1. Which equation represents a redox reaction?

C+0,->CO,

=

NH, +HCl—> NH,Cl

0

2Cr0F +2H* »Cr,0 +H,0

&

CaCO, +2HCl—CaCl, +CO, +H,0

Source: August 2003

2. What is a typical characteristic of a strong
oxidizing agent? '

A. It is readily oxidized.

B. It easily loses electrons.

C. It has a negative oxidation number.
D

. It has a positive reduction potential.

Source: August 2003

3. Identify the oxidizing agent in the following
' equation:
Pb+PbO, +4H" +250,* —»2PbS0O, +2H,0
A W

C. PbO,

B. Pb -
‘D. SO,

Source: January 2004

A. 2H,+0,-2H,0

B. Ag,CrO,—>2Ag" +CrO}>

C. Ag(NH,), +2H'+CI" - AgCl+2NH,’
Mn (OH), +2HC,H,0, -

Mn? +2H,0+2C,H,0;

Source: January 2004
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5. Which of the following is not a redox
equation?

A. Zn+S—7nS
B. Cl,+2Nal—2NaCl+],
C. Sn* +2Fe* —2F¢** +8n?

D. K,PO,+3AgNO, -Ag,PO, +3KNO,

Source: April 2004

6. Consider the following equation: -
8H' +MnO, +5Fe* — 5Fe* +Mn*" +4H,0

Which ion is the reducing agent?
A H
C. Fe**

B. Fe*
D. MnO,

Source: April 2004

7. When U,O, (pitchblende) is dissolved in
nitric acid, it changes into U0, (NO,),
(uranyl nitrate). What is the change in
oxidation number for uranium?

A. +2g B. +Z )
3 3
1

C. 3= D. -10
3 :

Source: August 2003

=

8. Which of the following coﬁta’ilhsﬁ ”
molybdenum with its highest oxidation

number?
A. MOC15 B. MOZ.S.3
C. MoO 42' D. Mo/Cl,

Source: Janhhry 2004
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9. Which of the following skeletal half-
reactions are not oxidations?

L | Clo-—»Clo;

m | C,H,0H-C,H,O0,

. | NO,—N,0,

A 1 B. II

C. m D. Tand Il

Source: January 2004

10. What is the oxidation number of chromium
in the complex ion Cr(H,0), Br,"?

B. +1
‘D. +3

Source: April 2004

A, -1
C. +2

11. The metals Hg, Cd, Ga and Pd react as
follows: _ }
3Pd* +2Ga — 2Ga* +3Pd
Cd+Ga* — no reaction

Hg*+Pd — Pd*+Hg
Which of the following metals is the
strongest reducing agent?

A. Pd

B. Ga
C. Cd
D. Hg

Source: August 2003
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12.

13.

14.

Consider the following half-reactions under
standard conditions:

1. | Clo,+e —ClO;

IL | PbSO, +2¢”—>Pb+S0}

II. | Fe** +3e” > Fe

In an experiment when ClO, and Fe were
combined, they reacted. In a second
experiment when PbSO, and Fe were
combined, there was no observable change.
Which of the following shows the reduction
half-reactions I, II and I1I in order of
decreasing E°?
A L0
B. LIULII
C. IL 1,1
D. IIL IL I

Source: January 2004

Three elements (X, Y, and Z) and solutions
of their anions were combined. The results
are shown in the following data table:

X Y () L )
X — No reaction | No reaction
Y | Reaction — | Reaction
Z. | Reaction | No reaction —

Which of the following best describes the
strength of the ions acting as reducing
agents?

A. X>Y>Z
B. X>Z>Y
C. Y>Z>X
D. Z>Y >X

Source: April 2004

Which of the following metals can be
oxidized by 1.0 M Fe**?

A. Sn
C. Cr

B. Co
D. Ag

Source: August 2003

Oxidation—Reduction




15. Which of the following combinations will
react spontaneously?

A. I,+Cu™
B. Pb* +Ag
C. Zn* +Mg
D. Sn™+Ni*"

Source: Jamuary 2004

16. When the skeletal equation Cr;0,” — Cr**
is balanced in acidic solution H and €~ will
appear. Which of the following best
describes the H and ¢ for the balanced
half-reaction?

A. 7H' on the left and 1€~ on the right
B. 14H" on the left and 9¢” on the left
C. 14H' on the left and 6¢” on the left
D. 14H" on the left and 6¢” on the right

Source: April 2004

17. Consider the following skeletal redox
_ equation for a reaction in basic solution:
Zn+NO; —»Zn0; +NH, - (basic)
Which of the following best represents the
reduction half-reaction occurring in this
solution?
A. 9H'+NO; +8¢” »NH, +3H,0
B. 3H,0+NO, +5¢" —>NH;+60H"
C. 6H,0+NO, +8¢” »>NH;+90H"
)]

. 40H +Zn+2e —Zn0,” +2H,0

Source: January 2004

Unit Review
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18. The titration of a 25.0 mL SnCl, sample,
in acidic solution, requires 14.4 mL of
0.030 M K,Cr,0;. The balanced equation
for the reaction is shown below:

Cr,0,” +14H" +3Sn” —» _
3Sn* +2Cr* +7H,0

What is the number of moles of SnCl, in
the original sample?

A. 1.4x10™ mol
B. 4.3x10™ mol
€. 13x10° mol
D, 52x10% mol

Source: April 2004

Use the following diagram to answer the
next three questions.

1.0 M AgNO, 1.0 M Za(NO,),

19. What is the equation for the half-reaction
that occurs at the cathode?

A AgoAg te
Agt+e o Ag

Zn — Zn* + 2e”

S 0 %

Zn* +2e” - Zn

Source: August 2003
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20. What happens to the mass of each electrode
as the cell operates?

A. Ag(s) increases, Zn(s)‘ increases
B Ag(s) decreases, Zn(s) decreases
C. Ag(s) decreases, Zn(s) increases
D

. Ag increases, Zn, decreases

Source: August 2003

21. Which of the following is correct?

A.

B. Zn Ag
C. Ag Zn
D. Ag ' Ag

Source: August 2003

22. Consider the following diagram:

1.0M Co(NO,), 1.0 M KMnO,
and 1L0MH'

Identify the anode reaction for the cell
shown in the diagram.

A H, > 2H' +2¢
B. Co— Co® +2e”
C. Co* +2¢e —Co
D. MnO,” +8H" + 5¢” — Mn®* +4H,0

Source: August 2003
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Use the following diagram to answer the
next three questions.

10MK,Cr,0, 1LOMAgNO,
(acidified)

23. Which of the following represents the
overall cell reaction?

A. Cr,0,” +H'+Ag—>Ag"+Cr”" +H,0

Cr,0,> +14H" +9Ag —>

B. A
9Ag" +Cr** +7H,0

Cr,0,7 +14H" +6Ag—>
6Ag" +2Cr* +7H,0

Cr,0,” +14H' +6Ag"* — :
6Ag+2Cr* +7H,0

Source: January 2004
24, What happens to the pH at each electrode?

increases decreases

A.

B. increases increases
C. | stays the same decreases
D. | stays the same increases.

Source: Jartuary 2004

Oxidation—Reduction



25. What is the cell voltage at equilibrium?
A. 043V
B. 0.00V
C. +043V
D. +2.03V

Source: January 2004

Use the following diagram to answer the
next three questions.

-Pd

26 What is the half—cell reactlon at the anode"
o Nies N+ 36
B. Pd-<s Pd™ + 2¢”
C. Ni* +2 — Ni
D. _Pd”l_ +2¢” —»Pd

Source: Aprl 2004

27. What béét describes the ﬂo;;v 6f electrons?
‘A. from Ni to Pd
B. from Pd to Ni
C. from cathode to anode
D

. into the solution around the Ni electrode

Source: April 2004

Unit Review
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28. What is the voltage for the oxidation half-
reaction of Pd?

A. 062V
B. +0.62V
C. +0.88V
D. +1.14V

Source: April 2004

29. Consider the following diagram:

1.0MZn(NO,); 1.0 M Co(NO,),

Which of the following best describes the
Co® jon movement and the mass of the zinc
electrode as the cell operates?

A toward the CO increases

. electrode
toward the Co

. decreases
electrode

c toward the Zn increases
i electrode

- toward the Zn decreases
electrode

Source: January 2004
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30. Consider the following cell:

1.0 M Cr(NOy), 1.0 M Pb(NO,),

What is the initial cell voltage?
A. +0.87V
B. +0.61V
C. +0.54V
D. +0.28V

Source: August 2003

31. Which of the following would protect an
iron pipeline from rusting?

A. connectingitto a solution of silver
nitrate

B. connecting it to the positive terminal of

a direct current power supply

C. connecting it to the negative terminal of

a direct current power supply

connecting it to electrodes made of
copper which are buried beside the
pipeline

Source: January 2004

32. Which of the following best describes a car
battery as it is being recharged?
A. Ttis an electrolytic cell.
B. Itis an electrochemical cell.
C. Itis an example of a short circuit.
D. Itis a system moving to a state of lower
potential energy. .

Source: January 2004
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Use the following diagram to answer the
next two questions..

1.0M K,SO,

33. What is the equation for the anode reaction?

A. K>K +e

B. Cu— Cu® +2¢

C. 280, —8,0.% +2¢e

D. H,0— %oz +2H" (,1'0‘7 M)+ 2e”

Source: April 2004

34. Which of the following best describes the
mass of the copper electrode and the
direction of cation movement as the cell

operates?
A. increases to the left
B. stays the same to the left
C. stays the same to the right
D. decreases to the right

Source: April 2004
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35. Which of the following are produced at the 37. Consider the following diagram:
anode and the cathode in the electrolysis of
molten lithium chloride using platinum inert
electrodes?

A.
B. hydrogen oxygen
T - Fe nail
C. chlorine lithium
D. lithium. chlorine 1.0M Cu?* LOM Fe

.. Source: August 2003,

s : Which of the following statements describes
e why the cell would not be used to .
electroplate an Fe nail with copper?

B. The cell reaction is non-spontaneous.

36. Consider the following reaction:

C. Cu® ions do not collide with the nail.
Ni*" +2Ag - 2Ag" +Ni . § N _

: D. The power supply-is connected -
Which of the following is true? Backwads:

Source: April 2004

A, —1.06 V- | - non-spontaneous : ;.
B. —0.54V | non-spontaneous _ T
E C. +0.54V ¢ - a’b,éﬁtéﬁeoﬁé—f e 38. In the electro-refining of an ore, the ore is _
106V . dissolved and the solution placed in an i
D. .06V, | = spotfahioous electrolytic cell. A specific ore produces a '

Source: April 2004 solution which contains Na*, Cu**, Pb*" and
Ag'. Which of these metals can be plated :
out from the solution by electrolysis? i

A. all four metals

B. Cuand Pb only

C. Na, Cu and Pb only
D. Cu, Pb and Ag only

Source: April 2004
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[Written Respo@

A reaction occurs when copper metal is
dropped into a solution of silver nitrate.
Write the balanced formula equation and the

balanced net ionic equation for this reaction.
(3 marks)

Formula equation:

Net ionic equation:

Source: August 2003

When setting up the apparatus to
electroplate a zinc object with copper, the
object is suspended in a Cu”* solution.
Explain why it is a good idea to turn on the
power supply before immersing the

electrodes in the solution. (1 mark)

Source: August 2003

Consider the following apparatus consisting
of an electrochemical cell joined to an
electrolytic cell:

Electron Flow

L0M AgNO, 1.0M Mg(NO),

CellA Cell B

a) On the diagram above, indicate the
direction of electron flow in the top
wire. (1 mark)

1.0 M Na;SO,

b) Which metal in cell A is the cathode?

(1 mark)
Cathode:
¢) Write the anode and cathode
balf-reactions for cell B. (3 marks)
Anode:
Cathode:

Source: August 2003
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Balance the following skeletal redox
equation in acidic solution: _
MnO, +As,0, >Mn* +As0,” (acidic)
(4 marks)

Source: Jarary 2004

@ Draw an electrolytic cell that could be used
to plate an iron ring with gold. Be sure to
include all of the necessary parts. In
addition, label the anode, solution used and

composition of the electrodes. (3 marks)
Source: January 2004

Balance the following redox reaction in
basic solution:
ClO,” + N,H, - NO,” + CI" (basic)
(4 marks)

Source: April 2004

A 1.0 M solution of CoSO, is electrolyzed
using inert electrodes.

a) Write the anode and cathode half-
reactions that would occur. (2 marks)

Anode:
Cathode:

b) What is observed when bromthymol
blue is added to the solution around the

anode? (1 mark)
Source: April 2004

Oxidation—Reduction



Copyright Protected

UNIT TEST 5 - OXIDATION-REDUCTION

1. Which of the following represents an
oxidation?

A. 2H" +S—>H,S

B. 280, —8,04°
C. Na' +CI” -»NaCl
D

. 80, +H,0 - 2H" +80,>" "

Source: June 2003

2. Identify the oxidation number for
manganese i MnO,, .

B. +7

D. +9

Source: June 2003

3. Which of the following is more difficult to
reduce than the H+(aq) ion?
AL
B. Ag"
C. Zn**
D. Cu®

.« Source: June 2003

4. . Nitric oxide (NO) can be prepared by the
oxidation of Cu with NO; ™ in acidic
solution. Copper is oxidized to Cu®* and

NO;  is reduced to NO. Which of the

following equations correctly describes this
process?

A. Cu+NO, +4H"—Cu** +NO+2H,0
B. Cu+NO, +2H" —Cu®* +NO, +H,0
C. Cu+4NO; +4H' —Cu®* +2NO, +2H,0
D

. 3Cu+2NO; +8H" —3Cu? +2NO+4H,0

Source: June 2003

Unit Test 5

5. Acidified potassium permanganate
(KMnO,) solution is often used in redox

titrations. Permanganate reacts with Sn?" as
follows:

2MnO, +5Sn?* +16H"
2Mn?* +58n* +8H,0
A 10.0 mL solution containing Sn* is

titrated with 19.3. mL of 0.10 M KMnO,.
What is the [Sn2+] in the solution?

A. 0.077M
B. 0.19 M
C. 025M
D. 048 M

Source: June 2003

6. Given the following half-cell reactions:

PbO, +4H" +SO 2 +2¢” 22PbSQ; +2H,0 E°=+1.69V
PbSO,+2¢” =2Pb+50,”  E°=-0.36V
Which of the following-best describes the
overall reaction and the standard cell voltage
in a Jead acid storage battery?
A Pb+2H,05Pb0, +4H" +4e
7 E°g=+1.33 |
PbO, +4H" +4¢” —»Pb+2H,0
B, =+1.33

¢, Pb+Pb0,+280,” +4H" 52PbSO, +2H,0
E° o =+2.05

“p. 2PbS0,+2H,0>Pb+Pb0, +280,7 +4H* |

E° ey =+2.05

Source: June 2003
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7. Consider the following electrochemical cell:

Zn

Ag

1.0 MAgNO, 1.0 MZn(NO,),
What is the anode half-reaction?

A. Ag—>Ag +e”
B. Ag" +e > Ag
C. Zn—Zn*" +2¢
D

7nZt +2¢” > Zn

Source: June 2003

8. Consider the following cell:

1.OMHC! 1.0MZn(NO,),

What is the value of the standard cell
potential?

A. 076V
B. +0.76 V
C. +2.12V
D. +226V

Source: June 2003

THE KEY — Chemistry 12

9. Two separate reactions involved in the
refining of copper ore are:

2Cu,S+30, »2Cu,0+250,
Cu,S+2Cu,0—6Cu+S0,

Reaction I

Reaction II

What happens to the copper ions during this
process? "

A. They are reduced in Reaction L

B. They are reduced in Reaction II.
C. They are oxidized in Reaction L.
D

. They are oxidized in Reaction IL

Source: June 2003

10. Why is aluminum a good choice for the
manufacturé of outdoor structures?

A. Pure aluminum is easily reduced.
B. Pure aluminum is not easily oxidized.

C. Pure aluminum is easily reduced, but
forms a protective coating.

D. Pure aluminum is easily oxidized, but
forms a protective coating.

Source: June 2003

T

11. Which of the following are produced at the
anode and the cathode during the
electrolysis of aqueous calcium iodide using
carbon electrodes?

Anode Cathode
A. Iodine Calcium
B. Hydrogen Oxygen
C. Oxygen Hydrogen
D. Iodine Hydrogen

Source: June 2003
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12. What is the oxidation number of carbon in 15.. Consider the following balanced redox equation
the ethanoate ion C,H,0,”? in acidic solution:
5H,0+2CoCl, +OCI" —2Co(OH), +5CI" +4H"
A. -1 }
B. 0 Which of the following describes the
amounts and locations of OH™ and H,O if
C. +l the equation is balanced in basic solution?
2 A. 1H,0 onthe left and no OH
D. +1

B. 1H,0 on the left and 40H™ on the left
C. 5H,0 on the left and 40H on the left
D

13. What reaction will-occur when a solution . 1HyO on the left and 40H" on the right
Containing 1.0 M MgSO4 and 1.0 M COCIZ Source: June 2004

is stored in a galvanized (Zn coated) bucket?

A. Mg(s) + Cl

Source: June 2004

e —> MeCl, 16. Consider the numbered components in the
following diagram:

4(s) ’ @

B
C. Co™ + Zn,y —> Zn* + Coy,
D

. Mg* + Zn(s) — Zn*" + Mg(s) ' 2

Co™ +80,” — CoSO

Source: June 2004 | I | l

14. When the skeletal equation Br, —BrO;" is I, _
balanced in acidic solution, H;0, H* and ¢~ &5 -
will appear. Which of the following are the
correct balancing coefficients?

— '- Which of the following would best describe -
- the components of this electrochemical cell?

N

A. 3 2 . T TR T ]
B 6 4 ; S U
C. 6 6 ; 5 3 e . ."".ni;,fn.
D. 6 12 10

Source: June 2004 -

A. | nen-metal power NaNO,,»
supply N

B. metal light bulb -

C. " metal voltmeter | CH, OH(aq)
D. metal power CH, OH(aq)
supply .

Source: June 2004
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Use the following diagram to answer the
next three questions.

Ag

Pt
(inert)

1.0 M NaCl 1.0 M AgNO,

17. Which of the following represents the anode
half-cell reaction?

A. Ag—> Ag'+e”
B. Ag'+e — Ag
C. CL +2¢ —2CI

D. 2CI" - Cl, +2¢”

Source: June 2004

18. What changes in mass occur to the anode
and cathode?

A. decreases increases
B. decreases no change
C. Increases decreases
D. mcreases no change

Sewrce: June 2004

THE KEY — Chemistry 12

19. What is the voltage for this cell under
standard conditions?

A. 024V
B. 056V
C. +0.56 V
D. +2.16 V

Source: June 2004

20. Consider the following diagram:

Pb

e

1.0M Zo(NO,), 1.0MPB(NO,),

As the cell operates, the vbltage gradually
changes. Which of the following is
responsible for this change?

A. The [Pb*] is increasing.
B. The [Pb*'] is decreasing.
C. The [Zn®"] is decreasing.
D

. The mass of the Pb, electrode is -
decreasing.

Source: June 2004

Oxidation—Reduction



Use the following diagram to answer the
next two quesltions.

DC
Power
Source

1.0M CIJSO4 |

21. The above &éll is constructed in order to
copper plate an object. For best results,
which of the following should be used for

electrodes A and B? _
,object pure copper
pure.copper " object
object any ‘conductor
any conductor object

Satiree: June 2004

22. A student tries to use the above apparatus to
copper plate a zinc object. What will
happen if the student places the zinc object

at A and the copper electrode at B?

T 0w »

e

Cu dissolves

Cu, forms

Zn dissolves Zn, forms
Zn dissolves Cu(s) forms
Bubbles form Bubbles form

Unit Test 5

Source: June 2004
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23. Which of the following occurs during the
clectrolysis of molten KCI?

A,

Oxygen forms at the anode.

B. Potassium forms at the anode.
C.
D

. Potassium forms at the cathode.

Chlorine forms at the cathode.

Source: June 2004
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IWritten Responsj

Consider the following experimental results:
Ce* +Pd—Pd* +Ce™*
In* +Cd —no reaction
Pd* +In*" —»In’* +Pd
Cd* +Pd—>no reaction

Use these results to complete the table of
reduction half-reactions below. (3 marks)

Oxidizing Agents Reducing Agents
Ce"+e & Ce”
pd* +2¢ 2 Pd
Cd" +28 & Cd
e &2 I

Source: April 2003

Balance the following equation. (3 marks)
Cr,0,” +C,0,5 - Cr™ + CO, (acidic)

Source: April 2003

Consider the following electrolytic cell
which contains a porous barrier to prevent
general mixing of solutions.

Power Supply
-

/

1.0 M So(NO,), 1.0 M Cu(NO,),

a) Label the anode and cathode in the
space provided on the diagram above.
(1 mark)

b) Write an equation for the overall cell
reaction. (2 marks)

¢) Calculate the minimum theoretical
voltage required for this reaction under

standard conditions. (1 mark)
Source: April 2003

THE KEY — Chemistry 12

Balance the following redox equation:
(4 marks)
H,S + Cr0,” — 8, +Cr’  (acidic)

Source: June 2003

El An excess of copper solid is dropped into a
solution which contains

AgNO,, Fe(NO,); and Zn(NO,), .

Write the equations for any reduction half-
reactions that occur over time under

standard conditions. (2 marks)
Source: June 2003

Consider the following diagrams:
Beaker A  Beaker B

in a strip
of Zn

a) Predict what should happen to the Fe in
Beaker A. (1 mark)

b) Predict what should happen to the Fe in
Beaker B. Explain. (2 marks)

Source: June 2003

An impure sample of CaC,0, weighing
0.803 g is titrated with 15.70 mL of 0.101 M
KMnO,. The net reaction is:

2MnO, +5C,0,” +16H"' >
2Mn*" +10CO, +8H,0

‘What is the percent by mass of the CaC,0,
(4 marks)

Source: June 2004 .

in the original sample?

A sample of Zn corrodes in moist air.

a) Write the reduction half-reaction.
(1 mark)

b) What metal could be attached to the
sample to prevent the corrosion of the

zinc? Explain. (2 marks)
Source: June 2004

Oxidation—Reduction
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ANSWERS AND SOLUTIONS
UNIT REVIEW - OXIDATION-REDUCTION

1. A 8. C 15. C 22. B 29. B 36. A

2.D 9. C 16. C 23. C 30. B 37. C

3.C 10. b 17. C 24.D 31. C 38. D

4. A 11. B 18. C 25. B 32. A WRI-7. See Solution
5. D 12. B 19. B 26. A 33.D

6. B 13. B 20..D 27. A 34. C

7. B 14. C 21. C 28. A 35. C

A 4. A

In a redox reaction oxidation states must
change. At least one element experiences
an increase in oxidation state and least one
experiences a decrease. in oxidation state.
In reaction A, carbon goes from 0 to +4 and
oxygen goes from 0 to —2.

D

Strong oxidizing agents are up high on the
left side of the Standard Reduction
Potentials of Half-Cells table'in the Data
Booklet (page A8). Half:reactions in this
*-area have large positive reduction
potentials.

C

The oxidizing agent can be identified by
finding the species containing the element
which is reduced (undergoes a decrease in
oxidation state). Oxidation states are

shown above the given equation:

oxidation

States: 0 +4-2 +1 +6-2 2 H6-2 412
equation: Pb + PbO; + 4 H' + 2 So,” —> 2 PbSO, +2 H,0

The Pb in PbO, goes down from +4 to +2 in
PbSO,. Therefore PbO, is the oxidizing
agent.

\Unit Review — Solutions

148

‘Redox equations will be characterized by

reactions in which at least one element’s
oxidation state increases and at least one

" element’s oxidation state decreases. If no

oxidation states change the reaction is not
redox. This is true only for reaction A.

oxidation
states: 0 0+1-2:
equation: 2H, + O, = 2H,0

A useful generalization which may save
time is that dissociation equations and

double replacement reactions are never
redox.

D

In equation D, the oxidation number of
each atom in each compound remains the
same. Therefore the reaction is not redox.

B

Fe’" is oxidized to Fe**. The oxidation
number of iron goes from +2 to +3. An
increase in oxidation number is oxidation.
The reducing agent is oxidized as it causes
something else to be reduced.

Castle Rock Research
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7.

B
In U304, uranium has an oxidation number

of ?or +5-;;. In UO,(NO3), its oxidation

number is +6. The difference is
16 2

t6— =4

3 3

C

Using the oxidation state rules given in
your text book, the oxidation state of
molybdenum is +5 in MoCls, +3 in' Mo,Ss,
+ 6 in MoO4™", and +2 in MosCly.

C

In oxidations the oxidation state of at least
one element in the compound must
increase. Consider each of the equations
with their oxidation state changes.

Reaction
change

Oxidation state

I |c107> Cloy Cl from +1 to +5

I C2H5OH > C2H402 Cfrom-2to0

I [NO, > N;O, No change

IM is the only one which is not redox.

10. D

Using the standard rules for determining
oxidation numbers, the following
assignments are made and the value for
chromium is determined by subtraction
from the ionic charge of +1.
H="1x8=48,0=-2x4=-8,Br=
~1x2=-2 *I(total)—*8—"8-"2="3

THE KEY — Chemistry 12
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11.

12.

13

B

The reducing agents are the metal elements,
not the metal ions. Following the format of
the Standard Reduction Potentials of Half-
Cells table in the Data Booklet (page A8):

Spontaneous Non-spontaneous
oxidizing agent reducing agent
reducing agent oxidizing agent

A workable table would be as follows:

Oxidizing agents  Reducing agents
Hg™ Hg
P& Pd

or (: cd cd D or
Ga™* Ga

Regardless of whether Pd is above or below
Cd, Ga is the strongest reducing agent.

B
OA RA
spontaneous
non-spontaneous
RA| [0A

Using the spontaneity rule, a table of redox
half-reactions in correct.order can be
constructed based on the spontaneity of the
described reactions:

I ClO,+e& = ClOy
I Fe;" +3 ¢ > Fe
IO PbSO,+2¢ > Pb+ S0

The higher the half-reaction on the table,
the greater the E° value.

B

Non-metal anions are reducing agents,
while non-metal elements are oxidizing
agents. The strongest reducing agent,

X (ag)> Teacts with each of the other 2
elements. The next strongest, Z (), reacts
with 1 of the other 2 elements. The
weakest, Y (4, does not react with either of

‘the other elements.

Solutions — Oxidation—Reduction



14. C

Using the same spontaneity rule as in
question 11, and the Standard Reduction
Potentials of Half-Cells table in the Data
Booklet (page A8), Cr, a reducing agent, is
the only reducing agent below Fe*', the
oxidizing agent, on the chart.

15. C

Using the Standard Reduction Potentials of
Half-Cells chart on page A8 of your Data
Booklet, and the spontaneity rule from the
last question, only the combination of Zn**
and Mg will react spontaneously.

16. C
Cr,07% 2 Cr** To balance, proceed as
shown in-this order:
Balance Cr’s:
CI'2072— > 2C1'3+

Balance O’s:
Cr,0,% = 2Cr*+ TH;0

Balance H’s: }
Cr,O7 | 14IT"> 2Cr" 1 7ILO

Balance total charge: .
Cl’20_72 =+ 14Hi- +6e > 2CI'3+ + 7H20

17. C
Constructing the NO;™ to NH; half-reaction:
NO; > NH;

Balance O by adding 3H,O to the right side
of the equation: NO;™ = NH; +3H,0

Balance H l;y adding 9 H' to the left side of
the equation: NO;™+ 9H' > NH; + 3H;0

Balance charge by adding 8 electrons to the
left side of the equation:
NO; +9H' + 8¢™ > NH; + 3H,0
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Since the reaction occurs in a basic
environment, add 9 OH™ to both sides of the
equation to convert H' into H,0:

NO; +9H,0 + 8¢ - NH; + 3H,0 + 9OH™

Cancel the H,O from the left with the H,O
from the right to yield the final equation:
NO;™ + 6H,0 + 8¢ - NH; + 9OH™

18. C

Cr,0.% + 14H" +3Sn*" — 3Sn*" +2Cr,"
+7H,0

M ny
0.030 M c=1?
14.4 mL 25.0 mL

n=0.030Mx0.0144L = 4.43 x 107* mol

1y =43 x 10~ mol % % —13 x 10" mol

moles of Sn** = moles of SnCl,
since SnClygy = Sn*'(p +2 Cly

19. B

Ignoring the KNOs in the salt bridge, which
is not involved in the cell teaction, the
chemical species present are: Ag, Ag’,
NOs~, Zn®", Zn, and H,0. Of these Ag" is
the strongest oxidizing.agent and Zn is the
strongest reducing agent. By definition, the
cathode is the electrode at which reduction
occurs, where the strongest oxidizing agent
(Ag" in this case) reacts.

20. D

Referring to question 19, the cathode
reaction is B — the mass of the cathode (Ag)
increases. The anode reaction is'C — the
mass of the anode (Zn) decreases.

21. C
Two useful generalizations:

« electrons flow in the wire from anode to
cathode (Ag in this case)

« anions in the solution migrate towards the
anode (Zn in this case)
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22. B
Ignoring the KNO; in the salt bridge and
the inert Pt electrode, chemical species
present are: Co, Co®*, NO5~, K', MnOy/, H',
and H,0. Consulting the Standard
Reduction Potentials of Half-Cells table in
the Data Booklet (page A8), the strongest
reducing agentis Co. It undergoes
oxidation at the anode. ‘

23. C

List of all entities present in both half-cells
(the salt bridge and the inert platinum
electrode can be ignored): K', Cr,0,>, H',
Ag+, NO3_, Ag(s), Hzo

Consulting Standard Reduction Potentials
of Half-Cells chart on page A8 of your Data
Booklet, shows Cr,O;° with H' to be the
strongest oxidizing agent and Ag, to be the
strongest reducing agent. Half-reactions
can be added to produce the overall cell
reaction: ’

Cr, 0. + 14H' + 66 > 2Cr" + TH,0
6(Ag > Ag' +¢)

Cr,02 + 14H' + 6Ag > 6Ag" +2Cr"
+ TH,O

24. D

Oxidation occurs at the anode (silver half-
reaction); reduction occurs at the cathode
(dichromate half-reaction). At the anode
neither H' ;) or OH (4 is produced or
consumed so pH remains constant. At the
cathode H' (4, is consumed meaning that pH
will increase.

25. B

At equilibrium the cell is “dead”; cell
voltage is 0.00 V.
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26.

27.

28.

29.

30.

A

In the diagram anions are moving towards
the Ni electrode meaning it is the anode,
since in all cells, anions migrate towards
the anode. The anode is the electrode
where oxidation (loss of electrons) occurs.

A

Electrons move through the wire from
anode to cathode in all cells. In the
previous question Ni was identified as the
anode.

A ;

Eonet = Eor cathode _Eor anode
4088V =E° _, .— 026V
Eor cathode(Pd) — "0.62V
E°_,, = 0.62V

B

List of potentially reacting entities: Zng,),
Zn*,NOy, Cog, Co*", H,0. Consulting
the Standard Reduction Potentials of Half-
Cells chart on page A8 of your Data
Booklet shows Co”" to be the strongest
oxidizing agent and Zny to be the strongest
reducing agent. The strongest reducing
agent, Zng, is oxidized at the anode and
loses mass. The Co®", a cation, moves
towards the Co electrode which is the
cathode since cations move towards the
cathode.

B

Ignoring the KNO; in the salt bridge, the
chemical species present are: Cr, Crt, Pb*,
Pb, and H,O. The strongest oxidizing agent
is Pb*"; the strongest reducing agent is Cr,
leading to the following half-reactions with
their reduction potentials taken from the
Standard Reduction Potentials of Half-Cells
table in the Data Booklet (page A8):

Pb* +2e” — Pb, E°, =70.13V

Cr,, = Cr’* +3e E°, =70.74V
E°, = 0.13V-"0.74V = +0.61V

Solutions — Oxidation—Reduction



31. C

The iron, in an iron pipeline, will normally
be oxidized by O,, dissolved in water in the
soil. By attaching the pipeline to the
negative terininal of a diréct current power
supply, the power supply’s negative
terminal becomes the anode and the iron
becomes the inert cathode on which the O,
is reduced. Because of this iron will not be
0x1d1zed (allowed to rust). This is called
impressed current cathodic protection.

32. A

An electrolytic cell has a non-spontaneous
reaction driven by an applied current. This
is what happens when you recharge acar’s
battery.

33. D

The anode is the electrode where oxidation
occurs (where the strongest reducing agent
reacts). The anode is Pt, since it is
connected to the positive terminal of the
power supply. Of the contents of the cell
electrolyte, H;0, K*, and SO4”, water is the
only reducing agent present

4. C

H,0 is also the strongest ox1d1z1ng agent
present, and will react at the copper cathode
by the half-reaction: 2H,0 +2¢~ = H,
+20H (107'M) .

The copper electrode will not change in
mass, and cation mevement will be to the
right because cations migrate to the cathode
in all cells.

35. C
~ Chemical'species present: Li" 0 ClI', Ptes).

Strongest oxidizing agent is Li'g,. Strongest
reducing agent is Cl .

Half-reactions:
Cathode(reduction)  Li"(,+e” — Li,
Anode (oxidation) 2CI", > Clyg,y +2e7
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36. A

To determine net voltage for the cell, the
equation is

AE®,, = E,°(cathode) — E,° (anode)
=-0.26 V- (+0.80 V)=-1.06 V.

If the net voltage for the cell is negative the
cell reaction is non-spontaneous.

If you look at the relationship between the
oxidizing agent Ni** and the reducing agent
Ag, on the Data Book Table of Selected
Standard Electrode Potentials, you have to
go “uphill” to go from oxidizing agent to
reducing agent. That is also an indicator of
a non-spontaneous reaction.

37. C
The Fe nail is the cathode since it is
connected to the negatlve terminal of the
power supply. Reduction will occur there
but it will be the reductlon of Fe** to Fc
not the reduction of Cu** to Cugy, since
theré are no Cu”* jons in that half-cell.

38. D

Nay,) cannot be plated out from the solution
since H,O is a stronger oxidizing agent than
Na', and will therefore react in its place.
Nag, could never exist in contact with water
since it is a very reactive metal.
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[Written Respung’

A reaction occurs when copper metal is
dropped into a solution of silver nitrate.
Write the balanced formula equation and the
balanced net ionic equation for this

reaction. (3 marks)
Formula equation:
Cu,, +2AgNO;,y —> Cu(NO,),.,) +2Ag,

Net ionic equation:
+ 2+
Cug, +2Ag" ) = Cu¥ ¢,y +248)

@ When setting up the apparatus to
electroplate a zinc object with copper, the
object is suspended in a Cu’* solution.
Explain why it is a good idea to turn on the
power supply before immersing the
electrodes in the solution. (1 mark)

If you did not turn on the power supply
before immersing the electrodes in the
solution, the Cu®" would react spontaneously
with the zinc to be plated, oxidizing the zinc.
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Consider the following apparatus consisting
of an electrochemical cell joined to an
electrolytic cell:

Electron Flow

1.0 M AgNO; 1.0 M Mg(NO)), 1.0 M Na;80,

Cell A "~ CellB

a) On the diagram above, indicate the
direction of electron flow in the top
wire. (1 mark)

b) Which metal in cell A is the cathode?
(1 mark)

Cathode: Ag

¢) Write the anode and cathode half-
reactions for cell B. (3 marks)

Anode: H,0—>2H" +-;—O2 +2¢”

Cathode: 2H,0+2¢”—H,+20H"

Solutions —~ Oxidation—Reduction
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Balance the following skeletal redox equation in acidic solution: (4 marks)

- 2+ 3-
MnO,  + As)O3 - Mn™" + AsO, (i)
(5™ + 8H" + MnO,” — Mn™" + 4H,0) x 4

(SH0 + As;0; — 2A50,> + 10H" + 4¢”) x 5
20€" +32H" + 4MnO,~ + 25H,0 + 5As,0, — 4Mn** + 16H,0 + 10As0,>” + S0H" +.26€
<4 2 2%3 2 4

4MnO,” + 9H,0 + 5As,0, — 4Mn>* + 10AsO,>" + 18H"

E]Draw an electrolytic cell that could be used to plate an iron ring with gold. Be sure to include all of
the necessary parts. In addition, label the anode, solution used and composition of the electrodes.

1

(3 marks)
+ PIko(\Eer il
Source )
Au |
(Anode) i
f__
5 Iron Ring
f (Cathode)
Balance the following redox reaction in basic solution: (4 marks)
ClO;™ + N,H, - NO,;” + CI” (basic) !

(67 +6H" + €107, - €I +3H,0)x 7 | - B
(61,0 + N;H, — 2NO,” + 168" + 1467} x 3

4267 + 2" +7C10;” +18H,0 + 3N,H, - 7CI" + 21H,0 + 6NO,” "+ 48H" + 426~

7ClO;™ + 3N,H, — 7CI” + 3H,0 + 6NO;™ + 6H"

60H" 60H"
7C10,™ + 60H™ + 3N,H, — 7CI” + 9H,0 + 6NO,”
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a) Write the anode and cathode half-
’ reactions that would occur. (2 marks)

Anode: H,0 > 2H+<+%Oz(g) +2e”
(1 mark)
Cathode: Co** +2¢”—Co, (1 mark)
b) What is observed when bromthymol blue

is added to the solution around the
anode? ‘ (1 mark)

Bromthymol blue will tum yellow.
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is Zn**. (See Data Booklet, page A8).

4. D
The half-reactions are Cu = Cu®" + 2¢” and

N03_ + 4H+ +3e 2> NO(g) + 2H20

Balancing electrons and adding leads to the
correct answer.

Unit Test 5 — Solutions

ANSWERS AND SOLUTIONS
UNIT TEST 5 - OXIDATION-REDUCTION
1. B 5.D 9. B 13. C 17. A 21.B
. 6. C 10. D 14. D 18. B 22.C
3.C 7. C 11. D 15. B 19. C 23.D
4.D 8. B 12. B 16. B 20. B WR1-8. See Solution
1. B 5. D
The oxidation number of S in SO4* is +6, 2MnO4 + 580> + 16H' =
its oxidation number in S;0¢% is +7. This 2Mn** + 58n*" + 8H,0
is oxidation.
nl n2
19.3 mL 10.0 Ml
2. B 0.10 M c=1?
In MnOy, O has an oxidation number of 2. _ _
4 x -2 =-8. Since the total charge of the %~ OIS Sl mitio ,
ion is -1, Mnis +7. n,=1.9 mmolX%=4.8 mmol i
3. C [Sn2+:|=M=O.48 M
o 10.0 mL
“More difficult to reduce” means weaker
oxidizing agent. The only oxidizing agent
from the list given which is weaker than H" 6. C

A cell in a car battery must have a positive
E;,,. Therefore PbO, must react at the
cathode, and Pb at the anode as shown
below:

cathode:
PbO, + 4H" + SO,> +2¢” > PbSO, +

2H,0 E; ion=11.69V

anode:

Pb+ SO > PbSO, + 2™ E v
=036V

cell:

Pb + PbO, + 280,> + 4H' > 2PbSO, +
2H,0 E°, = (+1.69—"0.36)V=+2.05V
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iz

10.

11.

C

The anode half-reaction is an oxidation
half-reaction which will involve the
strongest reducing agent. When all the cell
reagents are considered: Ag(), AL ()
NO';_{aq), Zn(j), Z[12+(gq), and H2OU) are
considered, the strongest reducing agent

is Zny).

B

Considering the cell reagents: Au, Ha),

H (ag)» C1 (ag)» 20" (aq)» 209, NO3 o, and
H,0y, the strongest oxidizing agent is

H' . while the strongest reducing agent is
Zngy. Using E, ;.4 from the Data Booklet

page 8 leads to: -

E:ell = EO _E°

reduction . ysqe reduction . .

=(0.00-"0.76)V=+0.76V

B

In Reaction I, copper has an oxidation
number of +1 before and after the reaction.
Neither oxidation nor reduction of copper
has occurred. In Reaction II, copper has an
oxidation number of +1 before the reaction
and 0 after the reaction. Reduction has
occurred.

D

“Pure aluminum?” is a very strong reducing
agent and thus is not usually pure
aluminum, it is already in an oxidized state
as evidenced by its greyish colour. This
oxidized aluminum protects the truly pure
aluminum underneath.

D

Considering the cell reagents: Ca’*(ag), [ ag»
Cs)» and H,Oyp, the strongest oxidizing
agent is H,O(, and the strongest reducing
agent is I, The following half-reactions
occur:

cathode (reduction):
2H20([) +2e > Hz(g) + ZOH—(aq)

anode (oxidation):2 T'g) 2 Ly t2 €
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12.

13.

14.

15.

B

The oxidation number of H is +1 in most
compounds. The oxidation number of Ois
—2 in most compounds. To determine the
oxidation number of C it is a matter of
adding oxidation numbers multiplied by
their coefficients to add to 0 in compounds
or to the ion charge in ions.

In C,H,0,”, 3xI" forH= 3 and
2x2forOis4.

4 +3* = 17, which is the charge of the ion.
Carbon’s oxidation number is therefore 0.

C

Zn,, is the strongest reducing agent, and
2+
co (ag)
all the chemical species present, using the
Standard Reduction Potentials of*
Half-Cells table on page A8 of your Data

Booklet. Half-reactions can be added to
produce the net-ionic reaction equation.

is the strongest oxidizing agent of

D

Following the steps to produce a balanced
half-reaction in acidic solution:

Br, - BrO;"

Br, +6'H,0 > 2 BrO;” _

Br, + 6 H,0>2Bro, +12H"

Br, +6H,0 > 2BrO,” +12H" +10¢”

B

Starting with the given redox equation, add
OH to both sides to change all of the H' to
H,0. Cancel the H,O’s on the 2 sides to
get the final equation.

Given: 5H,0+2CoCl +0CI”  —> 2Co(OH); +5CI° +4H"
+4 OH~ +40H

40H + H,0+2CoCl,+0CIT —» 2Co(0H);+5C1

Solutions — Oxidation—Reduction



16. B

The electrode, component 1, must be either
carbon or a metal. The salt bridge solution,
component 3 must be an ionic compound,
and the cell output is running to component
2 which could be either a voltmeter or a
light bulb.

17. A

Listing all the components of the cell: (Ag,
Ag',NOs, Cl,, CI', Na*, H,0), Ag is found
to be the strongest reducing agent. The
reducing agent gets oxidized and oxidation
occurs at the anode of the cell.

18. B
Ag, —> Ag’,, +¢ occurs at the anode,

so its mass decreases. The strongest
oxidizing agent is Clz(g) . Itreacts at the

cathode according to the following half-
reaction: Cl,,) —>2e” -2Cl,,. The
CI" .y becomiés part of the solution; there
is no physical change to the cathode itself.

19. C a R B4 .
Referring to the Standard Redhiction
Potentials of Half-Cells table:qn page 8 of
your Data Bookfet for E° values '

E° Eroaa!.’:udc E:anade +1.36V .
—(+0.80V)=+0.56V
20. B

Start by listing ai}the chemical spemes
présent in ‘the cell: N

Zn** . Zn,,,,NO; b2+ PB,,,H,0

3@ 0 (ag)s () o
; : 2+
The strongest oxidizing agent is Pb @ - It

(ag)?

undergoes reduction according to the

following half-reaction:
Pb* . +2¢ —Pb,

(ag

Therefore [Pb2+(aq)] is decreasing.
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21.

22.

23.
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B

Plating will occur at the cathode:

Cu®,, +2¢ > Cu® The
anode should be copper metal. It will
undergo oxidation: Cu, —Cu* +2e
and will replenish the Cu™, | lost at the

cathode as it is used in plating the object.

(aq)+2e".

3

C
Cuy,, will still form at the cathode by the

same half reaction, but this time it will be
Cu(s) plating on top of Cum The half-

reaction is unchanged
Cu™,, +2€ —Cu,,. Atthe anode it

will now be zinc undergoing oxidation:
2+ .
Ingy —>Zn™ . +2e

D

In molten KCl1 the only chemical species
present besides the electrodes are K*,) and
Cr'y,. The halti'arqacﬁons’?;'re:

cathode: . K+(,') +e oK,
anode: 2CI°, +e” — Cl,,, +2¢
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Consider the following electrolytic cell
which contains a porous barrier to prevent

general mixing of solutions.

Written Responsgl

Consider the following experimental results:

i Beaker A  Beaker B a) Label the anode and cathode in the
space provided on the diagram above.
(1 mark)
& rc wrapped Solution:
in a stri .
| of an See diagram below.
Power Supply
¥ mark _c % mark

Ce* + Pd — Pd* + Ce* 4
. : . thode Anode
| In** + Cd — no reaction \ /

Pd* + In* > In® +Pd >
Cd* + Pd —» no reaction :

Use thése results to complete the table of
1 reduction half-reactions below. (3 marks)

I

1.0 M Sa(NO,), 1.0 M Cu(NO,),

Solution:

Oxidizing Agents Roducing Agents b) Write an equation for the overall cell
- - reaction. (2 marks)
| Ce" +¢ = Ce Solui
= s olution:
! szl +§e‘ : I();(li Sn* + Cu, — Cu® + Sng,
Cd"+28 &
' In3+ +e (_____> In2+ :
¢) Calculate the minimum theoretical

| ] . voltage required for this reaction under
: @Ba!ance the following equation. (3 marks) standard conditions. (1 mark)

_ Cr,0,7 +C,0, »>Cr* +CO, (acidic)
| - ' Solution:
|
. 048V
i Solution:
(6e”+14H" +Cr,0," >2Cr +7H,0) x 1
(c,0 —2c0, +2¢7) %3
|
14H* +Cr,0,> +3C,0,” —2Cr’" +TH,0+6CO0,
(3 marks)
159 - Solutions — Oxidation—Reduction
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Balance the following redox equation:

H,S+Cr0,> -8, +Cr*  (aeidic)

(4 marks)
Solution:
Example:

(BHS > S; + 16H" + 16e7)x 3
(Be” +8H* + Cr0,>” - Cr'* + 4H,0)x 16
24H,S +128H*+16Cr0, — 38, + 48+ 16Cr™> + 64H,0

24H,S + 80H* +16Cr0,% — 38; + 16Cr** + 64H,0
2 marks (1 mark for each half-reaction)
1 mark for the corre@zt'électron ratio
1 mark for the ﬁnal baiancéd';equation

E'An excess ofcopper'-sdfid is dropped'into a
solution which contains AgNO,, Fe(NO3 )3
and Zn'(NO,jl )2 A Wijitéi the equations for any

reduction half-reactions that occur over
time under standard conditions. (2 marks)

Solution:

Example:
Ag'+e > Ag (1 mark)
Fe’* + e — Fe** (1 mark)

a) Predict what should happen to the Fe in

Beaker A. (1 mark)
Solution:
Example:
Prediction: The iron is oxidized.
(1 mark)
Unit Test 5 — Solutions 160
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b) Predict what should happen.to the Fe in|
Beaker B. Explain. ~ (2 marks)

|
Solution: !

Example:

Prediction: Nothing
happens to the Fe.

Explanation: Zn is il'
oxidized and protects the - .
Fe.

E
OR |
The Fe is cathodically
protected by the Zn.

<« lmar]_

} < 1mar} -
2
(4 marks) g'
. |
For Example: ' ' : i

What is the percent by mass .of the _C"aC204
in the original sample?

Molesof MnO,” =0.01570Lx0.101mol/L
=1.5857x%107 ol

| Molesof C,0,°=1.5857x10° molMn®,” |

| L 3molC,0”

~2mol MnO,” .
5 =3.9643%10%mol . . . . -
) . £ Foow @
¥ Moles CaC,0,=MolesC,0,> SO
Mass of CaC,0,=3.9643x10" molx 2048, | .~
Imol -
=5.0782x10" gCaC,0, }
%CaC,0, =2207828 1 594 -
03g !
=632% ‘ 1

('Deduct %rﬁark for incorrect significant 1

figires.)
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[8.])

b)

Write the reduction half-reaction.
(1 mark)

For Example:

1 o -
502@) +2H" (10 M) +2¢” — H,0

What metal could be attached to the
sample to prevent the corrosion of the
zinc? Explain. (2 marks)

For Example:

Metal: Magnesium (Mg)

Explanation: The magnesium is more
easily oxidized than the zinc.
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