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Abstract  
        This work reports the specific conductivities of monochloroacetic acid 
electrolyte in a binary mixture solvent of ethanol and water that it covered three 
solvent compositions ; 0.0586 , 0.0855 and 0.1108 measured in a temperture range 
from 298.15 to 318.15 K . The molar conductivities of the monochloroacetic acid 
electrolyte are treated by employing the  Debye – Huckel –Onsager ( DHO) equation . 
The limiting molar conductivities of monochloroacetic acid electrolyte , classical 
dissociation constants and the degree of dissociation are etimated . Furthermore ,  the 
thermodynamic dissociation constants " K "  and standard thermodynamic functions 
of the dissociation process are calculated and discussed . Walden product  , corrected 
Stokes radius  and the energy of activation at limiting dilution for the movement of 
CICH2COO- and  H3O+  ions are determined  .  The results showed the important role 
for the dielectric constant  and the viscosity of mixture of ethanol and water in all 
values .   

  الخلاصة 

 حامض الخليك     في مزيج - كلور–تضمن هذا البحث قياس التوصيلات النوعية لحامض أحادي         

على  ) 0.1108 ،  0.0586،0.0855( ثنائي المكون من الايثانول والماء ضمن ثلاثة  كسور مولية مختارة 

ت المولارية للمنحل التوصيلا.  كلفن 318.15 إلى 298.15مدى من درجات الحرارة تراوحت من 

لحساب قيم التوصيلات ) DHO( اونساكر – هيكل –الالكتروليتي المدروس طبقت عليها معادلة ديباي 

علاوة على ذلك ، تم حساب . المولارية المحددة ودرجات التفكك بالإضافة إلى ثوابت التفكك التقليدية 

وديناميكية القياسية لعملية تفكك الالكتروليت وتكوين ومناقشة قيم ثوابت التفكك الثرموديناميكية والدوال الثرم

كذلك تمَ أيجاد .  في المزيج المكون من الايثانول والماء   -CICH2COO والسالب   +H3O الايونين الموجب

قيم حاصل ولدن و نصف قطر ستوكس المصحح و طاقة التنشيط لحركة الايونين الموجب والسالب عند 

ئج بينت الدور المهم إلى ثابت العزل واللزوجة للمزيج  المدروس لكل القيم التي النتا. التخفيف المحدد 

  .وجدت
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Introduction 

     The non-aqueous solvent systems 

have been systematically  studied in 

order not only to measure their 

physical properties  but also to 

determine their influence on chemical 

and electrochemical reactions (1,2) .  

The investigations on mixtures of 

water with an organic solvent as 

alcohols are particularly important . 

Later , binary mixtures of organic 

solvents  have been used to study more 

thoroughly the solvent – solvent 

interactions and the preferential 

solvation of ions and molecules (2) . 

Electrostatic phenomena and ion 

conduction have been considered in 

terms of ion – solvent and ion – ion 

interactions (3) . The effect of changing 

solvent composition on the properties 

of equilibrium systems involving ions 

is a potentially means of inferring 

changes in solute – solvent interaction 

patterns in binary liquid systems (2) 

.The phenomenon termed   acidic or 

basic dissociation is in reality a proton 

transfer process or protolysis in which 

the solvent participates . The extent of 

this acid-base reaction is governed by 

the acidic or basic properties of the 

solvent as well as by those of acid or 

base itself . If ions are formed , the 

dielectric constant of the solvent also  

influence the extent of dissociation(4). 

Conductivity measurement is of 

immense important in elucidating not 

only the behaviour of ions in solution 

but also in the study of solution 

structural effects(5,6). Monochloroacetic 

acid is used in the manufacture of 

cellulose ethers ( used mainly for 

drilling muds , detergents , food , 

pharmaceuticals  , manufacture of 

various dyes , synthetic organic 

chemicals  and as buffer solutions with 

salicylic acid that it required for 

calibration of the electrode assembly of 

the pH-meter ) (7-9) . A survey of 

literature(10-17) show that conductivity 

and viscosity studies of electrolytes in 

several solvent media have been 

performed in recent years to explore 

the type and the extent of interactions 

in electrolyte solution . The limiting 

molar conductance , the 

thermodynamic association constant 

and the Jones – Dole viscosity 

coefficients are fundamental quantities 

that have been extracted from these 

studies. Also , the previous works in 

the systems of  binary mixture that it 

dependent on the analyzed 

conductivity data by using Lea – 

Wheaton conductivity equation(18-21) 

and the values of limiting molar 

conductance , the association constant 

and the center - to-center distance of 
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the formed ions pairs have been 

derived  . The aim of the present work 

is to study the dissociation constant 

and the associated thermodynamic 

properties of monochloroacetic acid in 

binary mixture system (ethanol+water) 

in the temperature range (298.15 to 

318.15) K  and the  Debye – Huckel –

Onsager ( DHO) equation is applied on 

this electrolyte . 

Experimental  

     Monochloroacetic acid with purity 

more than 99.5% (BDH COMPANY), 

was used after re-crystallization from 

ethanol - deionized water mixture         

( that it prepared by using the column 

Resin " from ATA COMPANY " , 

with specification ; conductivity of 

purified water quality about 0.1 

µS/cm(22)). They were dried under 

vacuum oven and stored in a glass 

desiccator .Ethanol of purity 99% 

obtained from FLUKA Company . The 

solvent composition is expressed in 

terms of the mole fraction of ethanol in 

the ethanol – water mixture . The 

investigation covered three solvent 

compositions which were :  0.0586 , 

0.0855 and 0.1108 .  

    viscosities of the water�ethanol 

mixtures were determined using a 

suspended level Ubbelohde viscometer 

as described     elsewhere(23 24, ) . The 

flow times were recorded manually 

with an electronic timer of precision ± 

0.015 and the temperature of the bath 

was controlled to be better than ± 0.05 
0C that it supplied by PHYWE   

company . Digital conductivity meter 

that it supplier from JLASSICO 

company was used to measure the 

conductivity of the deionized water 

and of the prepared solutions with an 

accuracy of 1 ± 10 -9 Scm-1 . Cell used 

for conductivity measurements is not 

of accurately known dimensions and 

consequently they must be calibrated 

before it is possible to deduce values of 

the specific conductance from 

measurements of cell resistance , this is 

done by means of solutions of 

accurately known conductivity ( using 

aqueous  KCI solution(25) ) at 25 0C , " 

the cell constant of about  1.06 cm-

1±0.01". Some duplicate measurements 

were made in some solvent 

composition of mole fraction to check 

the reproducibility of the results .  

    The dielectric constants were 

measured using BI-870 liquid 

dielectric 

constant meter(26) , BROOKHAVEN 

INSTRUMENTES CORPORATION , 

USA ; with full sensitivity 1-200 D 

and 2% absolute of accuracy . The 

probe is constructed from two 

precision cylinders  machined from 
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316 stainless steel . Six 2-25 , 6.4 mm 

nylon screws maintain the cylinder 

spacing . The cable consists of two, 

bundled type 187, low-capacitance, 

Teflon®- insulated coaxial cables .The 

outer braid of each cable is grounded . 

The inner conductors are electrically 

connected to the two concentric 

cylinders , which comprise the sensor . 

The outer cylinder is connected to the 

measurement signal source : a 7 volt 

rms , 10 kHz , very low distortion sine 

wave . The inner cylinder is connected 

to the detection circuitry.    
Results and Discussion 
     The viscosity and the dielectric 

constant data of mixture from    

ethanol - water at various temperatures 

range ( 298.15 – 318.15 ) K have been 

used to estimate the appropriate values 

of the Debye – Huckel – Onsager 

constants (DHO)(3,27-29) , A and B by 

using the following  relationships : 

  A = 82.8 /η(ε T)1/2  ……….... (1)  

  B =8.2×105 / (ε T)3/2  ………...(2)  

   A  accounts for the electrophoretic 

effect , and B accounts the relaxation 

effect . The symbols η , ε and T 

represent respectively the viscosity 

(cm2 s-1 unit ) , the dielectric constant   

( Debye unit )  and the temperature   

(K unit ) ; the resulting values of the 

constants A and B are presented in       

table 1 . The solvent composition was 

expressed in terms of the mole fraction  

of ethanol-water mixture. The 

investigation covered three solvent 

compositions which were 0.0586, 

0.0855 and 0.1108.  

      In a weak electrolyte such as 

monochloroacetic acid the not fully 

dissociation in solution and an 

equilibrium exists between the         

un-ionized form and the ions:  

 un-ionized form (mixture)                   

ions (mixture)  ………...(3) 

and so , the actual concentration of 

ions is not equal to the stoichiometric 

concentration of the ions . In weak 

electrolyte , the actual concentration of 

ions only becomes equal to the 

stoichiometric concentration of the 

ions in the limiting case of very dilute 

solutions when the fraction ionized 

tends to unity . Since C actual = α C stoich. 

, the molar conductivity will depend on 

the stoichiometric concentration in a 

precise manner reflecting the fraction 

ionized . The experimental graph for 
data of Λ observed   vs. stoich   have 

been made and at C stoich equal zero , 

the limiting molar conductivity  Λ0 is 

calculated by fitting method(30) .         

The Debye – Huckel - Onsager 

equation(28,29,31)  is :-  
Λ theoretical = Λ0 – ( A+B Λ0) actual 

……….…(4) 

   Where 
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 Λ theoretical   = κ / C actual = κ / αC stoich  = 

1 / Λ observed   …….…..(5)  

So  Λ theoretical = (1 / α)  Λ observed  

…….(6) 

And   Λ observed  = α Λ theoretical  

……….(7) 
And the term ( A+B Λ0) actual =       

( A+B Λ0)  stoich  …………..(8)   

  From this it can be seen , the correct 

form of The Debye – Huckel - Onsager 

equation can be used to compare with 

the experimental results when 

stoichiometric concentration appear . 

hence , Λ observed   =  α [Λ0 - ( A+B Λ0) 
 stoich] = α Λ0 – α3/2 ( A+B Λ0) 

stoich ……………………(9)  

Equation ( 9 ) can be written in 

abbreviated form : Λ observed   = α          

Λ correct  …………………(10) 

     Where 
   Λ correct  = Λ0 - ( A+B Λ0)  stoich  

….(11) 

    And α = Λ observed   / Λ correct   this 

leads to the understanding of that , the  

Λ correct value   <  Λ0  value and            Λ 

observed   / Λ correct    > Λ observed   / Λ0 . On 

this principle , the value of  α  which to 

make extent take into account the 

asymmetry of the ionic atmosphere in 

a conducting solution via primitive 

corrections for the electrophoretic and 

relaxation effects which will be larger 

than that from the general equation  

that assuming  the ideality . The 

correct values of Λ correct
 and α  have 

been  calculated by successive cyclic 

iterations from equation 9 to equation 

11  using computer program until                             

Λi –Λi+1 < 1×10-06 .Thus , by using the 

equation 11 is used to estimate the 

correct values of the limiting molar 

conductivity Λ0 . When the 

monochloroacetic acid is dissolved in 

mixture of ethanol and water , it yields 

, as expected , the CICH2COO-  and 

H3O+ ions , as is described in the 

following equation                                    

CICH2COOH(mixture)              

CICH2COO-  + H3O+     ………(12) 

    By application the law of mass 

action (32), the apparent equilibrium 

constant K = a CICH2COO- × a H3O+ /            

a CICH2COOH   ……..(13) 

      Where , the "a" terms are the 

activities of the indicated species. 

Writing the activity terms in equation 

(13) as the product of the concentration 

and the activity coefficient, it becomes: 

 K = C CICH2COO- × C H3O+ / C CICH2COOH  

×ƒ CICH2COO-×ƒH3O+/ƒCICH2COOH  ….(14) 

Further, if α is the degree of 

dissociation of the monochloroacetic 

acid whose total concentration is C 

moles per liter, then C CICH2COO- and      

C H3O+  are each equal to α C 

CICH2COOH, and C CICH2COOH  is equal to 

C CICH2COOH  (1-α) ; it follows, 
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therefore, K = (α2 C/(1-α))×(ƒCICH2COO- 

× ƒ H3O+ / ƒCICH2COOH)  …….(15) 

    If the solution is sufficiently dilute, 

the activity coefficients are 

approximately unity, and so equation 

(15) reduces under these conditions to 

this form :  ka = α2 C / (1-α) …..….(16) 

It will be noted that in the approximate 

equation (16) the symbol ka  has been 

used; this quantity is often called the 

"classical dissociation constant," but as 

it cannot be a true constant it is 

preferable to refer to it as the "classical 

dissociation function" or, in brief, as 

the "dissociation function." , see tables 

" 3-4" .   

     The relation between the function ka 

and the true or" thermodynamic" 

dissociation constant K is obtained by 

combining equations (15) and (16); 

thus :  K = ka × ƒ CICH2COO- × ƒ H3O+ / 

ƒCICH2COOH   ……………….(17) 

    Provided the ionic strength of the 

medium is not too high, the activity 

coefficients of the undissociated 

molecules never differs greatly from 

unity; hence, equation (17) may be 

written as :  

K=ka×(ƒCICH2COO-×ƒH3O+) 

……………..(18) 

    If the solution is sufficiently diluted 

, the Debye-Huckel limiting law(31,32) 

to be applicable, it follows ,  that : 

Log ƒ H+ = log ƒ CICH2COO- = - A  

stoich  ………..(19)  

   The ionic strength 1/2∑Ci Zi
2 , being 

equal to [(αC  × (-1)2 )+( αC  × 12
 )] 

…….(20) , i.e. , to  αC stoich , the 

equation 18 may be expressed as : 
   Log K = log ka  - 2 A  stoich  

………..(21) 

      The true or "thermodynamic" 

dissociation constant of 

monochloroacetic acid in a range of 

temperature ( 298.15 – 318.15 )K in 

mixture of ethanol and water can be 

found by equation (21) as is shown in   

table 5 and figure 1  .  

      It is clear from table (4) and figure 

(2), the limiting molar conductivity 

values  for the monochloroacetic acid 

electrolyte are found to increase in   

ethanol and water mixture  with the 

increase of temperature from 298.15 to 

318.15 K . This is due to the fact that 

the increased thermal energy results in 

greater bond breaking and vibrational , 

rotational and translational energy of 

the molecule that leads to higher 

frequency and mobility of the ions . 

The decrease in the values of limiting 

molar conductivity  ( shown in table 4 , 

and figure 3 ) with the increase in 

ethanol content is due to the fact that , 

with decrease in dielectric constant of 

the medium , " see table 1 " , the 

electrostatic attraction between the 
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ions increase and hence reduce the 

probability of their existence in the 

free state and decrease the extent of 

solvation .The distance of closest 

approach of the ions becomes smaller .  

Taking into account as is reported in 

tables (1 and 4) , that the limiting 

molar conductivity is a measure of the 

mobility of ion , one can conclude , 

that the mobility of the ions decrease 

as the solvent becomes more viscous . 

Walden product(33) is calculated in the 

range of temperature (298.15-318.15)K 

in ethanol – water mixture " as shown 

in figure 3 and table 6 ". The Walden 

products decrease continuously over 

the range of mole fraction at fixed 

temperature. Furthermore , the Walden 

product is inversely related to Stokes 

radius. The corrected Stokes(17) radius 

is calculated using the expression : 

    ri =  0.82Z/Λ0 η0 +0.0103ε+ry  

…..(22)   

 where ry = 1.13A0 for ethanol as co-

solvent with water and  ε the dielectric 

constant , as it can been seen , the 

corrected Stocks radius increases 

gradually over the mole fraction .The 

highest Stock radius is, indication 

maximum solvation . This is in 

accordance with the experimentally 

observed minimum value of limiting 

molar conductivity " as it shown in    

tables 4,6 "   .  

    Since conductance of an ion depends 

on its rate of movement , it is quite 

reasonable to treat conductance in a 

similar way to the process taking place 

at a definite rate increase with 

temperature(17) .   

        Λ0 = Af  e-Es /RT ……………...(23)    

    Where Af is the frequency factor , R 

is the gas constant and Es is the 

Arrhenius activation energy of the 

transport process . The Es values " table 

7 , figure 4 " for all  the 

monochloroacetic acid electrolyte are 

found to increase  with increase in the 

value of mole fraction . Since the 

reaction which requires higher 

activation energy is slow at ordinary 

temperature , the increase in the values 

of the activation energy indicates the 

decrease in the mobility of the ions in 

the ethanol and water mixture and 

hence a decrease in the limiting molar 

conductivity values as it appeared  

from "table 4" . Furthermore , the 

activation energy for the viscous flow 

of water(32-34) is about , 3.6 kcal which 

equal to 15.0625 k J mole-1 and the 

rate-determining step was assumed to 

be the jump of the water molecule 

from one equilibrium position to 

another . The lower energy of 

activation for the movement of 

CICH2COO- and  H3O+  ions than that 

for the viscous flow of water suggests 
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that the flow of water molecules 

cannot be the slow stage for the ion 

movement . On the other hand , the 

movement of ions in ethanol -water 

mixture is expected to be considerably 

slower than that in water and therefore 

should be excluded as a slow stage 

throughout the movement of 

CICH2COO- and  H3O+  ions . It is 

more likely that the rate-determining 

step in the conductance of the ions is 

the movement of CICH2COO- and  

H3O+  ions  under the influence of the 

applied electric field . The pK values 

for the monochloroacetic acid 

electrolyte are found  in   ethanol - 

water mixture  in range ( 1.53 – 1.66) 

over temperature range ( 298.15 – 

318.15 ) K , the value cited in literature  

cited  pK value is 2.82(35-36) in aqueous 

solvent at 250C which is expected 

because of the influence of co-solvent 

.Thus , the pK values increases at the 

temperature range ( 298.15 - 318.15 ) 

K with increasing values of mole 

fraction , this means the acidity of 

monochloroacetic acid is decrease " as 

is seen in table 5 and figure 5 " and  

also , indicate to the decrease of the 

dissociation constant , this behaviour 

corresponding with the acid-base 

theory(34) , when the basicity is 

decreased  the extents of  acid 

dissociation is become less . At any 

value of mole fraction over the 

temperature range ( 298.15 318.15)K , 

the pK values change with temperature 

as appeared in table 5 and figure 6 

which suggests a relatively small 

dependence of pK on          temperature 

. This means , the value of ∆pK of 

about 0.05±0.02 could be estimated 

from a temperature change ∆T of about 

20K. The dependence of the logarithm 

of the dissociation constant of 

monochloroacetic acid in ethanol - 

water mixture on the dielectric 

constant , which is shown in figure 7 , 

clearly demonstrates that a larger 

dielectric constant of the solvent 

medium leads to a greater dissociation 

constant of  monochloroacetic acid 

electrolyte . 

    The dependence of pK values for 

monochloroacetic acid dissociation in 

different mole fractions of ethanol -

water mixture can be represented by an 

empirical relation(2,27,34) : 

    pK = A / T - B + C T  ……….(24) 

where A , B and C are constants for a 

given solvent composition over the 

temperature range ( 298.15-318.15)K . 

The values of constants ( A , B and C) 

are shown in table 8 that it important to 

found the standard thermodynamic 

functions for monochloroacetic acid 

dissociation in different mole fractions 
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of ethanol - water mixture by the 

following equations : 

∆G0 = 2.303 log (A-BT + CT2 )…..(25) 

∆H0 = 2.303 log (A–CT2)…..…….(26) 

∆S0=2.303log(B–2CT) …………..(27) 

∆Cp
o=2.303log(-2AT)  …….……(28) 

       The standard thermodynamic 

functions values are collected in    

"table 9"  that have been derived by 

equations 22,23,24 and 25 . The values 

of ∆G0 is negative this refer to the 

reaction is spontaneous . In other 

words  , the negative value indicates 

the feasibility of reaction . This 

behaviour is evident in mole fraction 

one . But in other mole fractions, the 

values of  ∆G0 are positive refer to 

non-spontaneous reaction over the 

temperature range ( 298.15 – 318.15 

)K , the results reflect the nature of 

interactions in ethanol - water mixture 

and corresponding with the values of 

dielectric constant follows the 

sequence :   X = 0.0586 > X = 0.0855 

> X = 0.1108 . In most cases , the  ∆H0 

value is found to be positive indicating 

the involvement of endothermic 

character of reaction and the negative 

value of ∆H0  refer to exothermic of 

reaction . The value of ∆H0 is higher 

positive , especially in mole fraction , 

X = 0.0586  is large the endothermic 

behaviour of the  monochloroacetic 

acid dissociation in ethanol - water 

mixture .  The positive  values of ∆S0 

in mole fraction , X = 0.0586  refer to 

random state to be high of binary 

mixture from ethanol - water , this 

values is agreed with the values of ∆G0 

and  ∆H0 . The variation of ∆S0 with 

temperature was significant . The 

negative values of ∆S0 in mole 

fractions X = 0.0855 and X = 0.1108       

refer to the increase in order of the 

system . That proved the presence of 

interactions of solvent – solute and 

solvent – solvent are become high . 

The values of ∆Cp
o were negative for 

mole fraction X = 0.0855 and                

X = 0.1108  and positive with respect 

to the solvent composition X = 0.0586  

as a consequence of the negative sign 

of the constant C = -0.01898 . Thus , 

the ∆Cp
o reflects the effect of 

temperature on dH0 so that one can 

write :          ∆Cp
0 = d H0 / d T , where 

the ∆Cp
0 represents the temperature 

coefficient of ∆H0 .  The positive 

values is an indication for the 

increasing behaviour of  ∆H0 with the 

rise of temperature from (298.15-318) 

K. On the other hand , the negative 

sign of ∆Cp
o , at the remaining solvent 

compositions , is due to the decreasing 

tendency of  ∆H0 with the increase 

temperature.   Furthermore, the 

relatively more endothermic and the 

greater increase in change of entropy 
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in mole fraction , X =  0.0586 , if it 

compared with mole fractions X = 

0.0855 and X = 0.1108 ,includes the 

loss of complexation which results 

from the interactions of CICH2COO- 

and  H3O+  ions with the ethanol and 

water solvents molecules   . Thus , the 

high positive values at this stage of 

∆H0 values indicates that the 

undissociation acid molecules are 

highly stable so that the release of 

these molecules and the subsequent 

dissociation stage should highly be 

endothermic .    
Conclusion  
        In the present work , conductance, 

viscosity and dielectric constant 

measurements have been performed in 

a range of temperatures ( 298.15 – 

318.15 ) K in binary mixture from 

ethanol and water for  

monochloroacetic acid   electrolyte . 

The  Debye – Huckel –Onsager            

( DHO) conductivity equation has been 

used to determine the limiting molar 

conductivities and dissociation 

constants for this electrolyte . Thus , 

The thermodynamic dissociation 

constant of monochloroacetic acid has 

been estimated by using the             
Log K = log ka  - 2 A  stoich 

equation . The limiting molar 

conductivity values  for the 

monochloroacetic acid electrolyte is 

increased with the increase of 

temperature and decreased with the 

increase in ethanol content in mixture . 

The lower energy of activation for the 

movement of CICH2COO- and  H3O+  

ions than that for the viscous flow of 

water suggests that the flow of water 

molecules cannot be considered as the 

slow stage for the ion movement . The 

dependence of pK values for 

monochloroacetic acid dissociation in 

different mole fractions of ethanol + 

water mixture have been represented 

by an empirical relation to determine 

the standard thermodynamic functions 

. The complexation resulting from 

CICH2COO- and  H3O+  ions have been 

loosed  with the ethanol - water 

solvents molecules in mole fraction , 

0.0586 which denote to higher 

spontaneous dissociation process , 

more endothermic and the greater 

increase in change of entropy .    
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Table 1 :  Viscosities (  cm2 s-1 ) , dielectric constants ( Debye ) and the Onsager 

constants " A and B " for ethanol + water mixtures at three compositions " X " 

over the temperature range ( 298.15 – 318.15 ) K 

 
Mole Fraction , 

X 
Temperature ,  

K 
Dielectric 

constant , D 
Viscosity , 

cm2 s-1 Constant , A Constant , B 

298.15 75 1.478 0.037 0.245 

303.15 73 1.387 0.039 0.249 

308.15 71.3 1.285 0.043 0.251 

313.15 69.9 1.163 0.047 0.253 
0.0586 

318.15 68.3 1.117 0.050 0.256 

298.15 72.9 1.655 0.033 0.256 

303.15 71.4 1.488 0.037 0.257 

308.15 69.6 1.361 0.041 0.261 

313.15 67.9 1.266 0.044 0.264 
0.0855 

318.15 66.4 1.182 0.048 0.267 

298.15 70 1.872 0.030 0.272 

303.15 68.1 1.720 0.033 0.276 

308.15 66.6 1.574 0.036 0.279 

313.15 65.1 1.438 0.040 0.281 
0.1108 

318.15 63.5 1.231 0.047 0.285 
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Table 2 : Conductance κ ( S cm-1 ) , Molar conductivity Λ (S mol-1 cm2 )  and acid 

concentration ( moles per liter) of monochloroacetic acid electrolyte in ethanol + 

water mixtures at three solvent compositions ( X ) and over temperatures range ( 

298.15 – 318.15 ) K . 

 

Conductance , S cm-1 ×104 Molar conductivity ,  S mol-1 cm2 

X Concentration 

298.15 303.15 308.15 313.15 318.15 298.15 303.15 308.15 313.15 318.15 

3.2×10-3 5.60  5.87  6.26  6.53  6.65 175 183 196 204 208 

6.0×10-3 7.85  8.26  8.65 9.30 9.72 131 138 144 155 162 

8.0×10-3 9.28  9.77  10.60 11.10 11.60 116 122 132 139 145 

1.0×10-2 10.70  11.30 12.20  12.80  13.30 107 113 122 128 133 

0.
05

86
 

2.0×10-2 15.40  16.20  17.10  18.20  19.10 76.8 81.1 85.4 91 95.4 

Conductance , S cm-1×104  Molar conductivity,  S mol-1 cm2 

X Concentration 

298.15 303.15 308.15 313.15 318.15 298.15 303.15 308.15 313.15 318.15 

3.2×10-3 4.04  4.28  4.60  4.78  5.09 126 134 144 149 159 

6.0×10-3 5.74  6.17  6.58  6.95  7.33 95.6 103 110 116 122 

8.0×10-3 6.14  6.62  7.11  7.52  7.98 76.8 82.7 88.9 94 99.8 

1.0×10-2 7.92  8.49  9.04  9.50  10.00 79.2 84.9 90.4 95 100 

0.
08

55
 

2.0×10-2 11.20  12.00  13.00  13.70  14.50 56.2 60.2 65 68.4 72.3 

Conductance , S cm-1 ×104 Molar conductivity,  S mol-1 cm2 

X Concentration 

298.15 303.15 308.15 313.15 318.15 298.15 303.15 308.15 313.15 318.15 

3.2×10-3 3.17  3.44  3.74  3.96  4.18 99.2 107 117 124 131 

6.0×10-3 4.75  5.11  5.55  5.87  6.14 79.2 85.2 92.5 97.9 102 

8.0×10-3 5.56  6.08  6.54  6.94  7.35 69.5 75.9 81.7 86.8 91.9 

1.0×10-2 6.40  6.95  7.53  8.01  8.46 64 69.5 75.3 80.1 84.6 

0.
11

08
 

2.0×10-2 9.62  10.30  11.20  11.80  12.40 48.1 51.4 55.9 59.1 62 
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Table 3 :   The values of Molar conductivity (S mol-1 cm2) , correct molar 

conductance     (S mol-1 cm2) , degree of dissociation and classical dissociation 

constant (mol liter-1)  for various concentrations C (mol liter-1) of 

monochloroacetic acid electrolyte in ethanol + water mixtures at three solvent 

compositions ( X ) over temperatures range             ( 298.15 – 318.15 ) K . 

At X = 0.0586 

Concentration Temperature Λ Λ correct α ka 

3.2×10-3 175 220.0058 0.795 0.009 

6.0×10-3 131 219.4751 0.596 0.005 

8.0×10-3 116 219.1895 0.529 0.004 

1.0×10-2 107 218.9246 0.488 0.004 

2.0×10-2 

298.15 

76.8 218.159 0.352 0.003 

3.2×10-3 183 230.0696 0.795 0.009 

6.0×10-3 138 229.5111 0.601 0.005 

8.0×10-3 122 229.2095 0.532 0.004 

1.0×10-2 113 228.9187 0.493 0.004 

2.0×10-2 

303.15 

81.1 228.1013 0.355 0.003 

3.2×10-3 196 246.0153 0.796 0.009 

6.0×10-3 144 245.4602 0.586 0.004 

8.0×10-3 132 245.0635 0.538 0.005 

1.0×10-2 122 244.7521 0.498 0.004 

2.0×10-2 

308.15 

85.4 243.9307 0.350 0.003 

3.2×10-3 204 257.4322 0.792 0.009 

6.0×10-3 155 256.7827 0.603 0.005 

8.0×10-3 139 256.4077 0.542 0.005 

1.0×10-2 128 256.0875 0.499 0.004 

2.0×10-2 

313.15 

91 255.1782 0.356 0.003 

3.2×10-3 208 263.241 0.790 0.009 

6.0×10-3 162 262.5189 0.617 0.005 

8.0×10-3 145 262.131 0.553 0.005 

1.0×10-2 133 261.8062 0.508 0.005 

2.0×10-2 

318.15 

95.4 260.8444 0.365 0.004 
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Continued table 3   

At X = 0.0855 

Concentration Temperature Λ Λ correct α ka 

3.2×10-3 126 156.3716 0.805 0.010 

6.0×10-3 95.6 155.9789 0.612 0.005 

8.0×10-3 76.8 155.8978 0.492 0.003 

1.0×10-2 79.2 155.5398 0.509 0.005 

2.0×10-2 

298.15 

56.2 154.9757 0.362 0.004 

3.2×10-3 134 166.9415 0.802 0.010 

6.0×10-3 103 166.4948 0.618 0.006 

8.0×10-3 82.7 166.4136 0.496 0.003 

1.0×10-2 84.9 166.0499 0.511 0.005 

2.0×10-2 

303.15 

60.2 165.8096 0.363 0.004 

3.2×10-3 144 178.676 0.805 0.010 

6.0×10-3 110 178.1991 0.617 0.005 

8.0×10-3 88.9 178.1038 0.499 0.003 

1.0×10-2 90.4 177.7112 0.508 0.005 

2.0×10-2 

308.15 

65 177.0234 0.367 0.004 

3.2×10-3 149 185.6246 0.802 0.010 

6.0×10-3 116 185.0944 0.626 0.006 

8.0×10-3 94 184.9729 0.508 0.004 

1.0×10-2 95 184.5751 0.514 0.005 

2.0×10-2 

313.15 

68.4 183.8517 0.372 0.004 

3.2×10-3 159 197.5065 0.805 0.010 

6.0×10-3 122 196.69 0.620 0.006 

8.0×10-3 99.8 196.8278 0.507 0.004 

1.0×10-2 100 196.4036 0.509 0.005 

2.0×10-2 

318.15 

72.3 195.6305 0.369 0.004 
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Continued table 3   

At X = 0.1108 

Concentration Temperature Λ Λ correct α ka 

3.2×10-3 99.2 124.2332 0.798 0.010 

6.0×10-3 79.2 123.8428 0.639 0.006 

8.0×10-3 69.5 123.6731 0.561 0.005 

1.0×10-2 64 123.4953 0.518 0.005 

2.0×10-2 

298.15 

48.1 122.9328 0.391 0.005 

3.2×10-3 107 134.5626 0.795 0.009 

6.0×10-3 85.2 134.1385 0.635 0.006 

8.0×10-3 75.9 133.9392 0.566 0.005 

1.0×10-2 69.5 133.7542 0.519 0.005 

2.0×10-2 

303.15 

51.4 133.1475 0.386 0.004 

3.2×10-3 117 146.639 0.797 0.010 

6.0×10-3 92.5 146.1849 0.632 0.006 

8.0×10-3 81.7 145.9576 0.559 0.005 

1.0×10-2 75.3 145.7514 0.516 0.005 

2.0×10-2 

308.15 

55.9 145.0901 0.385 0.004 

3.2×10-3 124 155.5197 0.797 0.010 

6.0×10-3 97.9 155.0405 0.631 0.006 

8.0×10-3 86.8 154.8 0.560 0.005 

1.0×10-2 80.1 154.5649 0.518 0.005 

2.0×10-2 

313.15 

59.1 153.8653 0.384 0.004 

3.2×10-3 131 163.9319 0.799 0.010 

6.0×10-3 102 163.4259 0.624 0.006 

8.0×10-3 91.9 163.1591 0.563 0.005 

1.0×10-2 84.6 162.9207 0.519 0.005 

2.0×10-2 

318.15 

62 162.176 0.382 0.004 
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Table 4 :  The values of limiting molar conductivity (Λ0 S mol-1 cm2) of 

monochloroacetic acid electrolyte in ethanol + water mixtures at three solvent 

compositions ( X ) over temperatures range ( 298.15 – 318.15 ) K . 

  

Mole fraction X 298.15 303.15 308.15 313.15 318.15 

0.0586 222.77934 233.0011 249.18697 260.76112 266.65797 

0.0855 158.44476 168.52467 181.08554 188.15011 200.01728 

0.1108 125.96941 136.47413 148.74512 157.78296 166.34150 

 
Table 5 :  The values of thermodynamics " true " dissociation constant (K) ) of 

monochloroacetic acid electrolyte in ethanol - water mixtures at three solvent 

compositions ( X ) over temperatures range ( 298.15 – 318.15 ) K . 

  
Mole fraction , X Temperatures , K pK 

298.15 1.5308 

303.15 1.5466 

308.15 1.5374 

313.15 1.5601 
0.0586 

318.15 1.6009 

298.15 1.6109 

303.15 1.6090 

308.15 1.6157 

313.15 1.6319 
0.0855 

318.15 1.6119 

298.15 1.6673 

303.15 1.6583 

308.15 1.6488 

313.15 1.6469 
0.1108  

318.15 1.6405 
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Table 6 : The values of  Walden product and correct Stokess radius ( ri , A0 ) of 

the conducting molecular species of monochloroacetic acid electrolyte in ethanol 

+ water mixtures at three solvent compositions ( X ) over temperatures range                 

( 298.15 – 318.15 ) K . 

  

Temperatures  

K 

X = 0.0586 

Walden pro.         Stokes Ra.

X = 0.0855 

Walden pro.         Stokes Ra. 

X = 0.1108  

Walden pro.         Stokes 

Ra. 

298.15 0.3293 4.3925 0.2622 5.0077 0.2358 5.3281 

303.15 0.3233 4.4181 0.2508 5.1345 0.2348 5.3237 

308.15 0.3202 4.4246 0.2465 5.1721 0.2342 5.3168 

313.15 0.3032 4.5536 0.2382 5.2712 0.2269 5.4139 

318.15 0.2979 4.58558 0.2364 5.2817 0.2047 5.7882 

 
Table 7 : The values of energies of activation ( Es  , K J mol-1 ) and the frequency 

factors for the movement of  CICH2COO- and  H3O+  ions in ethanol + water 

mixtures  at three solvent compositions ( X ) over temperatures range   ( 298.15 – 

318.15 ) K . 

 
Mole fraction , X frequency factor, Af Activation energy , Es 

0.0586 3.6558  3.2375 

0.0855 3.7937 3.9458 

0.1108 4.0431 4.8058 

 
Table 8 : The values of the temperature dependence constants A , B and C at 

three different compositions (X) of ethanol + water mixtures 

  
Mole fraction , X A B C R2 

0.0586 -2386 -15.19 -0.0189 0.9405 

0.0855 7518 48.03 0.08192 0.9960 

0.1108 2500 14.29 0.02538 0.9821 
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Table 9 :  The values of standard thermodynamics for the dissociation of 

monochloroacetic acid electrolyte in ethanol + water mixtures at three solvent 

compositions ( X ) over temperatures range   ( 298.15 – 318.15 ) K . 

 

Mole fraction , X T/K ∆G0, J mol-1 
∆H0 , J mol-

1 
∆S0 , JK-1 mol-1 

∆cp
0, JK-1 mol-

1 

298.15 -282000 277000.0 1874.8247 2165.6279 

303.15 -291000 288000.0 1911.1608 2201.9639 

308.15 -301000 299000.0 1947.4968 2238.3000 

313.15 -311000 310000.0 1983.8328 2274.6360 
0.0586 

318.15 -321000 322000.0 2020.1689 231 0.9721 

298.15 9190.00 4660.00 -15.2067 -934.7114 

303.15 9300.00 -57.30 -30.8898 -950.3945 

308.15 9500.00 -4850.00 -46.5729 -966.0776 

313.15 9770.00 -9720.00 -62.2560 -981.7607 
0.0855 

318.15 10100.00 -14700.0 -77.9390 -997.4438 

298.15 9480.00 4710.00 -661.1382 -289.5871 

303.15 9580.00 3250.00 -676.8213 -294.4459 

308.15 9690.00 1770.00 -692.5044 -299.3048 

313.15 9830.00 259.00 -708.18749 -304.1636 
0.1108 

318.15 10000.00 -1270.00 -723.8705 -309.0225 
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Figure 1 :  plot the values of  versus to  stoich  at temperature 289.15 K 
for mole fraction X = 0.1108 . 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 : plot the values of limiting molar conductivity ( S cm-1 mol-1 ) of 

monochloroacetic acid electrolyte in ethanol - water mixtures at three solvent 

compositions ( X ) over temperatures range   ( 298.15 – 318.15 ) K . 
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Figure 3 : plot the values of Walden product versus the mole fractions ( X ) of 

monochloroacetic acid electrolyte in ethanol - water mixtures over temperatures 

range   ( 298.15 – 318.15 ) K . 

 
 
 
 
 
 
 

 

 

 

 

Figure 4 : plot the values of limiting molar conductivity (Λ0 S mol-1 cm2) of 

monochloroacetic acid electrolyte in ethanol - water mixtures at three solvent 

compositions ( X ) over temperatures range ( 298.15 – 318.15 ) K . 
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Figure 5 : plot the values of pK versus the mole fractions ( X ) of 

monochloroacetic acid electrolyte in ethanol - water mixtures over temperatures 

range ( 298.15 – 318.15 ) K . 
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Figure 6 : plot the values of pK versus the temperatures range over  ( 298.15 – 

318.15 ) K at three mole fractions ( X ) of monochloroacetic acid electrolyte in 

ethanol -water mixtures . 

 
  

 

 

 

 

 

 

 

 
 
   

Figure 7 : plot the values of logarithm K  versus the dielectric constants  over  

the temperatures range ( 298.15 – 318.15 ) K at three mole fractions ( X ) of 

monochloroacetic acid electrolyte in ethanol + water mixtures . 
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