Titration: 0.10M NaOH added to 50 cm3 0.1M CH3COOH pKa =4.77

Initial pH
CH3COOH + H2O ↔ H3O+ + CH3COO-
                                t = 0           c0                             0          0
                               t  = equil     c0(1-)                   c0      c0

is degree of dissociation.

Ka = (c0c0) = c0/)

pKa = 4.77, Ka = 1.7 x 10-5: as Ka << 1 logical possibility that  <<1 (typically ok if   < 0.1), then:

Ka ≈ c0

  = √(Ka/c0)
 
Ka = 1.7 x 10-5;  = 0.013  (less than 0.1 so approximation is valid), and [H3O+] = c0 = 1.3 x 10-3M, pH = 2.89.

Initial amount of CH3COOH
c = n/V, n = cV = 0.1 x 0.05 dm3 = 5 x 10-3 moles.

pH up to equivalence
Life becomes suddenly easier as, as OH- is added:

CH3COOH + Na+ + OH-  CH3COO- + H2O + Na+

[bookmark: _GoBack]there will be BOTH weak acid AND conjugate base present = a BUFFER, so use HENDERSON-HASSELBALCH equation:

e.g. add 20 cm3 0.1M OH-, n = c/V = 0.1/0.02 = 2 x 10-3 moles OH-.

This will neutralize 2 x 10-3 moles CH3COOH, leaving 5 x 10-3 – 2 x 10-3 = 3 x 10-3 moles CH3COOH and 2 x 10-3 moles of CH3COO- BOTH in 70 cm3.

[CH3COOH] = 3 x 10-3/0.07 = 0.043M
    
[CH3COO-] = 2 x 10-3/0.07 = 0.029M

HH equation pH = pKa + Log10{[base]/[acid]} = 4.77 + Log10{0.029/0.043} = 4.59.

Etc etc….

pH at equivalence
5 x 10-3 moles of CH3COOH so need 5 x 10-3 moles OH-.
c = n/V so V = n/c = 5 x 10-3/0.1 = 0.050 dm3 = 50 cm3.  Volume at equivalence = 100 cm3.  

CH3COOH + OH-  CH3COO- + H2O

No CH3COOH left.  [CH3COO-] = 5 x 10-3/0.1 = 0.05M = c0

CH3COO- + H2O ↔ OH- + CH3COOH
                                t = 0           c0                             0          0
                               t  = equil     c0(1-)                   c0      c0

is degree of dissociation.

Kb = (c0c0) = c0/)

pKa = 4.77, pKb = 14 - pKa = 9.23: Kb = 9.8 x 10-5 as Kb << 1 logical possibility that  <<1 then:

Kb ≈ c0

  = √(Kb/c0)
 
Kb = 9.8 x 10-5;  = 1.08 x 10-4  (less than 0.1 so approximation is valid), and [OH-] = c0 =  5.43 x 10-6 M, pOH = 5.27, pH = 14 – 5.27 = 8.73.

pH at equivalence: same as for strong acid+strong base
60.0 cm3 0.1M NaOH; no of moles:
c = n/V, n = cV = 0.1 x 0.060 dm3 = 6.0 x 10-3 moles.
Hence all 5.0 x 10-3 moles of H3O+neutralized and 6.0 x 10-3 – 5.0 x 10-3 moles = 1.0 x 10-3 moles OH- left in 50 + 60 = 110 cm3, so new concentration = c = n/v = 1.0 x 10-3/0.11 = 9.1 x 10-3 M OH-, pOH = 2.04.
pH + pOH = pKw = 14, 14 – 2.04 = pH = 11.96.

80.0 cm3 0.1M NaOH; no of moles:
c = n/V, n = cV = 0.1 x 0.080 dm3 = 8.0 x 10-3 moles.
Hence all 5.0 x 10-3 moles of H3O+neutralized and 5.0 x 10-3 – 5.0 x 10-3 moles = 3.0 x 10-3 moles OH- left in 50 + 80 = 130 cm3, so new concentration = c = n/v = 3.0 x 10-3/0.13 = 0.023 M OH-, pOH = 1.64.
pH + pOH = pKw = 14, 14 – 1.64 = pH = 12.36.
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