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This MC portion of the exam should have 18 questions. Each question is 4 points for a total of 72 points on
this portion of the exam. Bubble in your answer choices on the bubblehseet provided. Your score is based on
what you bubble on the bubblesheet and not what is circled on the exam. Remember to also do the free re-
sponse section.

Standand Potentials at 25◦ C E◦

F2(g) + 2 e− ⇀↽ 2 F−(aq) +2.870 V

Au+(aq) + e− ⇀↽ Au(s) +1.690 V

Ce4+(aq) + e− ⇀↽ Ce3+(aq) +1.610 V

Cl2(g) + 2 e− ⇀↽ 2 Cl−(aq) +1.360 V

O2(g) + 4 H+(aq) + 4 e− ⇀↽ 2 H2O(ℓ) +1.229 V

Pd2+(aq) + 2 e− ⇀↽ Pd(s) +0.915 V

Ru2+(aq) + 2 e− ⇀↽ Ru(s) +0.800 V

Ag+(aq) + e− ⇀↽ Ag(s) +0.799 V

PdO(s) + 2 H+ + 2 e− ⇀↽ Pd(s) + H2O(ℓ) +0.790 V

Fe3+(aq) + e− ⇀↽ Fe2+(aq) +0.771 V

Ru3+(aq) + 3 e− ⇀↽ Ru(s) +0.600 V

Cu2+(aq) + 2 e− ⇀↽ Cu(s) +0.339 V

Ru3+(aq) + e− ⇀↽ Ru2+(aq) +0.240 V

AgCl(s) + e− ⇀↽ Ag(s) + Cl−(aq) +0.222 V

Sn4+(aq) + 2 e− ⇀↽ Sn2+(aq) +0.150 V

2 H+(aq) + 2 e− ⇀↽ H2(g) 0.000 V

Fe3+(aq) + 3 e− ⇀↽ Fe(s) −0.040 V

Sn2+(aq) + 2 e− ⇀↽ Sn(s) -0.141 V

Ni2+(aq) + 2 e− ⇀↽ Ni(s) −0.236 V

In3+(aq) + 3 e− ⇀↽ In(s) −0.338 V

Fe2+(aq) + 2 e− ⇀↽ Fe(s) −0.440 V

Zn2+(aq) + 2 e− ⇀↽ Zn(s) −0.762 V

2 H2O(ℓ) + 2 e− ⇀↽ H2(g) + 2 OH−(aq) -0.830 V

Mn2+(aq) + 2 e− ⇀↽ Mn(s) −1.182 V

Zn(OH)2(s) + 2 e− ⇀↽ Zn(s) + 2 OH−(aq) −1.249 V

Mn(OH)2(s) + 2 e− ⇀↽ Mn(s) + 2 OH−(aq) −1.565 V

Al3+(aq) + 3 e− ⇀↽ Al(s) −1.66 V

Li+(aq) + e− ⇀↽ Li(s) −3.05 V
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1 Refer to the reduction potential table on the front page of the exam.
Of the species listed below, which of the following is the strongest
reducing agent?

A. H2

B. Au+

C. Au

D. H+

(4 points)

Explanation: The strongest reducing agent will more readily un-
dergo oxidation than the other species. This will be the species listed
on the left side of the standard reaction with the most negative po-
tential. Why negative? Because you would flip the reaction to be an
oxidation and the ”lost” electrons are ”pushed” onto the species be-
ing reduced. This matches the hydrogen gas in this case.

2 Which of the following metals is most easily oxidized?

A. Cu

B. Mn

C. Ag

D. Sn

(4 points)

Explanation: The metal that is most easily oxidized is the one with
the greatest oxidation potential. Looking at the reduction table, you
can read the reduction potentials for ions associated with these met-
als. The oxidaiton potential of the metal is the opposite of the stan-
dard (reduction) potential of the associated ions.

3 Consider the cell:
Pt(s) | H2(g) | H+(aq) || Cl − (aq) | Cl2(g) | C(s)

What is serving as the cathode in this electrochemical cell?

A. Cl−(aq)

B. Cl2(g)

C. C(s)

D. Pt(s)

E. H+(aq)

(4 points)

Explanation: When using the standard cell notation, the solid to
the furthest on the right side of the notation is the solid substance
serving as the cathode.
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4 What is the standard cell potential for a voltaic cell constructed from
the Sn4+/Sn2+ and Sn2+/Sn set of redox couples?

A. -0.14 V

B. -0.01 V

C. +0.01 V

D. +0.15 V

E. +0.29 V

(4 points)

Explanation: The standard cell potential can be calulated by sub-
tracting the standard reduction potential of the anode reaction from
the standard reduction potential of the cathode reaction. To force
the cell to be voltaic, a positive potential must be reached. This is
done by having the Sn2+/Sn couple as the anode.

5 Identify the oxidation numbers for each respective element in sulfuric
acid, H2SO4.

A. +1, +1, -2

B. +1, +6, -2

C. +2, +6, -8

D. +1, +2, -2

E. -1, +3, -2

(4 points)

Explanation: Oxygen has an oxidation number of -2 and hydrogen
has an oxidation number of +1. The oxidation numbers of the atoms
must sum to the charge on the molecule, zero in this case.

6 For the following reaction of iron(III) chloride with carbon, what is
the reducing agent?

2Fe2O3(s) + 3C(s) −→ 4Fe(s) + 3CO2(g)

A. CO2(g)

B. Fe2O3(s)

C. C(s)

D. Fe(s)

(4 points)

Explanation: Carbon is being oxidized, so it is causing the iron(III)
chloride to be reduced.

7 Balance the following reaction under acidic conditions.

Cr2O
2−
7 (aq) + Fe2+(aq) −→ Cr3+(aq) + Fe3+(aq)

A. 7H2O(ℓ) + Cr2O
2−
7 (aq) + Fe2+(aq) −→ 2Cr3+(aq) + Fe3+(aq) + 14OH−

B. 14H+ + Cr2O
2−
7 (aq) + Fe2+(aq) −→ 2Cr3+(aq) + Fe3+(aq) + 7H2O(ℓ)

C. 7H2O(ℓ) + Cr2O
2−
7 (aq) + 6Fe2+(aq) −→ 2Cr3+(aq) + 6Fe3+(aq) + 14OH−

D. 14H+ + Cr2O
2−
7 (aq) + 6Fe2+(aq) −→ 2Cr3+(aq) + 6Fe3+(aq) + 7H2O(ℓ)

(4 points)

Explanation: You must separate the reaction into half-reactions and then balance the
atoms, the charge, and the total electrons lost and gained.
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8 Balance the following reaction in basic solution.

ClO−(aq) + Cr(OH)−4 (aq) −→ CrO2−
4 (aq) + Cl−(aq)

A. 2OH− + 3ClO−(aq) + 2Cr(OH)−4 (aq) −→ 2CrO2−
4 (aq) + 3Cl−(aq) + 5H2O(ℓ)

B. 2OH− + 2ClO−(aq) + Cr(OH)−4 (aq) −→ 2CrO2−
4 (aq) + 2Cl−(aq) + 3H2O(ℓ)

C. 3ClO−(aq) + 2Cr(OH)−4 (aq) −→ 2CrO2−
4 (aq) + 3Cl−(aq) + 3H2O(ℓ) + 2H+

D. 2ClO−(aq) + Cr(OH)−4 (aq) −→ CrO2−
4 (aq) + Cl−(aq) + H2O(ℓ) + 2H+

(4 points)

Explanation: You must separate the reaction into half-reactions and then balance the
atoms, the charge, and the total electrons lost and gained.

9 The following is a(n) half reaction in which electrons
are transferred.

ClO−

3 −→ ClO2

A. reduction, 1

B. oxidation, 1

C. oxidation, 2

D. reduction, 2

E. oxidation, 3

(4 points)

Explanation: Chlorine is being reduced from +5 to +4, requiring
the gain of one electron.

10 A beaker contains an aqueous solution of Ag+ ions and Cu2+ ions.
Two short pieces of silver wire and copper wire are added to the
beaker - they are not touching each other or anything else except for
the solution. Which of the following statements is true?

A. Copper ions are reduced on the silver wire.

B. Silver ions are reduced on the copper wire.

C. Both silver ions and copper ions are reduced by water.

D. Silver ions are reduced on the silver wire.

E. Copper ions are reduced on the copper wire.

F. The silver and copper wires are oxidized by water.

(4 points)

Explanation: none
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11 You decide that you have had enough using the standard hydrogen
electrode as the definition of zero potential. You run a campaign
with the Interational Union of Pure and Applied Chemists to have
the reduction of Li+ to Li established as E◦ = 0 V. In this new pro-
posed standard, what would the potential be for

F2 + 2e− → 2F−

A. +5.92 V

B. -5.92 V

C. +2.87 V

D. +3.07 V

E. +0.18 V

F. -0.18 V

(4 points)

Explanation: the reduction of F2 is at a potential +5.92 V higher
than the reduction of Li+.

12 You synthesize a new molecule X in the lab. You construct an elec-
trochemical cell in which one cell contains a copper metal electrode
and dissolved copper sulfate, and the other cell contains an inert
platinum electrode and an aqueous solution of your new molecule X
and its soluble chloride salt XCl. The concentration of both solutions
is 1 M. When you hook up the cell you find that your compound is
spontaneously oxidized. You measure the potential of this cell and
find it to be 0.2 V. Based on this information what is the potential
for the reaction

X+(aq) + 1e− → X(aq)

A. +0.14 V

B. +0.54 V

C. +0.84 V

D. -0.06 V

E. +0.20 V

(4 points)

Explanation: Since your compound is spontaneously oxidized, its
half of the cell comprises the anode half. Given that the standard
potential E◦ = E◦

cat
−E◦

an
. E◦

an
= E◦

cat
−E◦. E◦

an
= 0.34−0.2 = +0.14

V.

13 You construct an electrochemical cell in which you want to oxidize
Ag to Ag+ and reduce Ni2+ to Ni. At standard conditions, what
type of cell is this, and will this reaction be spontaneous?

A. Electrolytic, non-spontaneous.

B. Electrolytic, spontaneous.

C. Voltaic, non-spontaneous.

D. Voltaic, spontaneous.

(4 points)

Explanation: As you want to reduce the nickel this will be the
cathode and the silver oxidation will occur at the silver anode.
E◦ = E◦

cat
− E◦

an
= −0.23 − 0.80 = −1.03 V. A negative stan-

dard voltage is a non-spontaneous cell and therefore must be driven
with an external power source. This is an electrolytic cell.
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14 Which of the following is NOT true of a standard hydrogen electrode

I. It cannot be part of a voltaic cell since its potential is zero.

II. It contains a solution with a concentration of [H+] = 1 M

III. It contains H2 gas at a pressure of 1 atm.

A. only I

B. only III

C. I and III

D. only II

E. all the statements are true

F. I, II, and III

(4 points)

Explanation: A standard hydrogen electrode has an aqueous so-
lution with a concentration of [H+] = 1 M and contains H2 gas at a
pressure of 1 atm. It can be used in a voltaic cell or an electrolytic
cell depending on what other reaction you would like to couple it
with.

15 Which of the following statements is TRUE for a voltaic cell, but
FALSE for an electrolytic cell.

I. The flow of electrons is spontaneous.

II. Oxidation occurs at the anode.

III. Electrons flow from the anode to the cathode.

A. only I

B. I and II

C. II and III

D. I, II, and III

E. only II

(4 points)

Explanation: The difference between a voltaic cell and electrolytic
cell is the spontaneity of the reaction. By definition oxidation occurs
at the anode and electrons flow from the anode to the cathode.

16 A given standard electrochemical cell is tested with a voltmeter and
it reads +0.035 volts. Having a good knowledge of chemistry, you im-
mediately are thinking that the associated redox reaction has which
of the following characteristics?

A. ∆G◦ is zero and K is equal to 1.

B. ∆G◦ is positive and K is greater than 1.

C. ∆G◦ is negative and K is less than 1.

D. ∆G◦ is positive and K is less than 1.

E. ∆G◦ is negative and K is greater than 1.

(4 points)

Explanation: ∆G◦ = −nFE◦ = −RT lnK
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17 Titanium metal is obtained from the reduction of TiCl4. How many
hours would be required to produce 100 g of titanium metal using
2 A of current at a potential of 5V?

A. 112 hr

B. 224 hr

C. 14 hr

D. 28 hr

E. 560 hr

F. 54 hr

(4 points)

Explanation: The oxidation state of Ti is +4 so 4 electrons are
required for each mole of Ti. 100g of Ti is 2.09 (100/47.87) moles.
Therefore you require 4 x (2.09) moles of electrons. This corresponds
to 4(2.09)(96,485) = 806,225 C. At a current of 2 A this would re-
quire 806,225/2 = 403,112 seconds. This is 112 hrs. The 5 V is not
relavent.

18 You construct of voltaic cell with standard concentrations of solu-
tions using Cu(NO3)2 and a Cu electrode as well as AgNO3 and a Ag
electrode. After the cell has been operating for some time you find
that the mass of the cathode has increased by 1 g. How much has the
mass of the anode changed?

A. it is 0.29 g less.

B. it is 0.29 g more.

C. it is 1 g less.

D. it is 0.58 g more.

E. it is 3.39 g less.

F. the anode mass is unchanged

(4 points)

Explanation: For this cell to be a voltaic cell the reduction of Ag+
to Ag must be the cathode. Therefore 1 g of Ag formed is 9.27 ×
10−3 moles. For each mole of silver half a mole of copper is oxidized.
Therefore the mass of copper oxidized is (9.27 x 10−3)/2 * 63.55 g
mol−1 = 0.29 g.

• Make sure you complete the front and back of the free response portion.

• Remember to bubble in ALL your answers BEFORE time is called.

• Sign your exam, bubblesheet, AND free response page.

• Turn in ALL parts: exam copy, bubblesheet, and free response.


