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Oxidation-Reduction (Redox)
1. An oxidation-reduction (redox) reaction involves the transfer of electrons ().

2. Reduction is the gain of electrons and decrease of oxidation number.
v A half reaction can be written to represent reduction.

3. Oxidation is the loss of electrons and increase of oxidation number.
v A half reaction can be written to represent oxidation.

4. In redox the number of electrons lost is equal to the number of electrons gained.

5. Oxidation numbers/states can be assigned to atoms and ions. Changes in oxidation numbers indicate that a

redox reaction has occurred.

v Double replacement reactions are not redox reactions.

v A reaction in which an element is alone on one side of a reaction, and part of a compound on the other side is always a
redox reaction.

6. An electrochemical cell can be either voltaic or electrolytic.

7. In an electrochemical cell oxidation occurs at the anode and reduction at the cathode.

8. A voltaic cell spontaneously converts chemical energy to electrical energy.

9. An electrolytic cell requires energy to produce a chemical change. This is called electrolysis.
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August 2007

42 Given the balanced equation representing the

45 A student collects the materials and equipment
reaction oceurring in a voltaic cell:

helow to construct a voltaic cell.

n(s) + Ph**(aq) — Zn**{aq) + Ph(s) ¢ two 250-mL beakers
* wire and a switch
In the completed external cirenit, the electrons * one strip of magnesium
flow from * one strip of copper

(1) Phis) to Znis)
(2) Pb**(aq) to Zn**(aq)
(3) Fnis) to Phis)
(4) Zn**{aq) to Pb**(aq)

125 mL of 0.20 M Mg(NO, ) (aq)
125 mL of 0.20 M Cu(NO,J,(aq)

Which additional item is required for the
construction of the voltaic cell?
(1) an anode (3) a cathode

43 Which balanced equation represents a redox v e :
(2) a battery (4) a salt bridge

reaction?
(1) CUCDE_{SJ — Culdis) + CDEEgJ'
(2) 2ZKCIO,(s) — ZKClis) + 30,(g)
(3) AgNO,laq) + KCllag) —
AgClis) + KNDS{aq |
(4) H,50,(aq) + 2ZKOH{aq) —
K, 50, (aq) + 2H,00£)

44 Given the unbalanced ionic equation:
IMg + Fe** — 3Mg™ + Fe

When this equation is balanced, both Fe** and
Fe have a coefficient of

(1) 1, because a total of 6 electrons is transferred
(2) 2, because a total of 6 electrons is transferred
(3) 1, because a total of 3 electrons is transferred
(4) 2, because a total of 3 electrons is transferred

June 2007

22 Which changes oceur when Pt** is reduced? 23 Which balanced equation represents an
/ . M - - “1ilab — T H = oy ] ;'
(1) The P> gains electrons and its oxidation oxidation-reduction reaction?
number increases.

(1 B £ : N4
(2) The P> gains electrons and its oxidation (1) BaCl, + Na,50, = BaS0, + 2NaCl

number decreases.

(3) The Pt** loses electrons and its oxidation
number increases.

(4) The Pt** loses electrons and its oxidation
number decreases.

(2) C+H,0 -CO + H,
(3) CaCO, = Ca0 + CO,
(4) Mg(OH), + ZHNO, - Mg(NO, ), + ZH 0
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24 Which energy conversion occurs during the
operation of a voltaic cell? 47 Given the balanced ionic equation representing

; . . a reaction:
(1) Chemical energy is spontaneously converted

to electrical energy. as
; . . . 2AP*(aq) + 3Mgls) — 3Mg™(aq) + 2Al(s)
(2) Chemical energy is converted to electrical 24P aq) + SMgls) = 3Mg™laq) + 24l

ENETEY 0111}" when an external POWED s0UTCe In this reaction. electrons are transferred from

is provided. . .
(3) Ellet-tl'lr::ul energy is spontaneously converted (1) Alto Mg (3) Mg to AP
to chemical energy. (2) AP* to Mg (4) Mg** to Al
(4) Electrical energy is converted to chemical
energy only when an external power source
is provided.

January 2007

2 Inwhich reaction are electrons transferred from
one reactant to another reactant?

(1) 2Cal(s) + O,lg) — 2CaOis)

(2) AgNO,laq) + KCliaq) —
AgClis) + KNO laq)

(3) HCl{ag) + NaOHiaq) —
NaCliaq) + H,00€)

i4) HSD+I:-:1{12' + OH aq) — 2H,00€)

Base your answers to questions 52 and 53 on the information below,
Dring alaboratory activity, a student reacted a piece of zine with 0.1 M HCl{aq),

52 Complete the equation in your answer bookles by writing the formula of the missing
product. 1]

53 Based on Reference Table [, identify one metal that does not react spontaneously with
HCl{aq). [1]

52 Znls) + ZHCag)— fagl + H,ig

53
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Base your answers to questions 61 through 63 on the diagram below., The diagram shows a voltaic cell with

copper and aluminum electrodes immediately after the external civeuit is completed.

Vaoltaic Cell
(v)
Valtmeter

Salt
bridge

A**(ag)
Half-cell 1 Half-cell 2

61 Balance the redox equation in your answer booklet, using the smallest whole-number

coefficients.  [1]

62 Asthis voltaic cell operates, the mass of the Al(s) electrode decreases. Explain, in terms
of particles. why this decrease in mass occurs. [1]

63 Explain the function of the salt bridge. [1]

il Cu*lag) + Aliz) Culs) + Al*{aq)

63
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5 Which statement is true about oxidation and

_ 25 Which conversion of energy always occurs in a
reduction in an electrochemical cell?

voltaic cell?

(1) Both occur at the anode.

(2) Both oceur at the cathode.

(3) Oxidation oceurs at the anode and reduction
oceurs at the cathode.

(4) Oxidation ocours at the cathode and redue-
tion oceurs at the anode.

(1) light energy to chemical energy
(2) electrical energy to chemical energy
(3) chemical energy to light energy
(4) chemical energy to electrical energy

36 Which half-reaction shows conservation of

22 Half-reactions can be written to represent all charge?
(1) double-replacement reactions (1) Cu + e = Cu* (3) Cu* = Cun + e
(2) neutralization reactions (2) Cu* + 2= Cun (4) Ca®* = Cu + 2e

(3) fission and fusion reactions
(4) oxidation and reduction reactions

24 Given the balanced equation representing a
redox reaction:

2A1 + 3Cu%+ — 2A1P* 4+ 3Cn
Which statement is true about this reaction?
(1) Each Al loses 2e~ and each Cu®* gains 3e™.
(2) Each Al loses 3¢~ and each Cu® gains 26
(3) Each AI** gains 2~ and each Cu loses 3e™.
(4) Each AI** gains 3 and each Cu loses 2e™.

June 2006
23 Which balanced equation represents a redox 24 Which process occurs at the anode in an
reaction? electrochemical cell?
(1) AgNQ, + NaCl — AgCl + NaNO, (1) the loss of protons
(2) BaCl, + K,CO, — BaCO, + 2KCI I}.’,' the 1{};3 of electrons
510+ 06 € + O, 5) e ginof pocns
(4) HCI + KOH — KCl + H,O o
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Base your answers to questions 75 through 51 on the information below.

Aluminum is one of the most abundamt metals in Earths crust. The alumimnm
compound found in bauxite ore is AlLO,. Over one hundred years ago, it was difficult and
expensive to isolate aluminum from bawsdte ore. In 1855, a brother and sister team, Charles
and Julia Hall, found that molten (melted) cryolite, Na AlF,, would dissolve bawte ore.
Electrolysis of the resulting mixture cansed the alumimum ions in the ALO, to be rednced
to molten aluminum metal. This less expensive process is lnown as the Hall process.

T8 Write the oxidation state for each of the elements in cryolite.  [1]
T8 White the balanced half-reaction equation for the reduction of Al** o AL (1]
50 Explain, in tenms of ions, why molten eryolite conducts electricity.  [1]

81 Explain, in terms of electrical energy, how the operation of a voltaic cell differs from the
operation of an electralytic cell used in the Hall process. Include both the voltaie cell and
the electrolytic cell in your answer.  [1]

78 NaAlF,  Na:

Al:

F:
9
50
51

January 2006

200 In an oxidation-reduction reaction. reduction is 21 What is the oxidation number assigned to
defined as the manganese in KMnO,?
(1) loss of protons (3) loss of electrons (1) +7 (3 +3
(2) gain of protons (4) gain of electrons (2) +2 (4) +4
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53 Becanse tap water is slightly acidic, water pipes made of iron comrode over time, as
shown by the balanced ionic equation below:

2Fe + BH* — 2Fe* + JH,

Explain, in terms of chemical reactivity, why copper pipes are fess likely to corrode than
iron pipes.  [1]

53

Base vour answers to questions 54 and 83 on the information and diagram below.

The apparatus shown in the diagram consists of two inert platinum electrodes
immersed in water. A small amount of an electrolyte, H,50,, must be added to the water
for the reaction to take place. The electrodes are connected to a source that supplies elec-
tricity.

s,
0,(a) H,(0)
2 “-\.,\‘ ff 2

H,0(¢) + H_ SO (aq)

Platinum electrode Flatinum electrode

84 What type of electrochemnical cell is shown®  [1]

85 What particles are provided by the electrolyte that allow an electric current to flow® [1]

54

55

August 2005

23 In avoltaic cell, chemical energy is converted to 30 Given the balanced ionic equation:

(1) electrical energy, spontaneonsly

(2) electrical energy, nonspontaneously
(3) muclear energy. spontaneously

(4) nuclear energy, nonspontaneonsly

(1) less
(2) greater
i3) the same

2Al(s) + 3Cu**(aq) — 2AP*aq) + 3Cu(s)

Compared to the total charge of the reactants,
the total charge of the products is
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Base your answers to questions 74 through 76 on the diagram and balanced equation below, which
represent the electrolysis of molen NaClL

Batta i
|:+:| ry {—} Switch
Positive Megative
glectrode electrode
[anode) (cathode)
N L~
™ cl- e
Ma*
Molten MaCl (810°C)

2NaCl—s Clz + 2Na
T4 When the switch is closed, which electrode will attract the sodium ions? 1]
T3 What is the purpose of the battery in this electrolytic cell? [1]

TG “Write the balanced half-reaction for the reduction that occurs in this electrolytic cell. [1]

i
5
76
June 2005
26 Where does oxidation oceur in an electro-
chemical cell? 449 Given the balanced ionic equation:
(1) at the cathode in both an electrolytic cell and Zn(s) + Cu*taq) — Zn*(aq) + Cu(s)

a voltaic cell

. Which equation represents the oxidation half-
(2) at the cathode in an electrolytic cell and at the . eprese ) l

anode in a voltaic cell reactions
(3) at the anode in both an electrolytic cell and a (1) Znis) + 2e~ — n**(ag)
voltaic cell (2) Znis) = Zn**laq) + 2e”
(4) at the anode in an electrolytic cell and at the (3) Cu**laq) — Culs) + 2e-
cathode in a voltaic cell (4) Cu**(aq) + 2e~ — Cu(s)
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Base your answers to questions 71 through 73 on the diagram of a voltaic cell and the balanced ijonic

equation below.

Wire 1 Illl;\l Wireg
Ry
Valtrnater

Ma=+(aq)

Mais) + Ni**+{ag) — Mg®*(aq) + Ni(s)

71 What is the total number of moles of electrons needed to completely reduce 6.0 moles
of Ni**(aq)ions® [1]

T2 Identify one metal from Reference Table | that is more easily oddized than Mgis).  [1]

73 Explain the function of the salt bridge in the voltaic cell.  [1]

misl

January 2005

23 Which change in oxidation number indicates

oxidation®

o Treai o 15
Ir]_ =1 to +2 |"3| +2 =3 voltaic cellt
(2) -1 to-2 (4) +3to +2 (1) Ni** + 2e- — Ni

(2) Sn + 2~ — Sn™

Civen the redox reaction:

Cr2*t £ Al — Cr + AP

As the reaction takes place, there is a transfer of

(1) electrons from Al to Cr?+
(2) electrons from Cr* to Al
(3) protons from Al to Cr3*
(4) protons from Cr®* to Al

45 Which half-reaction can ocour at the anode in a

(3) Zn — Zn®* + 2o
(4) Fe* — Fe?* + -
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Base your answers to questions 50 and 51 on the information below.

The outer structure of the Statue of Liberty is made of copper metal. The framework
is made of iron. Cwver time, a thin green layer (patina) forms on the copper surface.

S50 When per oxidized to form this patina layer, the copper atoms became copper(Il}
ions (Cu®*). Write a balanced half-reaction for this oxidation of copper.  [1]

51 Where the iron framework came in contact with the copper surface, a reaction
occurred inwhich iron was ciddized. Using information from Reference Table J. explain
why the iron was coddized.  [1]

S0

51

August 2004
24 Which half-reaction correctly represents reduc-
tion? 26 Which reaction is an example of an oxidation-

1 - - . ion reacton?®
(1) Ag %AgJ' e (3) An™ 4 36— An reduction reaction?

(20 F,—2F +2  (4) Fe™ + & = Fe™ (1) AgNO, + KI — Agl + KNO,

(2) Cu+ 2 AgNO, — Ca(NO,), + 2 Ag
(3) 2 KOH + H,80, — K,50, + 2 H,0
(4) Ba(OH), + 2 HCl — BaCl, + 2 H,O

25 Inaredox reaction, how does the total mamber of
electrons lost by the oxidized substance compare
to the total number of electrons gained by the
reduced substance?

(1) The number lost is always greater than the
number gained.

(2) The mumber lost is always equal to the number
cained.

(3) The number lost is sometimes equal to the
number gained.

i4) The number lost is sometimes less than the
number gained.

-10 -
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and 1 atm.

6

Valtrneter

Wira

W
L
Salt bridge

Pb electroda

Half-cell 1
Pb& (ag)

Znftiag)

PbEHag) + Zn— Pb + Zn2+aq)

76 Inwhich half-cell will oxidation oconr when switch 5 is closad?

Base your answers to questions 76 through 75 on the diagram below, which represents a voltaic cell at 288 K

Zn electrods

Half-cell 2

[1]

T7 White the balanced half-reaction equation that will oecur in half-cell 1 when switch & is

closad.  [1]

T8 Describe the direction of electron flow between the electrodes when switch S is closed.  [1]

June 2004

26

Given the reaction that occurs in an electro-
chemical cell:

Znis) + CuSO faq) — ZnS0 laq) + Culs)
During this reaction, the oxidation number of
Zn changes from

(30 +2to 0
(4 2tol

A voltaie cell spontanecusly converts

(1) 0 to +2
(200 to 2

(1) electrical energy to chemical energy
(2) chemical energy to electrical energy
(3) electrical energy to nuclear energy
(4) nuclear energy to electrical energy

45 Given the reaction for the corrosion of alu-

minum:
4A1+30,— 2AL0,

Which half-reaction correctly represents the
oxidation that occurs?

(1) Al + 3= — AP
(2) Al — AP+ + 3e-
(3) 0, + 467 = 2 0%
(4) O, = 207 + 4

Base your answers to questions 34 and 55 on the unbalanced redox reaction below,

Cuis) + AgNCyfag) — CoiNO, ) iaq) + Ag(s)

54 Write the reduction half-reaction.  [1]

53 Balance the redox equation in gour answer booklet, using the smallest whole-number

coefficients.  [1]

Culsl + AgNO, fag) —

Cu(NO, ) lag) +

Agis)

-11 -
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January 2004
23 Given the reaction:

heat 44 The diagram below shows a keyv beine plated
2Alls) + Fe O,s) —= AlLO_(s) + 2 Fe(s) . g . _ : 21
23 23 with copper in an electrolytic cell.

Which species undergoes reduction?
(1) Al (3) AP
A T Can T At
(2) Fe (4) Fe?
24 Which energy transformation occurs when an
electrolytic cell is in operation?
(1) chemical energy — electrical energy
(2) electrical energy — chemical energy
(3) light energy — heat energy

(4) light energy — chemical energy E&i?r%?dre Battery

Civen the reduction reaction for this cell:
T I _ S
Cu=laq) + Ze~ — Culs)
This reduction occurs at

(1) A, which is the anode
(21 A, which is the cathode
(3) B, which is the anode
(4) B, which is the cathode

-12 -
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Base your answers to questions 589 through 61 on the diagram of the voltaic cell below.

Voltaic Cell
(v

NS
Valtmeter

Salt
bridge

Half-cell 1

2 Ag*iag) + Pb(s) —s Pb>*{aq) + 2 Ag(s)

Half-cell 2

kSwitch

Ag(s) electrode

59 When the switch is closed, in which half-cell does oddation oceur? [1]

B0 When the switch is closed, state the direction that electrons will flow through the wire. [1]

61 Based on the given equation, wiite the balanced half-reaction that oecurs in half-cell 1. [1]

59

G0

i3]

August 2003

21 Which type of reaction occurs when nonmetal

atoms become negative nonmetal ions?

(1) oxidation
(2) reduction

i.3) substitution
(4) condensation

27 Civen the reaction:

Znis) + 2 HCllaq) — ZnCljlaq) + H,lg)

Which statement correctly desceribes what ocenrs
when this reaction takes place in a closed system?

(1) Atoms of Zn(s) lose electrons and are oxidized.
(2) Atoms of Zn(s) gain electrons and are reduced.
(3) There is a net loss of mass.
(4) There is a net gain of mass.

83 Given the reaction: Cl, + 2 HBr — Br, + 2 HCI

Write a correctly balanced reduction half-reaction for this equation,

53

48

49

A voltaic cell differs from an electrolytic cell in
that in a voltaic cell

(1) energy is produced when the reaction occurs
(2) energy is required for the reaction to oceur
(3) both oxidation and reduction oceur

(4) neither oxidation nor reduction occurs
What is the purpose of the salt bridge in a voltaic
cell?

(1) It blocks the flow of electrons.

(2) It blocks the flow of positive and negative ions.
(3) It is a path for the flow of electrons.

(4) It is a path for the flow of positive and nega-
tive ioms.

-13-
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June 2003

26 In which substance does chlorine have an
nxidation mumber of +17

(1 Cl, (3) HCIO
(2) HCI (4) HCIO,

27 Which statement is true for any electrochemical
cell?
(1) Oxidation occurs at the anode, only.
(2) Reduction oceurs at the anode, only.

(3) Oxidation occurs at both the anode and the
cathode.

(4) Reduction occurs at both the anode and the
cathode.

25 Given the equation:
2Al+3Cu* = 2AP+3Cn
The reduction half-reaction is
(1) Al — AP+ 4+ 3~ (30 Al + 36~ — AP+
(20 Co* + 2= Cu (4) Cu?* — Cu + 2e

46 A diagram of a chemical cell and an equation are

shown below,

Swit hﬁ
WIC‘ @

Voltmeter

Cu(s)

1.0 M 1.0 M
Pb?*(aq) Cu?*(aq)

Pb(s) + Cu?+(aq) —> Pb2+*(aq) + Cu(s)

When the switch is closed, electrons will flow
from

(1) the Phis) to the Culs)
(2) the Cuiz) to the Phis)
(3) the Pb®(aq) to the Phis)
(4) the Cu®*(aq) to the Culs)

63 State one difference between voltaic cells and electrolytic cells. Include information

about both types of cells in your answer.  [1]
G5

January 2003

4 In which compound does chlorine have the
highest oxidation number?

(1) NaClO (3) NaClO,
(2) NaClO, (4) NaClO,
27 When a neutral atom undergoes oxidation, the
atom'’s oxidation state

(1) decreases as it gains electrons
(2) decreases as it loses electrons
(3) increases as it gains electrons
i4) increases as it loses electrons

25 Given the equation:

Cls) + HyOlg) — COlgl + Hylg)
Which species undergoes reduction?

(1) Cis) (3) C3+
(2) H+ (4) Hylg)

-14 -
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Base your answers to questions 53 through 55 on the diagram of a voltaic cell provided in your answer bookles
and on your knowledge of chemistry,

53 On the diagram provided in your answer booklet, indicate with one or more arrows
the direction of eleciron flow through the wire.  [1]

54 White an equation for the half-reaction that oceurs at the zine electrode. 1]

55 Explain the function of the salt bridge.  [1]
53 Voltaic Cell
Wira oy Wira
v
Voltmeter

Coppar
strip

Zinc
strip

Electrolyte Electrohyte

(=1
[

-15-



