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1. Introduction 
 

 

 

This document contains the equations necessary to implement the Extended UNIQUAC 

thermodynamic model for electrolyte solutions1 as an activity coefficient model. Once these 

equations are implemented in a computer program, they have to be combined with a gibbs energy 

minimization routine in order to perform speciation equilibrium calculations and phase equilibrium 

calculations. 

 

 

 

 

March 2004 

 

Kaj Thomsen 

Aqueous Solutions – http://www.phasediagram.dk 

Snogegårdsvej 149 

2860 Søborg 

Denmark 

 

E-mail kaj@phasediagram.dk 

Tel/Fax +45 4157 2622 

 

 
1 Thomsen K., Rasmussen P.: "Modeling of Vapor-Liquid-Solid Equilibria in Gas - Aqueous Electrolyte 

Systems. Chemical Engineering Science, 54(1999) 1787-1802. 

http://www.phasediagram.dk/
http://www.phasediagram.dk/


Kaj Thomsen Aqueous solutions, 2004 kaj@phasediagram.dk 

www.phasediagram.dk Page 2 of 12 

2. Residual part of the UNIQUAC gibbs excess energy 
function 
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3. Combinatorial part of the UNIQUAC gibbs excess energy 
function 
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4. Excess enthalpy 
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5. Excess Heat Capacity 
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6. Composition derivatives of residual part of activity 
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8. The Debye-Hückel contribution 
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The asterisk on γ signifies the unsymmetric mole fraction activity coefficient. The asterisk is omitted in 

the following due to the identity of the temperature derivatives. 
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Debye-Hückel contribution to excess enthalpy 
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Debye-Hückel contribution to excess heat capacity 
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Composition derivatives of Debye-Hückel contribution to activity 
coefficients 

( )

( ) ( )

( ) ( )

( )

( ) ( )

½ ½ ½ ½ ½

*, ½
2 2 2

2 2½
½ ½

½

2 *,

2 ½½

½ ½ ½ ½ ½

*, ½
2 2 2

2 2½
½ ½

1
ln

1 1 1

0.5

0.5
ln

11

1
ln

1 1 1

DH

i w w w
i i i

w w

DHw
i i

w

DH
j j ji

i i i

j j

bI I bI I I
n n nI

z A z A z A
n n bI bI bI

I
n

z A
bI nbI

bI I bI I I
n n nI

z A z A z A
n n bI bI bI







  
+ −

   
= − = − = −

  + + +

−

= − = −
++

  
+ −

   
= − = − = −

  + + +

( ) ( )

2

2 2½
2

2 2
½ ½ ½

0.5 0.5
•

1 4 1

j

i jw w
i

w w

z
Az zI n M

z A
bI n M I bI

= − = −
+ +

 

( )
( )

( ) ( )

( )
( )

( ) ( )

½ ½ ½

2 ½
½

2 3/ 2
½ ½

2 2 2½
½ ½ ½

ln 2 1 2
1 1 1

11

2 1 2 2 1
1 1

1 21 1 1

DH

w
w 3

w w w w

w
w w3 3

w w
w

A
bI bI bIM

n n n + bI nb bI

A A b I AIM
bI bIM M

+ bI n nb bbI bI n bI


 

    = + + + − +
    +

 

 
 − = + − + = = −
 + + +

 

 

( )
( )

( ) ( )

( )
( )

( )

( )

½ ½ ½

2 ½
½

2
½ 2

2 2½ ½
½ ½

½ 2

2
½

ln 2 1 2
1 1 1

11

2 1 2 2 0.5 0.5
1 1 •

11 1

2 1

DH

w
w 3

j j j j

w w j3 3
j w w

j

w

A
bI bI bIM

n n n + bI nb bI

A A b I
bI b zM M

+ bI n I n Mb bbI bI

AI z

n bI


 

    = + + + − +
    +

 

 
 = + − + =
 + +

 

=
+

 

http://www.phasediagram.dk/

