Example #2: Titration of a diprotic weak acid (analyte or titrand) with strong base (standardized titrant).

􀃖 In most of the weak acid-base titrimetric analyses that you will encounter, you will find that Polyprotic Systems are common.

For example, phosphate and bicarbonate in blood

(pH=7.35-7.45)

See http://www.chemistry.wustl.edu/~edudev/LabTutorials/Buffer/Buffer.html (very cool)

And http://www.usyd.edu.au/su/anaes/lectures/acidbase_mjb/acidbase.html (very detailed)

HPO4- ↔ HPO42- + H+ (minor component)

pKa2 = 7.21 (found intracellularly)

H2CO3 ↔ HCO3- + H+ (major component)

pKa1 = 6.37

CO2 + H2O 􀃆 H2CO3
(facilitated by carbonic anhydrase; pCO2 ~40 torr,

[CO2]=[H2CO3]=1.2 mM)

pH = pKa1 + log ([HCO3-]/[H2CO3])

Treat polyprotics in a manner similar to monoprotics

Example: H2EDA2+ (H3NCH2CH2NH3)2+
We have 50.00 mL of a 0.05000F solution

pKa1 = 6.85                 pKa2 = 9.93

Ka1 = 1.42 x 10-7           Ka2 = 1.18 x 10-10

Titrate with 0.1000 M KOH

Region 1 - No base (titrant) added. (Monoprotic Acid?)

We can treat the acid as a monoprotic acid ONLY if the following are true:

1. You have only the H2A in solution

2. The ratio, Ka2/Ka1 is smaller than 5%

H2EDA2+ <-----> H+ + HEDA+
Final 0.05000M - [H+] [H+] [H+]

Ka1 = [H+]2/(0.05000 - [H+]) = 1.42 x 10-7

From Quadratic formula: [H+] = 8.42 x 10-5 M

(8.43 x 10-5 with [H+] = (FH2EDA Ka1))

pH = 4.07 (4.07 with approximation)

This is the ONLY point where we can treat this as a monoprotic acid!!!

This acid must be treated as a diprotic until the

SECOND EQUIVALENCE POINT!

YES, we have two equivalence points!! (Two Kas)

H2EDA2+ + -OH -----> H+ + HEDA+
HEDA+ + -OH -----> H+ + EDA

Ve1 = (0.05000M) (0.05000L) = 0.02500L

(0.1000M)

Ve2 = (2Ve1) = 0.05000L

Region 2 - Before 1st Equivalence Point (Buffer!)

Addition of 10.00 mL of -OH leads to H2EDA2+ and

HEDA+ in the beaker

# moles of H2EDA2+ present initially = 2.50 x 10-3

# moles HEDA+ at 10.00 mL =(0.1000M)(0.01000L)

= 1.00 x 10-3

Use H-H Eqn:

pH = 6.85 + log (HEDA+/H2EDA2+)

pH = 6.85 + log (1.00/1.50)          pH = 6.67

At 12.50 mL or 1/2 Ve1, moles HEDA+= moles

H2EDA2+ and pH = pKa1 = 6.85

Region Three - At 25.00 mL, 1st Equivalence Point

Now we have an amphiprotic species:

HEDA+ can act as base (Kb2) or acid (Ka2)

HEDA+ + H2O <----> OH- + H2EDA2+
Kb2 = [OH-][H2EDA2+]/[HEDA+]

HEDA+ <----> H+ + EDA

Ka2 = [H+][EDA]/[HEDA+]

How do we calculate the pH???

We will use the approximation:

pH ≈ (pKa1 + pKa2)/2

pH = (6.85 + 9.93)/2

pH = 8.39 and [H+] = 4.097 x 10-9M

Region Five - before 2nd Equivalence Point, we have a buffer

HEDA+ and EDA both present, so:

pH = pKa2 + log(EDA/HEDA+)

Addition of 35.00 mL of -OH leads to HEDA+ and EDA in the beaker

#moles of HEDA+present initially = 2.50 x 10-3
(mass balance applies conservation of moles)

We are 10.00 mL past Ve1, so

# moles HEDA+
at 35.00 mL = initial moles HEDA+ -

moles lost from rxn with –OH

= 2.50 x 10-3 – ( (0.03500 L – 0.02500 L) (0.1000M))

= 2.50 x 10-3 –1.00 x 10-3 = 1.50 x 10-3 moles

pH = pKa2 + log(EDA/HEDA+)

pH = 9.93 + log(1.00/1.50) = 9.75

At 37.50 mL of -OH added (3/2 Ve1), there are equal amounts of HEDA+ and EDA in the beaker, 
so pH =pKa2 = 9.93

Region 6 at 2nd Equivalence Point
There is now a diprotic base, EDA, in water.

We test to see if Kb2/K b1 < 5%, which it is, and then treat as a monoprotic base hydrolysis problem ..

…..with new volume (50.00 mL + 50.00 mL = 100.00 mL).

EDA + H2O ↔ EDA+ + HOKb1

= [HO-]2/(FEDA - [HO-]) = Kw/Ka2

= 1.00 x 10-14/1.18 x 10-10 = 8.47 x 10-5

FEDA = (2.50 x 10-3)/(0.10000 L) = 2.5 x 10-2 M

(mass balance applies conservation of moles)

Solving for [HO-], we get 1.41 x 10-3

(get 1.46 x 10-3 if use [HO-] = (Kb1 FEDA)0.5

pOH = 2.85                         pH = 11.15

(pH is cal’d to be 11.16
 with [HO-]=(Kb1 FEDA)0.5)

Region 7, Past 2nd Equivalence Point
Q: What is left in solution of titrand?

A: Basically, we have a little bit of KOAc and the

STRONG base -OH.

Assume excess -OH added determines pH!!

After equiv. pt., say 55.00 mL KOH added

Must find the concentration of the diluted KOH.

Basically, the excess KOH is added to a new volume, so this is a dilution problem.

XS Volume -OH = -50.00 mL + 55.00 mL = 5.00 mL

XSmoles -OH=(0.00500 L)(0.1000 M) = 5.00 x 10-4

Total NEW Volume of solution (titrand) = 0.05500 L + 0.05000 L

[-OH] = 5.00 x 10-4/(0.1050 L)

[-OH] = 4.76 x 10-3 M

pOH = 2.32 -----> pH = 11.68
