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Ch14 Winter term 2020 
Problem set 5  

due March 11, 2020 
please indicate length of time needed for this problem set 

 
Problem 1 
1a (10 pts) Calculate E˚ and E˚' for the reduction of CO2 to CH4: 

CO2(g) + 8H+ + 8e-   « CH4(g) + 2H2O 
from the following half-cell reactions: 
CO2(g) + 2H+ + 2e-  «  HCOOH  E˚ = -0.199 V 
HCOOH + 2H+ + 2e-  «  HCHO + H2O  E˚ =  0.034 V 
HCHO + 2H+ + 2e-  «  CH3OH   E˚ =  0.232 V 
CH3OH + 2H+ + 2e-  « CH4(g) + H2O  E˚ =  0.588 V 
 
1b (5 pts) From these results, calculate ∆G˚ (at pH = 0) and ∆G˚' (pH = 7) for the reduction 
of one mole of CO2 to CH4 coupled to the oxidation of H2. (Hint: ∆G˚' ~ -127 kJ/mole - but show 
your work) 
 
1c (5 pts) Write a balanced equation for the half-cell reaction corresponding to the 
reduction of two moles of CO2 to form one mole of acetic acid (CH3CO2H). 
 
1d (5 pts) If ∆G˚' = -37 kJ/mole for disproportionation of acetic acid to methane and CO2: 

CH3CO2H   «  CH4 + CO2 
calculate E˚' for the reduction of two moles of CO2 to one mole of acetic acid. 
 
Problem 2 
Flavins can exist in three oxidation states, fully oxidized (ox), semi-quinone (sq) and the fully 
reduced hydroquinone (hq) that are related by the following scheme: 

 
At equilibrium, a solution of flavin will equilibrate between the three states according to the 
disproportionation reaction with equilibrium constant Kdp: 

2 sq « ox + hq 
For a flavin bound to a particular protein (designated FLD), E1˚' and E2˚' are -0.200 V and -0.450 
V, respectively, while the corresponding values for the free flavin (designated FMN) are -0.300 
V and -0.125 V, respectively. 
 
2a (10 pts) From these reduction potentials, calculate the values of the equilibrium constant 
Kdp for the disproportionation reactions of FLD and FMN.   
 
2b  (5 pts) A 1 M FLD solution, initially prepared in the sq state, is allowed to reach 
equilibrium.  What are the concentrations of the ox, sq and hq forms at equilibrium? (note: the 
1 M concentration is unrealistic, but it simplifies the calculation). 
 

ox + e- E1 ′˚← →⎯⎯ sq + e- E2 ′˚← →⎯⎯ hq
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2c (5 pts) If the same experiment is repeated with a 1 M FMN solution, initially prepared in 
the sq state, what are the equilibrium concentrations of these three forms? 
 
Problem 3 
A solution is prepared from 1 mM reduced cytochrome c and 1 mM Fe(CN)6

3- that can undergo 
the following half-cell reactions at 298 K: 
  cyt. c (ox) + e- « cyt. c (red)   E˚’ = +0.26 V 
  Fe(CN)6

3- + e- « Fe(CN)6
4-  E˚’ = +0.36 V 

3a (5 pts) What is the equilibrium constant for the redox reaction involving these species 
at pH 7 at 298 K?  
 
3b (5 pts) What are the concentrations (in M) of reduced and oxidized cytochrome c, 
Fe(CN)6

3- and Fe(CN)6
4- at equilibrium under these conditions?  

 
3c (5 pts) From the Nernst equations describing each half-cell reaction, calculate E, the 
reduction potential in V, of this solution at equilibrium. 
 
3d (5 pts) What would be the equilibrium concentrations (in M) of reduced and oxidized 
cytochrome c, Fe(CN)6

3- and Fe(CN)6
4- for a solution prepared with 1 mM oxidized cytochrome c 

and 1 mM Fe(CN)6
3-? 

 
Problem 4 
E˚ and E˚' for the reduction of pyruvate to lactate are +0.224 V and -0.190 V, respectively: 

CH3COCO2H + 2H+ + 2e- «  CH3CH(OH)CO2H 
As we discussed in lecture, the difference of +0.414 V between these values is expected for the 
difference in pH between 0 and 7 for a process involving two H+ and e-. 
 
Or is it?  The value of +0.414 V is valid for a reaction with a stoichiometric and obligatory 
coupling of equal numbers of protons and electrons.  One feature of the pyruvate/lactate 
system is that their carboxyl groups have different pKa's (2.49 and 3.81, for pyruvate and 
lactate, respectively), so that the two electron reduction of pyruvate to lactate at a particular 
pH will not, in general, be coupled to the uptake of exactly two protons. 
 
4a (5 pts) Write the expression for the formal reduction potential Ef˚ in terms of E˚ and the 
two pKas for the pyruvate/lactate half-cell (hint: this involves using the "a" formalism discussed 
in the 03 March lecture notes). 
 
4b (10 pts) With E˚ = +0.224 V, calculate the formal reduction potentials Ef˚ at pH = 2, 4 and 
7, and compare to those expected assuming a constant decrease of 0.05916 V per unit pH. 
 
4c (5 pts) You should obtain a value for Ef˚ at pH 7 calculated using the actual pKa's that is 
lower than -0.190 V, which means that the oxidized state (pyruvate) is more stable than 
expected based on the strict extrapolation from the system corresponding to E˚ = +0.224 V.  Is 
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this consistent with the behavior expected from the titration properties of pyruvate and lactate 
as reflected in their Ka values? Explain briefly (one sentence) why or why not. 
 
 
Problem 5 
5a (10 pts) A one meter column has 500 theoretical plates. If the elution volumes of two 
solutes are 100 and 105 mls, respectively, calculate the resolution, R, that characterizes the 
separation of these two peaks. 
 
5b (5 pts) All things being equal (flow rate, cross-sectional area, etc.), the elution volumes 
and the number of theoretical plates will both be proposal to the column length. What will be 
the resolution of these same two solutes on a column that is two meters in length? 
 


