a)Under standard conditions , will the oxidation of lactate using Fe3+ as electron acceptor prove energetically favorable? What is the change in free energy associated with the complete oxidation of lactate to carbon dioxide by Fe3+? (Assume reduction of Fe3+ to Fe2+) 


Given information pe0=-0.68 (My knowledge about this is: pe0=E0/2.3(RT/F)=E0/0.059 and T=298K, F=faraday constant) for the following reaction: 


1/12 lactate ion +1/4 water---->1/4 CO2(g)+11/12H+ ion + e- 


Multiply both equations by 12 (E0 does not get multiplied)

      12 Fe3+ + 12 e ----> 12 Fe2+


E0 = 0.771 V
                C3H5O3- + 3 H2O ----> 3 CO2 + 11 H+ + 12 e
E0 = -0.040 V (from your equation)

C3H5O3- + 12 Fe3+ + 3 H2O -----> 3 CO2 + 11 H+ + 12 Fe2+   E0 = 0.731 V 




(G0 
= - n F E0cell
= - 12 x 96485 J/V/mol x 0.731 V x (1 kJ/1000 J)         (12 electrons transferred)

= -846 kJ/mol

b) How does this energy change compare with the aerobic oxidation of lactate? 

The value for free energy from total metabolism of lactate (lactate ----> CO2 + H2O)

is -326 kcal/mol (Devlin, Biochemistry, 5th edition, 2002, Wiley, p 543) or -1360 kJ/mol. The energy calculated above (-846 kJ/mol) appears not to be nearly as great.
c) Recompute the free energy change of lactate oxidation by Fe3+ under Non Standard conditions assuming that: 
[Fe2+]=10^-4 M 
pH=7 
T=25 degree centigrade 
[lactate]=10^-3 M 
Carbon dioxide is in equilibrium with atmospheric CO2 
Fe3+ is in equilibrium with Fe(OH)3 (s) 
Note for Fe(OH)3, Ksp=10^-38 
Ksp is the equilibrium constant
Use (G = (G0 + RT ln Q

Parameters for Q calculation
Q =
(pCO2)3 x [H+]11 x [Fe2+]12

[C3H5O3-] x [Fe3+]12
pCO2 = 3 x 10-4 atm (this is the partial pressure of CO2 in the atmosphere… http://www.cisatlantic.com/trimix/AQUAcorps/mix/CO2Summary.htm)
[H+] = 10-7 M (from pH = 7, [H+] = 10-pH)

[Fe2+] = 10-4 M
[C3H5O3-] = 10-3 M

[Fe3+] = 10-17 M
Fe(OH)3(s) ----> Fe3+ + 3 OH-
Ksp = [Fe3+][OH-]3
[OH-] = 10-14 M2 /[H+] = 10-7 M

10-38 = [Fe3+] x 10-21
[Fe3+] = 10-17 M
Q 
= 
(3 x10-4)3 x (10-7)11 x (10-4)12


10-3 x (10-17)12

=
2.7 x 10-136


1 x 10-207

=
2.7 x 1071
ln Q
=
164.5
(G 
= 
(G0 + RT ln Q


=
-846 kJ/mol + (8.314 x10-3 kJ/mol/K x 298 K x  164.5)


=
-438 kJ/mol
