CE 60330 – Environmental Biotechnology

Homework No. 1

Due September 8, 2010
Oxidation States

The oxidation states of common elements in organic molecules are:

· O is generally -2 (i.e., it “withdraws” two electrons from C, leaving the C molecule with a +2 charge)

· H is generally +1

· N is generally -3
· S is generally -2

· Cl is -1

Definition: An electron equivalent (e- eq.) is the number of moles of reactant needed to exchange one mole of electrons in a redox half-reaction.  For example, in oxidizing 1/8 mole of CH4 to CO2, 1 e- eq. is released.  Or conversely, 1 mol of methane contains 8 e- eq.  This is seen in the following half reaction:
8CH4 + ¼ H2O ( 1/8 CO2 + H+ + e-
1. For the oxidation reactions (a) to (f) below, determine:

(i) the overall oxidation state of the C atoms in the molecular, 
(ii) the average C oxidation state, and 
(iii) the number of electron equivalents released (donated) if C is fully oxidized to CO2
a. 2 mols CH2OHNH2
b. 1 mol of C6H12O6 

c. 0.5 mols CH2ClCHCl2 
d. 1 mol C2H4Cl2 
e. 1 mol C5H9O2N 
f. 5 mols CH3CHOO- 
Example: CH2CH2.  The overall oxidation state for C in CH2CH2  is -4.  There are 2 C in CH2CH2, so the average oxidation state is -4/2 = -2.  The total electrons released when fully oxidized to CO2 is 12 (the average oxidation state of C goes from -2 to + 4 = 6 electrons released per C, so 2*6 = 12 e- eq/mol, 12 e- eq/mol*1 mol = 12 e- eq)

2. Determine (i) the number of electrons exchanged, and (ii) whether they are “donated” or accepted”, for the following redox transformations (assume 1 mole of the initial compound):

a. ClO4- to ClO2-
b. CO2 to CH3OH
c. NO2- to NO3-
d. NO2- to NH4+
e. NO2- to N2O
f. H2 to H2O

g. H2S to SO42-
h. So to SO42-
i. HS- to So
j. NH3 to NO
k. H+ to H2
Half Reactions

3. Write balanced half reactions for 2b, 2c, 2i, and 2j
Applications

4. Determine the theoretical oxygen demand for the following, assuming full oxidation:

a. 100 mg/L of So
b. 30 mgN/L NH4+
c. 1000 mg/L C5H9O2N

5. You are running a nitrification/denitrification process and would like to determine the amount of electron donor required.  During nitrification, NH4+ is oxidized to NO3- (full nitrification) or NO2- (partial or short-cut nitrification).  In denitrification, the oxidized nitrogen species is reduced to N2.  Assuming 
· you have 100 mgN/L NH4+ (expressed as N) that is fully removed 

· you are using acetate as a donor
· you neglect biomass formation

determine: 

a. 
What donor concentrations would you need if full nitrification is achieved?
b.
What percentage of donor would be saved if partial nitrification is achieved?  
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