B bt RS 107 25 B HLINERA

PR BB ITAEMEAM AL Fa(—&t) #£78 %17
B BBILREEMENS
AFERLZATES *FALEE () WES

I. Consider the following reaction:
1/2 H,Se0; + 3H" + 3¢ = 1/2 HoSe + 32 H,O  logK=18.3
If pe is defined as ““log [e7]”, what is the pe of the system if (H,SeOs) = (H2Se)? Also, it is

known that E;, = 0.059 pe, so what would you predict the ratio of H,SeOs to H,Se to be, if
the E, were -0.1 V? Assume the pH is 7.

II. A conventional microbial fuel cell (MFC) system consisting of an anode, a cathode, and a
proton exchange membrane can be used to treat wastewater containing high BOD and
produce electricity (see the cartoon below). The reason that this system can work is
because cells in the anodic chamber are capable of “breathing” the anode extracellularly.

1. Ifthe reduction potential of the anode is similar to ferric iron (i.e., Fe**), would you
expect that this MFC system is able to “simultaneously” exhibit efficient nitrogen
removal and electricity production when the wastewater contains elevated BOD and
nitrate concentratlons accordmg to the electron tower shown below. Explain your
answer.

2. In addition to removing BOD, if the wastewater contains high levels of sulfate and you
would also like to remove it, how can you use this system to do it, when con51der1ng
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I11. Using the hydrolysis reactions for aluminum and ferric given below, draw two “logC-pH”
diagrams: one for the hydrolysis of ferric ion, and the other for aluminum ion. On each
diagram, include the lines for all the hydrolysis species identified, and identify the zone of
Al(OH);() and Fe(OH)s) precipitation. Based on your diagrams, what strikes you as the
main difference between them? What does that mean in terms of the expected performance
of ferric and alum for water treatment as a function of water pH? | 7

pKa (25°C) pKa (25°C)
AP + H,0 = AI(OH)*" + H" 497 | Fe*" + H,0 = Fe(OH)** + H* 2.2
AI(OH)*"+ H,0 = AI(OH)," + H" 4.3 | Fe(OH)*'+ H,0 =Fe(OH)," + H' 3.5
AI(OH),"+ H,0 = Al(OH); + H' 5.7 | Fe(OH),"+ H,0 =Fe(OH); + H' 6.0
AI(OH); + H,0 = AI(OH), + H' 8.0 | Fe(OH); + H,0 = Fe(OH), + H' 10
2AI + 2H,0 = Al,(OH),"" + 2H" 7.7 | 2Fe*" + 2H,0 = Fe,(OH),"" + 2H" 2.9
3AP* + 4H,0 = ALL,(OH),”" + 4H" 13.9 | 3Fe® + 4H,0 = Fey(OH)," + 4H" 6.3
13A1" + 28H,0 = Al;;0,(OH),,"" + 32H" 98.7 | Fe** + 30H = Fe(OH)s, 38.7
AP + 30H" = AI(OH)s(5) 31.5

IV. Choose your answers. ‘
1. A reaction under experimental conditions will go forward as written if:

a. AG°<0

b. AG<0

c. AG°>0

d AG>0

e. Only if both AG and AG® are negative
f.  Only if both AG and AG® are positive

2. If a substance is in its reduced form, it could possibly be used as an electron acceptor
for certain types of bacteria.

a. True
~ b. False
3. The time between inoculation and the beginning of growth is usually called the
a. Lag phase.
b. Log phase.

c. Dormant phase.
d. Death phase.
4. In an electron carrier system, the net energy change is determined by the difference in

reduction potentials between the

a. Primary electron donor and the terminal electron donor. .

b. Primary electron acceptor and the terminal electron acceptor.

c. Primary electron acceptor and the terminal electron donor.

d. Primary electron donor and the terminal electron acceptor.

5. Which of the following are made up of prokaryotic cells?
Bacteria and fungi

Archaea and fungi

Protozoa and animals

Bacteria and archaea
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