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1. (10 points) EDTA can be used to titrate an unknown Ca+2 solution: 
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a. (3 points) An electrode that measures pCa+2 is used to follow the above titration. What would be the pCa+2 value if 5 ml of 0.01 M EDTA solution is added to a 50 ml solution of Ca+2 with a concentration of 30 mM? (ignore activity coefficients)
Since Kf is large, assume all the added EDTA forms the complex:
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b. (3 points) What is the volume of EDTA required to reach the equivalence point?

At equivalence point, an equal molar amount of EDTA is added to the Ca+2 solution.
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c. (2 points) The Ca+2 solution also contains Na+ that forms an identical complex with EDTA with a pKf of -1.66. Which ion will be titrated first? Why?  

Ca+2 because pKf of -10.7 is >> -1.66 indicating a stronger affinity of EDTA with Ca+2 than Na+
d. (2 points) In general, what would happen to pCa+2 if you accounted for activity coefficients?

Since activity coefficients are always < 1, and ACa=Ca[Ca+2] and pCa+2=-logACa, pCa+2 will increase if activity coefficients are used instead of concentrations. 
2. (10 points) A 0.025 M solution of ethylamine is made in pure water, where the following equilibrium exists:
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a. (8 points) What is the pH of this solution if the pKa of ethylamine is 10.673? (ignore activity coefficients)
Ethylamine is acting as a base, so the pH should be basic and we need to first determine pKb:

pKa + pKb = pKw = 14.0 (  pKb = pKw -pKa = 14.0 - 10.673 = 3.327


Kb = 4.7098x10-4, set x= [OH-] = [CH3CH2NH3+]
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b. (2 points) What is the pH if the ionic strength is 0.1 M by adding NaCl?


From the table of activity coefficients,  for [H+] is 0.83. and  for [OH-] is 0.76
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3. (10 points) Given the following reactions:
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(i)
(ii)

(iii)

a. (2 points) Write a charge balance for this system
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b. (2 points) Write a mass balance for this system
From reaction (i):
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Include the associated products from reactions (ii) and (iii):
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c. (6 points) Find the concentration of NH3(aq) if the pH is fixed at 9.25 (ignore activity).
All the equilibrium are simultaneously satisfied.
(1) relate [NH4+] and [NH3] from eqn ii with the given pH.

pH=-log[H+] ( [H+] = 10-9.25 = 5.62x10-10
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(2) relate [SO4-2] with HSO4- from eqn. iii with the given pH.



Kw = [H+][OH-] ( [OH-] = Kw/[H+] = 1x10-14/5.62x10-10 = 1.779x10-5
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(3) substitute into mass balance equation:
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(4) substitute into Ksp, set [NH4+]=x
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}

]

[

]

[

]

[

]

[

-

-

+

+

=

+

4

2

4

4

3

2

HSO

SO

NH

NH



(5) use relationship between [NH4+] and [NH3(aq)]
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