
Chem 201 Final Exam Guide KEY 
  

1) Consider the galvanic cell (aqueous, at pH = 0.0) :  Pt|MnO4-

(1.0M)/Mn2+(0.1M)||SO42-(1.0M)/SO32-(1.0M)  
The cell has an internal resistance of 0.50 W.  (E°MnO4-/Mn2+= 1.51 V; E°SO42-/SO32--= -0.94V),  
a) Calculate E°cell and Ecell when no current is flowing:   
 
solution:  
 
E°cell = E°MnO4-/Mn2+- E°SO42-/SO32--= 1.51 V- (-.94)=+2.45 V 
 
For Ecell need to use Nernst Eqn: For this, we need to write out the redox reaction. 
  
The half reactions and balanced redox equation are: 
 (1)    8 H+ + MnO4- + 5e- --> Mn2+ + 4H2O   1.51 V 
 (2) 2H+  + SO42-  +2 e-  --> SO32- + H2O  -.94 V 
Balanced redox rxn: 
 2x(1)-  5x(2):   
16H+ + 2 MnO4- + 5 SO32- + 5 H2O --> 2 Mn2+ + 8H2O+10H++5SO42- 

Cancelling terms: 6H+ + 2 MnO4- + 5 SO32-  --> 2 Mn2+ + 3 H2O + 5 SO42- 
 
So the Nernst equation: 
 
Ecell = 2.45 V – (.059/10)log{([Mn2+]2[SO42+]5)/([H+]6[MnO4-]2[SO32-]5)} 
=2.45-.0059 log{(.1)2(1)5/(10-0)(1)2(1)5}=2.45-.0059(2) =2.44 V 

 
b) What is the maximum work that can be obtained from this galvanic cell?    
 
Solution: 
Maximum work = -∆G = -(-nFEcell) =(10)(96500 C/mol)(2.44 V) = 235 kJ/mol 
  
c) If we convert the above to an electrolytic cell (use overpotential = 0.5V and 
overpotential = 0.3 V) what initial external voltage must be applied at a current of 250 
mA? (ignore junction potential)  
 
Solution: 
 
In general, you need to apply more than the Ecell 
Eapplied = - Ecell – iR – Eoverpotential = -2.44V – (0.250A)(0.50Ω) –(0.5V)= -3.065V 
 
 



2) Determine the potential reading in a potentiometric titration of 50.0 mL of 0.10 M Fe2+ 
with 0.20 M Pr(NO3)4  using an S.C.E electrode (note: E°Fe3+/Fe2+ = 0.771V, and E°Pr4+/Pr3+ = 
3.20 V).  Use the following values of VPr4+ = .1, 12.5, 25, 30, and 50 mLs. 
 
Solution: 
We note what the reduction half reactions are:  
 (1)  Fe3+ + e- --> Fe2+ 0.771 V 
 (2)  Pr4+ + e- --> Pr3+  3.20  V 
the spontaneous redox reaction is: 
 Pr4+ + Fe2+ --> Pr3+ + Fe3+ 3.20-.771 = +2.43 V 
 
We next need to know the Ve:  Ve = MFe2+VFe2+/MPr4+ = (.10M)(50.0mL)/(.20M) = 25.0 mL 
 
For VPr4+ < Ve we have: Ecell = E°Fe –(.059/1)log([Fe2+]/[Fe3+]) - ESCE 

 
So for Vpr4+ = 0.1 mL:  Ecell = 0.771 -.059log(24.9/.1) - .241 = 0.389 V 
 
So for Vpr4+ = 12.5 mL:  Ecell = 0.771 -.059log(12.5/12.5) - .241 = 0.530 V 
 
For the case when Vpr = Ve :  Ecell =(1/2)(E°fe+E°pr)-Eref electrode 

 
So Ecell = (1/2)(0.771+3.20) - .241 = 1.74 V 
 
In general for VPr > Ve :  Ecell = E°Pr4+/Pr3+ - .059 log {[Pr3+]/[Pr4+]} – 0.241 
 
So for VPr = 30 mL:  Ecell = 3.20 V – (.059V) log{(30-25)/(25)}-.241V = 3.00 V 
 
So for VPr = 50 mL:  Ecell = 3.20 V – (.059V) log{(50-25)/(25)}-.241V = 2.96 V 
 
3)  A chromatogram (C vs t) for a 10.0-cm column is given in a figure : 
For this number, no answers will be supplied.  Refer to your lecture notes and the book 
to answer the specific questions below. 
a) Estimate from band A what the plate height equivalent and the number of plates is for 
the column.   
b) How selective is the column in separating bands A and B? (Calculate relevant factor) 
c) Estimate length, L, of column needed such that the 2 bands (i.e. A and B) can be 
separated with R=1.50 
d) Determine the partition coefficient of B if the stationary phase volume is .78 mL and 
the mobile phase volume is 9.22 mL and the retention volume is 55.0 mL.  
 
4) For this number, no answers will be supplied.  Refer to your lecture notes and the 
book to answer the specific questions below. 
a) Discuss the van Deemter equation and what each of the terms is due to. 
b) Gas chromatography: Compare open tubular GC columns versus packed GC columns 
in terms of column efficiency as measured by their plate height.  
c) Liquid chromatography: Compare liquid chromatography( LC)  and HPLC.  What are the 
advantages of HPLC over LC?  Illustrate with a "van Deemter" graph and explain the 
technological difference between the two.    [10 pts] 



 
5) 20.0 mL of a MgSO4 analyte solution requires 25.0 mL of a 0.015M  EDTA titrant 
buffered at pH 10.0.  Given:  log Kf = 8.79 for Mg-EDTA, αy4- = 0.36 @ pH10.0.   

a) Determine the conditional formation constant and the original [Mg2+]. 
Solution:  Kf’=αy4-Kf =(.36)(108.79)=2.22x108 
MMg2+ = MV/V = (.015M)(25.0mL)/(20.0mL) = 0.01875M = .0188M Mg2+ 

 

b) Calculate pMg2+ at VEDTA = 20.0 mL, & 50.0 mLs,   
Solution: @ VEDTA = 20.0mL,  (note 20.0 mL < Ve = 25.0 mL) 
[Mg2+] = [Mg2+]o(fraction unreacted)(dilution factor)=(.0188)(5/25)(20/40)=.00188M, pMg2+ = 
2.73 
 
@ VEDTA = 50.0 mL (note: 50 mL > Ve =25.0mL)  Here: [EDTA]=(.015M)(50-
25)/(20+50)=.00536 
and [MgEDTA]=(.0188)(20/70)=.00537 
use the Kf’ equilibrium:  Mg2+ + EDTA --> MgEDTA 
       x  .00536+x .00537-x 
or,  (.00537-x)/{x(.00537+x) ≈ 1/x =2.22x108 => x = 4.50x10-9 or pMg = -log (x)=8.35 
 
6) Suppose 35.0 mL of 0.45 M FeSO4 was titrated with 0.90 M Ce(SO4)2.  Determine the 
potential (versus sat'd calomel electrode) at each volume of Ce(SO4)2  added: a) VCe4+ = 
8.75 mLs   b) VCe4+ = Ve   
Solution: same approach as in (2) above. 
 
7) Be able to do problems similar to the example on page 551 (effect of pH on extraction). 
and all the homework problems for example the ones in the electrochemistry chapters. 


