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ANSWER KEY

Section Review 21.1

Part A Completion

1. acid

2. hydroxide

3. water

4. neutralization

5. titration

Part B True-False
11. AT

12. AT

Part ( Matching
15. ¢ 17. a
16. e 18. b

6.
o
8.
9.

10.

-13.
14.

end point
equivalence
mass

one mole

2 equivalents

ST
AT

19. d

PartD Questions and Problems
20. a. H,PO, + Al(OH), — AIPO, + 3H,0
b. 2HI + Ca(OH),— Cal, + 2H,0

Section Review 21.2

Part A Completion
1. salt

2. acidic

basic

w

neutral

o oe

hydrolyze

Part B True-False
11. NT
12. NT

Part ( Matching
15. a
16. d

10.

13.
14.

© ® N e

strong

weak

buffer

capacity
solubility product
constant

AT
AT

17. b

18.

PartD Questions and Problems
19. [CO4*7] = 0.00070M
[Ba?*] = 0.0015M
[CO427] X [Ba?*]
= (7.0 X 107*M) X (1.5 X 1073M)
=11x10"®

Precipitation occurs because the ion product
(1.1 X 107°) is greater than the K, of BaCOj
(5.0 X 1079).

Practice Problems

Section 21.1

1. 2NaOH(ag) + H,50,(aq)

0.75 moH;50;
1 L H580,

= 0.021 mol NaOH

0.014 LH,80; X

« 2 mol NaOH

1 molH:50,
moles 0.021 mol NaOH
liters  0.038 L NaOH
= 0.55M NaOH

2. Ca(OH),(aq) + 2HC,H;0,(aq)
— Ca(C,H;0,),(aq) + 2H,0(0)

Molarity =

0.0140 mol HE;HZ0,
. X
0.0142 LEG;IED, | LBGHO,
1 mol Ca(CH),
2 mol HGHO,

= 9.94 X 1075 mol Ca(0H),
= 9.94 X 107> mol Ca(OH),

9.94 X 107° mol Ca(OH),
0.0246 L Ca(OH),
= 0.00404M
3. Ca(OH),(aq) + H,SO,(aq)
-> CaS0,(aq) + 2H,0()
0.0100 mol-CatOH7,
1 LGatOH),

= (0.000198 mol H,SO,

Molarity =

0.0198 L CatOHT; ¥

% 1 mol H,SO,
1 mol-CatOH],

= 0.000198 mol H,S0,

moles _ 0.000198 mol H,SO,

liters  0.0124 L H,SO,

= 0.0160M H,SO,

Molarity =

Answer Key 95



4. Ba(OH),(ag) + 2HEl(ag)

5.

2.

— BaCly(aq) + 2H,0()
0.0122 LHC] X 0.25 molHCL

1 LHCI
1 mol Ba(OH),
2mol HC

= 0.0015 mol Ba(OH),

moles _ 0.0015 mol Ba(OH),
molarity  0.12M Ba(OH),
= 0.0125 L Ba(OH), = 13 mL Ba(OH),
Al(OH)z(aqg) + 3HCl(aqg)
- AlCl;(aq) + 3H,0()
1 molAKOH);
78.0 g AHOH];

= 0.00212 mol HCl

liters =

0.0550 g AKEHT; X

% 3 mol HCl
1 mol AKOH];
moles _ 0.00212 mol HCl
molarity ~ 0.200M HCl
= 0.0106 L HCl = 10.6 mL HCl
1.20 equiv
4201 % Sy
H;PO, contains 3 equiv/mol;
normality = 1.2N H,PO,

liters =

= 5.04 equiv KOH

24.6 gHCl _
8. 365 g/equiv = 0.674 equiv HCl
.. 0.674equiv _
. Normality = Ts0L 0.449N HCl
Ny X Vg _ 0.110 ¥ X 68.0 mL
9. V, = _ |
Ny 0.250)¢
= 29.9 mL H,SO,
Section 21.2
1. CHO,” + H* = HCHO,

HCHO, + OH™ = CHO,” + H,0
a. Ca(OH),(s) = Ca*"(aq) + 20H (ag)
'K, = [Ca®"] X [OH7)?
b. Ag,CO;(s) = 2Ag*(aq) + CO:* (ag)
K, = [Ag*)? X [CO4*7)

3. Ag,CO5(s) = 2Ag*(aq) + CO%™ (ag)

96

K, = [Ag*)? X [CO4*7]

K, = (20)%*(x) = 8.1 X 107*
4x3 =8.1 X 10712

X =20%x1071
x=13X107*M = [CO5*]
[Agt] =2x =26 X 10"*M

Answer Key

9.

Fe(OH),(s) = Fe?*(aq) + 20H (ag)

K, = [Fe**] X [OH™)?

[Fe?*] = 0.5[0H"] = 6.0 X 107°

K, = (6.0 X 1079(1.2 X 107%)?

K,=86Xx107"°

SrCO, = Sr2* + COz%~

K, = [Sr**] X [CO5*7]

Let x = [Sr?*] = [CO427]

K,=x*=93x107"

x=[Sr**] =3.0 X 107°M

K, = [Ag*)? X [CO5*"]

Let [Ag*] = 2x and [CO* ] = x

assume x << 0.20 mol

K, = (20)%(0.20) = 8.1 X 107"

¥=10x10""

x = 3.2 X 1078M = [CO4>7]

[Ag*] =6.4 % 107°M

K,,(PbSO,) = 6.3 X 1077 = [Pb**] X [SO,*"]

The total voluine of solution is 1000 mL, so

[Pb%*] = 0.0020 mol/L = 0.0020M

[SO,?7] = 0.0012 mol/L = 0.0012M

[Pb%*] X [SO,*7] = (0.0020)(0.0012)
=24X%107°

Because this product exceeds the K, value,

precipitation will occur.

. K,(CaCOy) = 4.5 X 1079 = [Ca®"] X [CO5*7]

The total volume is 1000 mL, so
[Ca?*] = 0.0021 mol/L = 0.0021M
[CO427] = 0.0013 mol/L = 0.0013M
[Ca?*] X [CO427] = (0.0021)(0.0013)
=27%x107°

Because this product exceeds the K, value,
precipitation will occur.

NaCl has no ion in common with Mg(OH),.

Interpreting Graphics 21
1.

C4H,COOH + NaOH — CsHsCOONa + H,0

One mole of sodium hydroxide will
neutralize one mole of benzoic acid.

. To determine the equivalence point, find the

area of the titration curve where the pH

-changes abruptly when a small volume of

NaOH is added. Locate the point on
this steep portion of the curve equidistant
between the two plateaus. The pH at the
equivalence point is approximately 8.5; the
solution is slightly basic.
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10.

Benzoic acid is a weak acid. The
neutralization of a weak acid with a strong
base, such as NaOH, produces a basic
solution at the equivalence point.

0.025 7. X 0.10 mol/Y. NaOH
= 0.0025 mol NaOH

The equivalence point occurs when the

number of moles of NaOH added equals the

number of moles of C;H;COOH originally

present. Because NaOH is a strong base,

each mole of NaOH added reacts with each

mole of C;H,COOH present. Thus, at the

equivalence point,

[C¢H;COOH] = [NaOH] = OM and

0.0025 mol
0.050L

Based on the answers to questions 4 and 5,
0.0025 mol CcH;COOH were originally
present in a volume of 25 mL.
0.0025 mol
0.025L

Because the equivalence point occurs
between pH 6 and pH 11, phenolphthalein
would be a good choice. A faint pink color
should be detected at the equivalence point.
Thymol blue might also be a good candidate.
Students should draw a horizontal band on
the graph encompassing the pH range 8-10 to
show the region of the curve where
phenolphthalein would be an effective
indicator of neutralization.
CgH;COO™ + H,0 == CgH;COOH + OH™
At the equivalence point, the benzoate ion
establishes the ‘equilibrium shown. The
resulting solution is slightly basic because
[OH7] > [H'].

_ [CsH;COOH][OH"]

[C,H;COONa] = = 0.050M.

Thus, [CsH;COOH] = = 0.10M

b7 [CgH,.CO0™)
pH + pOH = 14
8.5 + pOH = 14
pOH =55

[OH™] =3.2 X 107°M

At the equivalence point [OH™] =
[CeH,COOH] = 3.2 X 1075M
[CeH:COO™] = 0.050M

_ (32x107%?

K = =2.0x 10710
b (0.050)

Vocabulary Review 21

1.

2. solubility product constant (K

P NS o R W

hydrolyzing salts

o)
neutral

equivalence point

normality (N)

neutral salts

buffer

one equivalent

Quiz for Chapter 21

1.
2.
3.

d 4, a 7. b
a 5. ¢ 8. ¢
c 6. b

Chapter 21 Test A

A. Matching

1.
2.
3.

d 4. f 7. h
c 5. a 8. g
b 6. e

B. Multiple Choice

9.
10.
11.

d 12. a 15. ¢
c 13. 16. b
b 14. d

o

(. True-False

17.
i8.

ST 19. ST 21. ST
NT 20. AT

D. Problems

22.

23.

24.

m H,SO, = 82.1
20oU3 g

20.5 g H,807 X 1;’;? Mgl H750;
: 3

2 equiv H,50; .
I molESo. S0, 0.499 equiv H,S0,

a. 2H,PO, + 3Ca(OH), — Cay(PO,), + 6H,0
b. 2HBr + Mg(OH), — MgBr, + 2H,0
¢. 3H,S0, + 2AI(OH); — Al,(SO,); + 6H,0
d. HCl + NH,0H — NH,Cl + H,0
Vy X Ny =V, X N,
50.0 mL X N; = 20.0 mL X 1.50N
N = 20.0 pal. X 1.50N
! 50.0 pal.

N, = 0.600N

Answer Key 97



25. VX N; =V, X N,
V, X 0.600N = 90.0 mL X 0.40N

v - S0mL X 0.40X
! 0.600)
V, = 60.0 mL

V; X (5.0N) = 400 mL X 0.20N
400 mL X 0.20¥

Vi

5.0
Vv, =16 mL
27. a. basic c. acidic
b. neutral d. basic
E. Essay

28. A measured amount of the base is placed in a
beaker. An acid-base indicator is added. A
burett is used to add acid of a known
concentration (the standard solution). Acid is
added until the indicator shows that
neutralization has occurred. This iz the end
point of the titration. The amount of acid
added 1is recorded. Based on the
concentration and amount of acid added, the
number of moles of acid added are
calculated. The equation for the
neutralization reaction is used to determine
the number of moles of base needed to
neutralize this amount of acid. The
concentration of the base can be calculated
from the number of moles of base required
and the volume. The calculation can also be
carried out in terms of normality.

F. Additional Questions

29. a. greaterthan7 d. 7
b. less than 7
c. 7

30. a. NH; + H" — NH,* _
b. NH,” + OH™ — NH; + H,0

e. greater than 7

1 mol (NH,),CO;
31. 0.96 g (NHE0; X
V23 7 96 g (NHPCO;,
= 0.010 mol (NH,),CO;
0.010 mol
20— 5.0 x 1074M (NH
o 107*M (NH,),CO;
= 5.0 X 107*M CO2
1 mol CaBr
0.20 T
£CaBT X 500 ¢ CaBr,

= 1.0 X 1073 mol CaBr,

98 Answer Key

-3
%—@l = 5.0 X 1075M CaBr,
© =5.0 X 1075M Ca?*
[Ca2*] X [CO4%7] = 5.0 X 1075 X 5.0 X 107
' =25x1078

Yes, a precipitate will form because the ion
product is larger than the K.

32. CaSO,(s) = Ca’*(ag) + SO,* (aq)
gfm CaSO, = 136.1 g/mol
0.67¢ _ 1mol
X
1L 7 136.1¢g
K, = [Ca®"] X [SO,*7]
= (4.9 X 107% X (4.9 x107%

=49 X 1073 mol/L

=24X%x107°
Chapter 21 Test B
A. Matching
1. h 5. i 9. e
2. a 6. j 10. d
3. g 7. ¢
4. f 8. b
B. Multiple Choice
11. d 16. ¢ 21. ¢
12. d 17. b 22. ¢
13. b 18. a 23. d
14. a 19. b 24. d
15. a 20. d
(. True-False
25. ST 27. ST 29. NT
26. AT 28. AT

D. Problems
30. a. HF(aq) + KOH(aq) — KE(ag) + H,0()

b. 2HNO;(ag) + Ba(OH),(aq)

c¢. H,S0,(aq) + 2LiOH{aq)
— Li,SO,(aq) + 2H,0()

d. 2H;PO,(aq) + 3Ca(OH),(aq)

31. H,S0,(ag) + 2KOH(aq) — K,S0,(aq) + 2H,00)

1 mol 2 mol 1 mol 2 mol
1 mol H,SO,
——s=_—2 %,
2 0.35 mol XoH

= (.18 I’I‘lOl H2804
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32. 2HCl(ag)+Ba(OH),(aq)—BaCl,(aq) +2H,0(])

33.

34.

2 mol 1 mol 1 mol 2 mol

2 mol HCI « (0.0154 molBafOH],
1 mol-BatoH, 1V
X _ap X (27.4 pal)
1000 pal. '
= 8.44 X 10* mol HCl
mol HCl _ 8.44 X 10™* mol

Molarity = === ""40501
= 0.042M
NV, = NV,
N,V
Vl = —]“v—l—
Vi = (0.350)(50.0 mL)
! (0.750)
V, =233 mL
CuCl(s) — Cu*(agq) + Cl™(ag)
Ky = [Cu™][Cl7]

3.2 X 1077 = [Cu™][Cut]
3.2 %X 1077 = [Cu™}?
5.7 X 1074M = [Cu*]

E. Essay

35.

A 0.25M H3PO, solution contains 0.25 moles
of solute per liter of total solution. Since
H,PO, is triprotic, each mole of the acid
contains 3 moles of hydrogen ions, or 3
equivalents. The normality of this solution is
thus 0.75N. This means that the 0.75N
solution contains 0.75 equivalents per liter of
solution. For H,PO,, N =3 X M.

F. Additional (Questions and Problems

36.

37.

38.

1 gl H,PO
15.0gﬂf@x§g6a;ﬁ

X 3 equiv/1 6l = 0.459 equiv H;PO,
NV = N, V,

— NZVZ
N=5
_ (4.0)(150.0 pal)
L (250.0 )
N, = 24N

CaS0,(s) = Ca**(aq) + SO, (aqg)
K, = [Ca**11S07 7]

6.10 X 1075 = [0.450][SO,*"]

1.36 X 107*M = [SO,*7]

39.

40.

[Ag™] =5.0X 1078Mand [CI7] = 1.0 X 107°M.
K, = [Ag™](CI]

Ky, = [5.0 X 107°][1.0 X 1077

Ky, =[5.0 X 107"7]

Since 5.0 X 107 is less than the K, of
1.8 X 10719 no precipitate will be produced.
[Pb?*] = 0.200M and [SO,*"] = 0.100M.

K, = [Pb*¥][S0,*7]

Ky, = [0.200](0.100]

Ky =2.00 X 1072

Since 2.0 X 1072 is greater than the Ky, of
1.8 X 1078, a precipitate will be produced.

Section Review 22.1

Part A Completion

1. redox 5. oxidizing
2. away 6. reduced
3. toward 7. reducing
4. reduction 8. oxidized
Part B True-False

9. AT 11. NT

10. AT 12. NT
Part ( Matching

13. e 15, f 17. a
14. b 16. c 18. d

Part D Questions and Problems

19.

20.

21,

Oxidation is the complete or partial loss of
electrons. Reduction is the complete or
partial gain of electrons.

The zinc metal, Zn, was oxidized and is the
reducing agent. The copper ion, Cu®*, was
reduced and is the oxidizing agent.

When oxygen and water attack iron, the iron
atoms lose electrons as the iron begins to be
oxidized. Since aluminum and zinc are better
reducing agents than iron and are more easily
oxidized, they immediately transfer electrons
to the iron ions, reducing them back to
neutral iron atoms.

Answer Key 99



Section Review 22.2
Part A (ompletion

1. zero 5. charge on theion
2. sign 6. electron
3. charge 7. oxidation
4. zero 8. decrease
Part B True-false

9. AT 12. NT 15. AT
10. AT 13. NT 16. AT
11. NT 14. NT
Part ( Matching

17. e 20. a 23. f
18. h 21. g 24. i
19. d 22. ¢ 25. b

Part D Questions and Problems

26. An increase in the oxidation number of an
atom indicates oxidation. A decrease in the

oxidation number indicates reduction.
27. Nisreduced (45 to +2);
Bris oxidized (—1 to 0)

Mn is reduced (+7 to +2);
Clis oxidized (—1 to 0)

N is reduced (+5 to +2);
Sbh is oxidized (0 to +5)

Sisreduced (+6 to +4);
C is oxidized (0 to +4)

Section Review 22.3
Part A Completion

1. oxidation number 5. two

2. half-reaction 6. added

3. balanced 7. ionic

4, ionic

PartB True-False

8. AT 10. AT 12. NT
9. AT 11. NT 13. NT
Part  Matching

14. c 17. b 20. g
15. a 18. ¢

16. f 19. d

100 Answer Key

PartD Questions and Problems

21,

22,

a.

HNO3; — NO; N changes +5 to +2, a gain
of 3¢™; multiply by 2

2HI — I,; I changes from —1 to 0, a loss of
2¢” for I; multiply by 3

2HNO, + 6HI — 2NO + 31, + 4H,0
HNOjz; — NO,; N changes +51t0 +4, a
gain of 1e~; multiply by 10

I, — 2HIO;; I changes from 0 to +5, a loss
of 10e™ for I,

$*~ > S+ 2¢” and

3e” + 4H' + NO; — NO + 2H,0;
Multiply the oxidation reaction by 3 and
the reduction reaction by 2.

3H,S + 2HNO, - 3S + 2NO + 4H,0

Fe** > Fe’* + ¢~ and 6e™ + 14H™ +
Cr,0,%~ = 2Cr** + 7H,0; multiply the

- oxidation reaction by 6

14H" + 6Fe?* + Cr,0,2~
— 6Fe?* + 2Cr* + 7H,0

Practice Problems

Section 22.1

1. Sr:  oxidized (reducing agent)
0, reduced (oxidizing agent)

2. Li: oxidized (reducing agent)
S:  reduced (oxidizing agent)

3. Cs: oxidized (reducing agent)
Br,: reduced (oxidizing agent)

4. Mg: oxidized (reducing agent)
N,: reduced (oxidizing agent)

5. Fe: oxidized (reducing agent)
0O,: reduced (oxidizing agent)

6. Br™: oxidized (reducing agent)
Cl,: reduced (oxidizing agent)

7. Si:  oxidized (reducing agent)
F, reduced (oxidizing agent)

8. Ca: oxidized (reducing agent)
0O, reduced (oxidizing agent)

9. Mg: oxidized (reducing agent)
H™: reduced (oxidizing agent)

10. Na: oxidized (reducing agent)

H,0: reduced (oxidizing agent)
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Section 22.2

1. a.

b.

Sn is tin in an uncombined state. The
oxidation number is 0.

The ionic charge on potassium is 1+, thus
the oxidation number is +1.

The ionic charge on sulfur is 2—, thus the
oxidation number is -2.

The ionic charge on iron is 3+, thus the
oxidation number is +3.

Se is selenium in an uncombined state.
The oxidation number is 0

The ionic charge on magnesium is 2+,
thus the oxidation number is +2.

The ionic charge on tin is 4+, thus the
oxidation number is +4.

The ionic charge on bromine is 1—, thus
the oxidation number is —1.

. +3 c. +2

+6 d. +6

0 +1 +6—2 +4 -2 +4 -2 +1 -2

. C + H,80, — CO, + SO, + H,0

Carbon is oxidized (0 — +4).
Sulfur is reduced (+6 — +4).
+1+5-2 +1-1 +2 -2 0 +1 -2
HNO; + HI - NO + [, + H,0
Nitrogen is reduced (+5 — +2).

Todide ion is oxidized (— 1 —0).
+1 +7 =2 +1 - +2 -1 +1 -2 +1-

KMnO,+ HCl—>MnC12+ C12+ H,0 + KCl
Manganese is reduced (+7 — +2).

Chloride ion is oxidized (—1 — 0).
+1+5 -2 +5 -2 +2-2 41 -2

Antimony is oxidized (0 — +5).
Nitrogen is reduced (+5 — +2).

. Oxidizing agent is sulfur;

Reducing agent is carbon.
Oxidizing agent is nitrogen;
Reducing agent is iodine.
Oxidizing agent is manganese;
Reducing agent is chlorine.
Oxidizing agent is nitrogen;
Reducing agent is antimony.

Section 22.3

1. a.

Increase in oxidation number of carbon
= +4; decrease in oxidation number of
sulfur = -2.

&

- e B0

Increase in oxidation number of sulfur =
+2; decrease in oxidation number of
nitrogen = —3.

3H,S + 2HNO3; — 3S + 2NO + 4H,0

Increase in oxidation number of iodine
ion = +1; decrease in oxidation number
of nitrogen = —3.

2HNO, + 6HI — 2NO + 31, + 4H,0

Increase in oxidation number of antimony
= +5; decrease in oxidation number of
nitrogen = —3.

6Sb + 10HNO; — 3Sb,05 + 10NO + 5H,0

Increase in oxidation number of chlorine
ion = +1; decrease in oxidation number
of manganese = —5.
2KMnO, + 16HCI

— 2MnCl, + 5Cl, + 8H,0 + 2KCl

Increase in oxidation number of iodine
ion = +1; decrease in oxidation number
ofiodine = —7.

KIO, + 7KI + 8HCl — 8KCI + 4I, + 4H,0

Increase in oxidation number of zinc =
+2; decrease in oxidation number of
chromium = -3.
37Zn + 2Cr,0,7~ + 28H"

— 3Zn2% + 4Cr3* + 14H,0

Fe?* — Fe3* + ¢~

5¢~ + 8H" + MnO,” — Mn?* + 4H,0
Sn?t — Sn*t + 2¢”

6H' + 6e~ + 10,7 —» 1™ + 3H,0

§27 =S+ 2e”

3e” + 4H* + NO;~ — NO + 2H,0

40H™ + Mn** — MnO, + 2H,0 + 2¢~
2¢” + H,0 + H,0, — H,0 + 20H"
20H~ + Zn + HgO — Zn0,*~ + Hg + H,0

8H" + 5Fe** + MnO,~
— 5Fe3* + Mn?" + 4H,0

6H* + 3Sn?* + 10;~ —3Sn*™ + 1~ + 3H,0
8H* + 35%2™ + 2NO;~ — 3S + 2NO + 4H,0
20H™ + Mn?* + H,0, — MnO, + 2H,0
20H™ + CrO, + ClO~

— Cr0,# + CI” + H,0

Interpreting Graphics 22

1. a. 3 d. 2
b. 2 e. 4
c. 3 f. 1

Answer Key 101



2.

3.

MnO,” + 8H* + 5Fe?*
— Mn?* + 4H,0 + 5Fe**

The end point occurs when the number of
equivalents of MnO,” added equals the
number of equivalents of Fe?* originally
present in the reaction flask. One equivalent
is the amount of reducing agent (or oxidizing
agent) that can give (or accept) one mole of
electrons. When all the Fe?* in the flask is
oxidized, the next drop of MnO,” remains
unreacted, and the solution in the flask turns
light purple, signaling the end point of the
titration.

. Volume KMnO, = Initial Volume — Final

Volume = 48.65 mL — 23.35 mL = 25.30 mL
, .02 1
Moles MnO,™ = 0.02530 Z. X %
= 5.06 X 10™* mol MnO,~

Moles iron(I) = 5.06 X 10™* mel MmO, ~
5 mol Fe?*
1 melMnO,~
Mass Fe = 2.53 X 1073 melFe?™
o 5585 gFe®" _ 0.141
1 metFe?™ ALE
0.141¢g
2.938 g

= 2.53 X 1073 mol Fe?*

% Fe in ore = X 100% = 4.80%

Vocabulary Review 22

L

©®N PG RN

ot
i

oxidizing agent
oxidation-number-change method
reduction

half-reaction method

oxidation number

reducing agent

half-reaction

oxidation-reduction reaction
oxidation

redox reaction

Quiz for Chapter 22

1.
2.
3.

102

b 4, b 7. C
a 5. a 8. d
b 6. a

Answer Key

Chapter 22 Test A

A. Matching

1. d 5,1 9. ¢
2. 6. g 10. h
3. f 7. e

4. a 8. b

B. Multiple Choice

11. b 17. ¢ 23. d
12. d 18. c 24, ¢
13. ¢ 19. a 25. ¢
14. b 20. a 26. c
15. a 21. ¢

16. b 22. b

(. Questions

27,

28.
29.

30.

a. Na oxidized, reducing agent; Br, reduced,
oxidizing agent
b. S reduced, oxidizing agent; K oxidized,
reducing agent
2Cr + 3Br, — 2Cr** + 6Br~
a. Li+1,Al+3,F-1
b. Na+1,0 -2
c. SO (element)
Oxidation-number change method:
2X (-3)=—6
+3 -2 +2 -2 0 +4 -2
Fe,05 + CO — Fe + CO,
Lt 1

3IX(+2)=+6

Fe,0; + 3CO — 2Fe + 3CO,
Half-reaction method:

6H"* + Fe,04 + 6¢~ — 2Fe + 3H,0
3(H,0 + CO— CO, + 2H" + 2¢7)

6H" + Fe,05 + 6~ + 3H,0 + 3CO
—> 2Fe + 3H,0 + 3CO, + 6H™ + 6e~

Fe,05 + 3CO — 2Fe + 3CO,

D. Essay

31.

An oxidation number is assigned to an
element in a compound according to a set of
arbitrary rules. The oxidation number of an
element in an uncombined state is zero. The
oxidation number of a monatomic ion is the
same in magnitude and sign as the ionic
charge. The sum of the oxidation numbers of
the elements in a neutral compound is zero.
In a polyatomic ion, however, the sum is
equal to the charge on the ion. Oxidation
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numbers help keep track of electrons in redox
reactions. An oxidation-number increase is
oxidation. A decrease is reduction.

Chapter 22 Test B
A. Matching

1. e 5.1 9. b
2. f 6. a 10. j
3.d 7. C

4. g 8. h

B. Multiple Choice

11. d 17, a 23. d
12. a 18. b 24. ¢
13. a 19. ¢ 25. d
14. d 20. ¢ 26. b
15. d 21. b 27. b
16. b 22. b 28. a

(. Questions .

29,

30.

31.

32.

o TR0

a. LI, K

b. Na; H; H,0; Na

H; Cy; CuO; H,

Mg; Cu; Cu(NO3),; Mg
K,SO, = +1, +6, =2
Cu(NOg), = +2, +5, —2
HAsO; = +1, +5, -2
MnO,” = +7, -2

3X(+1)=43

a. 4HNO, + 3Ag— 3AgNO; + NO + 2H,0
| |

I1X(—-3)=-3

1X(+2)=+2

[ l
b- Bl‘2 + SOZ + 2H20 b H2804 + ZHBI
| i

2X(-)=-2
a. HNO, + HI— I, + NO + H,0
H(ag) + NO, (aq) + H*(ag) + I (aq)
— L(ag) + NO(g) + H,0()
Oxidation: 21" (aq) — 1, + 2¢”
Reduction: 2[2H*(ag) + NO, (aq) + le”
> NO + H,0]
4H* + 2NO,” + 2¢~ — 2NO + 2H,0

4H* + 21" 4+ 2NO; — I, + 2NO + H,0
Final: 2HNO, + 2HI — I, + 2NO + 2H,0

b. K,Cr,0, + FeCl, + HCl -
CrCl; + KCl + FeCl; + H,0
2K* (ag) + Cr,0.,2 (aq) + Fe**(ag) + 2Cl~
+ H*(ag) + Cl™(ag)
— Cr**(ag) + 3C1 (ag) + K*(ag) + Cl™(ag)
+ Fe3*(ag) + 3Cl (ag) + H,0

Oxidation: 6[Fe?* — Fe?* + 1le7]
Reduction: 2Cr8* + 6™ — 2Cr3*
6Fe?* + 2Cr8*" — 6Fe’* + 2C3*

Final: K,Cr,0, + 6FeCl, + 14HCI

D. Essay

33.

Since oxidation is the loss of electrons, it can
only occur in the presence of another
substance that will accept the lost electrons.
The accepting substance gains electrons, and
thus, undergoes reduction. In other words, a
loss of electrons can only occur if a gain takes
place concurrently.

Section Review 23.1

Part A Completion

1.

electrochemical process

2. electrons

N oA e w

voltaic cells
salt bridge
ions

anode
cathode

Part B True-False

8.
9.

NT 10. NT
AT 11. ST

Part ( Matching

12.
13.
14.

g 15. b 17. e
f 16. ¢ 18. a
d

PartD Questions and Problems

19.

The shorthand notation Mg(s) | MgSO,(aq) ||
PbSO,(aq) | Pb(s) represents a magnesium-
lead voltaic cell. The single vertical lines
indicate boundaries of phases that are in
contact, and the double vertical lines
represent the salt bridge that separates the
anode compartment from the cathode
compartment. In this electrochemical cell,

Answer Key 103



Mg is oxidized to Mg?* at the anode (the
negative electrode) and Pb?* is reduced to Pb
at the cathode (the positive electrode).
Electrons flow from the anode, through an
external circuit (connected to a light bulb or
voltmeter), to the cathode. To complete the
circuit, sulfate (S0,27) anions move from the
cathode compartment to the anode
compartment, and magnesium and sodium
cations move from the anode compartment
to the cathode compartment. Check

- students’ diagrams.

Section Review 23.2

PartA (ompletion

1.

P RPNS AN

electric potential

electrons

electrons

reduction

cell potential

standard hydrogen electrode
0.00V

less

spontaneous

Part B True-False

10.
11.

NT 12. NT
ST 13. NT

Part ( Matching

14,
15.

b 16. f
d 17. ¢

18. a
19. e

Part D Questions and Problems
20.

Oxidation: Mg — Mg?* + 2e~
Reduction: 2e” + Cl,— 2CI”
Redox: Mg + Cl, — Mg** + 2Cl~
Ege]l = E?ed - ngid

= E%IZ - Eg/lg

=+1.36V— (—2.37V)

= +3.73V

104 Answer Key

Section Review 23.3
Part A Completion

1. electrolysis 5. electrolyte

2. electrolytic cell 6. hydrogen/oxygen
3. electrons 7. oxygen/hydrogen
4. battery 8. sodium metal
Part B True-false

9. AT 11. ST

10. ST 12. AT

Part ( Matching

13. b 15. e 17. a

14. d 16. c

PartD Questions and Problems

18. In electrolytic cells, electrical energy is used
to bring about a normally nonspontaneous
chemical reaction. In a voltaic cell, chemical
energy is converted to electrical energy by a
spontaneous redox reaction. Electrolytic cells
are used in electroplating, in refining metals,
and in the production of substances such as
sodium hydroxide, aluminum, sodium, and
chlorine. Voltaic cells are used in pacemakers,

hearing aids, and cameras.

19. (o)
N

Solution of silver ions

_ J

Anode (oxidation): Ag(s) — Ag" (aq) + e~

Cathode (reduction): Ag*(aqg) + e~ — Ag(s)

Practice Problems

Section 23.2 .

1. a. ClL(g) + Mg(s) — 2Cl (ag) + Mg** (aq)
Bl =136V — (-2.37V) =373V
cathode: Cl,(g) + 2e~ — 2Cl ™ (ag)

b. 2Ag*(aqg) + Ni(s) — Ni**(aq) + 2Ag(s)
E%,; =0.80V — (-0.25V) = 1.05V
cathode: Ag*(ag) + e~ — Ag(s)
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¢. 2MnO, (aqg) + 16H (aq) + 5Cd(s)

— 5Cd** (ag) + 2Mn?* (ag) + 8H,0()
Edy = 151V — (~0.40V) = 191V
cathode: MnO, (ag) + 8H (aqg) + 5¢~

— Mn?*(aq) + 4H,0()

d. Br, + 2Na(s) — 2Na*(ag) + 2Br™ (aq)
Bl = 107V — (—2.71V) = 3.78V
cathode: Br,(}) + 2e” — 2Br (ag)

e. MnO,(s) + 4H*(aq) + Hy(g

— 2H" (ag) + Mn**(aqg) + 2H,0())
Ed; =128V —0.00V =128V
cathode: MnO,(s) + 4H™ (ag) + 2e~

— Mn?*(ag) + 2H,0()

a. B0y =—0.14V — (=2.90V) = +2.76V;
spontaneous

b. B0, = +0.80V —1.36V=-0.56V;
nonspontaneous

c. By = +2.87V— (—0.76V) =+3.63V;
Spontaneous

d. E%; = —0.28V — (=3.05V) = +2.77V;
Spontaneous

e. B0y = —293V~—0.54V=-347V,

cell ™
nonspontaneous

Interpreting Graphics 23

1.
2. cathode(-)

3.

4. a. The anode(+) of the electrolytic cell

anode(+)

electrorefining

should be connected to the positive(+)
terminal of the battery. The cathode(—) of
the electrolytic cell should be connected
to the negative(—) terminal of the battery.

b. The anode of the: electrolytic cell is
connected to the cathode of the battery.
The cathode of the electrolytic cell is
connected to the anode of the battery.

Oxidation occurs at the anode, labeled
number 1 in the diagram. Reduction occurs
at the cathode, labeled number 2 in the
diagram.

Students should indicate the flow of electrons
out of the anode(+) and into the cathode(—).

The voltage should be great enough to oxidize
copper metal at the anode and reduce
copper(Il) ions at the cathode, but not high
enough to oxidize other metals at the anode

and reduce them at the cathode. The voltage
should be greater than 0.34 V but less than

0.44V.

8. a. gold, silver, and platinum
b. zinc 2+ andiron 2+
c. copper

Vocabulary Review 23

- 1. voltaic cell

fuel cell
electrochemical cell
electrochemical process
cathode

6. reduction potential

ANl ol

Solution: aluminum

Quiz for Chapter 23

1. NT 7. NT 13. NT
2. AT 8. AT . 14. AT
3. NT 9. AT 15. NT
4. AT 10. ST 16. AT
5. ST 11. NT 17. AT
6. NT 12. AT 18. NT
Chapter 23 Test A
A. Matching

1. b 5. 9. f
2. h 6. g 10. a
3.d 7. i

4. ¢ 8. e

B. Multiple Choice

11. d 16. a 21. ¢
12. b 17. d 22. ¢
13. ¢ 18. ¢ 23. a
14. ¢ 19. a 24, a
15. ¢ 20. a 25. ¢
(. True-False

26. NT 28. AT 30. NT
27. NT 29. NT

Answer Key

105



D. Question

31.

Anode Cathode
E. Essay
32. In both voltaic and electrolytic cells,

oxidation occurs at the anode and reduction
occurs at the cathode. In the voltaic cell, the

cathode is positive and the anode is negative.

In the electrolytic cell, the anode is positive
and the cathode is negative.

F. Additional Questions

33.

34.

35.

The negative value means that the tendency
for zinc ions to be reduced is less than that of
hydrogen ions to be reduced, so zinc metal is
oxidized when paired with the standard
hydrogen half-cell.

The reduction potential of a half-cell is a
measure of the tendency of a given half-
reaction to occur as a reduction.

a. Ni**(aqg) + 2e~ — Ni(s) E°=-0.25V
Zn**(aq) + 2e~ — Zn(s) E’=-0.76V
Ecen = Efea — Ega

—=0.76 V — (—-0.25V)

=—-051V
This reaction is not spontaneous.

b. 2[AB*(ag) + 3¢” > Al(s)] E°=-1.66V
3[Co?*(ag) + 2¢” — Co(s)] E°= —0.28V
Ecen = Efea — Edaa

=—-1.66V — (—0.28V)
=-—1.38V
This reaction is not spontaneous.

]

Chapter 23 Test B

A. Matching

1. h 5. ¢ 9. b
2. d 6. g 10. a
3. f 7.

4. 1 8. ¢

106  Answer Key

B. Multiple Choice

11. ¢ 17. d 23. b
12. d 18. a 24, a
13. b 19. d 25. b
14. ¢ 20. ¢ 26. ¢
15. d 21. b 27. d
16. a 22. ¢

(. True-False

28. NT 30. AT 32. AT
29. NT 31. AT 33. ST

D. Question

34.
Cu Ag
Anode Cathode
Cu(NO3), (aq) AgNOg3 (aq)
35. Cu(s) — Cu®'(ag) + 2¢~
2Ag* (aq) + 2e” — 2Ag(s)
Net: Cu(s) + 2Ag* (aq) — Cu** (aq) + 2Ag(s)
1:“"E:)ell = E(r)ed - ngid
= +0.80V — (+0.34V)
= +0.46V
E. Essay
36. In both voltaic and electrolytic cells,

electrons flow from the anode to the cathode
through the external circuit, reduction occurs
at the cathode, and oxidation occurs at the
anode. However, while the flow of electrons
in a voltaic cell is caused by a spontaneous
chemical reaction, in an electrolytic cell the
flow of electrons is being pushed by an
outside source such as a battery. Additionally,
while the anode is the negative electrode and
the cathode is the positive electrode in a
voltaic cell, the reverse is true in an
electrolytic cell—the anode in an electrolytic
cell is the positive electrode and the cathode
is negative.
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F. Additional Questions
37. Since Al is above Pb in the reduction potential

table, Al is oxidized and Pb is reduced. Thus,
the two half-cell reactions are as follows:

2[Al(s) — AP (ag) + 3e7]
3[Pb%*(aqg) + 2¢~ — Pb(s)]
Net: 2Al(s) + 3Pb?" (ag) — 2A13* (aqg) + 3Pb(s)
E(c)ell = E?ed - ngid
= —0.13V - (-1.66V)
= +1.53V

38. a. The half-reactions are:

Oxidation: Na(s) — Na*(ag) + e~

E0=-271V
Reduction: Cu**(ag) + 2¢~ — Cu(s)
E% = +0.34V

Qe = Efea — Eoud
Bl = +0.34V ~(=2.71V)
B, = +3.05V
Since the standard cell potential is
positive, the redox reaction will be
spontaneous.

b. The half-reactions are:

Oxidation: Ag(s) — Ag*(ag) + e~

E® = +0.80V
Reduction: Mg?* (aq) + 2e~ — Mg(s)
E0= -237V

Efen = Efea — Eouia
= —2.37V - (+0.80V)
= —-3.17V
Since the standard cell potential is
negative, the redox reaction will be
nonspontaneous.
c. The half-reactions are:

Oxidation: Al(s) — AI** (ag) + 3¢~

E’=-1.66V
Reduction: Zn®* (aq) + 2e” — Zn(s)
E’ = -0.76 V

Bl = Bhed — Boxa
= —0.76V — (—1.66V)
= +0.90V

Since the standard cell potential is
positive, the redox reaction will be
spontaneous.

39.

Reaction 1: since Z is oxidized and X** is
reduced, Z appears above X in the activity
series.

Reaction 2: since W is not oxidized in the
presence of X**, W should appear below X.
Reaction 3: since Y is oxidized and Z2* is
reduced, Y appears above Z.

The elements should be listed as follows:
Y, Z, X, and W.

Section Review 24.1

Part A Completion

1.

—
- O

© P NS U BN

alkali

alkali salts

one

sodium hydroxide
hydrogen gas
electrical

sodium chloride
Chlorine gas
alkaline-earth
Magnesium

. calcium
12.

slaked lime

Part B True-False

13. AT 15. AT 17. AT
14. NT 16. AT

Part ( Matching

18. e 20. d 22. b
19. c 21. a

PartD Questions and Problems

23.

24.

a. 2Na(s) + 2H,0() — 2NaOH(aq) + H,(g)
b. Ca(s) + 2H,0()) — Ca(OH),(ag) + H,(g
The chemical reactivity increases as you go
down each group. Of the alkali metals,
lithium is the least reactive and cesium is the
most reactive. Of the alkaline-earth metals,
beryllium is the least active and barium is the
most active.

Answer Key 107



Section Review 2.2

Part A (ompletion

1.

boron

2. borax

© P NSO R ®

10.
11.
12.

aluminum

bauxite

Al,O; or aluminum oxide
diamond/graphite
diamond/graphite
nitrogen

N,/a diatomic molecule
ammonia

Oxygen
ozone (Oj)

PartB True-False

13. AT 15. ST 17. NT
14. ST 16. AT

Part ( Matching

18. ¢ 20. e 22. b
19. f 2. a 23. d

PartD Questions and Problems

24.

The halogens exist as compounds in nature.
Fluorine and chlorine are greenish-yellow
reactive gases, bromine is a dark-red liquid,
and iodine is a purple-black solid. Most of the
compounds of the halogens are soluble in
water. Fluorine is the most reactive of all
nonmetals and the strongest elemental
oxidizing agent known. Chlorine is used to
purify drinking water and swimming pools,

and in sewage treatment. Chlorine is also -

used to make vinyl chloride, which is used to
make the plastic polyvinyl chloride (PVC).
Chloride ions are an important component of
the blood and other body fluids. Iodide ions
are necessary for thyroid function.

Section Review 24.3

Part A Completion

1.

ductile/malleable

2. ductile/malleable

ok oW

108

oxidation state
tungsten
mercury

Answer Key

10,
11.
12.
13.

© ® N

copper

Zinc

Iron

steel

Gold

inner transition elements
lanthanide

actinides

Part B True-False

14.
15.

AT 16. ST
ST 17. AT

Part ( Matching

18.
19.

e 20. d 22. ¢
b 21. a

Part D Questions and Problems

23.

24,

There are two types of steels: carbon steels
and alloy steels. Both types actually contain
carbon, but carbon steels contain no other
metal other than iron. Carbon steel, with less
than 0.2% carbon, is called mild steel and is
used when load-bearing ability is not
important. Medium steels, which contain
from 0.2% to 0.6% carbon, are used for
structural materials. High carbon steels
contain between 0.8% and 1.5% carbon and
are used to make items for which hardness is
important. Alloy steels are called stainless
steels and contain high percentages of
chromium and nickel. The most common
stainless steel contains 18% chromium and
8% nickel.

18
— X =
24 100% = 75% gold

Section Review 2.k

Part A Completion

1.

hydrogen

2. alkali metal

A R Al

halogen

hydrogen bromide (HBr)
sodium hydride (NaH)
Water

ammonia

rocket fuel

noble gases

Prentice Hall, Inc. All rights reserved.



Prentice Hall, Inc. All rights reserved.

10.

separate

11. xenon tetrafluoride (XeF,)

Part B Tree-False

12. AT 14. AT
13. NT 15. AT
Part ( Matching

16. d 18. ¢ 20. f
17. a 19. e 21. b

PartD Questions and Problems

- 22,

23.

a. H,(g) + Cl,(g) — 2HCl(g)

b. H,(g) + 2Na(s) — 2NaH(s)

Hydrogen, like the halogens, has one fewer
valence electron than the noble gas it
precedes. Like the halogens, it reacts with
alkali metals to form compounds in which it
has an oxidation state of — 1. It is a gas and the
gases appear in the upper right-hand section
of the periodic table. These properties make
it reasonable to place hydrogen in Group 7A.
Hydrogen is more often placed above Group
1A because, like an alkali metal, it reacts with
halogens to form compounds in which it has
an oxidation state of +1.

Interpreting Graphics 2k

1.

Check students’ tables.

2. Check students’ tables.

3.

5.

6.

Check students’ tables. Most of the 92
naturally occurring elements are solids at
room temperature.

" Cesium is the most reactive alkali metal.

Cesium is expected to be much less
electronegative than fluorine. As a group, the
alkali metals are the least electronegative
elements in the periodic table. Because
electronegativity decreases as you move
down a group, cesium, and francium, a rare
and radioactive element, are expected to be
the least electronegative elements of all.
Fluorine, on the other hand, is the most
electronegative element in the periodic table.

Beryllium is chemically the most stable
element in Group 2A.

All of the noble gases are essentially inert
(except in rare instances).

7.

~ 10.

Group 7A elements are called halogens; they
behave as oxidizing agents in most chemical
reactions. Fluorine is the strongest elemental
oxidizing agent known.

The metalloids are solids at room
temperature; they conduct electricity at high
temperatures but act as electrical insulators
at low temperatures. The p-block consists of
Groups 3A, 4A, 5A, 6A, 7A, and 0 with the
exception of helium. The p-block elements
have electrons in their outermost p sublevel.
In general, the valence electron configuration
for these elements could be written as ns’np?,
where 1= x =6.

Mercury is a liquid at room temperature.
Platinum is often used to catalyze chemical
reactions.

Check students’ tables and keys.

Vocabulary Review 2k

1. b 5. f 8. j
2. a 6. c 9. g
3. d 7.1 10. h
4. e

Quiz for Chapter 2k

1. c 8. ST

2. b 9. AT

3. a 10. silicon
4. b 11. phosphorus
5. ST 12. sulfur

6. NT 13. fluorine
7. NT

Chapter 2 Test A

A. Matching

1. d 5. ¢ 8. ]
2.1 6. a 9. e
3. f 7. g 10. b
4, h

B. Multiple Choice

11. a 16. ¢ 21. b
12, a 17. ¢ 22. b
13. b 18. ¢ 23. ¢
14. ¢ 19. a 24, d
15. b 20. d 25. b

Answer Key 109



C. True-False

26.
27.
28.
29.

AT 30. NT 34. AT
AT 31. NT 35. NT
AT 32, NT 36. AT
AT 33. AT 37. AT

D. Questions

38.

39.

In general, the more reactive an element, the
more likely it is to occur in nature in the
combined, rather than in the free, state. Thus,

-while the alkali metals always occur in the

combined state, the noble gases are almost
always found in the free state.

The Group 0 elements are named the noble
gases because, like nobility, they do not mix
with others—in this case, other atoms. Noble
gases are unreactive because they have full
outer shell electron configurations and, thus,
have no need to lose, gain, or share electrons.

E. Essay

40.

The alkali metals are more reactive than the
alkaline-earth metals; neither group occurs

. free in nature, the alkali metals must be

stored under oil or kerosene to prevent their
reacting with water; no such precaution is
needed for the alkaline-earth metals. The
alkali metals are more soluble in water than
the alkaline-earth metals.

Chapter 24 Test B

A. Matching

1. f 5. i 8.
2. 6. a 9. e
3. g 7. h 10. b
4. d

B. Multiple Choice

11. d 16. d 21. a
12. b 17. ¢ 22, d
13. ¢ 18. b 23. c
14. ¢ 19. ¢ 24. c
15. b 20. d 25. b
(. True-False

26. NT 30. AT 34. NT
27. AT 31. AT 35. NT
28. AT 32. AT 36. AT
29. AT 33. ST 37. ST
110 Answer Key

D. Questions

38.

39.

All three elements have low chemical
reactivity and, thus, generally occur free in
nature. Since all three are shiny in the
uncombined state, humans were probably
drawn first to their appearance, then to their
malleability.

Because alkali metals all contain a valence
electron, they tend to lose that electron to
achieve a stable noble gas configuration. The
low first ionization energies of alkali metals

result in frequent chemical reactions with.

other elements.

E. Essay

40.

The halogens are very reactive, while the
noble gases seldom react; the halogens are
found combined in nature, but the noble
gases are usually free. The iodide ion is
essential for a healthy thyvroid, the fluoride
ion is needed for healthy teeth, and chlorine
is used as a disinfectant in swimming pools.
The noble gases are used in weather balloons
(He), to fill deep-sea diving tanks (He and Ne,
with O,), and as the inert atmosphere in flash
bulbs (Ar, Kr, and Xe).
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ANSWER KEY

Section Review 21.1
Part A Completion

1. acid 6.
2. hydroxide 7.
3. water 8.
4. neutralization 9.
5. titration 10.

Part B True-false

11. AT - 13.
12. AT 14.

Part ( Matching
15. ¢ 17. a
16. e 18. b

end point
equivalence
mass

one mole

2 equivalents

ST
AT

19. d

Part D Questions and Problems
20. a. H,PO, + Al(OH), — AIPO, + 3H,0

Section Review 21.2
Part A Completion

1. salt 6.
2. acidic 7.
3. basic 8.
4. neutral 9.
5. hydrolyze 10.
Part B True-False

11. NT ' 13.
12. NT 14.
Part ( Matching

15. a 17.

16. d 18.

strong

weak

buffer

capacity
solubility product
constant

AT
AT

PartD Questions and Problems
19. [CO427] = 0.00070M
[Ba?*] = 0.0015M
[CO,%7] X [Ba?t]
= (7.0 X 107*M) X (1.5 X 1073M)
=1.1x107

Precipitation occurs because the ion product
(1.1 X 1079 is greater than the K, of BaCO,
(5.0 X 1079).

Practice Problems

Section 21.1

1. 2NaOH(ag) + H,SO0,(aq)

— Na,50,(aq) + 2H,0())
0.75 molH30,

11 H580;

= 0.021 mol NaOH

0.014 LH;S0; X

% 2 mol NaOH
1 melH:50;
moles 0.021 mol NaOH
liters  0.038 L NaOH
= 0.55M NaOH
2. Ca(OH),(aq) + 2HC,H,0,(ag)
— Ca(C,H;0,),(ag) + 2H,0())

0.0140 mol HE;H;0),
0.0142 LHGH;G; X
e 1 LHEAH0,

% 1 mol Ca(OH),
2 molHEH;O,
= 9.94 X 107° mol Ca(OH),
= 9.94 X 107° mol Ca(OH),

Molarity =

9.94 X 10~° mol Ca(OH),
0.0246 L Ca(OH),
= 0.00404M
3. Ca(OH),(aq) + H,S0,(aq)
— CaS0,(aq) + 2H,0()

0.0100 mol Ca{OHT;
1 L CatoHy,

Molarity =

0.0198 L CatOH); X

% 1 mol H,SO,
1 mol-CatOH),;

= 0.000198 mol H,S0,

moles  0.000198 mol H,SO,

liters  0.0124 LH,SO,

= 0.0160M H,SO0,

Molarity =

Answer Key 95



4. Ba(OH),(ag) + 2HCl(aq)

5.

2.

3.

96

— BaCl,(ag) + 2H,0()
: 0.25 molHCl
. X ———
0.0122 LHCl T 5l
% 1 mol Ba(OH),
2mol HC

= 0.0015 mol Ba(OH),

moles _ 0.0015 mol Ba(OH),
molarity  0.12M Ba(OH),
= 0.0125 L Ba(OH), = 13 mL Ba(OH),
Al(OH)3(aq) + 3HCl(aq)
—s AlCly(aq) + 3H,0()

liters =

1 molAHOHT;
0.0550 g AMOH); X —— =
37 78.0 g AUOHY,
3 mol HCI
X ——————— = 0.00212 mol HCI
1 mol AHOH];
. moles 0.00212 mol HCl
liters = =
molarity 0.200M HCI
= 0.0106 L. HCI = 10.6 mL HC]
1.20 i
420 X _I%%ul_v = 5.04 equiv KOH
H3PO, contains 3 equiv/mol;

normality = 1.2N H;PO,

24.6 ¢ HCl
8. —F2——=0. i
36.5 #lequiv 0.674 equiv HCl
- 0.674 equiv
. Normality = ————— = 0.
ormality 150 L 0.449N HCl
Ny X Vy  0.110 X X 68.0 mL
9. VA = = 5
N, 0.250)¢
‘Section 21.2
1. CHO,” + H* = HCHO,

HCHO, + OH™ ‘== CHO,” + H,0

a. Ca(OH),(s) = Ca’"(aq) + 20H (ag)
K, = [Ca®*] X [OH™)?

b. Ag,CO5(s) = 2Ag*(aq) + CO* (aq)

Ky, = [Ag™1? X [CO4*T]

Ag,CO,(s) = 2Ag*(aq) + CO5* " (aq)

K, = [Ag'1? X [CO4*7T

Kp= 0% =81%x 107"

4x*=8.1x 10712

¥ =20x107*

x =13 X 107*M = [CO4*7]

[AgT] =2x =26 X 107*M

Answer Key

9.

Fe(OH),(s) = Fe**(aq) + 20H™ (aq)
K, = [Fe**] x [OH]?

[Fe?*] = 0.5[0H"] = 6.0 X 107

K, = (6.0 x107%(1.2 X 10752

K, = 8.6 X 10716

SrCO; = Sr?* + CO4%~

K, = [Sr**] X [CO4*7]

Let x = [Sr?™] = [CO5*7]
Kp=x*=93x107"°

x=[Sr*"] = 3.0 X 107°M

. K = [Ag)? X [CO4™]

Let [Ag'] = 2xand [CO* ] = x

assume x << 0.20 mol

K, = (2x)%(0.20) = 8.1 X 107 %

PZ=10x10"1

x=3.2 X 1075M = [CO4*7]

[Ag'] = 6.4 X 1075\

K,,(PbSO,) = 6.3 X 1077 = [Pb*"] X [SO,*7]

The total volume of solution is 1000 mL, so

[Pb%*] = 0.0020 mol/L = 0.0020M

[SO,27] = 0.0012 mol/L = 0.0012M

[Pb?*] X [SO,>7] = (0.0020)(0.0012)
=24X10"®

Because this product exceeds the K, value,
precipitation will occur.

K,(CaC0y) = 4.5 X 1079 = [Ca®*] X [CO4*"]

The total volume is 1000 mL, so

[Ca?*] = 0.0021 mol/L = 0.0021M

[CO4*7] = 0.0013 mol/L = 0.0013M

[Ca?*] X [CO4%7] = (0.0021)(0.0013)
=27x%x107°

Because this product exceeds the K, value,
precipitation will occur.

NaCl has no ion in common with Mg(OH),.

Interpreting Graphics 21

1.

C4H,COOH + NaOH — CgH;COONa + H,0

One mole of sodium hydroxide will
neutralize one mole of benzoic acid.

2. To determine the equivalence point, find the

area of the titration curve where the pH

-changes abruptly when a small volume of

NaOH is added. Locate the point on
this steep portion of the curve equidistant
between the two plateaus. The pH at the
equivalence point is approximately 8.5; the
solution is slightly basic.
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10.

Benzoic acid is a weak acid. The
neutralization of a weak acid with a strong
base, such as NaOH, produces a basic
solution at the equivalence point.

. 0.025 £ X 0.10 mol/¥. NaOH

= 0.0025 mol NaOH

The equivalence point occurs when the

number of moles of NaOH added equals the

number of moles of C;H;COOH originally

present. Because NaOH is a strong base,

each mole of NaOH added reacts with each

mole of C;H;COOH present. Thus, at the

equivalence point,

[CcH;COOH] = [NaOH] = 0M and

0.0025 mol
0.050L

Based on the answers to questions 4 and 5,
0.0025 mol CgH;COOH were originally
present in a volume of 25 mlL.
0.0025 mol
0.025L

Because the equivalence point occurs
between pH 6 and pH 11, phenolphthalein
would be a good choice. A faint pink color
should be detected at the equivalence point.
Thymol blue might also be a good candidate.
Students should draw a horizontal band on
the graph encompassing the pHrange 8-10 to
show the region of the curve where
phenolphthalein would be an effective
indicator of neutralization.
CsH;COO™ + H,0 = C4H;COOH + OH~
At the equivalence point, the benzoate ion
establishes the equilibrium shown. The
resulting solution is slightly basic because
[OH™] > [H"].

_ [CHsCOOH][OH™]

Thus, [C;H;COOH] = = 0.10M

b [CeH;COO0™]
pH + pOH =14
8.5 + pOH = 14
pOH =55

[OH7] =3.2 X 1075
At the equivalence point [OH™] =
[CeH;COOH] = 3.2 X 107%M
[C¢H;COO™] = 0.050M

_ (32x1079?

: =20x 10710
b (0.050)

Vocabulary Review 21
1. hydrolyzing salts

2. solubility product constant (Kgp)
3. neutral
4. equivalence point
5. normality (V)
6. neutral salts
7. buffer
8. one equivalent
Quiz for Chapter 21
1. d 4. a 7. b
2. a 5. ¢ 8. c
3. ¢c 6. b
Chapter 21 Test A
A. Matching
1. d 4. f 7. h
2. ¢ 5. a 8. g
3.b 6. e
B. Multiple Choice
9. d 12. a 15. ¢
10. ¢ 13. a 16. b
1. b 14. d
(. True-False
17. ST 19. ST 21. ST
18. NT . 20. AT
D. Problems
22. gfim H,50,=82.1g
1.00 melH;80;
. X
20.5 g H;56; 821 -
2 equiv H,580, .
X —=——=—3 —,
1 30, 0.499 equiv H,S04

23. a. 2H,PO, + 3Ca(OH), — Ca,(PO,), + 6H,0

b. 2HBr + Mg(OH), — MgBr, + 2H,0
c. 3H,S0, + 2AI(OH); — AL,(SO,); + 6H,0
d. HCl + NH,OH - NH,C] + H,0
24. VX N, =V, XN,
50.0 mL X N; = 20.0 mL X 1.50N
N - 20.0 pall X 1.50N
! 50.0 pal.

N, = 0.600N

Answer Key



25.

26.

VIXN, =V, XN, »
V1 X 0.600N = 90.0 mL X 0.40N

v = 0mL % 0.40)
! 0.600/
V; = 60.0 mL

Vi X Ny =V, X N,
V; X (5.0N) = 400 mL X 0.20N
400 mL X 0.20)

" 5.0
Vi =16 mL
27. a. basic c. acidic
b. neutral d. basic
E. Essay
- 28. A measured amount of the base is placed ina

beaker. An acid-base indicator is added. A
burett is used to add acid of a known
concentration (the standard solution). Acid is
added until the indicator shows that
neutralization has occurred. This is the end
point of the titration. The amount of acid
added is recorded. Based on the
concentration and amount of acid added, the
number of moles of acid added are
calculated. The equation for the
neutralization reaction is used to determine
the number of moles of base needed to
neutralize this amount of acid. The
concentration of the base can be calculated
from the number of moles of base required
and the volume. The calculation can also be
carried out in terms of normality.

f. Additional Questions

29.

30.

31.

98

d. 7
e. greater than7

a. greater than 7
b. lessthan7

c. 7

a. NH; + H" - NH," .
b. NH," + OH™ — NH; + H,0

1 H,),CO
0.96 g (NEL,e0r, x 0L (NH4);C0,
96 4/2 3
= 0.010 mol (NH,),CO;
0.010 mol
—————=50x10"*
o0 = 50 X 107M (NH,),CO;
= 5.0 X 107*M CO5*~
1 mol CaBr.
0.20 g CaBr; X ————2
27 200 g CaBr,

= 1.0 X 107 mol CaBr,

Answer Key

32.

1.0 X 1073 mol .

ool - 20x10 M CaBr,
- =50X107°M Ca?*

[Ca®*] X [CO427] = 5.0 X 1075 X 5.0 X 107

' =25x 1078

Yes, a precipitate will form because the ion
product is larger than the K,

CaSO,(s) = Ca?*(ag) + SO~ (aq)
gfm CaSO, = 136.1 g/mol
0.67¢ _ 1mol
X
1L " 136.1¢g
K, = [Ca?*] X [SO,*"]
= (4.9 X 1073 X (4.9 X 107%)

=49 %X 1072 mol/L

=24x107°

(hapter 2] Test B
A. Matching

1. h 5. i 9. e
2. a 6. j 10. d
3. g 7. ¢

4. f 8. b

B. Multiple Choice

11. d 16. ¢ 21. ¢
12. d 17. b 22. ¢
13. b 18. a 23. d
14. a 19. b 24. d
15. a 20. d

(. True-False

25. ST 27. ST 29. NT
26. AT 28. AT

D. Problems

30.

31.

a. HF(aq) + KOH(aq) — KF(aq) + H,0()

b. 2HNO,(ag) + Ba(OH),(aq)

c¢. H,SO,(aq) + 2LiOH(ag)
- Li,SO4(aq) + 2H,0()

d. 2H;PO,(aq) + 3Ca(OH),(aq)
— Cay(POy),(ag) + 6H,0()

1 mol 2 mol 1 mol 2 mol
1 mol H,S0O,
—=—= X (.
3 0.35 moel KO

= 0.18 mol H,S0,
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32.

33.

34.

2HCl(aqg) +Ba(OH),(ag)—BaCl,{aq) +2H,0()

2 mol 1 mol 1 mol 2 mol
2 mol HCl y (0.0154 mol BatoH),
1 mol-BatoH), 1L
10%0?17(12 X (27.4 pal)
= 8.44 X 10™* mol HCI
Molarity — mol HCl _ 8.44 X 10™* mol
L : 0.020 L
= 0.042M
NV, =NV,
_ NV,
V= Tl
V= (0.350)(50.0 mL)
! (0.750)
V, =23.3mL

CuCl(s) — Cu*(ag) + Cl™(aq)
K, = [Cu™][CI™]

3.2 X 1077 = [CuT][Cu*]

3.2 X 1077 = [Cu™)?

5.7 X 107*M = [Cu']

E. Essay

35.

A 0.25M H;PO, solution contains 0.25 moles
of solute per liter of total solution. Since
H,PO, is triprotic, each mole of the acid
contains 3 moles of hydrogen ions, or 3
equivalents. The normality of this solution is
thus 0.75N. This means that the 0.75N
solution contains 0.75 equivalents per liter of
solution. For H;PO,, N =3 X M.

F. Additional Questions and Problems

36.

37.

38.

1 m6l H,PO,

. ngng) X ———
15:0 47 98.0 g HPO,

X 3 equiv/1 padl = 0.459 equiv H;PO,
NV, =NV,

_ NV
N = 7

(4.0)(150.0 pal)
N =
(250.0 pal))

CaSO,(s) = Ca**(aq) + SO (ag)

= [Ca®*1[SO5]
6.10 X 1075 = [0.450][SO,*"]
1.36 X 107*M = [SO,*7]

*]1=5.0x10"8Mand [C17] = 1.0 X 10°M.
= [Ag*]ICI7]
= [5.0 X 107¥][1.0 X 1079

Ksp = [5.0 X 107%]

Since 5.0 X 107" is less than the K, of

1.8 X 107*, no precipitate will be produced.
40. [Pb?*] = 0.200M and [SO,*"] = 0.100M.

K, = [Pb**}[SO,]

K, = [0.200]{0.100]

K, =2.00 X 1072

Smce 2.0 X 1072 is greater than the K, of
1.8 X 1078, a precipitate will be produced

39. [

Section Review 22.1

PartA Completion

1. redox 5. oxidizing
2. away 6. reduced
3. toward 7. reducing
4. reduction 8. oxidized
PartB True-False

9. AT 11. NT

10. AT 12. NT
Part ( Matching

13. e 15. 17. a
14. b 16. ¢ 18. d

Part D Questions and Problems

19. Oxidation is the complete or partial loss of
electrons. Reduction is the complete or
partial gain of electrons.

20. The zinc metal, Zn, was oxidized and is the
reducing agent. The copper ion, Cu®**, was
reduced and is the oxidizing agent.

21. When oxygen and water attack iron, the iron
atoms lose electrons as the iron begins to be
oxidized. Since aluminum and zinc are better
reducing agents than iron and are more easily
oxidized, they immediately transfer electrons
to the iron ions, reducing them back to
neutral iron atoms.

Answer Key 99



Section Review 22.2
PartA Completion

1. zero 5. charge on the ion
2. sign 6. electron
3. charge 7. oxidation
4. zero 8. decrease
Part B True-false

9. AT 12. NT 15. AT
10. AT 13. NT 16. AT
11. NT 14. NT
Part ( Matching

17. e 20. a 23. f
18. h 21. g 24. i
19. d 22. ¢ 25. b

PartD Questions and Problems

26. An increase in the oxidation number of an
atom indicates oxidation. A decrease in the
oxidation number indicates reduction.

27. Nisreduced (+5to +2);
Br is oxidized (—1 to 0)

Mn is reduced (+7 to +2);
Clis oxidized (—1 to 0)

N is reduced (+5 to +2);
Sb is oxidized (0 to +5)

S is reduced (46 to +4);
C is oxidized (0 to +4)

Section Review 22.3
PartA (ompletion

1. oxidation number 5. two

2. half-reaction 6. added

3. balanced 7. ionic

4. ionic

Part B True-false

8. AT 10. AT 12, NT
9. AT 11. NT 13. NT
Part ( Matching

14. c 17. b 20. g
15. a 18. e

16. f 19. d

100 Answer Key

Part D Questions and Problems

21. a. HNO; — NO; N changes +5 to +2, a gain
of 3¢7; multiply by 2
2HI — I,; I changes from —1 to 0, a loss of
2e” for L; multiply by 3
2HNO, + 6HI — 2NO + 31, + 4H,0

b. HNO; — NO,; N changes +5to +4, a

gain of le™; multiply by 10
I, -~ 2HIQg; I changes from 0 to +5, a loss
of 10e” for L,
10HNO, + I, — 2HIO; + 10NO, + 4H,0

22. a. S > S+ 2¢ and
3e” +4H* + NO; — NO + 2H,0;
Multiply the oxidation reaction by 3 and
the reduction reaction by 2.

3H,S + 2HNO; — 3S + 2NO + 4H,0

b. Fe** - Fe®" + ¢  and 6e™ + 14H" +
Cr,0,2” = 2Cr** + 7H,0; multiply th
oxidation reaction by 6 '
14H* + 6Fe?* + Cr,0,%~

— 6Fe** + 2Cr°* + 7H,0

Practice Problems
Section 22.1

1. Sr:  oxidized (reducing agent)
0O,: reduced (oxidizing agent)

2. Li: oxidized (reducing agent)
S:  reduced (oxidizing agent)

3. Cs: oxidized (reducing agent)
Br,: reduced (oxidizing agent)

4. Mg: oxidized (reducing agent)
N,: reduced (oxidizing agent)

5. Fe: oxidized (reducing agent)
0O,: reduced (oxidizing agent)

6. Br: oxidized (reducing agent)
Cl,: reduced (oxidizing agent)

7. Si:  oxidized (reducing agent)
F, reduced (oxidizing agent)

8. Ca: oxidized (reducing agent)
0, reduced (oxidizing agent)

9. Mg: oxidized (reducing agent)
H*: reduced (oxidizing agent)
10. Na: oxidized (reducing agent)
H,0: reduced (oxidizing agent)
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Section 22.2

1. a.

b.

Sn is tin in an uncombined state. The
oxidation number is 0.

The ionic charge on potassium is 1+, thus
the oxidation numberis +1.

The ionic charge on sulfur is 2—, thus the
oxidation number is —2.

The ionic charge on iron is 3+, thus the
oxidation number is +3.

Se is selenium in an uncombined state.
The oxidation number is 0

The ionic charge on magnesium is 2+,
thus the oxidation number is +2.

The ionic charge on tin is 4+, thus the
oxidation number is +4.

The ionic charge on bromine is 1—, thus
the oxidation number is —1.

. +3 c. +2

+6 d. +6

+1 +6—2 +4 -2 +4 -2 +1 -2

. G + 1,80, — CO, + SO, + H,0

Carbon is oxidized (0 — +4).
Sulfur is reduced (+6 — +4).
+14+5-2 +1-1 +2-2 0 +1 =2
HNO,; + HI - NO + I, + H,0
Nitrogen is reduced (+5 — +2}.

Todide ion is oxidized (—1 — 0).

+1 +7 -2 +1 -1 +2 -1 +1 -2 +1-
KMnO,+ HCl->MnCl,+ C12+ H,0 + KCl
Manganese is reduced (+7 — +2).

Chloride ion is oxidized (—1 — 0).
+145 -2 +5 -2 +2 -2 +1 -2

Sb + HNO, — Sb,0; + NO + H,0

Antimony is oxidized (0 — +5).
Nitrogen is reduced (+5 — +2).

. Oxidizing agent is sulfur;

Reducing agent is carbon.
Oxidizing agent is nitrogen;
Reducing agent is iodine.
Oxidizing agent is manganese;
Reducing agent is chlorine.
Oxidizing agent is nitrogen;
Reducing agent is antimony.

Section 22.3

1. a.

Increase in oxidation number of carbon
= +4; decrease in oxidation number of
sulfur = —2.

C + 2H,580, — CO, + 2S0; + 2H,0

&

=, e B0

Increase in oxidation number of sulfur =
+2; decrease in oxidation number of
nitrogen = —3.

3H,S + 2HNO, — 33 + 2NO + 4H,0

Increase in oxidation number of iodine
ion = +1; decrease in oxidation number
of nitrogen = -3.

2HNO; + 6HI — 2NO + 31, + 4H,0

Increase in oxidation number of antimony
= +5; decrease in oxidation number of
nitrogen = —3.

6Sb + 10HNO; — 3Sb,05 + 10NO + 5H,0

Increase in oxidation number of chlorine
ion = +1; decrease in oxidation number
of manganese = —5.
2KMnO, + 16HCl

— 2MnCl, + 5Cl, + 8H,0 + 2KC1

Increase in oxidation number of iodine
ion = +1; decrease in oxidation number
of iodine = —7.

Increase in oxidation number of zinc =
+2; decrease in oxidation number of
chromium = -3.
3Zn + 2Cr,0,2~ + 28H"*

—> 3Zn** + 4Cr* + 14H,0

Fe?* — Fedt + e~
5¢~ + 8H' + MnO,” — Mn?** + 4H,0
Sn?* — Sn** + 2e”
6H' + 6e” + 105~ — 1~ + 3H,0
$>” S+ 2e
3e” + 4H* + NO;~ — NO + 2H,0
40H™ + Mn?* — MnO, + 2H,0 + 2e~
2¢” + H,0 + H,0, - H,0 + 20H™
20H" + Zn + HgO — Zn0,?” + Hg + H,0
8H' + 5Fe?* + MnO,~

— 5Fe3* + Mn?* + 4H,0

6H* + 3Sn%** + 10;~ — 3Sn*™ + 1™ + 3H,0
8H* + 382" 4+ 2NO;~ — 3S + 2NO + 4H,0
20H" + Mn?* + H,0, — MnO, + 2H,0
20H™ + Cr0, + ClO~

— CrO,2™ + ClI” + H,0

Interpreting Graphics 22
1. a. 3

d. 2
b. 2 e. 4
c. 3 f.1

Answer Key 101



2. MnO,” + 8H" + 5Fe?*

— Mn?* + 4H,0 + 5Fe®*

3. The end point occurs when the number of

equivalents of MnO,~ added equals the
number of equivalents of Fe?** originally
present in the reaction flask. One equivalent
is the amount of reducing agent (or oxidizing
agent) that can give (or accept) one mole of
electrons. When all the Fe?* in the flask is
oxidized, the next drop of MnO,” remains
unreacted, and the solution in the flask turns
light purple, signaling the end point of the
titration.

Volume KMnO, = Initial Volume — Final
Volume = 48.65 mL — 23.35 mL = 25.30 mL

.02
Moles MnO,~ = 0.02530 ¥. X %Omol
= 5.06 X 107* mol MnO,~

Moles iron(Il) = 5.06 X 10™* melMO],~
5 mol Fe?*
1 mol MmO,
Mass Fe = 2.53 X 1073 melFe?™
55.85 g Fe?*

X ———=10.141
1 melFe®™ 8

0.141 g
2938¢g

= 2.53 X 1073 mol Fe?*

% Fe in ore = X 100% = 4.80%

Vocabulary Review 22

1.
2.
3.

10.

© LN aR

oxidizing agent
oxidation-number-change method
reduction

half-reaction method

oxidation number

reducing agent

half-reaction

oxidation-reduction reaction
oxidation

redox reaction

Quiz for Chapter 22

1.
2.
3.

b 4. b 7. C
a 5. a 8. d
b 6. a

102 Answer Key

Chapter 22 Test A

A. Matching

1. d 5.1 9. ¢
2. j 6. g 10. h
3. f 7. €

4, a 8. b

B. Multiple Choice

11. b 17. ¢ 23. d
12, d 18. c 24. c
13. ¢ 19. a 25. ¢
14. b 20. a 26. c
15. a 21. ¢

16. b 22. b

(. Questions

27.

28.
29.

30.

a. Na oxidized, reducing agent; Br, reduced,
oxidizing agent

b. S reduced, oxidizing agent; K oxidized,
reducing agent

2Cr + 3Br, — 2Cr®" + 6Br~

a, Li+1,Al+3,F -1

b. Na+1,0 -2

c. SO0 (element)

Oxidation-number change method:

2X(-3)=-6
+3 -2 42 -2 0 +4 =2
Fe,0; + CO — Fe + CO,
I

3X(+2)=+6

Fe,0; + 3CO — 2Fe + 3CO,
Half-reaction method:

6H" + Fe,0; + 6~ — 2Fe + 3H,0
3(H,0 + CO — CO, + 2H* + 2¢7)

6H" + Fe,03 + 6¢~ + 3H,0 + 3CO

D. Essay

31.

An oxidation number is assigned to an
element in a compound according to a set of
arbitrary rules. The oxidation number of an
element in an uncombined state is zero. The
oxidation number of a monatomic ion is the
same in magnitude and sign as the ionic
charge. The sum of the oxidation numbers of
the elements in a neutral compound is zero.
In a polyatomic ion, however, the sum is
equal to the charge on the ion. Oxidation
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Prentice Hall, Inc. All rights reserved.

numbers help keep track of electrons in redox
reactions. An oxidation-number increase is
oxidation. A decrease is reduction.

Chapter 22 Test B
A. Matching

1. e 5. i 9. b
2, f 6. a 10. j
3. d 7. ¢

4. g 8. h

B. Multiple Choice

11. d 17, a 23. d
12. a 18. b 24, ¢
13. a 19. c 25. d
14. d 20. c 26. b
15. d 21. b 27. b
16. b 22. b 28. a

(. Questions

29.

30.

31.

32,

a. GLL; K

b. Na; H; H,0; Na

H; Cu; CuO; H,

Mg; Cu; Cu(NO3),; Mg
K,S0, = +1, +6, =2
Cu(NOg), = +2, +5, -2
HAsO; = +1, +5, =2
MnO,” = +7, -2

3IX(+1)=+3

Mo T a0

a. 4HNO, + 3Ag— 3AgNO; + NO + 2H,0
| |

1X(~-3)=-3

1X (+2) = +2

| |
| |

. 2X(-1)=-2
a. HNO, + HI— I, + NO + H,0
H"(ag) + NO, (ag) + H" (aq) + 1" (aq)
- L(ag) + NO(g) + H,0()
Oxidation: 21" (aq) — I, + 2e”
Reduction: 2[2H" (ag) + NO, (aq) + le~
~, NO + H,0]

4H* + 2NO,™ + 2¢” — 2NO + 2H,0

4HT + 2I" + 2NO; — I, + 2NO + H,0
Final: 2HINO, + 2HI — I, + 2NO + 2H,0

b. K,Cr,0, + FeCl, + HCl -
CrCl; + KCI + FeCl; + H,0
2K*(aq) + Cr,0.,°"(aq) + Fe*" (ag) + 2C1~
+ H*(ag) + Cl™ (aq)
— Cr**(ag) + 3C1™(ag) + K* (ag) + Cl (ag)
+ Fe3*(ag) + 3Cl (ag) + H,0

Oxidation: 6[Fe?t — Fe?* + 1le7)
Reduction: 2Cr%* + 6e~ — 2Cr37
6Fe2* + 2Cr8%* — 6Fe3t + 2Cr3t

Final: K,Cr,0, + 6FeCl, + 14HCI
— 2CrCly + 2KCl + 6FeCl; + 7H,0

D. Essay

33.

Since oxidation is the loss of electrons, it can
only occur in the presence of another
substance that will accept the lost electrons.
The accepting substance gains electrons, and
thus, undergoes reduction. In other words, a
loss of electrons can only occur if a gain takes
place concurrently.

Section Review 23.1

Part A Completion

1.

electrochemical process

2. electrons

NS e ®

voltaic cells
salt bridge
ions

anode
cathode

Part B True-False

8.
9.

NT 10. -NT
AT 11. ST

Part ( Matching

12.
13.
14.

g 15. b 17. e
f 16. c 18. a
d

Part D Questions and Problems

19.

The shorthand notation Mg(s) | MgSO,(aq) ||
PbSO,4(aq) | Pb(s) represents a magnesium-
lead voltaic cell. The single vertical lines
indicate boundaries of phases that are in
contact, and the double vertical lines
represent the salt bridge that separates the
anode compartment from the cathode
compartment. In this electrochemical cell,

Answer Key 103



Mg is oxidized to Mg?* at the anode (the
negative electrode) and Pb?* is reduced to Pb
at the cathode (the positive electrode).
Electrons flow from the anode, through an
external circuit (connected to a light bulb or
voltmeter), to the cathode. To complete the
circuit, sulfate (SO,27) anions move from the
cathode compartment to the anode
compartment, and magnesium and sodium
cations move from the anode compartment
to the cathode compartment. Check

- students’ diagrams.

Section Review 23.2

PartA Completion

1.

electric potential

2. electrons

©ENS AW

electrons

reduction

cell potential

standard hydrogen electrode
0.00V

less

spontaneous

PartB True-False

10.
11.

NT 12. NT
ST 13. NT

Part ( Matching

14.
15.

b 16. f
d 17. ¢

18. a
19. e

Part D Questions and Problems

20.

Oxidation: Mg — Mg** + 2e~
Reduction: 2¢” + Cl,— 2C1I7
Redox: Mg + Cl, —» Mg?* + 2Cl~
Egell = E(r)ed - ngid

= E(()Il2 - Eg/[g

=+1.36V — (—2.37V)

= +3.73V

104 Answer Key

Section Review 23.3

Part A (ompletion

1. electrolysis 5. electrolyte

2. electrolytic cell 6. hydrogen/oxygen
3. electrons 7. oxygen/hydrogen
4, battery 8. sodium metal
Part B True-false

9. AT 11. ST

10. ST 12. AT

Part ( Matching

13. b 15. € 17. a

14. d 16. ¢

Part D Questions and Problems

18.

19.

In electrolytic cells, electrical energy is used
to bring about a normally nonspontaneous
chemical reaction. In a voltaic cell, chemical
energy is converted to electrical energy by a
spontaneous redox reaction. Electrolytic cells
are used in electroplating, in refining metals,
and in the production of substances such as
sodium hydroxide, aluminum, sodium, and
chlorine. Voltaic cells are used in pacemakers,
hearing aids, and cameras.
(oc)
\

Solution of silver ions
A 4

Anode (oxidation): Ag(s) — Ag*(aq) + e~
Cathode (reduction): Ag* (aq) + e~ — Ag(s)

Practice Problems
Section 23.2

1.

a. Cly(g) + Mg(s) — 2Cl ™ (aq) + Mg** (ag)
El; =136V — (-2.37V) =3.73V
cathode: Cl,(g) + 2¢~ — 2Cl (ag)

b. 2Ag*(aq) + Ni(s) — Ni**(ag) + 2Ag(s)
BE%;; =0.80V — (—0.25V) = 1.05V
cathode: Ag*(ag) + e — Ag(s)
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c. 2MnO, (aq) + 16H" (ag) + 5Cd(s)

— 5Cd?*" (ag) + 2Mn** (ag) + 8H,0())
El; =151V — (—-0.40V) =191V
cathode: MnO, " (ag) + 8H"(aqg) + 5¢~

— Mn?*(aqg) + 4H,0()

d. Br, + 2Na(s) — 2Na*(aq) + 2Br (aq)
By = 1.07V — (-2.71V) = 3.78V
cathode: Br,(]) + 2¢~ — 2Br™ (aq)

e. MnO,(s) + 4H"(ag) + Hy(g)

— 2H*(aq) + Mn?*(aq) + 2H,0())
By = 1.28V —0.00V =1.28V
cathode: MnO,(s) + 4H*(ag) + 2e~

— Mn**(ag) + 2H,0()

a. By = —014V - (-2.90V) = +2.76V;
spontaneous

b. B0y = +0.80V —1.36V=-0.56V;
nonspontaneous

c. B0y = +2.87V— (—0.76V) =+3.63V;
spontaneous

d. By = —0.28V — (=3.05V) = +2.77V;
spontaneous

e. B0y =—293V—054V=-347V;
nonspontaneous

Interpreting Graphics 23

1.
2. cathode(-)

3.

4. a. The anode(+) of the electrolytic cell

anode(+)

electrorefining

should be connected to the positive(+)
terminal of the battery. The cathode(—) of
the electrolytic cell shoi1d be connected
to the negative(—) terminal of the battery.

b. The anode of the: electrolytic cell is
connected to the cathode of the battery.
The cathode of the electrolytic cell is
connected to the anode of the battery.

Oxidation occurs at the anode, labeled
number 1 in the diagram. Reduction occurs
at the cathode, labeled number 2 in the
diagram.

Students should indicate the flow of electrons
out of the anode(+) and into the cathode(—).

The voltage should be great enough to oxidize
copper metal at the anode and reduce
copper(Il) ions at the cathode, but not high
enough to oxidize other metals at the anode

and reduce them at the cathode. The voltage
should be greater than 0.34 V but less than

0.44V.

8. a. gold, silver, and platinum
b. zinc 2+ and iron 2+

c. copper

Vocabulary Review 23

- 1.

Al ol

6.
Solution: aluminum

voltaic cell
fuel cell

electrochemical cell

electrochemical process

cathode

reduction potential

Quiz for Chapter 23
1. NT 7. NT
2. AT 8. AT
3. NT 9. AT
4. AT 10. ST
5. ST 11. NT
6. NT 12. AT

Chapter 23 Test A

A. Matching
1. b 5.
2. h 6. g
3. d 7. i
4. c 8. e

B. Multiple Choice
11. d 16. a
12. b 17. d
13. ¢ 18. ¢
14, c 19. a
15. ¢ 20. a

(. True-False
26. NT 28. AT

27. NT 29. NT

13.
14.
15.
16.
17.
18.

10.

21.
22,
23.
24.
25,

30.

Answer Key

NT
AT
NT
AT
AT
NT

O P00

NT

105



D. Question
31.

Anode Cathode

E. Essay

32. In both voltaic and electrolytic cells,
oxidation occurs at the anode and reduction
occurs at the cathode. In the voltaic cell, the

cathode is positive and the anode is negative.

In the electrolytic cell, the anode is positive
and the cathode is negative.

f. Additional Questions

33. The negative value means that the tendency
for zinc ions to be reduced is less than that of
hydrogen ions to be reduced, so zinc metal is
oxidized when paired with the standard
hydrogen half-cell.

The reduction potential of a half-cell is a
measure of the tendency of a given half-
reaction to occur as a reduction.

35. a. Ni**(ag) + 2e~ — Ni(s) E'=—025V
Zn**(aq) + 2e~ — Zn(s) E’=-0.76V
Edon = Efea — Edna

=—-0.76 V- (—0.25V)
=-051V
This reaction is not spontaneous.

b. 2[AP"(ag) + 3¢ — Al(s)] E°=-1.66V
3[Co%**(aqg) + 2¢” — Co(s)] E°= —0.28V
Egen = Efed — Bdua

=—-1.66V — (-0.28V)
= —1.38V
This reaction is not spontaneous.

34.

Chapter 23 Test B

A. Matching

1. h 5. c 9. b
2. d 6. g 10. a
3. f 7.

4. i 8. e

106 Answer Key

B. Multiple Choice

11. ¢ 17. d 23. b
12. d 18. a 24. a
13. b 19. d 25. b
14. ¢ 20. ¢ 26. ¢
15. d 21. b 27. d
16. a 22. ¢

(. True-False

28. NT 30. AT 32. AT
29. NT 31. AT 33. ST

D. Question

34.

35.

Cu(N 03) 2 (aq)

AgNO3 (aq)

Cu(s) — Cu®**(ag) + 2e~
2Ag* (ag) + 2e~ — 2Ag(s)
Net: Cu(s) + 2Ag* (aq) — Cu®*(aq) + 2Ag(s)
Egell = E?ed - ngid
= +0.80V — (+0.34V)
= +0.46V

| E. Essay

36.

In both voltaic and electrolytic cells,
electrons flow from the anode to the cathode
through the external circuit, reduction occurs
at the cathode, and oxidation occurs at the
anode. However, while the flow of electrons
in a voltaic cell is caused by a spontaneous
chemical reaction, in an electrolytic cell the
flow of electrons is being pushed by an
outside source such as a battery. Additionally,
while the anode is the negative electrode and
the cathode is the positive electrode in a
voltaic cell, the reverse is true in an
electrolytic cell—the anode in an electrolytic
cell is the positive electrode and the cathode
is negative.
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F. Additional Questions

37. Since Alis above Pb in the reduction potential

table, Al is oxidized and Pb is reduced. Thus,
the two half-cell reactions are as follows:

2[Al(s) — A¥* (ag) + 3e7]
3[Pb**(ag) + 2¢~ — Pb(s)]
Net: 2Al(s) + 3Pb?* (ag) — 2A1¥* (aq) + 3Pb(s)
Blen = Efea — Edxa
=013V~ (-1.66V)
= +153V

38. a. The half-reactions are:

Oxidation: Na(s) — Na*(aq) + e~

E'=-2.71V :
Reduction: Cu?* (ag) + 2e~ — Cu(s)
E’ = +0.34V

Efen = Efea — Eduia
By = +0.34V —(—2.71V)

cell —

E® = +3.05V

cell
Since the standard cell potential is
positive, the redox reaction will be
spontaneous.

b. The half-reactions are:

Oxidation: Ag(s) — Ag*(aq) + e~

E'= +0.80V
Reduction: Mg?* (ag) + 2e~ — Mg(s)
E' = -2.37V

Elen = Bled — Bdxia
= —-2.37V — (+0.80V)
=-317V

Since the standard cell potential is
negative, the redox reaction will be
nonspontaneous.

¢. The half-reactions are:

Oxidation: Al(s) — AI3* (ag) + 3e”

E'=-1.66V
Reduction: Zn?* (aq) + 2~ — Zn(s)
E'= -0.76V

B = E%d — Boxia
= —0.76V — (—1.66V)
= +0.90V

Since the standard cell potential is
positive, the redox reaction will be
spontaneous.

39.

Reaction 1: since Z is oxidized and X** is
reduced, Z appears above X in the activity
series.

Reaction 2: since W is not oxidized in the
presence of X**, W should appear below X.
Reaction 3: since Y is oxidized and Z** is
reduced, Y appears above Z.

The elements should be listed as follows:
Y, Z, X, and W.

Section Review 2k.1

Part A Completion

1.

P
— O

© PN g ®DN

alkali

alkali salts

one

sodium hydroxide
hydrogen gas
electrical

sodium chloride
Chlorine gas
alkaline-earth
Magnesium

. calcium
12.

slaked lime

Part B True-False

17. AT

13. AT 15. AT

14. NT 16. AT

Part ( Matching

18. e 20. d 22. b
19. ¢ 21. a

Part D Questions and Problems

23.

24,

a. 2Na(s) + 2H,0() — 2NaOH(ag) + H,(g)
b. Ca(s) + 2H,0()) - Ca(OH),(aq) + H,(g)
The chemical reactivity increases as you go
down each group. Of the alkali metals,
lithium is the least reactive and cesium is the
most reactive. Of the alkaline-earth metals,
beryllium is the least active and barium is the
most active.

Answer Key 107



Section Review 2.2

Part A (ompletibn

1.

boron

2. borax

10.
11,
12.

© P NP G ®

aluminum

bauxite

Al,O5 or aluminum oxide
diamond/graphite
diamond/graphite
nitrogen

N,/a diatomic molecule
ammonia

Oxygen
ozone (O3)

Part B True-False

13. AT 15. ST 17. NT
14. ST 16. AT

Part ( Matching

18. ¢ 20. e 22. b
19. f 21. a 23. d

Part D Questions and Problems

24.

The halogens exist as compounds in nature.
Fluorine and chlorine are greenish-yellow
reactive gases, bromine is a dark-red liquid,
and iodine is a purple-black solid. Most of the
compounds of the halogens are soluble in
water. Fluorine is the most reactive of all
nonmetals and the strongest elemental
oxidizing agent known. Chlorine is used to
purify drinking water and swimming pools,

and in sewage treatment. Chlorine is also -

used to make vinyl chloride, which is used to
make the plastic polyvinyl chloride (PVC).
Chloride ions are an important component of
the blood and other body fluids. Iodide ions
are necessary for thyroid function.

Section Review 24.3

Part A Completion

1.

ok BN

ductile/malleable
ductile/malleable
oxidation state
tungsten

mercury

108 Answer Key .

10.
11.
12.
13.

© PN

copper
Zinc

Iron

steel

Gold

inner transition elements
lanthanide

actinides

Part B True-False

14.
15.

AT 16. ST
ST 17. AT

Part ( Matching

18.
19.

e 20. d 22. ¢
b 21. a

Part D Questions and Problems

23.

24.

There are two types of steels: carbon steels
and alloy steels. Both types actually contain
carbon, but carbon steels contain no other
metal other than iron. Carbon steel, with less
than 0.2% carbon, is called mild steel and is
used when load-bearing ability is not
important. Medium steels, which contain
from 0.2% to 0.6% carbon, are used for
structural materials. High carbon steels
contain between 0.8% and 1.5% carbon and
are used to make items for which hardness is
important. Alloy steels are called stainless
steels and contain high percentages of
chromium and nickel. The most common
stainless steel contains 18% chromium and
8% nickel.

18
— X =
24 100% = 75% gold

Section Review 2.k

PartA Completion

1.

hydrogen

2. alkali metal

N R A Al

halogen

hydrogen bromide (HBr)
sodium hydride (NaH)
Water

ammonia

rocket fuel

noble gases
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10.
11.

separate
xenon tetrafluoride (XeF,)

Part B True-False

12. AT 14. AT
13. NT 15. AT
Part ( Matching

16. d 18. ¢ 20. f
17. a 19. e 21. b

PartD Questions and Problems

23.

. 22. a. H,(g) + Cl(g) — 2HCI(g)

b. H,(g) + 2Na(s) — 2NaH(s)

Hydrogen, like the halogens, has one fewer
valence electron than the noble gas it
precedes. Like the halogens, it reacts with
alkali metals to form compounds in which it
has an oxidation state of —1.Itis a gas and the
gases appear in the upper right-hand section
of the periodic table. These properties make
it reasonable to place hydrogen in Group 7A.
Hydrogen is more often placed above Group
1A because, like an alkali metal, it reacts with
halogens to form compounds in which it has
an oxidation state of +1.

Interpreting Graphics 2k

1.

Check students’ tables.

2. Check students’ tables.

3.

- 5.

Check students’ tables. Most of the 92
naturally occurring elements are solids at
room temperature.

Cesium is the most reactive alkali metal.
Cesium is expected to be much less
electronegative than fluorine. As a group, the
alkali metals are the least electronegative
elements in the periodic table. Because
electronegativity decreases as you move
down a group, cesium, and francium, a rare
and radioactive element, are expected to be
the least electronegative elements of all.
Fluorine, on the other hand, is the most
electronegative element in the periodic table.

Beryllium is chemically the most stable
element in Group 2A.

6. All of the noble gases are essentially inert

(except in rare instances).

7. Group 7A elements are called halogens; they

behave as oxidizing agents in most chemical
reactions. Fluorine is the strongest elemental
oxidizing agent known.

The metalloids are solids at room
temperature; they conduct electricity at high
temperatures but act as electrical insulators
at low temperatures. The p-block consists of
Groups 3A, 4A, 5A, 6A, 7A, and 0 with the
exception of helium. The p-block elements
have electrons in their outermost p sublevel.
In general, the valence electron configuration
for these elements could be written as ns’np”,
where 1= x =6.

Mercury is a liquid at room temperature.
Platinum is often used to catalyze chemical
reactions.

~ 10. Check students’ tables and keys.

Vocabulary Review 2k

1. b 5. f 8. j
2. a 6. c 9. g
3. d 7. i 10. h
4, e

Quiz for Chapter 24

1. ¢ 8. ST

2. b 9. AT

3. a 10. silicon
4. b 11. phosphorus
5. ST 12, sulfur

6. NT 13. fluorine
7. NT
Chapter 2k Test A
A. Matching

1. d 5. 8. j
2.1 6. 9. e
3. f 7 10. b
4. h
B. Multiple Choice

11. a 16. ¢ 21. b
12. a 17. ¢ 22. b
13. b 18. ¢ 23. ¢
14. ¢ 19. a 24. d
15. b 20. d 25. b

Answer Key 109



(. True-False

26.
27.
28.
29.

AT 30. NT 34. AT
AT 31. NT 35. NT
AT 32. NT 36. AT
AT 33. AT 37. AT

D. Questions

38.

39.

In general, the more reactive an element, the
more likely it is to occur in nature in the
combined, rather than in the free, state. Thus,

‘while the alkali metals always occur in the

combined state, the noble gases are almost
always found in the free state.

The Group 0 elements are named the noble
gases because, like nobility, they do not mix
with others—in this case, other atoms. Noble
gases are unreactive because they have full
outer shell electron configurations and, thus,
have no need to lose, gain, or share electrons.

E. Essay

40.

The alkali metals are more reactive than the
alkaline-earth metals; neither group occurs

. free in nature, the alkali metals must be

stored under oil or kerosene to prevent their
reacting with water; no such precaution is
needed for the alkaline-earth metals. The
alkali metals are more soluble in water than
the alkaline-earth metals.

Chapter 2k Test B

A. Matching
L f 5. i 8. ¢
2. j 6. a 9. e
3. g 7. h 10.
4. d
B. Multiple Choice
11. d 16. d 21. a
12. b 17. ¢ 22. d
13. ¢ 18. b 23. ¢
14. ¢ 19. ¢ 24, ¢
15. b 20. d 25. b
(. True-False
26. NT 30. AT 34. NT
27. AT 31. AT 35. NT
28, AT 32. AT 36. AT
29. AT 33. ST 37. ST
110 Answer Key

D. Questions

38.

39.

All three elements have low chemical
reactivity and, thus, generally occur free in
nature. Since all three are shiny in the
uncombined state, humans were probably
drawn first to their appearance, then to their
malleability.

Because alkali metals all contain a valence
electron, they tend to lose that electron to
achieve a stable noble gas configuration. The
low first ionization energies of alkali metals

result in frequent chemical reactions with.

other elements.

E. Essay

40.

The halogens are very reactive, while the
noble gases seldom react; the halogens are
found combined in nature, but the noble
gases are usually free. The iodide ion is
essential for a healthy thyroid, the fluoride
ion is needed for healthy teeth, and chlorine
is used as a disinfectant in swimming pools.
The noble gases are used in weather balloons
{(He), to fill deep-sea diving tanks (He and Ne,
with O,), and as the inert atmosphere in flash
bulbs (Ar, Kr, and Xe).
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