found to be 1.14 cm’
A general method has been used for measuring the
conductance of the electrolyte. The conductivity cell was
washed, dried and then weighed empty and kept at any
temperature (= 0.1 °C) using a water-circulating ultra
thermostat type VH5B radiometer. A certain amount of
solution was injected into the conductivity cell and the
conductivity of the solution was measured. Another
known amount of the solution was added and the
measurement was repeated as before. Generally (14)
additions have been made.

Results and discussion

We have measured the conductivity of tetra aqua (1,10-
phenanthroline) nickel (I1) chloride in a mixture of
methanol water at different percentages and temperatures
and analyze the data by using Lee-Wheaton equation for
unsymmetrical electrolytes which is an extended form of
the Debye-Hukel equation for the calculation of molar
(or equivalent) conductance, association constant and
main distance between ion in solution of electrolytes®.
The measured equivalent conductivities for different
molalities of the complex solution are shown in Table 1.
The eectrical conductivity of the desired complex have
been studied in methanol-water mixture at different
temperatures to investigate the dependence of the ion
association behaviors on the properties of the complex
ion. The data were treated using L-W method in which a
wide temperature range for electrolyte solution can
provide detailed information concerning ion-ion and ion-
solvent interaction especially from thermodynamic point
of view®.
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For an unsymmetrical €electrolyte MX, ionizing to
M?* and X the possible association equilibria are:
K A(l)

MZ + X (Y ) S— (1.12)

K@

MX™ + X MX* s (1.12)

Thus, three ionic species are present in the solution
which are M%, MX* and X". All such solutions are in
effect "mixed electrolyte” since the ion pair MX™ is a
conducting species.

;]
Lequiv. = é_ |Zi |m,k|/C

This equation is derived as follows:
li=! (A, &K, R)
Si= il ,/1000: |Z,| m,I |/1000

and s, = 5 |C.

S
or 1000 S, = é |CA,
i=1

s
and L o, = é |z, Imi)\‘i/é C

1=
where (s) is the number of ionic species, s is specific
conductance, C stoichiometric equivalent concentration,
i, m, G and z are the equivalent conductance, molar
free ion concentration, eguivalent concentration and
charge of the species respectively, thus for 2:1 associated
sdts

) 0 0 1 2
I—MX2:: (}\‘M2+ ) }\'MX+ ) XX' ) K,(A) , K,(A) ,R)
where R is the average center to center distance for the
ion pairs, a multi parameter “least square” curve-fitting
procedure is used to give the lowest value of curve fitting
parameter s(L) between the experimental and calculated
points. An iterative numerical method which was found
to t()g very successful has been used to find the minimum
sLY.
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N .12
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1n=1
A computer program is used to analysis the concentration
conductivity measurements in which the input data are
(T, D, h) where T is the temperature in Kelvin, D and h
are the dielectric constant and viscosity (poise) of the
solvent at that temperature.
The conductivity-concentration data for the studied
complex in different percentage at different temperatures
are shown in Table (1 A-E). The plot of equivalent
conductance (L) against the square root of the molar
concentration (CY?) are shown in Figures (1A-E). From
Table and Figure (1) it can be seen clearly that the
equivalent conductivity™® decrease with increasing water
percent suggesting an increasing tendency of the ions for
association into ion pairs, and increasing hydrogen
bonding and viscosity of the mixed solvent, except for
90% methanol, were the equivalent conductance increase
due to the polarity of methanol and gradually increase of
dielectric constant for each percentage.

The values of K, (Table 2) decrease with increasing
temperature, this may be attributed to the short range
interaction and the hydrogen bonding formed at low
temperature. And this will lead to increasing AM?* for
each percentage , also the value of K, increase as water
percentage increase due to H-bonding formation and
increasing viscosity till 50% when the nutralanity
between H-bonding and dielectric constant accurse The
results of the distances parameter R show that the
complex electrolytes form solvent separated ion pairs and
the results show that R values are aimost more than (30
A®°) which means that the cation is separated by solvent
molecules from the anion.

Plot of K, values against the composition of the solvent
mixture at 25 °C as an example are shown in Fig. (2).
The variation of the association constant with the
dielectric constant (D) of the solvent mixtures is
presented as a plot of pK, values against log D in Fig.
(3). pKa values are shown to decrease with increasing
values of the diglectric constant suggesting an increasing
tendency of the ions for association into ion-pairs. It is
assumed that atrue chemical reaction occurs The standard
enthalpy of the ion association reaction (DH°) are
evaluated by the following:

INK=-DH°/RT+C

The plot of In K, against 1T is shown a linear relation
(Fig. 4).

The standard entropy of ion-pair formation is a linear
combination of two variables:

DS’=(DH°-DG") /T

Gibbs energy had to be estimated from the relationship:
DG°=- RT InK

Results of the calculation are gathered in Table (3). It is
well known that addition of an electrolyte to a solvent
causes some structural changes due to the rupture of the
bonds between solvent molecules from one side and to
the interaction of ions with each other and with solvent
molecules from the other sideé™. The negative entropy
provides a good indication of ionic association which has
an ordering effect on the solution. The solvation effect i.e
interaction of the ions with the solvent molecules may
exert on the solution structure in the same manner
leading relatively to a negligible decrease in the entropy
as temperature increase and increase with increasing
water percentage™?.

The enthalpy of activation according to the activated
complex theory is aresult of the energies being expended
for the destruction of solvent-solvent bonds and the
formation of solvent-ion bonds. As can be noticed from
Table (3), DH° decrease with increasing water percentage
due to the broken of ion-ion bond in solution as a result
of increasing dielectric constant of the solvent™. Finally
the values of DG are negative which indicate the reaction
iS spontaneous.

If Stoke's law were obeyed in a system the value of the
Walden product (L h,) would be constant only if the
effective radius of the ion remains the same in the
different media. Since most ions are solvated in solution
to different extent, the dimensions of the moving unit
will undoubtedly vary to some extent and exact
constancy of the conductance-viscosity product is not to
be expected®. This is the case in the behaviour of the
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present system as indicated in Fig. (5) where the cations
are expected to suffer various degrees of salvation with
increasing amount of methanol in the methanol-water
mixtures. Hemes™ suggested that the major deviation in

the Walden product is due to the variation of the
electrochemical equibilirium between ions and the
solvent molecules with the composition of the mixed
polar solven.

Table (1-A) : The equivalent conductivities (*.cm?equiv™’) with molar concentration

for [Ni(phen)(H,0)4Cl,in 100% methanol at different temperatures

Conc. x 10°M | T=288 K T=293 K T=298 K T=303 K T=308 K
1.960 Yov, Y YAV, ¢ Ydo,vio YA, EVA YN
3.846 Yo¥, Yy YAT,AE) YaE,6¢) YA, YYE YAA,YAY
5.660 Y ¥ AE Ya%,0V) YAE, FA YV4,4YA YAA,YAO
7.407 Yo¥, v Ya%, YT YAY,YAY YV4,141 YAA,YYA
9.909 YooY, e Y40,V YAR,00% YVA,YYE YAA, Y oY
10.714 YO, TTA Y40,4149 YAC,T) £ VYA, (oY YA YA
12.228 YOY,TA- Y40,A% . YAG,£¥1 YVA,E¢0 YAA, sV
13.793 Yoy,ary Y4g,avY YA, OV A VYA YR YAV, A
15.254 Yoy,avy YaE, YA YAC,0. ¢ YYA, Y YAY,0A4
16.666 Yoo, 444 Yag,yor YAS,YVY VYV, 1Yo YAY, oV
18.032 Yoo AVY YaY, Yo YAE, AN YV, V0% VAT,
19.354 Y44,v1 1 YAy, A Y YAY,AAT YYY,0. Y YAE,00.
20.634 Yao,ov¢ YAA, 24 YAY, Vg RATS YAY, o Y
21.875 YAY, A« £ YA, Y YVY,a£Y Y1.,YVo YVY,4¢0
23.076 YTV, V1 YV, YYE You, €A Yoy, ¢ YIA, £ Y

Table (1-B) : The equivalent conductivities (Q*.cm?.equiv™) with molar concentration
for [Ni(phen)(H,0)4Cl,in 90% methanol water mixtures at different temperatures

Conc. x 10°M T=288K | T=293K | T=298K | T=303K | T=308 K
1.960 YY4, ) YYE,Ev¢ YYVe,an¢ YVE,0 A4 YA¥,any
3.846 YYA, YO YYY, A YV £,A90 YA, £ A YAY, £ A
5.660 YYA,YYA YYY,V.0 Yy, van Yy¥,vo. Y\¥, Yo,
7.407 XYV, £ YY), 0. ¥ Yy¢,voo YT, vy YA¥ VeV
9.909 YYV, Yot YY., .o ov YVE, A4 YVY, Y4 YAY, . £
10714 YY1, 606 YVA,R0Y YT, VY YV, VA YV, VA
12.228 YYV, YY) Y10,TAA YA, £ A YY) ., avyY YV),von
13.793 YYo,14¢ YV ALY YT, YVY YV, eee YV VEA
15.254 YYE,A A YoV, TeN YYY,441 YA, YVA YA YVA
16.666 YT,V YoY,on¢ YVY,1¢4 Yo1,.v4 Y.o,100
18.032 YYY, ¥V Yoo, oTs YY) ., avyY Y £, YAA Yov, YV
19.354 Y RER YAY,AEY Y q,)A Y44, YA T
20.634 YY) ALY Yao,on¢ ARD Yar,a) ¢ Y4%,49Y
21.875 YoV, 6. YaY,vet YoV, 6. YAY,YVE YAA, YT
23.076 YA, AL E YAY, ¥V YA4,141 YA+, 01 YVY,40 Y

Table(1-C) : The equivalent conductivities (©*.cm?equiv™) with molar concentration
for [Ni(phen)(H,0)4Cl, in 80% methanol water mixturesat different temperatures

Conc. x 10°M T=288 K T=293 K T=298 K T=303 K T=308 K
1.960 Y1¢,60Y YTV, AL Y1¥, VoV yoo,YVY Y£9,AFA
3.846 YT, VYY Y1Y,01A 11Y,vay Yoo,V ¢Y 1£4,1VY
5.660 Y1), YY YIV,Y 11Y,14% Yo£,a¥A Y£9,Y0A
7.407 114,471 11Y,) .4 11Y,£A0 Yo i, YYA 1£9,1¢)
9.909 Y1.,8Y0 YT, 6V Y1Y,¥YY Yog,AYT YEA, VY
10.714 yoq,AYR Y1, FVA 17,470 VO£, 8VA YEA, VIR
12.228 YOA,YOY yoq,y¢Y YT 0,AE yog, ey YEV,VVe
13.793 YoV, A Yo4,1Y. Y1Y,07A yov,100 YEV, VT
15.254 yov,¥Ye yo4,1Y. Y1Y,YY yor, AV YET, VA
16.666 YoV,YAS YOA,¥VA Y1.,%0. Yov,¥Y. YEE,V 08
18.032 yov,Yén YOA Y v Y1, TYA YoY,8V. YEY,TT
19.354 AR yov,va¢ y09,9%1 Yo.,. ¥ Yéu,800
20.634 A DAY y04q,4v71 y£0,47Y YvE,Y44
21.875 YOV, \FA yov,M. ¢ yo4q,11Y YYY,a0 ¢ 1Y4,¥¢
23.076 Yo, 1. Yo, . Yo, ¢TA Yeq,Y4Y Y
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Table(1-D) : The equivalent conductivities (2*.cm?equiv™) with molar concentration
for [Ni(phen)(H0)4]Cl,in 70% methanol water mixturesat different temperatures

Conc. x 10°M T=288 K T=293 K T=298 K T=303 K T=308 K
1.960 105.638 112.561 YYV,00 ¢ 118.902 YYE, . TY
3.846 VoY, AA) YVY,YVE AT VYA, AQA YYY,VVA
5.660 YV, AVY Y1Y,44% T, 97A VIV, A YT, Y
7.407 R Y1Y,414 11,701 YAV, V0. YYY, VY
9.909 v, ¥ A YY), AT YVo,¢VY VY, 00 YYY, YE
10.714 45, Y1 YY), VY £ YYE,AYE T, YA, VYT, Y
12.228 a¢,401 Y,V Y YV, e8¢ EEREE YYY, YA
13.793 9¢,701 YY.,99A YYE,FEY YVo,d¢%. YYY, YA
15.254 qY,\ay VY., VA0 YIY,AAY YYE, VA YYY, VY
16.666 NAYY Y.V,ave AT, YY VAT, YAA YYY,VAA
18.032 VA, 0%+ Y.0,87A YA, 0T YAY, VA YY), V.0
19.354 VYTt Yee,0%) Y.q,04. Y. g,70Y% YY., Vo0
20.634 50,ATY q),9.Y Vo), A9 Yoo,y 118.422
21.875 €Y, Y,A0A ¥,V g NS, ATE EEARE
23.076 Y9, VY Yoy, Y,a0A oY, Y. VY, TAS

Table(1-E) : The equivalent conductivities (@*.cm?.equiv™®) with molar concentration
for [Ni(phen)(H,0),4]Cl, in 50% methanol water mixturesat different temperatures

Conc. x 10° M T=288 K T=293K T=298 K T=303 K T=308 K
1.960 97,AANE 9A,ATY 99,¥)A Yo%,00¢ YV.,0.9
3.846 1,1 0A 9A,ACY qA, 1Y A% )44,V
5.660 90,0AA A, YY qA, . YY Yo£,TAN Y44,
7.407 98,77 9V,YA4 4v,YAq Yo£,Y04 YA, TYE
9.909 v, e, T, YAA 90,1V Yeg, vy Ye1,4900
10.714 q.,47) 40,7V 9¢,40. YA, ¥ YL NA
12.228 AY, A6 90,790 9¢,17A A Yeg,n0Y
13.793 AY,0AY 90,) 0 47,41 Yer,£44 Yeg,0v.
15.254 AY,0AY 94,V £A qv,V4y 94,A41 y.Y,aY0
16.666 AY,YYR 9¥,AYY AQ,EAA 94,Y4y YoY,ANT
18.032 va, o)1 9¥,1%1 AY,TY 44,190 99,A0A
19.354 Ve, Y 9Y,ATY A EY 9V,1) ¢ 90,4\ Y
20.634 YY,AANY qY,Ye4 YA,0Y . 94 ,AAY 4.,£41
21.875 YY,4A) AY,AQY LD AAY AT, €41
23.076 Y.,0%. Y1,4A Yo,¥Y. Ao,0Y . AO, g

Table(2) : Valuesof AM*? K, , R, dielectric constant and viscosity of the complex at
different percentages and temperatures.

Temp. K Ka RA° AM™2 D n
100 % M ethanal
288.15 780 70 146 40.0 0.00623
293.15 760 70 155 36.31 0.00597
298.15 750 70 160 32.62 0.00544
303.15 700 70 170 29.81 0.00516
308.15 650 70 180 27.0 0.00483
90 % Methanol
288.15 465 38 240 44,19 0.00673
293.15 368 38 245 40.88 0.00638
298.15 290 34 250 37.22 0.00581
303.15 254 38 271 34.48 0.00513
308.15 205 34 275 31.78 0.00500
80 % Methanol
288.15 900 70 110 48.39 0.00725
293.15 800 70 120 45.07 0.00679
298.15 700 70 160 41.82 0.00582
303.15 680 70 135 39.16 0.00565
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308.15 660 70 140 36.56 0.00529
70 % Methanol
288.15 1320 50 120 52.58 0.00772
293.15 1280 50 130 49.45 0.00721
298.15 1250 50 135 46.42 0.00640
303.15 1220 50 140 43.83 0.00598
308.15 1200 50 150 41.34 0.00553
50 % Methanol
288.15 1000 70 50 60.97 0.00880
293.15 950 70 55 58.21 0.00805
298.15 920 70 59 55.40 0.00710
303.15 900 70 64 53.87 0.00657
308.15 880 70 70 50.19 0.00600

Table (3) : Thermodynamic parameters (AH®, AG®, AS®) of the complex in

different solvent composition

Temp K AG°KJmole™ | AS’K cal.mole’ | AH° K cal.mole™
100 % Methanol
288.15 -3.799 -84.088
293.15 -3.849 -82.483
298.15 -3.908 -80.902 -28.029
303.15 -3.932 -79.488
308.15 -3.951 -78.137
90 % M ethanol
288.15 -3.504 -12.101
293.15 -3.428 -12.154
298.15 -3.358 -12.185 -6.991
303.15 -3.322 -12.102
308.15 -3.247 -12.149
80 % Methanol
288.15 -3.881 2.172
293.15 -3.880 2.132
298.15 -3.867 2.052 -3.255
303.15 -3.914 2.173
308.15 -3.961 2.291
70 % M ethanol
288.15 -4,099 11.313
293.15 -4,154 11.123
298.15 -4.209 11.121 -0.893
303.15 -4.265 11.119
308.15 -4.325 11.137
50 % M ethanol
288.15 -3.941 10.432
293.15 -3.979 10.383 -0.935
298.15 -4.027 10.370
303.15 -4.083 10.384
308.15 -4.136 10.387
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Fig (1-A) : plot of equivalent conductivities against Squareroot of concentration
for [Ni(phen)(H,0)4Cl,in 100% methanol at different temperatures
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Fig (1-B) : plot of equivalent conductivities against Squareroot of concentration
for [Ni(phen)(H,0)4Cl, in 90% methanol-water mixture at different temperatures
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Fig (1-C) : plot of equivalent conductivities against Squareroot of concentration
for [Ni(phen)(H,0)4Cl,in 80% methanol-water mixture at different temperatures
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Fig (1-D) : plot of equivalent conductivities against Squareroot of concentration
for [Ni(phen)(H,0)4Cl, in 70% methanol-water mixture at different temperatures
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Fig (1-E) : plot of equivalent conductivities against Squareroot of concentration
for [Ni(phen)(H,0)4Cl, in 50% methanol-water mixture at different temperatures
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Fig (2) : Plot of KA versusthe composition of solvent mixturesat 298 K
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Fig (3) : Variation of PK , values of the complex in methanol-Water
Mixturesat 298 k with dielectric constant of the mixtures (Log D
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Fig (4): plot of Log K 4 against /T for the Complex at different solvent composition
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Fig (5) : Walden products (A, n,) for the complex in methanol-water mixture plotted
ver sus the composition of the mixture at different temperatures
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