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Techniques: 

• Numerical solution (manual) 

     (Simultaneous solution of equations) 

 

• Graphical approach using Log-concentration 

diagrams (esp. for acid-base problems) 

 

• Tableau method 

 

• Computer softwares  

     (MINEQL+, PHREEQC) 

 

Solving Equilibrium Problems 



An equilibrium system can be defined by a system of 
equations, which include: 
 
(i) Mole/ Mass Balance Equation 
 
(ii) Mass Law/Mass Action Equation 
 
(iii) Electroneutrality or Charge Balance Equation 
 
(iv) Proton Condition 
 
 
 

 

Numerical Solution to Equilibrium Problems 



(i) Mole/ Mass Balance Equation 

 

Example:  

10-3 M acetic acid (HAc) added to water 

HAc  = H+ + Ac- 

 

Therefore, total concentration of acetic ion,  

CT = (HAc) + (Ac-) 

 

 

 

Numerical Solution to Equilibrium Problems 



(ii) Mass Law/Mass Action Equation 

 

Example: 10-3 M acetic acid (HAc) added to water 

HAc  = H+ + Ac- 

KA = {H+} {Ac-} / {HAc}  

          = 1.8 ×10-5 (at 25°C) 

 

 

For water, {H+} {OH-} = Kw = 10-14 (at 25°C) 

 

(This Mass Law equation for water must always be 

considered) 

 

 

 

Numerical Solution to Equilibrium Problems 



 

 



(iii) Electroneutrality or Charge Balance Equation -  

All positively charged species in a solution must be 

balanced by equivalent numbers of negatively charged 

species. 

 

Example 1: HAc added to water 

 

At equilibrium  -  

Species present : H2O, H+, OH-, Hac, Ac- 

 

Therefore, the charge balance equation: 

(H+) =  (OH-) + (Ac-) 

 

 

 

 

Numerical Solution to Equilibrium Problems 



(iii) Electroneutrality or Charge Balance Equation 

 

Example 2: NaCl added to water 

 

At equilibrium  -  

Species present: H2O, H+, OH-, Na+, Cl- 

 

Therefore, (H+) + (Na+) =  (OH-) + (Cl-) 

 

 

 

 

Numerical Solution to Equilibrium Problems 



(iii) Electroneutrality or Charge Balance Equation 

 

Example 3: Ca(OH)2 added to water 

 

At equilibrium  -  

Species present: H2O, H+, OH-, Ca2+ 

 

Therefore, (H+) + 2 (Ca2+) =  (OH-) 

 

[Note:1 mol of Ca2+ is equivalent to 2 mol of positive 

charge, thus the divalent calcium concentration is 

multiplied by 2] 

 

 

Numerical Solution to Equilibrium Problems 



(iv) Proton Condition 
- Used to solve acid-base equilibrium problems 

 
- Is the mass balance of protons relative to 

appropriate reference species (PRL- Proton 
Reference Level). 
 

- The species with an excess of protons must be 
balanced by the species with a deficiency in proton. 
 

- It can be written as : 
 
Σ(moles/L (M) of species having excess H+ relative 
to PRL= Σ(moles/L (M) of species having deficiency 
of H+ relative to PRL 
 
 

 

Numerical Solution to Equilibrium Problems 



Reference Species (PRL) 

- Water is always used as a PRL for H+ and OH-.  

 

- Relative to H2O, H+ has an excess of one proton, 

whereas OH- has a deficiency of one proton. 

 

-  For other acid-base species in the solution, PRL is 

usually assumed to be the species added. 

 

- For example, if acetic acid (CH3COOH) is added to 

water, CH3COOH would be the PRL and CH3COO- 

has a deficiency of one proton relative to 

CH3COOH. 

 

 

 

 

Numerical Solution to Equilibrium Problems 



 

 

 

 

Numerical Solution to Equilibrium Problems 



Thus, for equilibrium problem, system of equations are- 
 
(i) Mole/ Mass Balance Equation 
 
(ii) Mass Law/Mass Action Equation 
 
(iii) Electroneutrality or Charge Balance Equation 
 
(iv) Proton Condition 
 

 

For a given system, a simultaneous solution of the 

above equations [(i) – (iv)] will give concentrations of 

species at equilibrium.  

 

 

 

 

Numerical Solution to Equilibrium Problems 



Steps: 
1. Define the equilibrium equations involved. 
 
2. List all chemical species present initially and at the 
equilibrium condition 
 
3. Identify the concentrations of each species for each 
element or entity under initial conditions so that 
appropriate mass and charge balances can be made. 
 
4. List all appropriate equilibrium relationships between 
the species of concern, together with associated 
equilibrium constants. 

 

 

 

 

Numerical Solution to Equilibrium Problems 



Steps: 
5. List all mass and charge balance relationships for the 
system. 
 
6. For acid-base problems, list the appropriate proton 
condition. 
 
7. Relationships from steps 4 to 6, must result in as 
many independent equations as there are unknown 
species present. 
 
8. A simultaneous solution of the equations from steps 
4 to 6 will give the concentration of each species at 
equilibrium. 

 

 

 

Numerical Solution to Equilibrium Problems 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 

Now replacing [OH-] in equation 4.7  

with the help of equation 4.4 

 

From eqn 4.4,   [OH-] = Kw / [H+] 

 

Now from eqn 4.7, [Ac-] = [H+] - [OH-] 

                                       = [H+] - Kw / [H+]   …… (4.8) 

 

 

 



 

 

 

 

Numerical Equilibrium Calculations 

 

From eqn 4.5,   [H+] [Ac-]= KA  [HAc] 

                                        = KA  (CT – [Ac-])  (from eqn 4.6) 

                                            ……….. (4.9) 

 

 

 

 



 

 

 

 

Numerical Equilibrium Calculations 

        [Ac-] = [H+] - Kw / [H+]   …………. (4.8) 

 

 And [H+] [Ac-] = KA (CT – [Ac-]) ……….. (4.9) 

 

 Now, replacing [Ac-] from eqn 4.8 to eqn 4.9,    

 

      [H+] [Ac-] = KA (CT – [Ac-]) 

Or, [H+] {[H+] - Kw / [H+]}= KA {CT – ([H+] - Kw / [H+])} 

……………………………………………………………. 

……………………………………………………………. 

…………………………………………………………….. 

 

 

                                 

                                      

 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 

 

From eqn (i),   (OH-) = Kw / (H+) 

 

Now from eqn (iv), (CN-) = (H+) – (OH-) 

                                       = (H+) - Kw / (H+)   …… (v) 

 

 

 



 

 

 

 

Numerical Equilibrium Calculations 

 

From eqn (ii)  

     (H+) (CN-) = KA (HCN) 

or, (H+) (CN-) = KA {CT – (CN-)}    

or, (H+) {(H+) - Kw /(H+)}= KA [CT – {(H+) - Kw / (H+)}] 

………………………………………………………… 

……………………………………………………………

… 

 

Replacing (CN-) from eqn (v) 

(CN-) = (H+) - Kw / (H+)   …… (v) 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Numerical Equilibrium Calculations 



 

 

 

 

Graphical Approach  



 

 

 

 

Graphical Approach  

Log C- pH diagram for (H+) and (OH-) 

 

 

 

Plot on a “Normal Graph Paper” 

 

 

 



 

 

 

 

Graphical Approach  

Log C- pH diagram for weak monoprotic acid 

 

 

 

[From eqn (1)] 

(HAc) = αo CT 

αo = (H+) / { (H+) +KA} 

    = Distribution  

       Coefficient 



 

 

 

 

Log C- pH diagram for weak monoprotic acid 

 

 

 

From (A) --- (HAc) = α0 CT 

From (B) --- (Ac-) = α1 CT   

α0 , α1 are  

distribution  

coefficients.   



 

 

 

 

Log C- pH diagram for weak monoprotic acid 

 

 

 



 

 

 

 

Log C- pH diagram for weak monoprotic acid 

 

 

 



 

 

 

 

Log C- pH diagram for weak monoprotic acid 



 

 

 

 

Log C- pH diagram for weak monoprotic acid 



 

 

 

 

Log C- pH diagram for weak monoprotic acid 



 

 

 

 

Graphical Approach  

Steps to be followed in constructing Log C- pH diagrams 
for weak monoprotic acids: 

 

 

 



 

 

 

 

Graphical Approach  

Steps to be followed in constructing Log C- pH diagrams 
for weak monoprotic acids: 

 

 

 



 

 

 

 

Graphical Approach  

Construction of Log C- pH diagram for 10-3 M HAc solution: 

 

 

 pH > pKA 
pH < pKA 

pH = pKA 



 

 

 

 

Graphical Approach  

Solution for species concentration 

The method of solution is to – 

 

• locate a point of the Log C – pH diagram, where the 

proton condition is solved and 

 

• check this solution using the charge balance 

equation. 

 

 

 

 

 

 

 



 

 

 

 

Graphical Approach  

Solution for species concentration 

• Here, the charge balance and proton condition 

(H2O and HAc are the reference species) are 

identical as follows:  

 

[H+]  = [OH-] + [Ac-] …….. (1) 

 

• Locate a point on the Log C – pH diagram, where 

eqn 1 is solved.  

 

• Look at intersections of lines in the diagram 

involving the species in the charge balance eqn. 

 

 

 

 

 

 

 



 

 

 

 

Graphical Approach  

• Intersection of [H+] and [OH-] lines at pH= 7 (in the 

diagram), cannot the solve the charge balance, as 

[Ac-] is much higher than 1×10-7. 

 

• Hence, the solution lies at the intersection of [H+] 

and [Ac-], at pH ≈3.2 (diagram).  

 

• Note, mass balance between [HAc] and [Ac-] is 

solved at any pH on the diagram. 

 

 

 

 

 

 

 


