
Buffer Problem

Determine the pH change that would occur upon addition of 15 drops of 2 M NaOH to 500 ml

of a)distilled water and b) a 20 mM phosphate buffer, initially at pH 7.0.  Assume 20 drops per ml.

Solutions:

a) Since this is not a buffer, we use pH = - log[H+] or, since we’re adding NaOH, it’s more convenient

to use pH + pOH = 14 (note that we can’t use the HH equation unless we have a buffer).

pOH = - log [OH] = moles OH/l = (15 drops)(1ml/ 20 drops)(1 l/1000 ml)(2 moles/liter NaOH)/0.5

liters = 2.5

pH = 14 - pOH = 11.5

The change in pH, )pH, is 11.5 - 7 = 4.5.

Caution: There are two volumes in this problem, the volume of the added NaOH (15 drops) and the

volume of the distilled water (500 ml = 0.5 l).  Don’t confuse them!

b) We’re adding NaOH to a buffer here, so we use the HH equation:

pH = pKa + log [conjugate base][/conjugate acid]

H3PO4 is a polyprotic acid with three dissociable protons:

H3PO4 WH2PO4
- + H+ W HPO4
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The pKa values corresponding to these dissociations are 2.14, 6.86 and 12.4.  The second of these

values is within 1 pH unit of the initial pH of the buffer (7.0) so we’ll use the second dissociation and

ignore the rest.  

H2PO4
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where the conjugate acid is H2PO4
- and the conjugate base is HPO4

-2.  

This buffer will resist large changes in pH by neutralizing strong base, such as NaOH, according

to the equation:

OH- + H2PO4
- 6 H2O + HPO4

-2

The strong base, OH-, is neutralized to water by converting an equivalent number of moles of conjugate

weak acid, H2PO4
- into the conjugate base, HPO4

-2.  Therefore, we need both the moles of added

NaOH, and also the initial moles of both H2PO4
- and HPO4

-2.  We will subtract the number of moles of

added NaOH from the initial moles of H2PO4
- to get the final moles of H2PO4

-, and add the added



NaOH from the initial moles of HPO4
-2 to get the final moles of HPO4

-2.  Notice that you have to be

careful with your units!  

Moles added NaOH = (15 drops NaOH)(1 ml/20 drops)(1 l/1000 ml)(2 moles NaOH/l

Moles added NaOH = 0.0015

We calculate initial moles of both conjugate acid, H2PO4
-, and conjugate base, HPO4

-2, using

the HH equation:

pH = pKa  + log[HPO4
-2][H2PO4

-] 

7.0 = 6.86 + log[HPO4
-2][H2PO4

-]

 Since the total concentration of the buffer is 20 mM (= 0.02 M) we can let x be [HPO4
-2] and 0.02 - x

be [H2PO4
-] to give

0.14 = log[x/(0.02-x)]

taking the antilog of both sides

1.38 = x/(0.02 - x)

clearing of fractions gives 

1.38(0.02 - x) = x = 0.0276 - 1.38 x

solving for x, we collect all terms in x on the left and constants on the right:

x + 1.38 x = x(1 + 1.38) = 2.38 x = 0.0276

x = [HPO4
-2] = 0.0116 moles/l, 0.02 - x = [H2PO4

-] = 0.0084 moles/l

Remember, we have to multiply by the volume of the buffer, 0.5 l, to get the initial number of moles of

conjugate acid and base:

nHPO4 = nconjugate base = 0.0116 moles/l)(0.5 l) = 0.0058 moles

nH2PO4 = nconjugate acid = (0.0084 moles/l)(0.5 l) = 0.0042 moles

Since we’ve added NaOH, we’re neutralizing by reacting with conjugate acid.  The initial moles of

conjugate acid will there fore decrease by the amount of NaOH added, 0.0015 moles, and the initial

amount of conjugate base will increase by the same amount.

Final moles HPO4
-2 = 0.0058 + 0.0015 = 0.0073 moles

Final moles H2PO4
-2 = 0.0042 - 0.0015 = 0.0027 moles

Note that these have to be changed to concentrations to use in the HH equation (although also note that

since we’re taking a ration of these, volumes will cancel).



[HPO4
-2]final = 0.0073 moles/0.5 l = 0.0146 M

[H2PO4
-]

final = 0.0027 moles/0.5l = 0.0054M

Plugging these numbers into the H equation for the second time gives the final pH:

pHfinal = pKa + log [HPO4
-2]final/[H2PO4

-]final = 6.86 + log(0.0146/0.0054) = 6.86 + 0.43 = 7.29

The change in pH is 7.29 - 7.0 = 0.29 pH units.  Compare this to a change of 4.5 by adding the same

amount of NaOH to distilled water.  

Exercise: Repeat this problem, except add 15 drops of 2 M H Cl instead of NaOH.


