Problem Set 7 (Due: April 24" 12:30 PM)

1.

n

7.

For each of the following electrochemical reactions, calculate AG°.
a. Cu(s)+Au* - Cu? + Au (s)
b. NO (g) + CI’2072' > Cr3t + NO3
Cc. Mn?" + Clx(g) > MnOst + CI

For reaction 1a, determine AG if [Au®'] = 15 nM and [Cu?"] = 175 mM.
Which compounds in the attached table of standard reduction potentials can oxidize Co?* to Co3"?

Using fundamental chemical concepts (think Coulomb’s law and electron configurations), clearly
explain each of these observations:

a. Clx (g) is a stronger oxidizing agent than Br; (l)

b. AP*is a better reducing agent than Al (s)

c. Li(s) is the best reducing agent on the list.

Consider the following compounds. Rank them by increasing nitrogen oxidation state (most positive
last). If any compounds are equal, explain why. **Note that NO has an unpaired electron**

NO3z NH4* NH20OH CHsNH: CH2NH NO2 NO

Oxidation of glucose (CsH1206) to carbon dioxide and liquid H2O by O provides the foundation reaction
for biological energy production. AG® for this reaction is -2870 kJ/mol. Answer the following question
about this reaction:
a. Write a balanced chemical equation for this electrochemical reaction.
b. Determine AG if [glucose] = 1 uM, [O2] =1 uM, and [CO;] = 1.5 M.
c. If the concentration of CO is 10 M and [O2] = 1 pM, what concentration of glucose is needed for
the reaction to be at equilibrium?

d. How many electrons can each oxygen molecule accept?

e. Determine how many electrons are transferred from glucose to oxygen.

f. Determine the standard reaction potential (E°®).

g. Determine the standard oxidation potential of glucose. Note that oxidation potentials describe
the oxidation reaction.

h. Which of these ions can be reduced to neutral atoms by glucose? Li*, Mn?*, Ca?*, Au®*, Zn**

i. Choose one of the ions you identified in part e. Write a balanced electrochemical reaction with
glucose and calculate AG® for the reaction.

In the intestinal epithelial cells that we discussed in class, Na* ions are transported from the stomach
into the cell to ensure that glucose uptake is possible. As these ions are pumped into the cell, we
would expect the cellular concentration of sodium to increase.

a. How would this affect the membrane potential (AY)?

b. Why would this be a bad thing for bringing glucose into the cell?

c. Inreality, the 12 mM Na* concentration is maintained by another sodium transporter on the
other side of the cell. This one pumps Na* ions from the cell to the blood stream. A normal
blood-sodium concentration is 140 mM. If the membrane potential is -70 mV (remember this
means the inside of the cell is more negative), calculate AG for the cellular sodium export.

d. The protein that facilitates this process is known as a Na*/K* ATPase. This enzyme is able to
pump ions against energy gradients by coupling ion transport with ATP hydrolysis. Hydrolysis
of ATP produces -37 kJ/mol of energy. How many Na* ions can be pumped by a single ATP
hydrolysis?



8. Cystic fibrosis is caused by a defect in a chloride ion transporter located in lung tissue. This protein,
called CFTR, facilitates the transport of chloride ions which plays in important role in the clearance of
mucous in the lung (improper clearance leads to serious problem).

a.

The membrane potential of the epithelial cells in lung tissue is +5 mV. Does this favor chloride
transport into or out of the cell?

If the extracellular [CI-] = 28 mM and 86 mM inside the cell, which direction does chloride flow?
Make sure to take into account both contributors to AG.

9. The function of neurons is absolutely dependent on the maintenance of ion gradients. As we discussed
in class, these ion gradients are the fundamental basis of action potentials (which allow a neuron to
very quickly communicate information long distances).

a.
b.
C.

Describe the role of ligand gated ion channels and voltage gated ion channels in this process.
If a cation flows into the cell, what effect does this have on the membrane potential?
In class, we discussed equilibrium potentials. What does this mean and why is it important in
the function of a neuron?
Calculate the equilibrium potential for chloride if the extracellular [Cl-] = 28 mM and 86 mM
inside the cell.
Once an action potential is completed, hyperpolarization occurs because the voltage gated K*
channel is very slow to close.

i. Why does this lead to the membrane potential becoming more negative?

ii. Hyperpolarization stops when the membrane potential is -98.1 mV. Why?

ii. At this point, the resting potential of the neuron (-60 mV) needs to be restored so that the
neuron is ready for another action potential cycle. This involves moving Na* and K* ions
against their concentration gradients; this process is facilitated by an ATPase, an ion
transporter that couples the hydrolysis of ATP (AG = -37 kJ/mol) to Na* export and K*
import. Does ATP hydrolysis provide enough energy to move a Na* out of the cell at
-98.1 mV? Assume [Na*lin = 14 mM and [Na*]ou: = 143 mM.



Standard Reduction Potentials at 298K, 1M, 1atm

HALF-REACTION E" (V)
Fog+ 28 = 2 Flag +2 87
D3 ) + 2 H+(aq) +2e = I:IZI:Q:I + Hz':lm +2 07
CO0™ag + 8 — C0™ag +1 82
HEDE(aqj + 2 H+(3'3I) +2e =2 Hg[:lm +1 77
POz +4 HYag + S04 @g + 2 8 = POS04s + 2 H30q +1.70
CE‘H(aqj +te —= CES+(aqj +1 61
MNOg g + & Hiap + 8 & = Mgy +4 HaOy, +1 51
AU g + 3 B = Al +1 50
Clifg) + 2 =2 Cfcaq) +1 36
CrO7ay + 14 Hiag + 6 & — 2 Cri*gg + 7 HOp +1 .33
MHDHS‘J +4 H+fa-:|‘.| +2E = Mﬂh{aq] + 2 HEDIT.I +1.23
Oy +4 Hagy +4 & = 2 Hy0p, +1.23
Eil’m) + 2 B —= 2 Eil’ -(3'4) +1 I:I?
MO gy + 4 Htbgagy +3 8 = NOgy + 2 HzOpy +0 85
2HO g + 2 & = Hi™ o +0 97
Ho:™ + 28" — 2 Hoyg +0 85
A g + B = Al +0.80
Fe*oq + & — FEuy +0.77
Oy + 2 HYaqy 2 8 = H1Osq +0 68
MNOyg e + 2 HyO0q + 3 & = MNOyy +4 OH gy +0 59
lipey + 2 87— 2 lgg +0 53
Opggy +2H 0+ 48— 4 OH 5y +0 40
CUTam + 2 8 — Clgy +1 34
AQCly + B = Adpy + Cliggy +0 .22
S04 ag + 4 HYaqy + 2 € = 503 + 2 Hz 0 +0.20
Cl¥qy + B — Cltgg +0.15
5™ +2 B = 8N, +0.13
2HYaqy 2 B = Hyy 0.00

Pb™eq + 2 8 = Phy, 013
SN ag + 2 & = Shigy 014
Ni* o + 28— Nig, -0.25
CoMagy + 2 B = Cogg, -0.25
PS04+ 2 € = Phgy + 5080y -0.31

Coi™uq + 2 8 — Ci, -0.40
Feltap + 2 8 — Fey, -0.44
Cri¥ag + 38 — Crgy 074
In™ g +2 € 5 Zhg, -0.76
[2H;05 + 2 8 = Hay + 2 OH gy -0.83
Mg + 2 € = M, RRT:
.-"3*-.|3+(an +38 —= -'E'\l(sj -1.66
Be™oy + 2 € — Bey, -1.85
M e + 2 € = Mg, 237
Ma*ay + B — Nag, -2 T

Cauq +2 8 — Cag, 287
Sritaqp + 28— Shy -2.39
Ba'* ey +2 € — Bag, _249q
Kl + 8 = Kig -2.93

|_i+|:aq:| + B — |_||:5:| -3.05



