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Classical thermodynamics: reaction equilibria: K 


 PP



iii aRT ln
*
 

Standard state * 
Vapour pressure pure liquid i 

{ 

Activity (liquid) mixtures of neutral components  
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Regular solution example: 
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(L-L separation exercise 17) 
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(L-L separation exercise 17) 

(See also  

Additional exercises I 

Exercise A4) 
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Activity coefficients solutes electrolytic solutions 
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chemical potential 

of dissolved salt 
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-2

4

3

342 SO3Fe2SOFe 


2p
3z

3q
2z

If solubility is 3sand2s -2
4

3
SOFe

 bb
3)SO(Fe 42

s (mol/kg) then  
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Activity coefficients solutes electrolytic solutions 
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Activity coefficients solutes electrolytic solutions 
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Activity coefficients solutes electrolytic solutions 
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Activity coefficients solutes electrolytic solutions 
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Real solution: 

Activity coefficients solutes electrolytic solutions 
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Activity coefficients solutes electrolytic solutions 
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(The solution has to be electrically neutral)  
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Mean activity coefficient 
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Activity coefficients solutes electrolytic solutions 



Mean activity coefficient: Debye-Hückel 
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Mean activity coefficient 
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(ions i of a dissolved salt) 



Debye-Hückel: 
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Mean activity coefficient 

Ionic strength 

A = 0.509 for H2O @ 298 K 

Mean activity coefficient: Debye-Hückel 

(sum over all ions in solution) 

(ions i of a dissolved salt) 

(limiting law) 
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Debye-Hückel: 

Ionic strength 

Example )(Cl5)(Fe)(Fe)(FeCl)(FeCl
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Sum over all ions in the solution 
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Activity coefficients solutes electrolytic solutions 
















b

b

b

b

b

b

b

b
zI i

i

i

ClFeFe2
194

2

1

2

1 32

mol/kg)(1

mol/kg)(ii b

b

b



relative molality 

2/1
log AIzz





b

b
zI i

i

i

2

2

1   qps
sqp




  ; 
/1



  ln
ideal

RTii

Mean activity coefficient 

Debye-Hückel: 

Ionic strength 

Example )(Cl5)(Fe)(Fe)(FeCl)(FeCl
-32

32 aqaqaqss 




23 

Activity coefficients solutes electrolytic solutions 
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Activity coefficients solutes electrolytic solutions 
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Exercise 26-28 
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6 mmol/kg 

Activity coefficients solutes electrolytic solutions 
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Activity coefficients solutes electrolytic solutions 

Ideal solution 
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Activity coefficients solutes electrolytic solutions 

10log   
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6 mmol/kg 
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Activity coefficients solutes electrolytic solutions 

10log   

  lnln
*

RTxRT iii

iii xRT ln
*ideal
 

Ideal mixing entropy 

Reduces mixing entropy 

due to the electrostatic 

attraction and repulsion 

6 mmol/kg 
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Statistical Thermodynamics: Boltzmann distribution 



 ,,,0 210 Quantum Mechanics: discrete energy levels 
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Statistical Thermodynamics: Boltzmann distribution 

ivE )(

(discrete energy spectrum) 

Source: https://en.wikipedia.org/wiki/Discrete_spectrum 

The discrete part of the emission spectrum of hydrogen 



 ,,,0 210 Quantum Mechanics: discrete energy levels 
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Statistical Thermodynamics: Boltzmann distribution 

ivE )(

εi is the energy of a molecule in 

    quantum state or quantum level  i 

(discrete energy spectrum) 
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Quantum Mechanics: discrete energy levels 
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Statistical Thermodynamics: Boltzmann distribution 

Boltzmann distribution: 
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Quantum Mechanics: discrete energy levels 

Boltzmann distribution 
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Statistical Thermodynamics: Boltzmann distribution 

Study Guide page 20 
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Statistical Thermodynamics: Boltzmann distribution 
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Statistical Thermodynamics: Boltzmann distribution 

Exercise 29-30 
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Quantum Mechanics: discrete energy levels 

Boltzmann distribution 

Boltzmann entropy WkS ln
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Statistical Thermodynamics: Boltzmann distribution 

Study Guide page 21 

https://dullenslab.com/teaching/  (Lecture 7) 
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Mean activity coefficient: Debye-Hückel 

Only in case you are interested in the background of the 

Debye-Huckel theory (not necessary for the exam) 

https://learninglink.oup.com/access/pchem11e-

student-resources#tag_a-deeper-look 
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sRTqRTpRTw

e

sRT

weln

1) Work to charge all ions starting from an ideal solution with all (uncharged) ions 

already in their ideal solution positions is : 

iq
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Mean activity coefficient: Debye-Hückel 

Choose a central ion i  with 
charge qi in the solution 
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2) Ionic atmosphere (all other charges qj) will screen the charge of the central ion : 
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Mean activity coefficient: Debye-Hückel 
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Mean activity coefficient: Debye-Hückel 
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3) Use Boltzmann distribution to determine ion distribution in the bulk solution: 

Energy of ion j: 
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Boltzmann: 

Charge density ion j: 
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Mean activity coefficient: Debye-Hückel 
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3) Use ion distribution to find Debye screening length: 

sjj bc Mass density solvent 
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Mean activity coefficient: Debye-Hückel 
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3) Use ion distribution to find Debye screening length: 

sjj bc Mass density solvent 
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Mean activity coefficient: Debye-Hückel 
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4) Determine work to charge central ion in presence of the ionic atmosphere potential: 
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Mean activity coefficient: Debye-Hückel 



5) Collect all results and include charging of all ions in we : 
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Mean activity coefficient: Debye-Hückel 

A = 0.509 for H2O @ 298 K 


