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15.E: Oxidation-Reduction Reaction (Exercises)

Exercises (Oxidation-Reduction Reactions)

1. Is this reaction a redox reaction? Explain your answer. 2K(s) + Brp(£) — 2KBr(s)

2. Is this reaction a redox reaction? Explain your answer. 2NaCl(aq) + Pb(NO3)2(aq) — 2NaNO3(aq) + PbClI2(s)

3. Which substance loses electrons and which substance gains electrons in this reaction? 2Mg(s) + O2(g) — 2MgO

4. Which substance loses electrons and which substance gains electrons in this reaction? 16Fe(s) + 3Sg(s) — 8Fe2S3(s)
5. Which substance is oxidized and which substance is reduced in this reaction? 2Li(s) + O2(g) — Li202(s)

6. Which substance is oxidized and which substance is reduced in this reaction? 2Fe(s) + 3I2(s) — 2Fel3(s)

7. What are two different definitions of oxidation?

8. What are two different definitions of reduction?

9. Assign oxidation numbers to the atoms in each substance.

a. P4

b. SO3

c. S032™

d. Ca3(PO3)2

10. Assign oxidation numbers to the atoms in each substance.

a. PClg

b. (NH4)2Se
c. Ag

d. LioO2

11. Assign oxidation numbers to the atoms in each substance.

a. NO
b. NOy
c. CrCly
d. CrCl3

12. Assign oxidation numbers to the atoms in each substance.

a. NaH

b. N2O3
c. NO2™
d. CuNO3

13. Assign oxidation numbers to the atoms in each substance.
a. CHpO
b. NH3
c. RbpS0O4
d. Zn(C2H302)2

14. Assign oxidation numbers to the atoms in each substance.
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a. CgHp
b. B(OH)3
c. LipS

d. Au

15. Identify what is being oxidized and reduced in this redox reaction by assigning oxidation numbers to the atoms. 2NO + Cly —
2NOCl

16. Identify what is being oxidized and reduced in this redox reaction by assigning oxidation numbers to the atoms. Sr + SO3 -
SrSO3

17. Identify what is being oxidized and reduced in this redox reaction by assigning oxidation numbers to the atoms. 2KrFp + 2H»O
- 2Kr + 4HF + Op

18. Identify what is being oxidized and reduced in this redox reaction by assigning oxidation numbers to the atoms. SO3 + SClp -
SOCly + SO»

19. Identify what is being oxidized and reduced in this redox reaction by assigning oxidation numbers to the atoms. 2Rb + MgCly
- 2RbCl + Mg

20. Identify what is being oxidized and reduced in this redox reaction by assigning oxidation numbers to the atoms. 2CgH1g +
2507 - 16COy + 18H0

Answers

1. yes because oxidation numbers are changing
3. lose: Mg; gain: O

5. oxidized: Li; reduced: O

7. increase in oxidation number; loss of electrons

9.
a.P:0
b.S: +6; O: -2
c. S:+4;0: -2
d. Ca: +2; P: +3; O: -2
11.
a N:+2;0: -2
b. N: +4; O: -2
c. Cr: +2; Cl: -1
d. Cr: +3; Cl: -1
13.

a. C:0; H: +1; O: -2

b.N: -3; H: +1

c. Rb: +1; S: +6; O: -2
d.Zn: +2; C: 0; H: +1; O: -2

15. oxidized: N; reduced: Cl
17. oxidized: O; reduced: Kr
19.oxidized: Rb; reduced: Mg
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Exercises (Balancing Redox Reactions)
1. Balance these redox reactions by inspection.

a. Na+Fp - NaF
b. AlpO3 + Hp — Al + HpO

2. Balance these redox reactions by inspection.
a. FepS3+ Op — FepO3 +S
b. CupO + Hy — Cu+ HpO

3. Balance these redox reactions by inspection.
a. CH4 + O - CO2 + HpO
b. P2Os5 + Clp — PCI3 + O

4. Balance these redox reactions by inspection.

a. PbCly + FeCl3 - PbCly + FeCly
b. SOy + Fp - SF4 + OFy

5. Balance these redox reactions by the half reaction method.

a Ca+H' - Ca2+ + Hp
b. sn2* - Sn + sn** (Hint: both half reactions will start with the same reactant.)

6. Balance these redox reactions by the half reaction method.
a Fe3T + sn?% - Fe + sn?*
b. Ph2T — Pb + Pb4t (Hint: both half reactions will start with the same reactant.)

7. Balance these redox reactions by the half reaction method.

a. Na + HgoClp — NaCl + Hg
b. AlpO3+C - Al + CO»

8. Balance these redox reactions by the half reaction method.
aBr +Ip -1 +Bm
b. CrClI3 + F2 - CrF3 + Cl2

9. Balance these redox reactions that occur in aqueous solution. Use whatever water-derived species is necessary; there may be
more than one correct balanced equation.
a. Cu+NO3™ - Cu?t +NOp
b. Fe + MnO4~ — Fe3" + Mn

10. Balance these redox reactions that occur in aqueous solution. Use whatever water-derived species is necessary; there may be
more than one correct balanced equation.
a. CrO3 + Ni2™ - cr3* + Ni3+
b. OsO4 + CoHy4 — Os + CO2

11. Balance these redox reactions that occur in aqueous solution. Use whatever water-derived species is necessary; there may be
more than one correct balanced equation.
a Clo™+TiZ" - Ti*" + a”
b. BrO3~ + Ag — Ag" + BrOn
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12. Balance these redox reactions that occur in aqueous solution. Use whatever water-derived species is necessary; there may be
more than one correct balanced equation.

a. HpOp + NO - N»O3 + HpO
b. VO + NO - V3T + NO»

13. Explain why this chemical equation is not balanced and balance it if it can be balanced: Cr2t + Cly - cr3t + 201"

14. Explain why this equation is not balanced and balance it if it can be balanced: Oy + 2H>O + Brp — 40H™ + 2Br~
Answers
1.

a. 2Na + Fp — 2NaF
b. AlpO3 + 3Hp — 2Al + 3H20

3.
a. CH4 + 202 — CO2 + 2H20O
b. 2P»05 + 6Cly — 4PCl3 + 507
5.
a.Ca+2H" - Ca?t +H
b. 2Sn2* - Sn + St
7.
a. 2Na + HgyCly — 2NaCl + 2Hg
b. 2A1203 + 3C — 4Al +3CO2
9.
a. 4H" + Cu + 2NO3™ - Cu?* + 2NOy + 2H50 in acidic solution; 2HO + Cu + 2NO3~ - Cu?™ + 2NOy + 40H™ in
basic solution
b. 24H" + 3MnO4~ + 7Fe — 7Fe3" + 3Mn + 12H20 in acidic solution; 12HpO + 3MnO4~ + 7Fe — 7Fe>' + 3Mn +
240H in basic solution
11.

a. 2" + €107 + Ti?t - ™ + HpO + Ti%" in acidic solution; HpO + CIO~ + Ti2t - CI” + Ti%" + 20H™ in basic
solution

b. 2H" + BrO3~ + Ag - BrOy + HpO + Ag" in acidic solution; HpO + BrO3~ + Ag — BrOp + Ag* + 20H™ in basic
solution
13. The charges are not properly balanced. The correct balanced equation is 202t + Clp - 203t + 21

Exercises (Applications of Redox Reactions - Voltaic Cells)

1. Draw the voltaic cell represented by this reaction and label the cathode, the anode, the salt bridge, the oxidation half cell, the
reduction half cell, the positive electrode, and the negative electrode. Use Fig. 14.4.1 as a guide. Zn + 2Ag+ ~ znZt+ 2Ag

2. Draw the voltaic cell represented by this reaction and label the cathode, the anode, the salt bridge, the oxidation half cell, the
reduction half cell, the positive electrode, and the negative electrode. Use Fig. 14.4.1 as a guide. 3Mg + 203t - 3Mg2+ +2Cr

3. What is the voltage of this half reaction? 2F - F + 2e
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4. What is the voltage of this half reaction? Na —» Na* + e~

5. What is the voltage of the voltaic cell in Exercise 1? Consult Table 14.4.1.

6. What is the voltage of the voltaic cell in Exercise 2? Consult Table 14.4.1.

7. Balance this redox reaction and determine its voltage. Is it spontaneous? Li" + Al — Li + ARt

8. Balance this redox reaction and determine its voltage. Is it spontaneous? PbZ" + Ni — Pb + Ni2*

9. Balance this redox reaction and determine its voltage. Is it spontaneous? Ccu?t + Ag+Cl - Cu+ AgCl
10. Balance this redox reaction and determine its voltage. Is it spontaneous? MnZ" + Brp - MnO4 +Br
11. Which reaction represents the cathode reaction in Exercise 7? The anode reaction?

12. Which reaction represents the cathode reaction in Exercise 8? The anode reaction?
13. Which reaction represents the cathode reaction in Exercise 9? The anode reaction?
14. Which reaction represents the cathode reaction in Exercise 10? The anode reaction?

15. A voltaic cell is based on this reaction: Ni + 2Au™ - Ni2t + 2Au; If the voltage of the cell is 0.33 V, what is the standard
reduction potential of the Au* +e” - Au half reaction?

16. A voltaic cell is based on this reaction: 3Pb + 2V3+ - 3Pb2+ + 2V; If the voltage of the cell is —0.72 V, what is the standard
reduction potential of the v3* +3e” - V half reaction?

17. What species is being oxidized and what species is being reduced in a dry cell?

18. What species is being oxidized and what species is being reduced in an alkaline battery?

19. What species is being oxidized and what species is being reduced in a silver oxide button battery?
20. What species is being oxidized and what species is being reduced in a lead storage battery?

21. Based on the data in Table 14.4.1, what is the highest voltage battery you can construct?

22. Based on the data in Table 14.4.1, what is the lowest voltage battery you can construct? (This may be more challenging to
answer than Exercise 21.)

Answers

Znrod I I \Agr 54
i

Zn%* Ag*
anode cathode
oxidation half cell salt bridge reduction half cell
negative electrode positive electrode
1.
3. 287V
5. 1.56V
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7. 3LiT + Al - 3Li+ Al“ﬁ; —1.39 V; not spontaneous

9. Cult+ 2Ag +2Cl~ - Cu + 2AgCl; 0.12 V; spontaneous

11. cathode reaction: Lit + e~ — Li; anode reaction: Al — ARt + 3¢
13. cathode reaction: Cu?" + 2e” — Cu; anode reaction: Ag+Cl" - AgCl+e”
15. 0.08 V

17. oxidized: Zn; reduced: Mn

19. oxidized: Zn; reduced: Ag

21. 5.92 V from the reaction of F2 and Li

Exercises (Electrolysis)

1. Define electrolytic cell.

2. How does the operation of an electrolytic cell differ from a voltaic cell?

3. List at least three elements that are produced by electrolysis.

4. Write the half reactions for the electrolysis of the elements listed in Exercise 3.

5. Based on Table 14.4.1, what voltage must be applied to an electrolytic cell to electroplate copper from cu?t?

6. Based on Table 14.4.1, what voltage must be applied to an electrolytic cell to electroplate aluminum from AIP*?
Answers
1. an electrochemical cell in which charge is forced through and a nonspontaneous reaction occurs
3 any three of the following: Al, K, Li, Na, Clp, or Mg
5.034V

Additional Exercises

1. Oxidation was once defined as chemically adding oxygen to a substance. Use this reaction to argue that this definition is
consistent with the modern definition of oxidation: 2Mg + 02 - 2MgO

2. Reduction was once defined as chemically adding hydrogen to a substance. Use this reaction to argue that this definition is
consistent with the modern definition of reduction: C2H2 + 2H2 — CpHg

3. Assign oxidation numbers to the atoms in each substance.
a. Kr (krypton)
b. krypton tetrafluoride (KrF4)
c. dioxygen difluoride (O2F2)

4. Assign oxidation numbers to the atoms in each substance.
a. lithium hydride (LiH)
b. potassium peroxide (K207)
c. potassium fluoride (KF)

5. N atoms can have a wide range of oxidation numbers. Assign oxidation numbers for the N atom in each compound, all of which
are known compounds.
a. NoOg
b. NoOg
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c. NO2
d. NO

e. NoHg
f. NH3

6. Cr atoms can have a wide range of oxidation numbers. Assign oxidation numbers for the Cr atom in each compound, all of
which are known compounds.

a. NapCrOgy
b. NapCrpO7
c CrFg

d. CrCl3

e. CrClp

7. Balance this redox reaction by inspection: Sg + O2 — SO
8. Balance this redox reaction by inspection: C1gH3g + O2 — CO2 + H20
9. Balance this redox reaction by the half reaction method by assuming an acidic solution: Cr2072_ +Fe - CroT + Fe3t
10. Balance the redox reaction in Exercise 9 by the half reaction method by assuming a basic solution.
11. The uranyl ion (U022+) is a fairly stable ion of uranium that requires strong reducers to reduce the oxidation number of
uranium further. Balance this redox reaction using the half reaction method by assuming an acidic solution.UOz2+ +HN3 - U
+ N2

12. Balance the redox reaction in Exercise 11 by the half reaction method by assuming a basic solution.

13. Zinc metal can be dissolved by acid, which contains H* ions. Demonstrate that this is consistent with the fact that this reaction
has a spontaneous voltage: Zn + 2H" - zn?t + Hp

14. Copper metal cannot be dissolved by acid, which contains H" ions. Demonstrate that this is consistent with the fact that this
reaction has a nonspontaneous voltage: Cu + 2HT - cu?t + H?

15. A disproportionation reaction occurs when a single reactant is both oxidized and reduced. Balance and determine the voltage of
this disproportionation reaction. Use the data in Table 14.4.1 - Standard Reduction Potentials of Half Reactions: cr?t - cr+
crt

16. A disproportionation reaction occurs when a single reactant is both oxidized and reduced. Balance and determine the voltage of
this disproportionation reaction. Use the data in Table 14.4.1 - Standard Reduction Potentials of Half Reactions: Fe2t - Fe +
Fe3*

17. What would be overall reaction for a fuel cell that uses CH4 as the fuel?

18. What would be overall reaction for a fuel cell that uses gasoline (general formula CgH18) as the fuel?

19. When NaCl undergoes electrolysis, sodium appears at the cathode. Is the definition of cathode the same for an electrolytic cell
as it is for a voltaic cell?

20. When NaCl undergoes electrolysis, chlorine appears at the anode. Is the definition of anode the same for an electrolytic cell as it
is for a voltaic cell?
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21. An award is being plated with pure gold before it is presented to a recipient. If the area of the award is 55.0 cm? and will be
plated with 3.00 pm of Au, what mass of Au will be plated on the award? The density of Au is 19.3 g/cm3.

22. The unit of electrical charge is called the coulomb (C). It takes 96,500 coulombs of charge to reduce 27.0 g of Al from AP to
Al metal. At 1,040 crn?’, how many coulombs of charge were needed to reduce the aluminum in the cap of the Washington
monument, assuming the cap is pure Al? The density of Al is 2.70 g/cm3.

Answers

1. As oxygen is added to magnesium, it is being oxidized. In modern terms, the Mg atoms are losing electrons and being oxidized,
while the electrons are going to the O atoms.

3.
a. Kr: 0

b. Kr: +4; F: -1
c. O:+1; F: -1

IR S A i o
—+
N

7. S8+ 802 - 8502

9. 14HT + Crp0O72™ + 2Fe — 2Cr3T + 7HpO + 2Fe3"

11. 6HN3 + UOp2* - U+ 2H0 + 9N + 2H™

13. The voltage of the reaction is +0.76 V, which implies a spontaneous reaction.
15. 3Cr2* - cr+2Cr3t; -0.50 V

17. CH4 + 20 - CO2 + 2H20

19. yes because reduction occurs at the cathode

21. 0.318 g
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