Polyprotic Acid

	H3PO4
	 EQ \o(→,←)
	H2PO41-
	 EQ \o(→,←)
	HPO42-
	 EQ \o(→,←)
	PO43-

	
	pKa1= 2.1
	
	pKa2= 7.2
	
	pKa3= 12.3
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Equivalents of Acid and Base: 200 mL 0.15 M Buffer and Base

1 eq acid = 0.15 M • .200 L = 0.030 moles H3PO4   (a normalized amount of acid)
 
1 eq base = 0.030 moles NaOH or 200 mL              ( eq base = [base]/[total acid])

at the equivalence points moles of H+ = moles of OH-
Preparing 200 mL of a 0.15 M  phosphate buffer pH = 7.4

1. Deterine the buffering equilibrium (focus on the dominant equilibrium at pH=7.4)

H2PO41-  EQ \o(→,←)  HPO42- + H+
2. Use Henderson Hasselback. eq. to get the buffer ratio

pH = pKa + log ([base]/[acid])   (  [base]/[acid] = 10(pH-pKa) = 100.20 = 1.58

3. Find the [base] & [acid] from the buffer ratio and the total concentration 0.15 M
 
 EQ \f([base],[acid]) =  EQ \f(1.58,1)  and [total] =  [acid] + [base] = 0.15 M  (

 EQ \f([base],[total]) =  EQ \f(1.58,1 + 1.58)  ([base] =  EQ \f(1.58,2.58) [total] = 0.612 (0.15 M)=.092 M



         [acid] =  [total]-[base] = 0.15 - 0.092 =.058 M
4. Mix up the buffer to generate: [ H2PO41-] = 0.058 M and  [HPO42- ] = 0.092 M
    eq of H2PO41- = 0.058 M/0.15 M = 0.39 eq;        eq. of HPO42- = 0.092 M/0.15 M = 0.61 eq

a. Mix salts of the weak acid with its conjugate base and dilute to 200 mL


    NaH2PO4 =  0.058 M • 0.200 L (120 g/mole) or 0.39 eq (0.030 mole/eq) (120g/mole) = 1.39 g
 
    Na2HPO4 =  0.092 M • 0.200 L (142 g/mole) or 0.61 eq (0.030 mole/eq) (142g/mole) = 2.61 g
 
    and dilute to 200 mL with water.

b. Mix a weak acid (H3PO4)  with 1.61 equivalents of strong base and dilute to 200 mL


c. Mix a conjugate base (Na3PO4) with 1.39 equivalents of strong acid and dilute to 200 mL











































































disproportionation at equivalence points


pH = (pKa2 + pKa3)/2





buffering region pKa ± 1


buffer ratio = 1 when pH=pKa





0                   100             200               300               400               500                 600 mL NaOH


0                    1/2              1                   3/2                2                  5/2                   3  eq of base





14-


13-


12-


11-


10-


9-


8-


pH 7-


6-


5-


4-


3-


2-


1-


0-








