4. Determine the forraula for ionic compounds
composed of the following ions.

a. copper(ll) and acetate

Cu4(C,H;0,),

b. ammionium and phosphate

{NH,),PO,

<. calcinm and hydroxide

Ca(OH),

d. gold(IIl) and cyanide
Au{CN),

5. Mame the following compounds.

a. Co(OH),
cobalt{ll} hydroxide -

i

Ca(C10,),
calcium chlorate
c. Na PO,
sodium phosphate
d. I,Cr,0
potassium dichromate

e. SrI2

strontium iodide

f. HgF,

mercury{ll) fluoride

Chapter 8
Section 8.1

1. Draw the Lewis structure for each of the

following molecules,

a. CCLH,
H
:ﬁlm(l:mé:l:
i

f’ g Sukg é»? e Pral

w back of rr%

b. HF
H—E:
c. PCl
."|—il='——¢:t:
:(_:_l:
d. CH,
i
H"—ii:-“H
H

.

2. 9% #ypt3?

Section 8.2
' 2.}Name the following binary compounds.

&a.

<.

8N,

tetrasulfur dinitride

OCi,

oxygen dichloride
SF6

sulfur hexafluoride
NO

nitrogen monoxide
Si0,

silicon dioxide

IF 7

iodine heptafluoride

yName the following acids: H;PO,, HBr, HNO,,

phosphoric acid; hydrobromic acid; nitric acid

Sectlon 8.3
Q} g 4. Draw the Lewis structure for each of the

_/f‘follnwmg

;&! g&{ a.
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¢ N,O
IN=OQ==N:
d. OCl,
G0
:gl_l:
e. Si0,
D=5i=0;
f. AlBr,
:B.;‘:
A

L

5. Draw the Lewis resonance structura for CO3-“.

90 1
FM

CH,CO,",

Solutions Manual

8 ,Delem;me the maolecnlar geometry, bend-angles,

7 and-hybrid-ef-each molecule in question 4.
a. CO

linear, 180° sp

b. CH,0
trigonal planar, 120°, sp?

c. N,O
linear, 180°, sp

d. 0Cl,
bent, 104,5°, sp3

e. 5i0,
linear, 180°, sp

f. AIBI‘3
trigonal planar, 120, sp?

Se;tlon 8.5

‘9 iDeterrmne whether each of the following
./ molecules is polar or nonpolar.

a. CHEO

The molecular shape is trigonal planar. The
charge distribution is not symmetric due to
the prasence of more electronegative oxygen.
The molecule is polar.

b. BF,

The molecular shape is trigonal planar. The
charge distribution is symmetric. The molecule
is nonpolar.

. SiH,

The molecular shape is tetrahedral. The charge
distribution is symmetric. The molecule is
nonpolar.

d. H,S

The molecular shape is bent. The charge
distribution is not symmetric. The molecule is
polar.
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Chapter 9

Section 9.1

Write skeleton equations for the following
reactions.
1. Solid barium and oxygen gas react to produce
solid barium oxide.

Bals) + 0,{g) — Bao(s)

2. Solid iron and aqueous hydrogen sulfate react
to produce aqueous iron(lIT) sulfate and Baseous
hydrogen.

Fe(s) + H,50,(aq) — Fey(50,)4(aq) + H,(g)

Write balanced chemieal equations for- the
following reactions.

3. Liquid bromine reacts with solid phosphorus (P,)
to produce salid diphosphorus pentabromide.

5Br,(l) + Py(s) — 2P, Bry(s)

Ea

Aqueous lead(TI) nitrate reacts with aqueolls
potassium fodide to produce solid lead(TI)
iodide and aqueous potassium nitrate.

Pb(NOa)z(aq) + 2I(l(aq) — Pbl,(s} + 2INO(aq)

5. Salid carbon reacts with gaseous fluorine 1o
produce gaseous carbon tetrafluoride,
Cls) + 2F,(g) — CFy(g)

6. Aqueous carbonic acid reacts to produce liguid
water and gaseous carbon dioxide.

H,€04(ag) — H,01) + €O, (g) O\q‘»\’\
2 : 24 Q %/\\J\Write chemical equations for the following

7. Gaseous hydrogen chloride reacts with gaseouns
ammonia to praduce solid ammonium chloride.

HCI(g) + NHy(g) — NH,CI(s)
8. Solid copper(Il) sulfide reacts with aqueous

nitric acid (o produce aqueous copper(Il)
sulfate, liquid water, and nitrogen dioxide gas.

Cus(s) - 8HNO,(aq) —» CuSO,f(aq} + 4H,0())
+ BNO,(g)

512 Chemistry: Matter and Change » Appendix C

Section 9.2

Classify eaeh of the following reactions into as
many types as possible,

9. ZMo(s) + 30,(g) — 2IMo0O,(s)

synthesis; combustion

10. N>H,(1) + 30,(g) — 2NO,(g) + 2H,0())

combustion

Write balanced chemical equations for the
following decomposition reactions.

11. Agueous hydrogen chiprite decomposes to
produce water and gaseous chiorine(TIT) gxide,

2HCIO,{aq) — H 0} + Cl,04(g)

12. Calcium carbonate(s) decomposes to produce
calcium oxide(s) and carbop dioxide(g).
"CaC0y(s) — CaO(s) + CO,(g)

Use the activity series to predict whether each
of the following single-replacement reactiong
will occur,

13. Al(s) + FeCly(ag) — A{C13(aq) + Fe(s)

Yes, aluminum is listed above iron.

14, Br,(l) + 2Lil(aq) — 2LiBr(aq) + L;(aq)

Yes, bromine is listed above iodine.

15. Cu(s) + MgS0O,{aq) — Mg(s) + CuSO,(ag)

No, copper is listed below magnesium.

fﬁ? ical reactions.
E’JBismuthﬂﬂ) nitrate(aq) reacts with sodium

sulfide(aq), yielding bismuth(IIT) suifide(s) plus
sodium nitrate(aq).

~, ABI(NO.),(aq) + 3Na,5(aq) — Bi,S,(s)
£\ + 6NaNO,(ag)

/ Magnesium chloride(aq) reacts with potassium
carbonate(aq), yielding magnesium carbonate(s)
plus potassinm chloride(aq).

Mgcl,(aq) + K,C0,4(aq) -5 MgCOy(s) + 2KCl{aq)

Solutions Manual
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2.

2Al + 3CnSO, — AL(S0,), + 3Cu 4. Write and balance the equation for the decom-
position of aluminum carbonate. Determine the
possible mole ratios.

2 atoms Al + 3 formula units Cus0, —
1 formula unit AL(S0,); + 3 atoms Cu

2 males Al + 3 moles CuS0, — 1 mole Al,(5Q,); + Al (CO3)5(5) — Al O4(s)+ 3C0,(g)

3 moles Cu -1 mol Al,(CO.) 1 mol AL{CO,),
26.98 g Al - 1 mol Al,O 3 mol CO
2 met AT x 02292 _ 5396 Al 23 2
1 metAT 1 mol AL O, 1 mol Al,O,
159.62 g CusO 1 mol AL{CO,) 3 mol CO
3 mel€us0, x 22702 9 HT, AN L 2
1mol€aso, - 3 mol €O, 3 mol €O,
= 478.86 g CusO, Tmol AL{CO,); 1 mol ALO,
342.17 g AL(SO,), ‘ ‘
1 melAl{ST,J; x — Ol RSO, P% '\ 5.) Write and balance the equation for the forma-
2504} :

5
J
= 342.17 g AL{SO,); %5 tion of magnesium hydroxide and hydrogen

from magnesium and water, Determine the
3 moter x 83:35 9 CU_. 19065 g Cu possibie mole ratios, :

1 mel-Cl
Mag(s) + 2H,0(1) — Mg(OH),(s) + H.(g)
53.96 g Al + 478.86 g CuSO, — 9 2 9t=hn, 2\d
342.17 g AL(50,); + 190.65 g Cu 1 mol Mg 1 mol Mg 1 mol Mg

2mol H,O 1 mol Mg(OH), 1 mol H,
Cu(NO3)2 + 2KOH — Cu(OH)2 -+ 2KNO3 3 mol K0 2mol O 2 mol H.O
2 2 2

1 formula unit C‘u(N03)Z + 2 formula units KOH Tmol Mg 1 mol Mg(OH), 1mol H,
—+ 1 formula unit Cu(OH), + 2 formula
units KNO,

1 mol Mg{OH}, 1 mol Mg(OH), 1 mol Mig({OH),
1 mol Mg 2 mol H,0 1mol H,

1 mole Cu{(NO,}, + 2 meles KOH — 1 mole
Cu(OH), + 2 moles KNO, TmolH;, 1molH, 1 mol H,
187.57 g CU(N03)Z 1 mol Mg 2 mol HZO 1 mol Mg(OH)Z

1 metEatiog); x - 1
male-€ulNO), ) F .
= 187.57 g Cu(NO,), ‘ %/} § ction 11.2

56.11 9 KOH . 6.) Some antacid tablets contain aluminum
S = 112.22 g KOH i{d{l ! : , :
1 molicon hydroxide. The aluminum hydroxide reacts
with stomach acid according to.the equation:

2 melHOH x

1 mok Eu{ORT, x o0 2 Al(OH), + 3HCI — AICL, + 3H,0. Determine
— 97.57 g Cu(OH) mokLutof], the moles of acid neutralized if a tablet contains
) 2 0.200 mol of AI(OH),.
2 molReD x w = 202.22 g KNO 0.200 mol AHOH) 3 mol HCI
37 1 mebkno; 2 : 3 X ol ARG Ao,
= 0.600 mol HCl

187.57 g Cu{NO.), + 112.22 g KOH — 97.57 g

Cu(OH), + 202.22 g KNO , . .
©H, g 3 Chromium reacts with oxygen according to the

equation: 4Cr + 30, — 2Cr,0,. Determine the
moles of chromium(III} oxide produced when
4.58 mol of chromium is allowed to react.

2 moi Cr,0

4.58 mol-Crx 3 = 2.29 mol Cr,0,
4 mol-&r
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.} Space vehicles use solid lithium hydroxide to

remove exhaled carbon dioxide according to the

equation: 2LiOH + CO, — Li,CO, + H,0.

Determine the mass of carbon dioxide removed ’!;7?%

g b

if the space vehicle carries 42.0 mol of LiOH.

44.00 g CO,
1 met €0,

1 mol €O,

42.0 mael-HOH x X
2 melHiGH

=924 g CO,

@ Some of the sulfur dioxide released into

the atmosphere is converted to sulfuric acid
according to the equation: 250, + 2H,0 +
0, — 2H, SQ,. Determine the mass of sulfuric
acid formed from 3.20 mol of sulfur dioxide.

2.0 2 mobH550,  98.05 g H,50,
- metbs50, x

27 2molse; 1 molH;50,
= 314 g H,50,

@ How many grams of carbon dioxide are
produced when 2.50 g of sodium hydrogen
carbonate reacts with excess citric acid
according to the equation: 3NaHCO, -+
HyCH;0; — Na,CH,0, + 3CO, + 3H,0?

250 1 mol NaHCO,
. MaHeor x
d 3 * "§4.01 g Naneo;,
3 mol €O, 44.00 g CO,
= 1319 O,
3’ mol-NaH€Ea, 1.mol€8,

@Aspiﬁn (CgHg0O,) is produced when salicylic
acid (C,H,O,) reacts with acetic anhydride
(C,HgO3) according to the equation: C;H.O, +
CH0, — C;H,0, + HC,H,0,,. Determme
the mass of aspirin produced when 150.0 g of
salicylic acid reacts with an excess of acetic
anhydride,

1 mol- G0y

138.10 g G0,

150.0 g-CH=07 %

‘:mol—eg—ng' 180.13 g CH,0,
1mol—€7+i—5-6' 1 mel-GH; O,
= 195.7 g C4H,O,

520 Chemistry: Matter and Change = Appendix C

Section 11.3

d
R Y

Chlorine reacts with benzene to produce
chlorobenzene and hydrogen chloride,

Cl, + CgHz — C,H;Cl + HCL. Determine. the
limiting reactant if 45.0 g of benzene reacts
with 45.0 g of chlorine, the mass of the excess
reactant after the reaction is complete, and the
mass of chlorobenzene produced.

45.0 g G _1 mol CHs_ 0.576 mol C.H
. X = {J,
887 78.11 g i o Tl
45.0 g-et; 1 mol ¢l 0.635 mol Ci
K >’ — e = . mo
27 70.90 g-€f; 2

The actual ratio of available moles of C H,

0.576 mol C;H,  .907 mol CeH;

and Cl, is =
0.635 moi Cl, 1 mol ¢,

According to the balanced equation, there must
be a one-to-one mole ratio. Thus, benzene is the
limiting reactant.

moles of excess reactant
= 0.635 mol Cl, — 0.576 mol Cl; = 0.059 mol a,

mass of excess reactant = 0.059 mel-Ch,

70.90 g Cl, 42adisi
X————= = 4, excess
3 - g Clisin
mass of chlorobenzene produced
— 0.576.molEH_ x GACE
o T
112.56 g CH.CI
X —m—e— = §4.8 g CH,Cl

1 metEH O

Solutions Manual
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o 415

Nickel reacts with hydrochloric acid to produce ction i1.4
ru'cke‘I(H) c}'ﬂon'de and hyd.rogen according to the ( 14. JTin(IV) iodide is prepared by reacting tin with
equapon: Ni + ZH(:l — NiCl, + HE' h_cj 00g ' iodine. Write the balanced chemical equation
C?f Nl and 2.50 g of HCI react, determine the for the reaction. Determine the theoretical yield
limiting reactant, _the mass of the excess reactant if a 5.00—g sample of tin reacts in an excess of
after the reaction is complete, and the mass of iodine. Determine the percent yield if 25.0 g of
nickel(Il) chloride produced. Sni, was recovered.

1 Ni .
5.00 g x 3% = 9.0852 mol Ni : Sn + 21, — Snl,

: theoretical yield = 5.00 g S x 2SS
2.50 g ket x 1 mol HO = 9.0686 mol HCl 118.71 g ST

36.46 g HET imebSnl, 626.31g snl
x A x 9o - 264 g snl,
The actual ratio of available moles of Ni and HCl is 1 mal-sm 1 melSm;
0.0852 mol Ni _ 1.24 mol Ni ctual yield
actual yie X 100

= ntyield = —n 2~
0.0686 mol HCl ~ 1 mol HCI PereeNt Y1l = theoretical yield
_ 2504

264 g

According to the balanced equation, there must
be a one-to-one mole ratio. Thus HCl is the
limiting reactant.

% 100 = 94.7% vyield

-} Gold is extracted from gold-bearing rock by
adding sodium cyanide in the presence of

moles of Ni needed for the reaction

= 0.0686 metHT x LMOINI _ ) hopo mol Ni oxygen and water, according to the reaction:

2 metHd 4 Au(s) + 8 NaCN(aq) + O,(g)+ 2H,0() —
moles of excess Ni = 0.0852 mol Ni given 4 NaAu(CN),(aq) + NaOH(aq). Determine -
— 0.0343 mol Ni needed = 0.0509 mol Ni ~ the theoretical yield of NaAu(CN), if 1000.0

g of gold-bearing rock is used, which contains

mass of excess reactant -
3.00% gold by mass. Determine the percent

58.69 g Ni , : _
= 0.0509 metii x S me 2.99 g Ni yield of NaAu(CN), if 38.790 g of NaAu(CN),
18 recovered.

mass of NiCl, produced

0.0343 1 mol NiCl, amount of gold in theﬂ:;)ckA
=0. mabill X ——— = .

1 metii :1000.0g,mﬁx—?—-£-_=30.09l-\u

12es9gNic, | 100.0 g rack

X —me— = = 4.44 g NiCl,
1 metiT, _ theoretical yield = 30.0 g Ao x 1 melt-AT

96.97 g.Aar
4 molNeAT(CR),  271.99 g NaAu(CN),

T ametAw 1 molNaAatcr),

= £1.4 g NaAu(CN), o

actual yield
ercent yield = ———.2_ _— __ x 100
P neyt theoretical yield
38.790 g
= e %X 100 = 93.7% vield
4G 100 - 7% yie
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a. intermolecular attractive forces
b. size and shape of molecules

¢. temperature of the liquid

d. capillary action

d /

Use the graph below to answer Questions 6-8.

108
108
10%

100

Pressure {atm)

102
10’

100

G 2000 4000 6000

Temperature (°C)

4 '/_'\\ . . . -
(E. Hnder what conditions is diamond most likely
" to form?

a. temperatures > 5000 K and pressures

. < 100 atm

b. temperatures > 6000 K and pressures
> 25 atm

€. lemperatures < 3500 K and pressures
> 10° atm

d. temperatures < 4500 K and pressures
< 10 atm

C
o
{ 7./ Find the point on the graph at which carbon
" exists in three phases: solid graphite, solid
diamond, and liquid carbon. What are the

temperature and pressure at that point?

a. 4700 K and 10° atm
b. 3000 K and 10° atm
¢. 5100 K and 10° atm
d. 3500 K and 80 atm

d

250 Chemistry: Matter and Change « Chapter 12

!'/5.;\/\7\/11ich does not affect the viscosity of a liquid?

ﬁé?ﬁln what form or forms does carbon exist at
~—"6000 K and 10° atm?

a. diamond only

b. liquid carbon only

c. diamond and liquid carbon
d. liquid carbon and graphite

b

Use the table below to answer Questions 9—10.

Strength

Bond {limol) Length (prm)
H—H 435 74
Br—Br 192 228
—C 347 154
C—H 393 104
C—N 305 147
—0O 356 143
c—cl 243 199
I—i 151 267
5—S 259 ' 208

9. Create a graph to show how bond length varies
with bond strength. Place bond strength on the
X-axis.

Relationship between bond length and strength

Bond length, pm
- - [}
2 & 3

tn
21

Band strength, kJimol

18. Summarize the relationship between bond
strength and bond length.

As the bond strength increases, the bond length
decreases.

Solutions Manual
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700 K 00 K 800 K

1000 K

9.10 x 109 | 1.04 x 105 | 4.66 x 1054 3.27 x 10%

103. Write the equilibrium constant expression for

this equilibrium.
_ IN;ICo,12
* INFPicoP

104. Examine the relationship between K, and

temperature. Use Le Chatelier's principle
to deduce whether the forward reaction is
exothermic or endothermic.

Because K, decreases with increasing

temperature, the forward reaction is exothermic.

105. Explain how automobile radiators plated with

the alloy might help reduce the atmospheric
concentrations of NO and CO.

Automobile radiators operate at elevated
temperatures, and automobiles effectively

sweep large amounts of ajr as they travel from

pface to place. Therefore, automobile radiators
plated with the afloy could convert significant
volumes of the pollutants, NO and €O, to the
less harmful substances N, and CO,.

Standardized Test Practice
pages 630-631

Multiple Choice
1. Which describes a system that has reached

352

chemical equilibrium?

a. No new product is formed by the forward
reaction.

b. The reverse reaction no longer occurs in the
system.

€. The concentration of reactants in the system
is equal to the concentration of products,

d. The rate at which the forward reaction
occurs equals the rate of the reverse

- reaction.

Chemistry: Matter and Chanae ¢ Chantar 17

2. The reaction betWéén persulfate (82082‘) and

iodide (I7) ions is often studied in student
laboratories because it occurs slowly enough
for its rate to be measured:

$,057~(aq) + 2I7(aq) — 250,~(aq) + Ly(aq)

This reaction has been experimentally
determined to be first order in 8,04%" and first
order in I™. Therefore, what is the overall rate
law for this reaction?

a. rate = k[S,0,27 11

b. rate = k[S,0.271[17]

¢ rate = k[S,0,2 ][I 2

d. rate = 1’»'[52082’"]2[?]2

b

Use the diagrams below to answer Question 3.

3 'Which diagram shows the substance that has

the weakest intermolecular forces?

a. A
b. B
c. C
d. D
b

AT,
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S

p. ion#y
ich type of intermolecular force results from

~a temporary imbalance in the electron density
around the nucleus of an atom?

ionic bonds

London dispersion forces
dipole-dipole forces
hydrogen bonds

BooTy

b

Use the table below to answer Questions 5-7.

(Mn?, | [CO,27], M7, (M) | [CO,27,,
(M) (M) (M)

0.0000 | 0.00400 § 5.60 x 10~2 | 4.00 x 10-3

0.0100 0.0000 | 1.00 x 10~ | 2.24 x 10~%

0.0000 | -0.0200 | 1.12 x 1079 | 2.00 x 10-2

5. What is the Ksp for MnC03?

a. 2.24 x 10~11
b. 4.00 x 10~11
c 1.12 x 1079
d. 3.60 x 1079

a
MnCO,(s) <> Mn?*(aqg) + CO,2~ {aq)
Koo = IMn%*] [CO,27] = (5.6 x 10-°)(4.00 x 10-3)
= 2.24 x 10~17)
6. What is the molar solubility of MnCO, at 298 K?

a. 4.73 X 106y
b. 6.32 X 1020
€ 748 X 10750
d. 335 X 107

a
MnCO4(s) «— Mn2+(aq) + CO.%~ (aqg)
solubility = 5 = [Mn2*] = [C0, 2]
{(s)s) = 52 = 2.24 x 19—

5= V224 x 1071 = 473 x 10-5

Solutions Manual

A 50.0-mL volume of 3.00 x 1070M K, CO,
is mixed with 50.0 mL of MnCl,. A precipitate
of MnCO, will form only when the concentra-
tion of the MnCl, solution is greater than which
of the following?

747 x 10763
1.49 x 1073y
2.99 X 10750
1.02 X 1050

prpEo

(2]

Because the volume of solution is doubled,

-6
[CO;%~] in the mixed solution is M%D—-M
= 1.5 x 10~%

[MR?*] [CO,2-] = [Mn2*](1.5 x 10-9)
=224 x 1011

[Mn?+] = 1.49 x 10~5M = [Mn2*] in the mixed
solution. To form a precipitate, the concentration
of the original solution of Mncl,

= 2(x) = 2(1.49 x 10~5n)

= 2.99 x 10-5

- The kinetic-molecular theory describes the

microscopic behavior of gases. One main point
of the theory is that within a sample of gas,
the frequency of collisions between individual
gas particles and between the particles and the
walls of their container increases if the sample
is compressed. Which gas law states this
relationship in mathematical terms?

a. Gay-Lussac’s Iaw

b. Charles’s law

c. Boyle’s law

d. Avogadro’s law

c
AB(s) + Cy() — AC(g) + BC(g)

Which cannot be predicted about this reaction?

a. The entropy of the system decreases.

b. The entropy of thg products is higher than
that of the reactants.

. The change in entropy for this reaction,
AS,, . is positive.

d. The disorder of the system increases.

a

Chemistry: Matter and Change o Chapter 17 353
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21. Calculate the freezing point and boiling point of
a solution containing 0.15 mol of the molecular
compound naphthalene in 175 g of benzene
(CHy).

1 kg C;H,
e " = 0,175 kg CoHg

175 9-€H: x

molality = moles of solute
, kg of solvent
_ 0.15 mal naphthalene

0.175 kg C;Hg
ATf = Kfm
for benzene, K; = 5.12°Cm
ATf = (5.12"C/m‘)(0.86m‘) = 4.4°C
freezing point = 5,5°C — 4.4°C = 1.1°C

AT'J = Khm

for benzens, K, = 2.53°C/m

.f.\Tb = (2.53“0:/.#1)(0.8691} = 2.2°C
bailing peint = 80.1°C + 2.2°¢ = 82.3°C

= 0.86m

Chapter 15
Section 15.1

1. What is the equivalent in joules of 126 Calories?

. 103 gat 4.184 )
126 Calerierx x = 527 x 109
T Calaria 1eat 22 0

2. Convert 455 kilojoules to kilocalories.

1083 1 enl 1 Jeeat
5 =10
45544 = 119 FTTIRe 107 car 9 lecal

'4 R
= 501
s "m‘" T T

5. What is the specific heat of a metal if the
temperature of a 12.5-g sample increases from
19.5°C to 33.6°C when it absorbs 37.7 J of heat?

q = cnAT

¢ = g/mAT

_ 377

T (12.50)(12.1°0)
= 0.214 J/(g-°C)

Section 15.2

6. A 75.0-g sample of a metal is placed in
boiling water until its temperature is 100.0°C.
A calorimeter contains 100.00 ¢ of water at
a temperature of 24.4°C. The metal sample is
removed from the boiling water and immedi- -
alely placed in water in the calorimeter. The
final temperature of the metal and water in the
calorimeter is 34.9°C. Assuming that the calo-
rimeter provides perfect insulation, what is the
specific heat of the melal?

AT ater = 32.9°C — 24.4°C = 10.5°C

wa
AT el = 100.0°C — 34.9°C = 65.1°C

meta

The heat lost by the metal equals the heat gained
by the water, '

qwater = omAT .
= {4.184 J/g=2€){100.0 43{10.5°g)
= 4393 ) :

Cmetal = o
4393 J

age

= 0.900 J/{g-°C)

3. How much heat is required to warm 12?2 g of ?‘/V?/) T (750g metal}(65.1°C)

water by 23.0°C7
G = crmAT

= (4.184 }/g-"C)(122 gi23.0°C)
= 117 % 104 ®

4. The temperature of 35.6 grams of a material
decreases by 14.8°C when it loses 3080 J of
heat. What is its specific heat?

q = cmAT
=9
© T AT

_ 3080 4
(55.6 g9){14.8°C)
= 3.74 §/(g-"C)

528 Chemistry: M'atter and Change « Apgendix C
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Section 15.3

7.} Use Table 15.4 to determine how much heat is
released when 1,00 mole of gaseous methanol
condenses to a liquid.

AH g, = 35.2 id/mol

1 motmethanol x miil.'&i.._. =352 IJ

Solutions Manual
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H i
?ﬁ%ﬁﬁg
£ { Use Table 15.4 to determine how much heat
\) must be supplied to melt 4.60 grams of ethanol.

AHg,, = 4.94 ld/mol

460 - 1 mol GH,O0H
v .g—GZH-'eH K e
5 46,08 g-C;HOH

= 0.100 mol C,H,OH

4.94 ki
28 1 mol-GHOH

Section 15.4

9. Calculate AH_ for the reaction 2C(s) +
2H,(g) — C,H, (g} given the following
thermochemical equations:

2C0,(g) + 2H,00) — C,H,(g) + 30,(g)
AH = 1411 1S

C(s) + O4(g) — CO,(g) AH = —393.5 k)
2H,(g) + O,(g) — 2H,00) AH = —572 K]

2C04{(g) + 2H,0() — GH,(g) + 30,(g)

AH = 1411 k)
2[C(s) + Ox{g) — CO4) | AH = —3983.5 kJ
2H,(g} + 0,{g) — 2H,0() AH = —572 kJ

2C(s) + 2H,{g) = C,H,(0)
AH=14111d + 2(-383.5 ki) + (-572 I)) = 52 J
L« TOF the reaction HCl(g) +

NH,4(g) — NH,CI(s) given the following
thermochemical equations:

Calculate AH

H,(g) + Cly(g) — 2HCl(g) AH = —184kJ
N,{g) + 3H,{(g) - 2ZNH;(g) AH = —92 kJ
N,(g) + 4H,(g) + Cl,(g) — 2NH,Cl(s)
AH = =628 kI

2HCHg) — Hy(g) + Cly{g) AH =184 1d
2NH;(g) — Ny{g) + 3H,(g) AH=921d
N,{g) + 4H,{g) + Cl,(g) — 2NH,Ci(s)

AH = —628 I

2HCI(g) + 2NHy{g) — 2NH,Cis) AH = -352 [
F{2HCi{g) + 2NHy{g) — 2NH,Cls) AH = ~352 ki]
HCli(g) + NH3(g) — NH,Ci{s) AH=—176 kJ

Solutions Manual

Use standard enthalpies of formation from
Table 15.5 and Table R.11 to calculate AR°_
for each of the following reactions.

11. 2HF(g) — Hy(g) + Fyla)
AHYHF) = —273 kJ
AHY(HF,) = 0.0 I
AHHE)} = 0.0 kJ
AH

AHS = (0.0 kI + 0.0 k) —2(~273 IJ) = 546ld

= ZAHf(products} — ZAHreactants)

12. 2H,5(g) + 30,(g) — 2ZH,0(1) + 250,(g)
AHHH,5) = —211d
AHX0,) = 6.0 I
AH2(H,0) = ~286 k)
AHY(SO,) = —~297 k)
AHT = TAHY(products) ~ ZAHH{reactants)

mn

AHE = [2(—286 IJ) 4 2(—297 k})] — [2(-2T WJ) +

TN

{0.01J)] = —1124 k)

Section 15.5

Predict the sign of ASeystem
process.

13. FeS(s) — Fel*(ag) + $* (aq)

for each reaction or

lon farmation in an aqueaus solution increases

entropy. AS_ .. Is positive.

14. 50,4(g) + H,0(l) — H,504(aq)

Dissoilving a gas in a solvent decreases entropy.

A5, iem Is NEgative.

Chemistry: Matter and Change » Appendix C 529
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= Pl #1541}

|_15. Pecide whether higher or lower tempera-
" tures will produce more CH;CHO in the
following equilibrium; CH,(g) + H,O(g) +—
CH,CHO(g) AH® = —151 KJ

AH® is negative, so the reaction is exothermic
and heat is released as a product. Pecreasing a
product (lowering the temperature) causes the
reaction to shift to the right and produce more
products. Thus, more CH3CHO wilt be produced at
lower temperatures.

ﬁ’gf‘ Bemonstrate Table 17.4 shows the concen-

“——trations of substances A and B in two reaction
mixtures. A and B react according to the equa-
tion 2A «— B; Keq = 200. Are the two mixtures
at different equilibrium positions?

Reaction [A]
1 0.0100 0.0200
2 0.0500 0.500
Reaction 1: -[E]_ = M’)_ = 200
[A]?  (0.0100)
Reaction 2: 1BL — _(0.500) _ 200

[A2  (0.0500)2

The two mixtures are at the same equilibrium
position,

=
4

- Design a concept map that shows ways in
which Le Chatelier’s principle can be applied to
increase the products in a system at equilibrinm
and to increase the reactants in such a system.

Concepts maps should show that products can
be increased by increasing the concentration
of the reactants, by removing products, or by
raising or lowering the temperature depending
upon whether the reaction is exothermic or
endothermic.

Solutions Manual

Section 17.3 Using Equilibrizm

Constants
pages 612-622

Practice Problems
pages 613-619

18. At a certain temperature, K eq — 10.5 for the
equilibrium CO(g) + 2,(g) «— CH,;0H(g). .
Calcalate the following concentrations.

a. [CO] in an equilibrinm mixture containing
0.933 mol/L H, and 1.32 mol/L CH,0H
_ [cH,0H]
*1 " [Colln, 12
(1.32)
[C0O}0.933)2

[COl = 0.14481
k. [H,] in an equilibrium mixture containing
1.0%9 mol/L CO and 0.325 mol/L, CH,OH
_ [CH;0H]
I [COlH, P

(0.325)
(1.09)[H,1?

[H,] = 0.169M

10.5 =

¢. [CH,0H] in an equilibrium mixture
containing 0.0661 mol/L H, and 3.85

mol/I. CO.
_ [CH40H]
3 [COHH,J?
C
10.5 [CH,0H]

B (3.85)(0.0661)2
[CH,0H] = (10.5)(3.85)(0.0661)2 = 0.177M

»
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47. Suppose you have a cube of pure manganese
metal measuring 5.25 cm on each side. You
find that the mass of the cube is 1076.6 .
What is the molar concentration of manganese
in the cube?

Volume of the cube = (5.25 cm)3 = 145 cm?

1L

1000 cr® 0-145 1

145 em3 x

Molar mass of manganese = 54.94 g/mol

1076.6 gy x LDOILMN _ g con e

54.94 g WhT
19.596 mal _

K, 18 3.63 for the reaction A + 2B «s C.

Tgl)le 17.5 shows the concentrations of the
reactants. and product in two different reaction
mixtures at the same temperature. Determine
whether both reactions are at equilibrium.

48

A (mol/L) B (mol/L) C (mol/L)
' 0.500 0.621 0.700
0.250 0.525 0.250

Calculate K., using the two sets of data.
__Ia ‘
“ [Al[BP
(0.700)
(0.500)(0.621)2

{(0.250)
{0.250)(0.525)2

= 3.63

Both reactions are at equilibrium.

49. When steam is passed over iron filings, solid
wron(Hl) oxide and gaseous hydrogen are
produced in a reversible reaction . Write the
balanced chemical equation and the equilibrium
constant expression for the reaction, which

yields iron(IIT) oxide and hydrogen gas.

Copyright © Glencoe/McGraw-Hill, a division of The McGraw-Hill Companies, Inc.

2Fe(s) + 3H,0(g) <> Fe,04(s) + 3H,{g)

_ [H,P
eq — [H,0P ‘

Solutions Manual

Section 17.2

Mastering Concepts
30. What is meant by a stress on a reaction at

- equilibrium?

A stress on a reaction at equilibrium is any
change in concentration, volume {pressure),
or temperature which causes the equilibrium
to shift.

31. How does Le Chatelier’s principle describe an

equilibrium’s response to a stress?

Le Chatelier's principle states that an equilibrium
will shift in the direction that relieves a stress.

52. Why does removing a reactant cause an equilib-

rium shift to the left?

In order to restore the equilibrium ratio of
rectants and products, the equilibrium shifts in
the direction of the reactants.

- 5%\)\/11611 an equilibrium shifts to the right, what

" happens to each of the following?
a. the concentrations of the reactants
b. the concetrations of the products

The concentrations of the reactants decrease; the
concentrations of the products increase.

i,

(54;'} Carbonated Beverages Use Le Chatelier’s

principle to explain how a shift in the equilibrinm
H,CO4(aq) «— H,00) + CO,(g) causes a soft
drink to go flat when its container is left open.
Because CO,(g) continually escapes from the open

container, the equilibrium shifts to the right until
H,C0O4(zq} is depleted.

Chemistry: Matter and Change o Chapter 17 343




Section 18.3 E@ygﬁgggem lomns 23. Challenge Calculate the number of H* jong

and the number of OH™ ions in 300 mL of pure
water at 298 K,

At 298 K, [H*] = [OH"] = 1.0 x 10-7ms

and pH

pages 650-658

Practice Problems Mol bt = 10X 107 mol | 4y
pages 651-657 , otR = L 3000 mL
(‘?EﬁThe concentration of either the H* ion or the 300 mL = 3.0 x 10~8 mol
~—"OH" ion is given for four aqueous solutions 6.02x10%3 H+j
-8 <+ o= » 10ns —
at 298 K. For each solution, calculate [H*] or 3.0 X107 mol H* fons x 1 mol -
: [OH™]. State whether the solution is acidic, 1.8 x 1076 H* jons
ti}‘lff basic, or neutral. ‘iﬁf’j?} Number of H* = number of OH~ =
a. [H'] = 1.0 X 10~ 13y (+%" 2218 x 10 jons
of o
= TH* - i . .
Ky = HHIIOH] v gf 24. Calculate the pH of solutions having the
1.0 x 107 = (1.0 x 10~13)[OH"] "~ following ion concentrations at 298 K.
1.0 X 10-™ _ (1.0 x 10-T)[OH-] a. [H*] X 1.0 x 10~
1.0 x 10~13 1.0 x 1013 pH = —log [H*]
[OH-] = 1.0 x 10~m PH = ~log(1.0 x 10-2)
[OH™] = [H], the solution is basic, pH = 2.00 )
b. [OH 1= 1.0x 10" b. [H"] = 3.0 x 10-634
K, =IHT]J[OH] pH = —Jog [H*]
- + -7
1.0 x 1071 _ [HI(1.0 x 1077) PH = —log(3.0 x 10-5)

1.0 x 1077 1.0 x 10-7
pH = 5.52
[H*1 =1.0 x 10- 711

e

{’J’ZS.M‘;Calculate the pH of aqueous solutions having

OH™] = [H*], the solution is neutral, . ; X
OHT = IH"], the solution is neutra “~the following [H*] at 298 K.

€ [OH™] = 1.0 X 1073n a. [H*] = 0.0055M
K, = [HHOH] PH = —log [H+]
1.0 x 107" = [H*)(1.0 x 10-3) pH = —log 0.0055
1.0 % 107" _ [H+)(1.0 x 10-3) pH = 2.26
10x 1073 7 45 % 107 :

b. [H*] = 0.000084M

[H*] = 1.0 x 10~ 11
' PH = —log [H*]

[OH~] > [H*], the solution is basic.
pH = ~log 0.000084
cd. [HY] =40 % 10750

Ky, = [H*][OH"]
1.0 x 1071 = (4.0 x 10_5){OH‘]

pH = 4.08

u
=
kS
o
)
=
s
o
g
a
[}
7
Z
£
=
&
=
=
o
B
=
=
=
S
=]
-z
-
Z
fid
o
=
5
4]
a
i~
iy
)
5]
B

Copysi

=10 x 107" _ (2.0 x 10-5)[0H"]
4.0 x 10~5 (4.0 x 10-5)

[OH-] =25 x 10-19;

ﬂ
A,

[HT] = [OH™], the solution is acidic
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17. Does a precipitate form when equal volumes of
1.2 X 107*M AICl, and 2.0 X 10™*M NaOH

are mixed? If so, identify the precipitate.

Predici the precipitate is AI{OH}; because NaOH is

soluble in water.
Al(QH)4(s) = AJ3+(_aq) + 30H(ag)
Kgp = 4.6 x 10753

[AIZ+] = -;-(1.2 x 10741) = 6.0 x 10-5M

[OH"] = (-;-)(2.0 % 10-TW) = 1.0 x 10-7M

= [ABYIIOH™P = (6.0 x 1073)}(1.0 x 10773

= 6.0 x 10~28

(25p > KSP, a precipitate of AI{OH}, will form.

Chapter 18
Section 18.1

4. Write the balanced formula equation for the
reaction between zinc and nitxic acid.

Zn(s) + 2HNO,(aq) — Zn{NO3),(aq) + Hy{g)
2. Write the balanced formula equation for the

reaction between magnesium carbonate and
sulfuric acid.

MgCO,(s) + H,50,{aq) — MgSO,{aq) + H,0(} +

CO,ta)

3. Identify the base in the reaction

The base is CH;MNH,.

4. Tdentify the conjugate base described in the
reaction in Practice Problems 1 and 2.

OH~™

Solutions Manual

H,00) +
CH,NH,(aq) — OH™(aq) + CH,NH,*(aq).

5.

Write the steps in the complete tonization of
hydrosulfuric acid.

H,S(aq) + H,0() = H,0%{aqg) + HS"(ag)
HS~(aq) + H,O() = H;07(aq) -+ 52 (aq)
Write the steps in the complete ionization of
carbonic acid.

H,C04{aq) + H,0{l) = H;0%(aq) + HCO, (ag)
HCO;~(aqg) + H,0() = H;0"(aq) + CO;*(ag)

Section 18.2

7.

13.

499
2.5ection 18.3

B
\‘!‘E.; Is a solution in which [H*} = 1.0 X 107°M

Write the acid ionization equation and
ionization constant expression for formic
acid (HCOOH).

_ [H*1[cooH-]

a [HCOOH]

Write the acid ionization equation and ioniza-
tion constant expression for the hydrogen
carbonate ion (HCO37).

_ [H*IICos*]
27 [HCO;T]
Write the base ionization constant expression
for ammonia.
_INH,*IOH"]
®T INH]
Write the base ionization e)\pressxon for aniline
(CHsNH,).
[CeHNH, FIIOH]
e
[CgH.NH,]

acidic, basic, or neutral?

K, =[H'IOH"] = 1.0 x 10~

- Kau _ 1.0x10 5
[OH™] = 0~ 10 <105 - 1.0 x 107°/F
{H*]>[OH]

The solution is acidic.
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it 12 Is a solution in which [OH™} 5 1.0 X 10~'17 " 19, What is the pH of a 0.000034M NaOH solution?

o
acidic, basic, or neutral? pOH = —10g(0.000034) = 4.47
K, = [H*][OH"] = 1.0 x 10~

/ \

pH + pOH = 14
[H*] = =10%x10"" - 15 x 1031 pH = 14 — 4.47 = 9.53
[OHT] 40 x 10-7
[H*] > [OH] J 20. The pH of a 0.200M HBrO solution is 4.67.

L What is the acid’s K ?
The solution is acidic.

T PH = —log[H*]
. 13 What is the pH of a solution in which 467 = —logH*]

[H*]54.5 X 107407

H*] = antilog{—4.67) = 2. -5
pH = —log{4.5 x 1074 = —(log 4.5 + log 10~%) [H™] = antilog(~4.67) = 2.1 x 10-*m
=3.35 [BrO~1 = [H*] = 2.1 x 10~

= _ -5 =
4. Calculate the pH and pOH of a solation in [HBrO] = 0.200M — 2.1 x 1075M = 0.200M

which [OH™] 5 8.8 X 1073 = IHIBroT] _ (2.1 x 10-9)(2.1 x 10-5)
= =
POH = —log(8.8 X 10-3) = —(log 8.8 + log 10-3) [HErO] 0.200
= 2_05 = 2.2 % 10
pH + pOH = 14 2%. The pH of a 0.030M C,H,COOH solution is
: 7
pH = 14 — 2.06 = 11.94 3.20. What is theac1dsK
pH = —log[H*]

- 15. Calculate the pH and pOH of a solution in
' which [H*]52.7 X 1076,

pH = —log(2.7 % 10-6) = —(log 2.7 + log 1075)

3.20 = —log[H™]
[H*] = antilog{—3.20) = 6.3 x 1091

= 5.57 [C,HsCO0™] = [H] = 6.3 x 10~
pH + pOH = 14 [C;H;COOH] = 0.030M — 6.3 x 1041 = 0.029M
pOH = 14 — 5.57 = 8.43 _ H¥1IGH,C00 ]

3™ [C,H,COOH]

is [Ht]i ion havi 2,929
16. What is [H"} in a solution having a pH of 2.927 _ (63 x 10-9(6.3 x 10~%) _

A S = 1.4 % 103

2.92 = —log[H*] Section 18.4

[H*] = antilog(—2.92) = 1.2 x 1073M 22. Write the formula equation for the reac-
17. What is [OH~] in a solution having a pH of 13.567 E;grg:‘é"f” hydroiodic acid and beryllium

pH + pOH = 14

2Hl(aq) + Be(OH),(aq) — Bel,(aq) + 2H,0(N)
pOH = 14 — 13.56 = 0.44 :
23. Write the formula equation for the reaction

OH = —log[OH~
P oglOH"] between perchloric acid and lithium hydroxide.

0.44 = —log[OH™]

HCIO,(aq) + LiOH({aqg) — Liclo,{aq) + H,0(N)
[OH™] = antilog(—0.44) = 3.6 x 10~

(18} What is the pH of a 0.00067M H,S0, solation?
" pH = —l0g(0.00067) = 3.17
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24,

23.

26.

27.

In a titration, 15.73 mL of 0.2346M HI solution
neutralizes 20.00 mL of a LiOH solution. What
is the molarity of the LiOH?

MV, = MV,
(0.2346/1)(15.73 mL)
= = 0.1845M
2 20.00 L

What is the molarity of a caustic soda (NaOH)
solution if 35.00 mL of solution is neutralized
by 68.30 mL of 1.2504 HC1?

MV, = M,V,

_ (1.250M)(68.30 mL)

= = 2.439]
M, 35.00 mL

Write the chemical equation for the hydrolysis
reaction that occurs when sodinm hydrogen
carbonate is dissolved in water. Is the resulting
solution acidic, basic, or neutral?

HCO;~(aq) + H,0() — CO;*~(aq) + OH™(aqg); basic
Write the chemical equation for any hydrolysis
reaction that occurs when cesium chloride is

dissolved in water. Is the resulting solution
acidic, basic, or neutral?

No reaction; neutral

Chapter 19
Section 19.1

Identify the following information for each
problem. What element is oxidized? Reduced?
Whgt is the oxidizing agent? Reducing agent?

s

i

2

2P + 3Cl, — 2PCl,
P is oxidized, Cl is reduced
' Cl, is the oxidizing agent

P is the reducing agent

JC +H,0—CO+ H,

C is oxidized, H is reduced
H,0 is the oxidizing agent

C is the reducing agent

Solutions Manual
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e

7

3. CIO;™+ ASO,” — AsO,>™ + CI”

As is oxidized, Cl is reduced
Cl is the oxidizing agent

As is the reducing agent

Determine the oxidation number for each
element in the following compounds.

a. Na,SeO;
41, 44, -2
b. HAuCl,
+1, +3, —1
c. H3B03
+1, +3, -2

. Determine the oxidation number for the

following compounds or ions.
a. P,O,
+4, -2

b. Na,0, (Hint: this is like H,0,.)

+1, —1
-3
C. ASO4
+5, -2

Section 19.2

6. How many electrons will be lost or gained in

Chemistry: Matter and Change = Appendix C

each of the following half-reactions? Identify
whether it is an oxidation or reduction,

a. Cr— O3t

loss of 3 electrons, oxidation
b. 0, — 0%
gain of 2 electrons, reduction

¢. Fet2 _ Fe3t

loss of 1 electron, oxidation
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