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Abstract: 
The association phenomena of tetra-aqua 1,10 

Phenanthroline manganese (II) Chloride in binary 

mixtures of methanol and water have been studied at 288 

- 308 K. The parameters λo, KA and R means limiting 

molar conductances, ion association constants and the 

mean  distance between ions in solution have been 

evaluated using  Lee -Wheaton conductivity equation. 

The association constant obtained at different 

temperatures were used in determining the 

Thermodynamic quantities of the  association reaction of 

M
+2

 ions and Cl
-
 ions (where M is the coordination 

complex)The results are discussed on the basis of the 

solvent effect on the conductivity parameters of these 

complexes. 

 

Key word : Conductivity , 1,10 Phenanthroline 

complex , Lee-Wheaton equation   

 

Introduction: 
Mixed ligand complexes of 1,10 Phenanthroline with 

transition metal are now finding extensive in 

volcanization of rubber , forth floatation process for 

concentration of sulphide ores, as antioxidants,lubricans 

and have been found to possess fungicidal and 

insecticidal activity [1]. 

The conductivity measurements are usefel as an effective 

means to understand the nature of solute-solvent 

interaction , since the degree of ionic mobility is 

exceedingly sensitive to interactions. The characteristics 

of metal chelate electrolytes is of their solute-solvent 

interaction concerning charge , size and chemical 

properties of ligand have been elucidated by the study of 

the electronic spectra [2].  racemization [3] . optical 

resolution [4], Viscosity and molar volume [5] and 

conductivity [6]. Very few work, have been done of  1,10 

Phenanthroline and water as mixed Ligand with any 

metal ion [7] had studied the kinetics and conductivity of 

tris(3,4,7,8-tetramethyl-1,10 Phenanthroline –Fe(II) 

complex in acetonitrile at 25 
0
C and the conductivity data 

were analyzed by the Lee-Wheaton equation. The 

analytical applications of the complexes of Mn , Ni , Co 

and Cu with 1,10 Phenanthroline as aligand which have 

vary wide applications in industry and have a biological 

effects were studied by Lee-Wheaton equation to 

investigate their behaviour of interaction by conductivity 

[8]. 

Novel chiral complexes of tin have been synthesized 

using amino acid as chiral auxiliary and 1,10 

Phenanthroline, 3,7- Phenanthroline or 1,7-

Phenanthroline as asecondary Ligand, it has been found 

that the complexes are non-electrolytic and are 

octahedral in shape with a coordination number six 

around the tin atom.  

Also the complexes have been screened against a number 

of fungi and bacteria to assess their growth inhibiting 

potential.  

In this work we have measured the electrical the 

conductivity of [Mn(1,10  Phenanthroline) (H2O)]Cl2 in 

methanol-Water mixture at different temperatures (288 - 

308 K). Lee-Wheaton equation is used to elucidate the 

conductivity parameters λo ,KA and R in the different 

percentages and temperatures of the two solvents. 

 

Experimental: 
 

Preparation of complex: 

Tetra aqua (1,10-phenanathroline) manganese (II) 

chloride was prepared by mixing 2 mM of 1,10-

phenanthroline in 10 cm
3
 of ethanol and 2mM of 

MnCl2.6H2O in 30 cm
3
 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 
o
C followed by 

addition of excess absolute ethanol. The product was 

dried under vacuum over anhydrous calcium chloride. 

Magnetic electronic spectral, (UV), infrared 

measurements used for analysis of the complex and also 

gas chromatography was used to determine water content 

and other organic impurities. 

 

Purification of solvents: 

Methanol was purified and dried by the method 

described by Perrin[9] conductivity water was prepared 

by distilling twice distilled water with specific 

conductance of 2 × 10
-6

 s. Conductivity measurements 

were made using Jenway PCM3 conductivity meter with 

frequency range of 50 Hz-1KHz and accuracy of 0.01 s. 

The cell constant for the conductivity cell was measured 

using the method of Jones and Bradshaw[10], 0.01 M 

KCl 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[11]. The cell constant was checked 

regularly and found to be 1.14 cm
-1

. 

 

General procedure: 

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(11) 

additions have been made. 



Results And Discussion: 
Lee and Wheaton obtained an equation for 

unsymmetrical electrolytes of the form : 

 
with equiv. = 




S
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 |Zi| mii / C  where S is the number of 

charged species , Zj , tj are the charges and transference 

number of species j , β=e
2
/DKT , K=(4Π/DKT




S
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 ny ej
2
 

and is proportional to the ionic strength , t = KR and t = 

Fe/6Πη , nj is the molar free ion concentration of species 

, C is the equivalent stoichometric concentration of the 

electrolyte The plasma coefficients  AV
P
 , BV

P
 ----etc. are 

functions of KR and qP while the terms Xj
P
 and qP are 

functions of the limiting mobilities , the concentration 

and charge on all ions present in solution.  

All other terms are define in the original paper (Lee and 

Wheaton 1978). 

This equation has been tested extensively in both 

aqueous and non-aqueous system and provide a 

satisfactory explanation of the conductivity behaviour of 

a variety of system. 

For an unsymmetrical electrolyte MX2 ionizing into M
2+

 

and X
-
, The possible association equilibria are : 

 

 
This, three ionic species are present in the solution which 

are M
2+

, MX
-
 and X

-
.  

Thus for 2:1 associated salts  

 
where R is the average center to center distance for ion 

pairs. 

The input data to the computer program are solvent data 

(Temp.T , Dielectric constant D and Viscosity η ), the 

charge Zi and ionic mobility λi
o
 for each ionic species , 

(1)

AK , (2)

AK , o

MX
λ  , 

o

M2λ  , and R all in the form 

(1)

AK (min)
, 

(2)

AK (max)
 , Δ

(1)

AK  -----etc, then the 

experimental data (molecular concentration and 

equivalent conductance) . This program is used to 

determine values of (1)

AK , 
(2)

AK , 
o

MX
λ  , o

M2λ  , 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. σ(Λ) between the experimental and calculated 

points. An iterative numerical method which was found 

to be very successful has been used to find the minimum  

σ(Λ) 
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Table (1 A-D) Shows the molar concentration and 

equivalent conductance of 

[Mn(phen)(H2O)4]Cl2 in different percentages and 

temperature of methanol-water and figure (1,A-D) 

illustrates the relation between them. 

 

Table (1-A) : The equivalent conductivities (Ω
-

1
.cm

2
.equiv

-1
) with  molar concentration for 

[Mn(phen)(H2O)4]Cl2 in  100% methanol at different 

temperatures  

T=308 K T=303 K T=298 K T=293 K T=288 K 
Conc.  

x 10-5M 

393.151 395.951 395.951 399.595 441.225 1.960 

393.325 395.199 391.555 399.133 435.545 3.846 

325.911 399.595 399.351 399.351 355.531 5.660 

325.934 391.531 391.113 392.251 355.515 7.407 

325.523 391.454 394.112 391.351 355.535 9.909 

322.524 393.312 394.313 393.312 351.151 10.714 

322.214 325.155 393.312 325.523 355.912 12.228 

321.435 325.222 393.335 325.155 351.515 13.793 

323.552 321.55 393.994 325.145 352.431 15.254 

323.535 329.115 325.514 325.132 354.145 16.666 

323.991 321.553 325.311 325.131 353.311 18.032 

315.152 324.113 329.141 321.553 353.942 19.354 

315.251 323.535 322.925 329.513 315.145 20.634 

315.959 315.154 321.193 329.955 315.351 21.875 

311.343 315.525 324.112 322.413 391.531 23.076 

 

Table (1-B) : The equivalent conductivities (Ω
-

1
.cm

2
.equiv

-1
) with molar concentration for 

[Mn(phen)(H2O)4]Cl2 in 90%  methanol water mixtures 

at  different temperatures 
Conc.  

x 10-5M 
T=288 K T=293 K T=298 K T=303 K T=308 K 

1.960 355.151 319.552 315.391 315.292 315.533 

3.846 355.151 319.214 315.511 315.315 315.311 

5.660 355.134 319.351 315.451 315.154 315.522 

7.407 352.153 312.555 319.935 311.552 315.551 

9.909 351.152 312.54 312.115 319.154 315.335 

10.714 353.522 312.231 314.554 319.351 311.553 

12.228 353.339 312.313 313.242 312.315 311.915 

13.793 353.331 311.125 313.123 314.235 311.434 

15.254 353.592 314.293 395.511 313.395 312.551 

16.666 353.514 313.934 399.122 395.332 314.413 

18.032 353.532 395.935 393.512 395.155 391.341 

19.354 353.412 391.312 321.439 391.311 391.435 

20.634 353.334 324.454 311.594 322.333 325.344 

21.875 355.451 323.915 349.954 323.331 349.551 

23.076 355.112 315.43 343.339 311.159 343.531 

 

Table(1-C) : The equivalent conductivities (Ω
-

1
.cm

2
.equiv

-1
) with molar concentration for 

[Mn(phen)(H2O)4]Cl2 in 80% methanol water mixtures at 

different temperatures  
Conc. 

 x 10-

5M 

T=288 

K 

T=293 

K 

T=298 

K 

T=303 

K 

T=308 

K 

1.960 332.511 331.551 331.353 335.134 334.433 

3.846 332.592 331.131 334.533 335.914 333.152 

5.660 331.939 339.545 333.535 335.142 333.451 

7.407 331.133 339.115 333.531 335.595 333.359 

9.909 331.454 339.135 333.211 335.534 335.113 

10.714 331.445 339.435 333.355 331.512 335.925 

12.228 334.531 332.194 333.554 331.551 335.159 

13.793 333.515 331.553 333.113 331.135 335.352 

15.254 333.945 334.121 335.119 339.525 335.315 

16.666 55.115 334.311 335.221 339.254 335.333 

18.032 55.391 333.534 335.941 331.459 335.551 

19.354 59.513 55.595 331.953 331.442 335.914 

20.634 54.495 55.515 332.194 334.531 335.595 

21.875 53.152 59.534 334.532 334.532 339.951 

23.076 55.491 52.434 333.551 333.555 331.523 



Table(1-D): The equivalent conductivities (Ω
-

1
.cm

2
.equiv

-1
) with molar concentration for 

[Mn(phen)(H2O)4]Cl2 in 50% methanol water mixtures at 

different temperatures  
Conc.  

x 10-5M 
T=288 K T=293 K T=298 K T=303 K T=308 K 

1.960 51.545 55.113 331.551 335.131 343.533 

3.846 51.151 55.254 331.459 335.424 335.194 

5.660 51.941 55.153 331.442 335.315 335.331 

7.407 51.931 51.541 334.553 335.532 331.554 

9.909 51.454 51.532 334.553 335.531 331.523 

10.714 59.551 51.943 333.115 335.131 331.314 

12.228 59.311 59.925 333.151 335.213 339.523 

13.793 52.494 52.494 333.115 335.534 339.531 

15.254 52.393 51.545 55.593 331.345 339.911 

16.666 54.215 51.131 55.131 339.135 339.225 

18.032 54.233 51.345 55.333 339.141 339.152 

19.354 54.421 55.511 51.555 339.433 339.354 

20.634 53.421 53.455 59.254 332.193 332.453 

21.875 55.211 19.943 52.415 331.532 331.941 

23.076 15.594 11.243 52.425 334.333 334.343 

 

 

 

From tables 1A and 1B the equivalent conductance in 

general is high than that of tables 1C and 1D because of 

low values of viscosity and decrease in 100 % and 90 % 

methanol with temperature due to the decrease in 

dielectric constant with increasing temperature . While in 

tables 1C and 1D the equivalent conductance generally is 

lower than tables 1A and 1B because of viscosity effect 

of the mixed solvent. 

Table (2) show the results of analysis of conductance 

data by using Lee-Wheaton equation 

Table (2): The results of analysis of conductance of 

[Mn(phen)(H2O)4]Cl2 in different percentage and 

temperatures of methanol water using L –W equation 

100 % Methanol 

Temp. KA λM
+2 

λMX
+
 R (A

o
) σ 

288.15 1100 170 1.0 70 0.039 

293.15 1050 150 1.0 70 0.062 

298.15 1030 140 1.0 70 0.055 

303.15 1000 130 1.0 70 0.046 

308.15 950 120 1.0 70 0.049 

90 % Methanol 

288.15 450 150 1.0 69 0.023 

293.15 500 130 1.0 69 0.057 

298.15 510 120 1.0 69 0.087 

303.15 550 115 1.0 69 0.049 

308.15 560 110 1.0 69 0.093 

80 % Methanol 

288.15 970 80 1.0 69 0.052 

293.15 960 70 1.0 69 0.040 

298.15 950 60 1.0 69 0.047 

303.15 920 55 1.0 69 0.034 

308.15 900 50 1.0 69 0.047 

50 % Methanol 

288.15 1200 50 1.0 70 0.018 

293.15 1110 45 1.0 70 0.054 

298.15 1100 39 1.0 70 0.044 

303.15 1070 35 1.0 70 0.059 

308.15 1050 30 1.0 70 0.066 

The results show that this complex is associated to form.  

 
 or 

 
From table (2) the values of   λ

o
M

+2
 is the highest in pure 

methanol and decrease with decreasing methanol 

percentages this can be attributed to the effect of the 



viscosity which play an important role. Similar 

observation have also been noted for some electrolytes in 

other mixed solvents [12] and this may be attributed to 

the selective solvation of ions besides the solvodynamic 

viscous force[13]. 

λMX
+
 is almost constant and Low value because of 

formation of Large ion and more stable than the other 

ions( M
2+

, X
-
) . 

Table(2) shows the results of analysis of conductance 

data by using L-W equation. 

The values of KA decrease with increasing temperatures 

because of the short range interaction and the hydrogen 

bond formed at Low temperature further more KA values 

increasing as methanol percentage decrease which means 

increasing formation of hydrogen bonds and increasing 

association except for 100 % there is an increase of KA 

value which may be due to the polarity of the H-bonding 

of the solvent. 

The result of distance parameter R are high because of 

the isolated cation which tend to surrounded by extensive 

solvent shell which gives rise to repulsive force between 

the ions when they come in to close proximately and 

because of ion-dipole-ion forces will be significant to 

form solvent separated ion pair [14]. The small values of 

σ(Λ) give an indication of good best fit value (less than 

0.1). 

In order to analysis the structural changes of the solution 

when varying the solvent composition figure (2) ., the 

Walden product (Λo ηo)  for the media represented  as a 

function  of the reciprocal dielectric constant 1/D at 

298.15 K as an example. 

 
 

From this figure it is clear that the Walden product is not 

constant , the variation is due to the electrochemical 

equilibrium between ions and the solvent molecules with 

the composition of the mixed polar solvent [15]. 

The standard enthalpy of the ion association reaction 

(ΔH) are evaluated by the following 

Ln K= -ΔH / RT + C , 

Fig(3) show the plot of Ln K versus 1/T  which is a linear 

relation . 

The entropy of ion pair formation is a linear combination 

of two variable      

ΔS = (ΔH
o
 – ΔG

o
) / T 

Gibbs energy estimated from the relation  

ΔG
o
 = -RTLnK 

 
 

Result 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 side [16]. The negative entropy 

provides a good indication of ionic association which has 

an ordering effect on the solution. The solvation effect  

may exert on the solution structural in the same manner 

leading relatively to decease in the entropy as 

temperature increase and decrease with increasing water 

percentage [17]. 

 

Table(3) : Thermodynamic parameters (ΔH, ΔG, ΔS) of 

the complex in different solvent 

composition.   
 

% Methanol 

 

 

ΔGo 

( K cal/ mol) 

 

ΔSo 

(K cal/ mol) 

 

ΔHo 

(K cal/ mol) 

 

100 % 

Methanol 

3.995 982 

 
 

-7.011 

4.037 1024 

5.864 2851 

4.145 1132 

4.183 1117 

 

90 % 

Methanol 

3.485 1505 

 

 

4.606 

3.606 1626 

3.680 1700 

3.786 1806 

3.860 1880 

 

80 % 

Methanol 

3.923 -1522 

 

 
-12.666 

3.985 -1460 

4.047 -1398 

4.096 -1349 

4.150 -1295 

 

50 % 

Methanol 

4.045 -3379 

 

 
-17.183 

4.070 -3354 

4.134 -3290 

4.186 -3283 

4.244 -3180 

 

The enthalpy of activation according to the activated 

complex theory is a result 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) , ΔH decreases with increasing water percentage 

due to the broken of ion-ion bond in solution as a result 

of increasing dielectric constant of the solvent [18]. 

Finally the values of ΔG are negative which indicate the 

reaction is spontaneous. 
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  Cl2[Mn(phen)(H2O)4]دراسة توصيليه ظاهرة التجمع الايوني للمركب 
 الماء بدرجات حرارية مختلفة -في مزيج الكحول المثيلي

 

 علاء الدين محمد هاني وعمر عادل شريف  وياسر عمر العلاف 
 , جمهورية العراقالموصل ,قسم الكيمياء, كلية العلوم, جامعة الموصل

 :الملخص
فدي مدجي   Cl2[Mn(phen)(H2O)4]لتجمع الايوني للمعقدد درست ظاهرة ا

( 51.882 – 882..5المددددا  فددددي درجددددات اددددرارة   -مددددك ال اددددوي الم يلددددي
ة و ابدت التجمدع أي التوصيلية المولاريد λo, KA  ,R مطلقة واسبت الادود 

 -الايددوني ومعدددي المسددافة بدديك الايونددات فددي المالددوي باسددت دا  معادلددة لددي
ويتوك ومك اسدا   ابدت التجمدع الايدوني للمعقدد فدي درجدات اراريدة م تل دة 

M ددد  اسدددا  الددددواي ال رموداينيم يدددة لت اندددي التجمدددع بددديك ايوندددات 
وايدددوك  +2

Clال لوريددد 
ر المددني  نلددط معطيددات والنتددا    ددنلق نومنددت مددك ج ددة تدد  ي -

 التوصيلية ل نا المعقد.
ويتااون  -الكلمااات الدالااة  : التوصاايلية , الثوابااد الثرموداينيميكيااة , لااي

 
 

 

 

 

 

 

 

 

 

 


