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Solutions of Polyprotic Acids/Bases (see Chapter 10-11)

Remember back to polyprotic acid equilibria: (


H2A + H2O  (HA– + H3O+  

Ka1 =  EQ \f([HA–][H3O+],[H2A]) 


HA– + H2O  (A2– + H3O+  

Ka2 =  EQ \f([A2–][H3O+],[HA–]) 

Assuming [A2–] << [HA–], [H2A]



Ka1 =  EQ \f(x2,F–x) 

F = [H2A]



Ka2 = [A2–]use this value as a way to check assumption}

Example -(

Calculate the pH of a 0.100 M maleic acid solution. 


K1 = 1.20 x 10–2, K2 = 5.96 x 10–7


1.2 x 10–2 =  EQ \f(x2,0.100–x) 


x2 +(1.2 x 10–2)x – 1.2 x 10–3 = 0



x = 2.92 x 10–2


pH = –log (2.92 x 10–2) = 1.54

Example -(
Calculate the pH of a 0.100 M Na2CO3 solution.  base  


K1 = 4.45 x 10–7  K2 = 4.7 x 10–11

The equilibrium equation for this solution is CO32– + H2O  EQ \o(‡,ﬂ)  HCO3– + OH–


Kb1 = Kw/Ka2 = (1.00 x 10–14)/(4.7 x 10–11) = 2.13 x 10–4


2.13 x 10–4 =  EQ \f(x2,0.100–x) 


x = 4.51 x 10–3


pH = 14.00 + log (4.51 x 10–3) = 11.66

Example

Calculate the pH of a buffer solution that is 2.00 M in H3PO4 and 
1.50 M in KH2PO4

Ka1 H3PO4 = 7.11 x 10–3
Ka2 H2PO4– = 6.34 x 10–8

Since [HPO42–] << [H3PO4] or [H2PO4–]



pH = pKa1 + log  EQ \B(\f([H2PO4–],[H3PO4])) 

Henderson-Hasselbach


pH = –log (7.11 x 10–3) + log  EQ \B(\f(1.50,2.00)) 


pH = 2.02

Example


Calculate the pH of a buffer that is 0.0500 M potassium hydrogen phthalate (KHP) and 0.150 M potassium phthalate (K2P)
Ka1 = 1.12 x 10–3      Ka2 = 3.91 x 10–6


pH = pKa2 + log  EQ \B(\f([K2P],[KHP])) 


pH = –log (3.91 x 10–6) + log  EQ \B(\f(0.150,0.0500)) 


pH = 5.88

Titration Curves for Polyprotic Acids and Their Conjugate Bases

Titration Curves for Polyprotic Acids and Their Conjugate Bases

Example


Find the equivalence points and derive a curve for the titration of 25.00 mL of 0.1000 M maleic acid with 0.1000 M NaOH



Ka1 = 1.20 x 10–2
Ka2 = 5.96 x 10–7

First equivalence point:
VA x NA = VB x NB


VNaOH = (25.00 mL)(0.1000 N)/0.1000 N = 25.00 mL


Second equivalence point:
Now 2 titratable protons from maleic acid are present



VNaOH = (25.00 mL)(0.2000 N)/0.1000 N = 50.00 mL


Initial pH:  only maleic acid present, weak polyprotic acid problem



Ka1 =  EQ \f(x2,F–x) 


1.20 x 10–2 =  EQ \f(x2,0.1000–x) 


x = 2.92 x 10–2


pH = –log (2.92 x 10–2) = 1.54


Any volume of NaOH < 25.00 mL will result in a buffer solution of H2A and HA–

pH after 10.00 mL of NaOH added:  (10.00 mL)(0.1000 M) = 1 mmol NaOH added

	
	H2A
	+
	OH–
	(
	HA–

	initial
	2.5 mmol
	
	1.0 mmol
	
	0

	final
	1.5 mmol
	
	0
	
	1 mmol




pH = pKa1 + log  EQ \B(\f([HA–],[H2A])) 


pH = 1.92 + log  EQ \B(\f(1.0,1.5))  = 1.74


pH at first equivalence point: (25.00 mL)(0.1000 M) = 2.5 mmol NaOH added



When [OH–] = [H2A]  pH =  EQ \f(1,2)(pKa1 + pKa2) 


pH =  EQ \f(1,2)(1.92 + 6.22)  = 4.07

Any volume of NaOH between 25.00 and 50.00 mL will result in a buffer solution of HA– and A2–

pH after 40.00 mL NaOH added:  (40.00 mL)(0.1000 M) = 4 mmol NaOH added


Remember that the first 2.5 mmol of NaOH were used up in reacting with H2A

	
	HA–
	+
	OH–
	(
	A2–

	initial
	2.5 mmol
	
	1.5 mmol
	
	0

	final
	1.0 mmol
	
	0
	
	1.5 mmol




pH = pKa2 + log  EQ \B(\f([A2–],[HA–])) 


pH = 6.22 + log  EQ \B(\f(1.5,1.0))  = 6.40


pH at second equivalence point:  (50.00 mL)(0.1000 M) = 5 mmol NaOH added

	
	HA–
	+
	OH–
	(
	A2–

	initial
	2.5 mmol
	
	2.5 mmol
	
	0

	final
	0 
	
	0
	
	2.5 mmol



When only A2– is present, this is a polyprotic weak base problem



MA2– = 2.5 mmol/75 mL = 3.33 x 10–2 mol/L



Kb1 =  EQ \f(x2,F–x)  =  EQ \f(Kw,Ka2)  = 1.68 x 10–8


x = 2.35 x 10–5


pH = 14.00 + log (2.35 x 10–5) = 9.37


pH after 75.00 mL NaOH added: (75.00 mL)(0.1000 M) = 7.5 mmol NaOH added

	
	HA–
	+
	OH–
	(
	A2–

	initial
	2.5 mmol
	
	5.0 mmol
	
	0

	final
	0 
	
	2.5 mmol
	
	2.5 mmol



pH after second equivalence point is controlled by [OH–]


MNaOH =  EQ \f(2.5 mmol,(25.00 + 75.00 mL))  = 0.025 mol/L



pH = 14.00 + log (0.025) = 12.40

Titration Curve for Polyprotic Weak Acids/Bases with Strong Bases/Acids
1.
Initial pH is a polyprotic weak acid/base calculation

2.
pH before first equivalence point is a buffer problem

3.
pH at first equivalence point = 0.5 x (pK1 + pK2)

3.
pH between first and second equivalence point is a buffer problem

4.
pH at second equivalence point is a polyprotic weak acid/base calculation

5.
pH after equivalence point is due only to remaining strong base/acid.

Titration Spreadsheet  (
Concentration of acid = 0.1000

Initial Volume Acid =
40


Concentration of base = 0.1000

Initial Volume Base = 
0


Ka1 = 1.00 x 10-4
Ka2= 1.00 x 10-8




Volume at First Equivalence Point = 80
Volume at Second Equivalence Point = 120


	Vol. Titrant (ml)
	Total Vol. (ml)
	mmols Acid init.
	mmols Base init.
	mmols Acid fin.
	mmols Base fin.
	pH

	0
	40
	4
	0
	4
	0
	2.51

	5
	45
	4
	0.5
	3.5
	0
	3.15

	10
	50
	4
	1
	3
	0
	3.52

	15
	55
	4
	1.5
	2.5
	0
	3.78

	20
	60
	4
	2
	2
	0
	4.00

	25
	65
	4
	2.5
	1.5
	0
	4.22

	30
	70
	4
	3
	1
	0
	4.48

	35
	75
	4
	3.5
	0.5
	0
	4.85

	40
	80
	4
	4
	0
	0
	6.00

	45
	85
	4
	4.5
	0
	0.5
	7.15

	50
	90
	4
	5
	0
	1
	7.52

	55
	95
	4
	5.5
	0
	1.5
	7.78

	60
	100
	4
	6
	0
	2
	8.00

	65
	105
	4
	6.5
	0
	2.5
	8.22

	70
	110
	4
	7
	0
	3
	8.48

	75
	115
	4
	7.5
	0
	3.5
	8.85

	80
	120
	4
	8
	0
	4
	10.26

	85
	125
	4
	8.5
	0
	4.5
	11.60

	90
	130
	4
	9
	0
	5
	11.89

	95
	135
	4
	9.5
	0
	5.5
	12.05

	100
	140
	4
	10
	0
	6
	12.15
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(
Read: isoelectric focusing  Box 10-2

Acid –base titrations of proteins p 199




_1040725975.unknown

