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Abstract: 
Conductance measurements of [Ni(phen)3]Cl2 in water, 

methanol and ethanol at (280.16-318.16K) are reported. 

Limiting equivalent conductance (), association 

constant (KA) and distance of closest approach of ions 

(R) are calculated. The experimental data were analyzed 

by means of Lee-Wheaton conductivity equation that 

gives detailed information on ion-ion and ion-solvent 

interaction and also to obtain thermodynamic 

information of ion association and examining the nature 

of the interaction. 
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Introduction: 
Many problems concerning ionic solvation have been 

attracting the attention of chemists in various fields [1]. 

The ion solvent interaction of [Ni(en)3]
+2

 complexes 

depending on the ion association behavior on the 

properties of the complex ion were studied in methanol at 

temperatures between (278.16-318.16K) [2]. The 

interaction between solvent and ions of CoSO4 and 

NiSO4 with (10, 20 and 30 wt.%) glycerol-glycol and 

isopropanol-water mixture at different temperatures (30-

45C) had been studied [3]. The temperature effect on 

the conductance of some alkali halides in n-propanol was 

studied [4]. and the results were discussed in terms of 

contact and solvent separated ion pair. After noticing an 

interest in the ionic association between divalent metal 

cation and 1,10-phenanthroline, we have made a 

complete study on [Ni(phen)3]Cl2in water, methanol and 

ethanol at different temperatures (280.16-318.16K). In 

the present work the conductance data were treated using 

Lee-Wheaton 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 [5]. 

 

Experimental: 
Preparation of the complex: 

In order to prepare the desired complex, a mixture of 

6mM of 1,10-phenanthroline in 30cm
3
 of ethanol and 

2mM NiCl2.6H2O in 10cm
3
 of water was refluxed for 

about 45 min. on a water bath, then cooling and adding 

the excess of absolute ethanol. A colored precipitate was 

sucitioned, filtered and washed with ice cold 50% 

ethanol. The crud product was dissolved in a minimum 

quantity of hot 50% ethanol and recrystalised by slow 

cooling to 0C followed by addition of excess absolute 

ethanol. The product was dried under vacuum over 

anhydrous calcium chloride [6]. The composition of the 

complex was determined by using Shimadzu (U.V. Vis. 

Recording U.V. 160) spectrophotometer and IR spectra 

by using a Perkin Elmer 580 B infrared 

spectrophotometer (200-4000cm
-1

). The magnetic 

susceptibility was measured applying (Faraday Method). 

The instrument used is of type BRUKER B.M.6. 

Conductivity measurement: 

Ethanol and methanol were purified and dried by the 

method described by Perrin (Perrin et al., 1966) and the 

procedure was repeated twice to ensure that all water was 

removed. 

For conductivity measurements in non-aqueous and 

aqueous solvents which are highly sensitive to 

atmospheric pressure and carbon dioxide a special design 

is required to ensure complete isolation of the system 

from outside atmosphere and to maintain the isolation 

during the addition of solute. Nitrogen gas was passed 

through lime water, sulphuric acid and calcium chloride 

before entering the cell. The temperature of the cell and 

its contents was kept constant at certain temperature 

using a water-thermostat type HAAKE NK 22. Purified 

nitrogen gas was passed through a known volume of 

solvent until the conductance of the solvent was constant. 

Addition of solute was then made. 

The design of the conductance cell and the nitrogen line 

was the same as that previously used by Wheaton [8]. 

The cell constant of the conductivity cell was measured 

using the method of Jones and Bradshuw [9]. 0.01M KCl 

solution was prepared from KCl (BDH reagent) 

recrystalised three times from conductivity water and 

then dried at 700 torr and 500C for 10 hrs. The cell 

constant was checked regularly and found to be 

0.05564cm
-1

. 

General procedure: 

A general method has been used for measuring the 

conductance of electrolytes. The conductivity cell was 

washed first with the solvent used and then dried, 

weighed empty and kept at constant temperature. 

Purified nitrogen gas was passed through the cell; 100 ml 

of purified solvent was added and nitrogen gas was 

passed for further 10-15min. whereupon the cell plus the 

contents were weighed. A certain amount of the complex 

solution was injected in to the cell from a plastic syringe 

(which was weighed before and after each addition), 

nitrogen gas was passed for several minutes and the 

conductivity fo the solution was measured. After all the 

addition have been made (generally 15 addition) the cell 

was reweighed to find the weight change over the whole 

run. It was found that the maximum weight loss in a 

single run was not more than 0.02%. 
 

Results and Discussion: 
To investigate the dependence of the ion association 

behavior on the properties of the complex ion we have 



 
 
 
 
 

studied the ion association of [Ni(phen)3]
+2

 complex ion 

with mono-valent anion (Cl
-
) by measuring the 

conductivities of [Ni(phen)3]Cl2 in water, methanol and 

ethanol at temperatures between (280.16-318.16K). The 

input data to computer program (RM1) by using LW 

equation for asymmetrical electrolytes which was used to 

analyse the concentration conductivity measurements are 

(T, D and ) where T is the temperature in Kelvin, D and 

 are the dielectric constant and the viscosity of the 

solvent at that temperature [10], [11]. 

Tables (1,2, and 3) shows the conductivity-concentration 

data for the studied complex in the three solvents at 

different temperatures. The plot of equiv. Against the 

square root of the molar concentration (C
1/2

) at different 

temperatures were shows in Figures (1, 2 and 3). 

 

 
 

 

 



 
 
 
 
 

 
From both tables and figures it can be seen clearly that 

the equivalent conductivities increase with increasing 

temperature. Table (4) shows the best fit parameters of 

analysis of conductance data for [Ni(phen)3]Cl2 in water, 

methanol and ethanol at different temperatures. 

 
From Table (4) the values of M

+2
 in water increase 

with increasing temperature which may attributed to the 

high value of the dielectric constant of water and also 

because of the large size of the complex ion [Ni(phen)3]
+2

 

which form small size of solvated ion to move in 

solution. In the other hand equiv. In Table (1) greatly 

increase with increasing temperature, so the association 

constant KA decreases as shown in Table (4) due to short-



 
 
 
 
 

range interaction and the hydrogen bonding formed at 

lower temperatures. [12]. The value of  of 

[Ni(phen)3]
+2

 ion slightly increases with increasing 

temperature which may attributed to the decrease in the 

viscosity of methanol [13], in the other hand equiv. In 

Table (2) and Figure (2) increases with temperature. 

The value of association constant KA in methanol 

increase with increasing temperature which assumed a 

simple coulombic interactions between hard sphere ions 

in continuous medium. The same behavior was obtained 

by Dawood [14] for symmetrical (1:1) electrolytes in 

methanol at different temperatures. The high value of KA 

association constant in ethanol were due to the low value 

of dielectric constant which leads to high association and 

low value of  of [Ni(phen)3]
+2

 ion. The value of equiv. 

also increase with increasing temperature but found to be 

lower than in methanol and water as shown in Table (3) 

and Figure (3). 

Thermodynamic parameters G, H are determined 

from the values of KA (G=-RTlnKA) , (Ln K=-ΔH/RT+ 

C) and temperature (Arrhanius equation), then S is 

calculated from these two parameters (G=H-TS) 

and are given in Table (5). 

 
In water, the values of H are negative and S are 

small, this will ascribed to specific short-range 

interaction such as hydrogen bonding. From the same 

table the values of S and H in methanol are positive 

and in agreement with theoretical H values containing 

the (T
-1

+lnD/T) term: since the experimental value of 

lnD/T makes the theoretical H value positive 

(lnD/T)<-1 [12]. 

Heq.=-bRT
2
(T

-1
+lnD/T) (dlnKA/db) 

This agreement of the experimental and theorical values 

of H may mean that the temperature dependence of D, 

lnD/T represent how much the ion salvation is 

weakened by ion association. The positive value of S 

in Table (5) has been considered as due to the decreasd 

orientation of solvent molecules when the ion pair 

performed [2]. 

In ethanol the values of H and S are negative and 

small because of the low value of the dielectric constant 

of ethanol which leads to ion solvent interaction, and the 

high value of association constants leads to very low 

value of  of [Ni(phen)3]
+2

 ion and more orientation due 

to ion solvent interaction. 
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  Ni(phen)3]Cl2دراسة توصيلية لظاهرة التجمع الايوني لمعقدات 
 ةوبدرجات حرارية مختلف في مذيبات مختلفة

 

 ياسر عمر حميدبنان أحمد عقراوي و 
 جمهورية العراق ، الموصلقسم الكيمياء، كلية العلوم، جامعة الموصل،

 الملخص:
 في مذيبات الماء, Cl2[Ni(phen)3]تم اجراء القياسات التوصيلية لمعقد 

الميثانول والايثانول في درجات حرارية مختلفة. وتم حساب المواصلة 
 (KA)وثابت التجمع الايوني  ΛO) (عند التخفيف اللانهائيالمكافئة 

في المحلول .وقد اجري تحليل النتائج باستخدام  (R)والمسافة بين الايونات 
ويتون في التوصيلية والتي اعطت معلومات مفصلة عن -معادلة لي

معلومات عن  إعطاءمذيب فضلًا عن  -ايون وايون-التداخلات بين ايون
 .اينمكية وطبيعة التداخلاتالدوال الثرمود

 

ويتون, الدوال -التوصيلية الكهربائية, معادلة لي الكلمات الدالة:
الثرموداينميكة.

 


