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ABSTRACT: 

     An e.m.f. cell with transference similar in design to that developed by Rupert and recently 

by Braun Weingaertner has been fabricated. Using this cell, transference numbers of NO3‾ 

(tNO3‾ ) in AgNO3 have been measured in the concentration range 3.922× 10
-4

 to 11.2×10
-3

 

mole dm
-3

 in 0.0606 mole fraction of tetra methyl urea (TMU) + water mixture at 298.15 K. 

The method is fast and reliable for transference number measurements of AgNO3 in mixed 

solvents. The transference number of NO3‾in the solvent mixture showed practically no change 

with a change in AgNO3 concentrations. The limiting transference number of NO3‾ (t  ْ NO3‾) 

has been estimated by calculating the average of the transference number values of NO3‾ at 

different AgNO3 concentrations. 

   Densities and specific conductivies of all solutions have been measured at 298.15 K. Values 

of Λ, the molar conductivity; have been used to derive the values of the molar conductivity at 

the infinite dilution (Λە).The value of Λە was then utilized to calculate the Walden product for 

the electrolyte in the solvent system at 298.15 K.  

 الخلاصة >

شخ ٔيةٍ مةى ذى ذصُٛع خهٛح قٛاس انقٕج انذافعح انكٓشتائٛح عهٗ غشاس انخهٛةح انرةٙ قةاو ترصةًًٛٓا لأل يةشج انثابة  سٔتٛة    

( فٙ َرشاخ انفضح عهٗ يذٖ  ‾tNO3) ‾NO3 انثاب  تشأٌ فُٛكاسذش. اسرخذيد ْزِ انخهٛح فٙ اٚداد اعذاد الاَرقال لإَٚاخ

01×  3 , 299انرشاكٛز يٍ
-
 
4
01  × 00, 9انٗ   

-
 
3
يٕل نهذسًٛرش انًكعة فٙ يةزٚة ستةاعٙ يثٛةم انٕٛسٚةا فةٙ انًةاء انةز٘  

كهفٍ . ٔانطشٚقح انًسةرخذيح ْةزِ ذعرثةش سةشٚعح 922 ,05ٔرنك تذسخح   1616,1م انٕٛسٚا فّٛ تهغ انكسش انًٕنٙ نشتاعٙ يثٛ

ٔكةاٌ عةذد اَرقةال نٚةٌٕ انُرةشاخ فةٙ انًثانٛةم ماترةا ذقشٚثةا ُرشاخ انفضح فٙ يخانٛظ انًةزٚثاخ ٔيٕمٕقح نقٛاس اعذاد الاَرقال ن

اد الاَرقال انًسرثصهح ذدشٚثٛا تًثاتةح عةذد اَرقةال اٚةٌٕ عهٗ يذٖ ذشاكٛز َرشاخ انفضح انًسرخذيح .ٔاسرخذو يرٕسظ قٛى اعذ

 ,05( . ٔقذ ذى قٛاس انكثافح ٔانرٕصٛم انُٕعٙ نكافح انًثانٛم تذسخةح ْ  NO3‾  tانُرشاخ فٗ انًثانٛم انًخففح انٗ يا لآَاٚح )

ْٕ انرٕصةٛم انًةٕلاس٘ ( Λٔ  ە( انًثسٕتح تعذ رنك فٙ اسرخشاج قًٛح ) Λكهفٍ ، ٔاسرخذيد قٛى انرٕصٛم انًٕلاس٘ )922

( تعةذ رنةك فةٙ بسةاب ماتةد ٔانةذٌ نُرةشاخ انفضةح فةٙ Λ  ەنُرشاخ انفضح فٙ انًالآَاٚح يٍ انرخفٛف . ٔذى اسرخذاو  قًٛةح ) 

 كهفٍ 922 ,05  انًزٚة تذسخح

 

 

INTRODUCTION: 
           The solution behavior of ions in pure and mixed solvents can be studied if the limiting ion 

conductances (λ˚±) are available. Limiting ion conductances are usually obtained by combining 

limiting equivalent conductances of electrolytes (Λە) with the limiting transference number (t˚±) of 

an ion and the relation: 

 

λ˚ =  Λە   t˚± ……(1)  

 

          For this purpose the transference number measurements of at least one electrolyte in a solvent 

or a solvent mixture at a given temperature are required. During the last few years the conductances 

of a large number of electrolytes in mixed solvents have been measured.
(1-8)

 

            Unfortunately transference number measurements are rare in mixed solvents. Wherever 

transference number measurements are  available in the literature. Hittorf ´s method
 (9)

 has been 
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commonly used in preference to moving boundary and e. m. f. methods. The transference number 

measurements are rare in mixed solvents
 (10-11)

. In the absence of transference number data, indirect 

methods have been used for the calculation of  λ˚  values of the ions in pure and mixed solvents. 

 

            In this work the transference number measurements of silver nitrate in tetramethyl urea 

(TMU) + water  (W) mixtures using e. m. f. method are reported . Since such measurements are 

completely lacking, the present study, therefore, provides such data for the first time in the 

literature. 

 

           AgNO3 appeared to be a good choice for the following reasons: 

 

1- AgNO3 solutions give a stable e. m. f. for a sufficiently long time; 

2- It is appreciably soluble in many solvent mixtures; 

3- Conductance measurements of  AgNO3 in the same solvent mixture (TMU + W) were 

performed in the mean time, so that association  constant (KA) values could be determined by more 

than one method; and; 

4- Same transference- number data for AgNO3 in H2O and same solvent mixtures obtained by 

Hittorf method are available with which the present results may be compared. The choice of TMU + 

water mixture as a solvent for this work was made because of its relatively high dielectric constant 

and other good physical properties which could be derived directly from the available literature
(12-

13)
. 

 

EXPERAMENTAL 

           The e. m. f. cell used for the transference-number measurements is shown in fig.1. It is 

essentially an adaptation of the design developed by Rupert
(14)

recently used by Braun and 

Weingaertner
(15)

 for transference number measurements of Na
+
 using sodium- selective glass 

electrodes. Pure (99.999) silver wires were used as reversible electrodes in the present 

measurements. The silver electrodes were thoroughly cleaned with dilute nitric acid, distilled water 

and finally with anhydrous acetone and then dried. 

            The e. m. f. measurements were performed with a cell of the type: 

Ag | AgNO3 ¦ AgNO3 | Ag 

                                                                            (C)                  (Cref. )  

      The cell compartments were filled with solutions and the cell was clamped into a thermostat 

bath maintained at 25 ± 0.01 ˚C . 

    After a constant temperature was attained, the three-way stopcock was turned to form the liquid 

junction. The e. m. f. of the cell became stable within 5-10 min. and remained constant for one hour. 

             The e. m. f. of the cell was measured with a precision potentiometer (PYE type ) supplied 

by PYE UNICAM. The uncertainty of the e. m. f.  measurements in all cases was ±  0.1 mV. 

Tetramethyl urea (TMU), obtained from FLUKA, was 99.5% pure and it was further purified before 

use; the utilized sample had a refractive index of 1.4512 . Doubly distilled water with electrolytic 

conductance 10
-6

Ω
-1

cm
-1

 was used for the preparation of TMU + water mixture containing 0.0606 

mole fraction TMU. Weighed samples of AgNO3 were dissolved in this solvent mixture to obtain a 

stock solution of desired concentration. The stock solution was diluted, using the same solvent 

mixture, to give a number of concentrations which were used for the transference number 

measurements. An AgNO3 solution (3.922 ×10
-4

 mol dm
-3

) was used as a reference solution against 

which the e. m. f. of all other solutions was measured. Densities of all solutions were measured 

accurately using DMA 60 digital density meter manufactured by ANTON PAAR, K. G.    

               The conductance of all solutions were measured at 25 ˚C with the aid of a conductivity 

meter model CD810 supplied by SOLEA, TACUSSEL. Several possible values of frequencies 

according to the conductivity of the solution under investigation could be selected. A preliminary 

setting of the cell constant could be made before effecting measurements with the conductivity cell. 
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The precision of subsequent measurements on solution of unknown conductivity depended upon the 

care with which this setting was done.  

 

Fig. 1. Cell design for transference number measurements A and B, electrode 

            compartments; C, three way stopcock; D, glass tube;   E,   silver  wire 

            electrodes ; F,   glass   tubes  with stopcock; G,   position of the liquid  

            junction. 

 

 

RESULTS AND DISCUSSION 

 

              The measured e. m. f. values in Volt (Et) using several concentrations of AgNO3 in the 

concentration range ( 1.538 – 11.2 ) ×10
-3

 mol dm
-3

 against a reference concentration of 3.922×10
-4

 

mol dm
-4

 in TMU + water solvent mixture containing 0.0606 mole fraction TMU are reported in 

table (1). 

             

 The Et values from table 1 were fitted to a constant- order polynomial in the form: 

              

   

Et  = P + q log a± + r (log a±)
2
……..(2) 

 

And it was observed that r values were small. The fit of the data to a first-order polynomial in the 

form: 

            

Et  = P‾ + q‾ log a±  ……………….(3) 

 

was then tried and it was found a better fit of the experimental data to a first- order polynomial was 

obtained. The transference numbers of  NO3‾ (


3
NOt ) in all solutions studied were calculated using 

the equation
(10)

: 

 

 

 

 

 

 

  

 

 

 

 

 

 

Where ZA.ZB =1, R is the gas constant, T is the absolute temperature, F is Faraday
,
s constant and ( 

dEt / d log a± ) = (ΔEt / Δ log a± ) is the variation of the e. m. f. of  the cell from the reference value 

to a particular concentration with the variation of log a± from the reference value to the 

corresponding concentration value. The mean – ion activity coefficients (f ±) for AgNO3 in the 

present solvent system are not available in the literature, therefore a± values could not be directly 

obtained. The (f±) values have been calculated theoretically and combined with the corresponding 

C values to  calculate  a±  values  using the                relation  
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t
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a
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4522.8 ………………….…..(5) 

a± = Cα f±   ………………………….(6) 
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where AgNO3 is associated, α  being the degree of dissociation of AgNO3 . The numerical value of 

2.303 RT / F at 25 ˚C  was  calculated as 0.059156. 

 

           The f± values at various concentrations of  AgNO3 were calculated from the extended  

Debye- Hückel equation 
(16)

 in the form: 

 

 

2/1)/(2/1)(81029.501

2/3)/(2/1)(6108246.1
log

TCa

TC
f








 ………(7) 

              

 

            Equation (7) has been frequently used for calculating f± values of electrolytes in pure and 

mixed solvents, and its validity up to concentrations > 0.1 m0l dm
-3

 for 1:1 electrolytes has been 

established in water and in other solvents of moderately high dielectic constant. 

             

            In the present solvent system where AgNO3 was associated  α was calculated from the 

association constant (KA) using the relation: 

 

          
22

1






fC
K A




……………………………(8) 

                 

 

            The value of association constant (KA) was estimated using the modified Bjerrum equation 

which may be expressed as : 

 

              

  
b

eeN
K

b
A

A
1000

4 2
 …………………………(9) 

                     

 

Where: 

 

   
Tka

eZZ
b






2))((
………………………     …(10) 

                   

Where: 

 a
˚
  is the ion- size parameter, k  the Boltzmann constant, e  the electronic charge,  Z+ and Z- are the 

charges by the cation and anion respectively and NA is the Avogadro number. Following a 

suggestion by Justice
(17)

, the  a
˚
   values in equations (5) and (8) were set equal to the corresponding 

Bjerrum critical distance
(16)

 q.  

Where: 

  

   
Tk

e
q

2

2

 ……………………………………(11) 

 



Jornal of Kerbala University , Vol. 5 No.4 Scientific .Decembar 2007 

 

 3;9 

             Using equations (9) and (10), a value of  KA  of 1.3 × 10
4
 has been determined for the 

association constant at 298.15 K. A computer program to estimate α  and  f±  simultaneously from 

equations (7) and (8) was made. As a first approximation  α in equation (7) was set equal to 1 and 

the tentative values of  f±   at different concentrations were calculated . Using these f±   values ,  α  

values were approximated from equation (8). These values were then used in equation (7) to 

calculate better values of   f±  and hence better values of  α. In this way constant values of α  and  f±  

were calculated iteratively. The dielectric constant (ε ) of the solvent system used in equation (7) 

was taken from references
(12-13)

. 

  

           Table (2) gives the values of  α , f±  and  a± at various electrolyte concentrations which have 

been calculated by the method forwarded above. 

 

           A plot of  Et  values against the corresponding  a± values is indicated in fig. (2) from which 

various values of  (dEt / d log a± ) have been derived. 

 

           These values were then inserted in equation (5) to obtained the corresponding values of  tNO3
-
 

; these values did not alter significantly from  0.44 . 

 

 

 

 

THE CONCENTRATION DEPENDANCE OF t : 

 

               The dependence of transference numbers on the concentration of an electrolyte is usually 

small. From interionic attraction theory 
(14)

,which only applies for dilute solutions, it is expected 

that ( δt / δC )T > 0 if t > 0.5, ( δt / δC )T =0 if t = 0.5 and ( δt / δC )T <0 if t< 0.5. Such predictions 

have been found true from transference number measurements of electrolytes in various pure 

solvents
(11)

. Transference number of HCL in EtOH and a 50      mol % EtOH- H2O mixture, 

however, have been found to vary in the opposite direction to that predicted by the theory
(18)

 . 

                   It has been found that ( δt NO3
-
 / δC )T < 0 was satisfied in the present work because   t 

NO3
-
 < 0.5. 

 

             

LIMITING TRANSFERENCE NUMBER: 

 

              The limiting transference number of an ion, like the Λ ە   value of an electrolyte, cannot be 

measured directly
(18,19)

. It can be extrapolated from the transference number data at different 

concentrations of an electrolyte. The transference number are far less sensitive than conductance to 

the change in concentration. The extrapolation of transference number data to obtain the limiting 

transference number ( t˚- ) is thus much less uncertain than the extrapolation of conductance data.  

              In the present work the values of  tNO3
-
 did not depend on the concentration of AgNO3 

solutions. The value of  tNO3
-
 was therefore taken to be equal to t

˚
NO3

-
, the limiting transference 

number of NO3. Hence : 

                                  

                                          tNO3
-
  = t

˚
NO3

-
  = 0.443 

 

               The cation Longsworth function  


Agt  was calculated by the method reported by Kay and 

Day
( 20 )

 using the equations: 
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AgAg
Ag ttt )5.0( ………………………(12) 

And 
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CB
e

1

2/1

………………………………………(13) 

                  
Where 

   
2/1)(

487.82

T
B



 ……………………………………(14) 

 

                       
And  

   
2/1

2/1

)(

2916.50

T

C
K


 …………………………………(15) 

                         And  a
˚
 was set equal to the Bjerrum critical distance q. as present in equation (11). 

The ε and ηە values for calculation of  B and  K  values were taken from references (12) and (13).  

The value of  Λە  for AgNO3  in TMU + water mixture estimated by making the conductance 

measurements in the range  3.922×10
-4

  to 11.2 ×10
-3

 mol dm
-3

 and by analyzing the conductance 

data using modified Onsager and Bjerrum equation
(21)

 . Using the values of K and  B, as estimated 

from equations (14) and (15), the corresponding values of  Λe have been alculated. These values of  

Λe have been inserted in equation (12) to derive the values of  


t ,an average of which was 0.449 . 

 

THE LIMITING CONDUCTANCE  (  Λ ە    ) OF AgNO3 : 

          The specific conductance (ζ ) of all solutions have been measured at 298.15 K from which 

the corresponding values of molar conductives (Λ ) have been calculated. A plot of     Λ values  

against the square root of the molar concentration  (C
1/2

)  of AgNO3 solution TMU-water mixtures 

at 298.15 K are shown in fig. (3); the value of Λ ە  , derived from the intercept of the plot, was  143 

mol
-1

 Ω
-1

cm
2
 . This is compared with 133.34 for Λ ە   in water.  

    

     Walden product (k‾ ) for AgNO3 in TMU + water mixture at 298.15 K has been calculated from 

the relation : 

λ
ە
 (Ag

+
 )   ηە =  k‾…………….(16) 

Where ηە is the viscosity of the solvent of  1.372 × 10
-2

 poise. Taking the value λ
ە
 (Ag

+
 )   = 


Agt  Λ ە  = 

79.508 mol
-1

 Ω
-1

cm
2
 the value of  k‾ was 1.0912 at 298.15 K. data are available in the literature to 

be compared with these experimental results in TMU + water mixture at 298.15 K. 

 

 

 

 

 

 

Table (1): Specific conductivity  (ζ ), density (ρ ) and electromotive force ( Et ) 

                 of the cell at 298.15 K for various concentrations ( C ) of AgNO3 in  

                 TMU + Water mixture. 
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C 

(Mol.dm
-3

) ×10
-

3 

 

 

σ 

(S.cm
-1

) /10
-6 

 

 

ρ 

(g. cm
-3

) 

 

Et  

(V) 

 

Remark 

0.392 160.2 1.0068 0.0000 Reference  

Solution 

1.538 167.4 1.0072 0.0500 Test sol. 

 

3.334 195.7 1.0075 0.0590 =  

 

6.667 375.4 1.0084 0.0620 = 

 

8.450 457.2 1.0089 0.0720 = 

 

11.200 603.0 1.0098 0.0920 = 

 

 

 

Table (2): Values of α , f± , and  a± at  various concentrations ( C ) of AgNO3 in  

                 TMU + Water mixture at 298.15 K. 

      

 

C×10
-3

 

 

 

α 

 

f± 

 

 

a±=(Cαf±)×10
-4

  

0.392 0.3576 0.9924 1.39 

1.538 0.2018 0.9898 3.07 

3.334 0.1423 0.9882 4.68 

6.667 0.1030 0.9867 6.77 

8.450 0.0921 0.9861 7.68 

11.200 0.0806 0.9855 8.89 
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    Fig. 2. Variation of the cell potential (E) with log a at various  concentration         Of AgNO3 in 

tetramethyl urea + water mixture  at 298.15 K. 
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            Fig. 3. Variation of molar conductivity (Λ) with molar concentration         (C
1/2

) Of AgNO3 

solutions at 298.15 K. 

 

 

 

 



Jornal of Kerbala University , Vol. 5 No.4 Scientific .Decembar 2007 

 

 423 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Jornal of Kerbala University , Vol. 5 No.4 Scientific .Decembar 2007 

 

 424 

 

 

REFERENCES: 

 

1- H. J. Gores and J. Barthel, J. Solution Chem., 9, 939 (1980). 

2- S. P. Narula, P. S. Guraya, S. P. Jauhar and G. Delesalle, Ind.. J. Chem., 20A, 129 (1981). 

3- U. G. K. Raju, B. Sethuram and T. N. Rao, Bull. Chem. Soc. Jpn, 35, 293 (1982). 

4- D.S. Gill and B, Singh, J. Chem.. Soc., Faraday Trans. 84, 417,(1988).  

5- D. S. Gill , K.S.Arora, and B, Singh, J. Chem.. Soc., Faraday Trans. 85, 2285,(1989). . 

6- A. J. Parker, P. Singh and I. D. Macleod, J. Solution Chem., 13, 103 (1984). 

7- D. S. Gill N.Kumari and M. S. Chauhan, J. Chem.. Soc., Faraday Trans. 81, 687 (1985).  

8- D. S. Gill , S. Chauhan and M. S. Chauhan , Z. Phys. Chem. N. F., 150, 113 (1986). 

9- H. E.Salman, Iraqi  J. Chem. 28,No.(4), 871  (2002) . 

10- H. Strehlew and H. M. Koepp, Z. Elektrochem. Ber. Bunsenges. Phys. Chem.,62,373 (1958). 

11- M. Spiro, in physical chemistry of Organic Solvent Systems, ed. A. K. Covington and T. 

Dickinson (Plenum Press , London , chap.5, part 2 (1973). 

12- J. M. Saleh, S. Hikmat and N. A. Hikmat, Iraqi  J. Soc.,31,245  (1990). 

13- S. Hikmat, M. Sc. Thesis, University of Baghdad, dec., 1983. 

14-  J. P. Rupert, Ph. D. thesis, University of Pittsburgh, PA, (1969). 

15- B. M. Braun and H. Weigaertner, J Solution Chem., 14, 675 (1985). 

16- R. A. Robinson and R.H. Stokes, Electrolyte Solutions (Butterwerths, London, 1959). 

17- J. C. Justicated, Electrochem. Acta, 16, 701(1971). 

18- G. A. Al-Wieliy, M. Sc. Thesis, University of Baghdad, Oct,  (1998). 

19- B.alzaui, J. Chem. Soc. Faraday trans. I, 79 ,571(1983). 

20- R. L. Kay and J. L. Dye, Proce. Nati Acad. Sci. U. S. A., 49, 5 (1963). 

21- R. M. Fuss and T. Sheldlovsky, J. Am. Chem. Soc., 71, 1496 (1949). 

 

 

 

 

    

             


