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Going Further: Calculating pH for All Acids 
 

You have learned how to calculate the pH of strong acids and weak acids. But, in reality, both of these 

calculations that you have learned lead to approximate answers.  

In the case of strong monoprotic acids such as hydrochloric acid, we assume that this acid is FULLY 

DISSOCIATED. Well, that can’t be entirely accurate as there are acids that are stronger still, e.g. hydrobromic 

acid. If hydrochloric acid was 100% strong then it would have an infinite value for the Ka. It actually has a finite 

value of 1.3 x 106 mol dm-3 

But, as long as the solution of acid is dilute (ideally 0.100 mol dm-3 or less) it is so extensively dissociated that 

we assume 100% and then we can use the -log10[H+]. The difference between the true value and the 

approximate value would be almost impossible to detect using instrumentation like a pH meter. You must 

appreciate though that it is still an approximation!  

At the other extreme, you have learned to calculate the pH of weak acids such as ethanoic acid. To do this, you 

have used the equation  

 

 

 

 

Using the correct chemical assumption that [H+]=[A-] in a simple dilute solution of the acid 

and that there is a minute extent of dissociation, we can use this form of the equation to estimate the pH 

 

     So…. 

 

 

 

When we do this for 0.100 mol dm-3 ethanoic acid with a Ka of 1.7 x 10-5  we get a pH of 2.88  

So, we can calculate approximate pHs of acids that we assume to be strong but are not actually 100% 

dissociated! And, we can calculate approximate pHs of acids that we assume to not dissociate at all because it 

makes it convenient in our calculations. 

 

You could consider your knowledge of acid pH calculations to be summarised as follows: 

‘Weak’ Acids 
  

‘Strong’ Acids 
  

These acids are too strong to be ‘weak acids’ but too weak to be 

classified as ‘strong acids. 

Too strong for the assumption that the equilibrium   

concentration of HA is the same as the original concentration 

that was instantaneously produced when the acid was dissolved 

in water (the concentration on the label) i.e. no dissociation of 

HA. 

Too weak for the assumption that the acid fully dissociates. 

These are the majority of acids!  
And you can’t even calculate, approximately, the pHs for these. 

Even worse is the fact that you can’t do anything but 

approximate for the others! Let’s see how we can do this for 

ALL ACIDS and ACCURATELY 

     For example, hydrofluoric acid, HF(aq) Ka= 1.6 x 10-4 

Approximates closely 

only for acids where  

 Ka < 10-4 

This is when the 

extent of dissociation 

is less than 5% 

Approximates closely 

only when solutions 

are dilute and ONLY 

when the         

Ka>1 

 

    Ka =[H+]2  

                [HA] 

  

    

   pH=-log10 [H+] 
  

So little dissociation that we use the 

original value,  

i.e. pre-equilibrium concentration of HA 

All the other Acids 
  

√(Ka x[HA]) = [H+]  
         

Ka = [H+] [A-] 
            [HA]             
 

Ka = [H+]2  
        [HA]             
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Calculating the pH of acids, the accurate way: 
 

We are not going to ignore the dissociation for HA, however small or large. 

We are going to use: 

 

 

 

 

But the true concentration of HA at equilibrium will be represented as  

 [HA]    = ([HA] -x) -where x is the amount of HA that has been dissociated into H+and A- 

 

So, it follows that the  [H+] = x and also [A-] = x 
 

Therefore, we can write Ka =     x x  x   .              =      x2   .   

                                      ([HA] -x)  ([HA] -x) 
 
Rearranged, this becomes  Ka ([HA] -x) = x2    
           x 2  +  Kax  - Ka [HA] = 0 
 
You may recognize this as a quadratic equation.  

                                x2        +   Kax     + (- Ka [HA])   = 0 
          ax  +     b x    +        c        = 0 
          a=1            b=Ka        c= -Ka [HA] 
        
Solving for ethanoic acid 

a=1       b=1.7 x 10-5    c= -1.7 x 10-6    

 
   
 
 

x  =  -1.7 x 10-5 √ (1.7 x 10-5)2 – (4 x 1 x -1.7 x 10-6) = 1.295 x 10-3    or   -1.313 x 10-3 

    2 x  1 

And x= [H+]   

We can ignore the solution that suggests  x  =   [H+]  = -1.313 x 10-3 mol dm-3 as it has no  

           physical meaning!  

 

Thus, the solution that suggests    [H+]  = 1.295 x 10-3   mol dm-3   must be the  

           correct solution.  

                    pH= -log10 2.593 x 10-3  = 2.89 
 

Now, when you compare this to the value for 0.100 M ethanoic acid using the approximation, you get 

a pH of 2.88 which is almost identical; probably, within the error incurred in its measurement. 

 

Ka = [H+] [A-] 
           [HA] 
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Let’s try this for hydrofluoric acid. This has a Ka > 10-4 which is too high for the approximation 

method. It dissociates more than 5%!  

For HF  Ka = 7.20 x 10-4 mol dm-3 

So, for a 0.100 mol dm-3 HF 

x =  -7.20 x 10-4 √(7.20 x 10-4)2 – (4 x 1 x -7.20 x 10-5) = 8.133 x 10-3 or -8.853 x 10-3 

    2 x 1 

 

     -log (8.133 x 10-3)=  pH = 2.090   

 

by approximation we would obtain     pH = 2.071 

 
Below is a table containing a selection of acids that increase in strength. It is easy to see how the 

percentage difference between the value obtained by approximation and the value obtained via this 

correct method becomes increasingly large. This coincides with the level of dissociation that I have 

placed alongside.  

 

carbonic acid and ethanoic acid are less than 5% dissociated and the difference in pH by the two 

methods is for these acids is tiny. The pH for HF is around 1% out and it is dissociated by >5%. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
In general, we can write: 

    

 

 
You can find a Google Sheet on CramNow that will allow you to select any acid and it 

will calculate the pH correctly if you know the Ka of the acid and its concentration. 

Download a copy and have a play! You can also open the hidden columns to see how 

this spreadsheet works!  
 

 

 

 

hydrofluoric 

acid 

example 

given above 

x  =  -Ka √{Ka2 – (4 x –Ka x [HA])} 

              2 
 


