APPENDIX

Chapter 1

No practice problems

Chapter 2

1. density = mass

volume

volume =41 mL—-20mL =21 mL

. 147 g
d ty = ———=7.0g/mL
ensity L g/m
_ mass
2. volume = density
volume = % =5mL
3. density = mass
volume
Lo 209 _ 3
density = 5 om? 4 g/cm

The density of pure aluminum is 2.7 g/cm3, so the

cube cannot be made of aluminum.

7 X102 m
.3.8x10°m
4.5 x 106 m

. 6.85x 10" m
5.4 X 1073 kg
6.87 X 1076 kg
. 7.6 X 108 kg
. 8 X 10710 kg

3.6 X 10%s

.54x105s
5.06 X 103 s
. 8.9x10105¢

7X107°m
.3X108m
2X102m
.5%X10"2m

12.

13.

oaNnTY TQROONTY

14.

"0 QNTYO

7.06 X 1073 kg + 0.12 X 1073 kg
=7.18 X 103 kg

Q

h. 5.36 x 10~" kg — 0.740 x 10" kg
—4.62x 1071 kg

4 x 100 ¢m?
. 6 X102 cm?
9 X 107" cm?
. 5 X 102 cm?

15.

enoTo
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1.26 X 104 kg + 0.25 X 10* kg = 1.51 X 10% kg

. 439 X 10°kg — 0.28 X 105 kg = 4.11 X 10° kg

17.

18.

19.

20.

21.

29.

30.

31.

32.

33.

a. 3 x 10" g/cm3
b. 2 X 103 g/cm3
c. 3 X 10° g/cm?3
d. 2 X 107" g/cm?

1000 ms
a. 360.5% s 360 000 ms
b. 4800.g'x —K9__ 438 kg
1000

Tm
c. 5600 dimx 10

1000 mg _

d. 72 g% 71/9/ 72 000 mg
1s

1000 ms~

100 cm
b. 5 pr'x 1 ot = 500 cm

Tm
c. 6800.em X 100

1Mg _
d. 25 kg —1000,kg’ 0.025 Mg

28405 60 min % 60 s

1 1 min
19.3 9" 10dg _ 1000-mL
Tt < 1/g/x L = 193 000 dg/L
90.0km  0.62mi 1
1 1km = 60 min
0.19

—_ = = 0,
159 X 100 = 11.9%

0.09 s
Tg X 100 = 5.66%

0.14 e ano
T5g X 100 = 8.80%

0.11 oo
T5g X 100 = 6.92%

0.10 e
T5g X 100 = 6.29%

0.12 e
TEg X 100 = 7.55%

=560 m

a. 245 ms X =0.245s

=68m

=86 400 s

= 0.930 mi/min

anoy
N UTwu wWwWu N D

anroy

84 790 kg
. 3854 ¢
256.8 cm
. 4936 m

on oo




34.

36.

37.

38.

a.

-

angoo

nTY® anvT

anoo

5.482 X 104 g
. 1.368 X 105 kg
3.087 X 108 mm
. 2.014 mL

142.9 cm

. 768 kg

0.1119 mg
12.12 cm

. 2.10cm

2.7 X 103 cm
78 m?

. 12 m?

2.5 m2

. 81.1 m2

2.0 m/s

. 3.00 m/s

2.00 m/s

. 2.9m/s

Chapter 3
6.

massreactants = massproducts

MaSSieactants = MASSwater electrolyzed

mass = MasSp grogen T Mass

products oxygen

MaSSyater electrolyzed — MaSShydrogen + MaSSeyygen
MasSyater electrolyzed — 10.0g +79.49 =28949
MasSieactants = MaSSproducts

MasSsodium + MasSchiorine = MAaSSsodium chloride
massS,gium = 15.6 9

MasSsodium chloride — 39.7 g

Substituting and solving for mass,;orine Yields,
15.6 g + massiorine = 39.7 9

MasSchiorine = 397 9 — 15.6 g = 24.1 g used in the

reaction.

Because the sodium reacts with excess chlorine,
all of the sodium is used in the reaction; that is,
15.6 g of sodium are used in the reaction.

The reactants are aluminum and bromine. The
product is aluminum bromide. The mass of
bromine used in the reaction equals the initial

mass minus the mass remaining after the reaction

is complete. Thus,

MasS,,omine reacted = 100.0g —8.5g =915g¢g

Because no aluminum remains after the reaction,
you know that all of the aluminum is used in the

reaction. Thus,
Mass,juminum = iNitial mass of aluminum = 10.3 g

To determine the mass of aluminum bromide
formed, use conservation of mass.

mass = mass

products reactants

MasS,juminum bromide — MaSSajuminum + MasSyromine

Mass,juminum bromide — 10.39 +91.59g =101.8¢g

Magnesium and oxygen are the reactants.
Magnesium oxide is the product.
massreactants = maSSpTOdUCtS

mass + mass = mass

magnesium oxygen magnesium oxide

MasSmagnesium = 10.0 9

rnassmagnesium oxide — 16.6 9

Substituting and solving for mass, ., yields,
10.0 g + massgygen = 16.6 9

massg,gen = 16.6 g —10.09 = 6.6 g

Solutions

923
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20.

22.

924

24.

masshydrogen
maSScompound

percent by massyyqrogen = X 100

percent by massy,grogen = %/gx 100 = 15.9%

» MasScompound = 1.09 +19.09 = 20.0 g

masshydrogen

percent by massy grogen = mass p X 100
compoun
percent by massygrogen = %jx 100 = 5.0%
mass,, = 3.50 g + 10.59g = 14.0g
mass,
percent by mass, = hass 100

xy
percent by mass, = %}?x 100 = 25.0%

mass

- y
percent by mass, mass,, X 100

_ 10549 _ 0
percent by mass, = 14.0/§fx 100 = 75.0%
Compound |

MasScompound = 15:0 9 + 120.0g = 135.0 g

masshydrogen

percent by massygrogen = Mass compound X 100
percent by massyygrogen = % X 100 = 11.1%
Compound I
MasScompound = 2:0 9 +32.09 =34.0¢
MasShydrogen
ercent by mass = — A% % 100
p y hydrogen masscompound

percent by massyygrogen = %X 100 = 5.8%

The composition by percent by mass is not the
same for the two compounds. Therefore, they
must be different compounds.

No, you cannot be sure. The fact that two com-
pounds have the same percent by mass of a single
element does not guarantee that the composition
of the two compounds is the same.

Chemistry: Matter and Change

Chapter 4

11.| Element Protons Electrons
a. boron 5 5
b. radon 86 86
c. platinum 78 78
d. magnesium 12 12

12. dysprosium

13. silicon

14. an:l::::c)::ons Neutrons Isotope Symbol
b. 20 26 calcium-46 | 48Ca
c 8 9 oxygen-17 70
d 26 31 iron-57 3lFe
e. 30 34 zinc-64 &zn
f. 80 124 mercury-204 | 23¢Hg

15.

16.

17.

For '9B: mass contribution = (10.013 amu)(0.198)
= 1.98 amu

For "'B: mass contribution = (11.009 amu)(0.802)
= 8.83 amu

Atomic mass of B = 1.98 amu + 8.83 amu
= 10.81 amu

Helium-4 is more abundant in nature because
the atomic mass of naturally occurring helium is
closer to the mass of helium-4 (approximately

4 amu) than to the mass of helium-3 (approxi-
mately 3 amu).

For *Mg: mass contribution =
(23.985 amu)(0.7899) = 18.95 amu

For 2°Mg: mass contribution =
(24.986 amu)(0.1000) = 2.498 amu

For 26Mg: mass contribution =
(25.982 amu)(0.1101) = 2.861 amu

Atomic mass of Mg =
18.95 amu + 2.498 amu + 2.861 amu
= 24.31 amu
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Chapter 5 23. a. -Mg-
1.c=\v b. :S:
3.00 X 108 m/s = (4.90 X 10~7 m)w ¢. -Br:
= 300X 10%ms _ (o Lo d. Rb-
490 X 10 7pr e. Tl
2. C=\v f. :Xe:
.00 x 108 =(1.15x 10710
3.00 X 10 m/ss/n{(1 15 X 10 m)v chapter 6
v = %{;{ =2.61x 108571 2. Electron Group | Period | Block
3. The speed of all electromagnetic waves is configuration
3.00 X 108 m/s. a. [Ne]3s? 2A 3 s-block
4.c=\v b. [He]2s? 2A 2 s-block
94.7 MHz = 9.47 X 107 Hz c. [Kr]5s24d'95p° 7A 5 p-block
8 - 7
3.00 X 108 m/s = A(9.47 X 107 Hz) 8. a. [Ar]4s?
3.00 X 108 m/s’ b. [Xe]
A= =3.17m .
9.47 x 107 ; C. [Ar] 4s23d10
5. a. Eppoton = hv = d. [He]2s?2p*
(6.626 x 10734 J-8)(6.32 x 1020 5°7) o o Sc Y La A
E = 419X 10713 ) - & 3G T, 18, AC
photon b. N, P, As, Sb, Bi
b. Ejpoton = hv = c. Ne, Ar, Kr, Xe, Rn
(6.626 x 10734 J:8)(9.50 X 1013 s71) 16. L N
Eghoton = 6-29 X 10720 ] - Largest: Na
photon Smallest: S
€. Ephoton = hv = _
(6.626 x 10734 J.8)(1.05 X 106 -7 17. Largest: Xe
Ephoton = 6.96 X 10718 J Smallest: He
6. a. gamma ray or X ray 18. No. If all you know is that the atomic number of
b. infrared one element is 20 greater than that of the other,
c. ultraviolet then you will be unable to determine the specific
) groups and periods that the elements are in.
18. a. bromine (35 electrons): [Ar]4s23d'%4p> Without this information, you cannot apply the
b. strontium (38 electrons): [Kr]5s2 periodic trends in atomic size to determine which
c. antimony (51 electrons): [Kr]5s24d'05p3 element has the larger radius.
d. rhenium (75 electrons): [Xe]6s24f'45d5>
e. terbium (65 electrons): [Xe]6s24f° Chapter 7
f. titanium (22 electrons): [Ar]4s23d? No Practice Problems

19. Sulfur (16 electrons) has the electron configura-
tion [Ne]3s23p®. Therefore, 6 electrons are in
orbitals related to the third energy level of the
sulfur atom.

20. Chlorine (17 electrons) has the electron configura-
tion [Ne]3s23p®, or 1522s22p®3s23p>. Therefore, 11
electrons occupy p orbitals in a chlorine atom.

21. indium (In)
22. barium (Ba)

Solutions 925
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c:aap;;%( N;:Uﬂ) + 14\Hoﬁ< N:ﬁ) -

10.

1.

19.
20.
. AlBry
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

ZLHcrﬁs(

s

3(1+) +13-) =0

The overall charge on one formula unit of NazN is
zero.

1+
Liqon
21+) +12-) =0

The overall charge on one formula unit of Li,O is

zZero.
1— > _

The overall charge on one formula unit of SrF, is
zero.

2 Ations| 3.+n) + 3}%&:«) -

23+) +3(2—-)=0

. 2— o
>+1 on;. )—

Si_:;ﬁ)+2ﬁoﬁs

12+) +2(1-)=0

The overall charge on one formula unit of Al,S; is
zero.

. 1+ .
3 GﬁTﬁs(—m) + H?/ro/n(
31+) +13-) =0

The overall charge on one formula unit of Cs;P is
zero.

Kl

3—>:
Pion

Mqgcl,

Cs3N

BaS

NaNO;

Ca(ClOy),
Al,(CO3);

K,CrO,

MgCO;,

sodium bromide
calcium chloride
potassium hydroxide
copper(ll) nitrate

silver chromate

Chemistry: Matter and Change

Chapter 9
1. H

H-+ H-+H-+-P: > H—P:

H
2. .o .o
H-+ H-+-S:— H—T:
H
3. .o .
He o+l o H—Cls
4. :('|j'1:
«Cl: + -Cl: + +Cl: + +Cl: + +C+ > :C1—C —Cl:
:Cl:
5. H

H-+ H-+H-+H- +:Si- >H—Si—H

H
13. carbon tetrachloride
14. diarsenic trioxide
15. carbon monoxide
16. sulfur dioxide
17. nitrogen trifluoride
18. hydroiodic acid
19. chloric acid
20. chlorous acid
21. sulfuric acid
22. hydrosulfuric acid
30. :'1|5: - ::S=C=3::

:E_N:

:EZ

34. 1+

35. ..

36.

37.1
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38. N o N Chapter 10
I:.:'O./NQO..] D I::O4N\.O-:;| 1. Hz(g) + Brz(g) — HBr(g)
2. CO(g) + O - CO
30. i 0. i (9) + 0,(9) 2(9)
0N, RN 4. FeCly(aq) + 3NaOH(aqg) — Fe(OH)4(s) + 3NaCl(aq)
. .. :Cl: **
F g 5. CS,(I) + 30,(g) — CO,(g) + 250,(g)
M. . é_l/i::; 6. Zn(s) + H,50,(aq) — H,(g) + ZnSO,(aq)
s SF: 14. 2AI(s) + 35(s) — Al,S5(s) synthesis
15. H,0O(l) + N,Os(g) — 2HNO3(aq)  synthesis
Mole- Bond |Hybridi- i
cule Geometry angle | zation 16. 4NO,(g) + 0,(g) — 2N,05(g) synthesis and
:F: combustion
49. | BF; | Trigonal ~ |120° | sp? 17. 2C,H(g) + 70,(g) — 4CO,(g) + 6H,0(g)
:i:‘/B\'ls: planar combustion
1+ 18. 2Al,05(s) — 4Al(s) + 30,(g)
50. | NH,* i Tetrahedral | 109° | sp3 19. Ni(OH),(s) = NiO(s) + H,0()
H—ITI—H 20. 2NaHCO,(s) — Na,COs(aq) + CO,(g) + H,O(l)
H 21. Yes. K is above Zn in the metal activity series.
‘O 2K(s) + ZnCl,(aq) — Zn(s) + 2KCl(aq)
L SO .
51.| Ocl, |:Cl Cl: Bent 104.5°|  sp? 22. No. Cl is below F in the halogen activity series.
‘:F—Be—F: . 23. No. Fe is below Na in the metal activity series.
52.| BeF, | - *= Linear 180° sp . .
. 24. Lil(ag) + AgNOs(aq) — Agl(s) + LiNOs(aq)
:F:
U 25. BaCl,(aq) + K,CO5(aq) — BaCO;(s) + 2KCl(aq)
53. | CF, :F—C—F: Tetrahedral|109° sp3
I I 26. Na,C,0,(aq) + Pb(NOs),(aq) —
:F: PbC,0,(s) + 2NaNOs(aq)
33. chemical equation:
60. SCl, is polar because the molecule is asymmetric Kl(aq) + AgNO5(aq) — KNO5(aq) + Agl(s)
(bent).
. complete ionic equation:

a7 SN K*(aq) + 17(aq) + Ag*(aq) + NO3 (aq) —
= K (aq) + NO3 (aq) + Agl(s)
61. H,S is polar because the molecule is asymmetric

(bent) net ionic equation: I~ (aq) + Ag*(aq) — Agl(s)
/"S"\ 34. chemical equation: 2(NH,);PO,(aq) + 3Na,SO,(aq)
H H — 3(NH,),S0,(aq) + 2Na3PO,(aq)
62. CF, is nonpolar because the molecule is symmetric complete ionic equation: 6MH; " (aq) + 2P0,>~(aq)
(tetrahedral). + 6Na*(aq) + 359, (aq) — 6NH,"(aq) +
s 359, (aq) + 6Ma'(aq) + 2PO,> (aq)
| No reaction occurs; therefore, there is no net
'F._Cl_!:.‘ ionic equation.
‘F: 35. chemical equation:
63. CS, is nonpolar because the molecule is symmetric AlCly(aq) + 3NaOH(aq) — Al(OH);(s) + 3NaCl(aq)
(linear).

complete ionic equation:

:.S=C=S'_' Al3*(aq) + 3¢t (aq) + 3Na*(ag) + 30H (aq) —
: : Al(OH)5(s) + 3N&"(aq) + 3¢t (aq)

net ionic equation:

AlP*(aq) + 30H (aq) — AI(OH);(s)

Solutions 927
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36.

37.

38.

39.

40.

a1.

chemical equation:
Li,SO4(aq) + Ca(NO;),(aq) — 2LiINO5(aqg) + CaSO,(s)

complete ionic equation:
2tit(aq) + SO,% (aq) + Ca?'(aq) + 2NO3 (aq) —
2t (aq) + 2NO3 (aq) + CaSO,(s)

net ionic equation:
SO,2 (aq) + Ca%*(aq) — CaSO,(s)

chemical equation: 5Na,CO3(aq) + 2MnCls(aq) —
10NaCl(aqg) + Mn,(CO3)s(s)

complete ionic equation:
10Na"(aq) + 5CO5%2 (aqg) + 2Mn°*(aq) + 10CT (aq)
— 18Na"(aq) + 18€T (aq) + Mn,(CO;)s(s)

net ionic equation:
5CO327(aQ) + 2Mn5+(aQ) i an(cog)s(s)

chemical equation:
H,SO,(aq) + 2KOH(aq) — 2H,0(l) + K,50,(aq)

complete ionic equation:
2H"(aq) + 56,7 (aq) +-2KT(aqg) + 20H (aq) —
2H,0(l) +2K*(aq) + 5077 (aq)

net ionic equation:
2H*(aqg) + 20H (aq) — 2H,0()
or H*(aq) + OH (aq) — H,0(l)

chemical equation:
2HCl(aqg) + Ca(OH),(aq) — 2H,0(l) + CaCl,(aq)

complete ionic equation:
2H*(aq) +-2€"(aq) + €a27(aq) + 20H (aq) —
2H,0(l) + ca**(aq) +2€1"(aq)

net ionic equation: H*(ag) + OH~(aq) — H,O(l)

chemical equation:
HNOs(aq) + NH,OH(aq) — H,O(l) + NH,NO(aq)

complete ionic equation:
H*(aq) + NO3 (aq) + NH;"(aq) + OH™(aq) —
H,O(l) + NH;"(aq) +.NO3 (aq)

net ionic equation: H*(ag) + OH~(aq) — H,O(l)

chemical equation:
H,S(aqg) + Ca(OH),(aq) — 2H,0(l) + CaS(aq)

complete ionic equation:
2H*(aq) +.5%2"(aq) + €a?*(aq) +20H (aq) —
2H,0() + €a%*(aq) + 57 (aq)

net ionic equation: H*(ag) + OH~(aq) — H,O(l)

Chemistry: Matter and Change

42.

43

44

45.

46.

chemical equation: H;PO,(aqg) + 3NaOH(aq) —
3H,0(l) + Na;PO,(aq)

complete ionic equation:
3H*(aq) + PO, (aqg) + 3Na'(aq) + 30H (aq) —
3H,0(l) + 3Na*(aq) + PO, (aq)

net ionic equation: H*(ag) + OH (aq) — H,O(l)

chemical equation: 2HCIO,(aq) + K,CO5(aq) —
H,O(l) + CO,(g) + 2KClO,(aq)

complete ionic equation:
2H*(aq) + 2C19; (aq) + 2K*(aq) + CO52~(aq) —
H,O(l) + CO,(g) + 2K*(aq) + 2C}, (aq)

net ionic equation:
2H"(aqg) + CO5% (aq) — H,0(l) + CO,(9)

chemical equation:
H,SO,4(aq) + 2NaCN(aq) — 2HCN(g) + Na,SO,(aq)

complete ionic equation:

2H"(aq) +.50;%2 (aq) + 2Na*(aq) + 2CN~(aq) —
2HCN(g) + 2MNa*(aq) + 5077 (aq)

net ionic equation:

2H"*(aq) + 2CN~(aq) — 2HCN(qg)
or H*(aq) + CN~(aq) — HCN(qg)

chemical equation: 2HBr(aq) + (NH,),CO5(aq) —
H,O(l) + CO,(g) + 2NH,Br(aq)

complete ionic equation:
2H"(aq) + 2Br (aq) + 2NH,"(aq) + CO5% (aq) —
H,O(l) + CO,(g) + 2MNH;(aq) + 2BF (aq)

net ionic equation:
2H*(aq) + CO52 (ag) — H,O(l) + CO,(g)

chemical equation:
2HNOs(aq) + KRbS(aq) — H,S(g) + KRb(NO;),(aq)

complete ionic equation: 2H*(aq) + 2NO3 (aq) +
K*(aq) + BRb*(aq) + S27(aq) — H,5(g) + K*(aq) +
Rb™*(aq) + 2NE3(aq)

net ionic equation: 2H*(aq) + S?~(aqg) — H,S(g)
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Chapter 11

23
1. 2.50 r7n x 6.02 X 104 atoms

1-prol
= 1.51 X 10?4 atoms of Zn

6.02 X 1023 formula units
1 _mot
= 1.96 X 10%* formula units of AgNO,

6.02 X 102 molecules
1 ol

= 6.92 X 10%* molecules of H,0

2. 3.25.m01 AgNO; X

3. 11.5 mol H,0 X

1 mol

4. a. 5.75 X 1024 atems Al X
6.02 X 1023 atemns

= 9.55 mol Al
b. 3.75 X 10%* melecufes CO, X
1 mol

— 6.23 mol CO
6.02 X 1023 molecufes mot &

c. 3.58 x 1023 formuta—umits ZnCl, X
1 mol
6.02 X 1023 formutaumits

d. 2.50 X 10%2° atems Fe X
= 4.15 X 1074 mol Fe

1 mol
6.02 X 102 ateoimns

M. a. 3.57 mol Al X %ﬂﬁ' ~ 963 g Al

b. 42.6 MX% — 120 % 103 g Si

c. 3.45MX%:2039C0

d. 2.45 metzn x% — 1.60 X 102 g Zn
12. a. 255 g Agx % = 0.236 mol Ag

b. 300.0 g5 %55; 9.355 mol S

c. 125 gzmx %: 1.91 mol Zn

o vosare 95 s

= 17.9 mol Fe

= 0.595 mol ZnCl,

; 23
13. a. 55217 x 1 mof Li 6.02 X 1023 atoms

6.941 gt 1ol

=4.79 X 10%* atoms Li

b. 0.230 g Pt x —FFOTPD_

6.02 X 1023 atoms

207.2 gPb 1.mol”

= 6.68 X 1020 atoms Pb

1ol Hg 6.02 X 1023 atom

S

.11, X X
 NSgHIX 50 g
= 3.45 X 10?2 atoms Hg

1 _mol Si

1 ol

6.02 X 102 atoms

d. 45.6 g-S5i"x 28.09/g/srx e

= 9.77 X 1023 atoms Si

1000 g-Fi~, 1ol Ti
e. 0.120 kg-Ti X 1 kg T X47.88/9/T’|’X

23
6.02 X 107 atoms _ 4 54 1024 atoms Ti

1 mof
. 1 mol”
. a. 6.02 x 102 X
14. a. 6.02 X 10°* atons Bi 6.02 X 1023 <

209.0 g Bi _ 3 o
T motBI 2.09 X 10° g Bi

b. 1.00 X 1024 gtoms Mn X

1 mot”

X

54.94 g Mn
1 moet"Mn
c. 3.40 X 10% atems He X
4.003 g He
1 met He
d. 1.50 X 10" aters N X

14.01gN
1.mot'N

=91.3g Mn
1 ot

= 0.226 g He
1 mot”

=349%X108gN
1 _mot”

X
6.02 X 1023 atems

X
6.02 X 1023 ators

X
6.02 X 102 atoms

e. 1.50 X 10" atonms U X X

6.02 X 1023 atems

23809U _ 593 19-7gu

1. met U
20. 2.50 mokznct, x ~2molcl
" 27 1 molZn€t,

6 mol C
12 6><1—

= 5.00 mol CI~

21. 1.25
12Y%

1.25 > GX%

12~6
6 mol O

129
3 mol SO,2~

1 mokFe;507);

1.25 mokGoht;0 X

22. 3.00 molFex{507); X
= 9.00 mol SO,%~

23. 5.00 mol-Pz0; X > molO _ _ 550 mol 0

motP505

2ZmolH __ 535 ol H

24. 11.5 mol Hyo x =T
1 mol H,0

Solutions

= 7.50 mol C

= 15.0 mol H

= 7.50 mol O

929
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25. NaOH 1 molNa X 1 ] =22999g
16.00g0
1 moloX 1 =16.00 g
1.008gH _
1 metHx 1 1.008 g
molar mass NaOH = 40.00 g/mol
40.08 g Ca _
Cacl, 1 mot€a X Trmolta 40.08 g
35459C _
2 mol€hx 1 ret 0.90 g
molar mass CaCl, = 110.98 g/mol
39.10 g K
KC,H;0, 1 meHx 1—9— =39.10 g
1201gC _
2 molex 1 24.02 g
1.008 g H _
3 mokHx =2 3.024 g
16.00g O

2MX1—|=32.009

molar mass KC,H;0, = 98.14 g/mol

SrNO;), 1 moksrx 80295 _g762 g
1401gN _
2 molN—X T molN- Mol N- =28.02 g
16.00 g O

6m.ol’6’><17| =96.00 g

molar mass Sr(NO;), = 211.64 g/mol

14.01gN
1 mol-N—
1.008 g H
1 metH
3097 gP
1_melP
16.00 g O

(NH,);PO, 3 mobtX =42.03¢g

12 mohH X =12.09 g
1 metP X =3097g¢

4 mol-O X

930 Chemistry: Matter and Change

Tmote 4.00 g
molar mass (NH,);PO, = 149.10 g/mol

12.01 g C

26. C,H;:OH 2.met€ X ol 24.02 g
1.008gH _
6 motH X ot 6.048 g
16.00 g O

1 metO X ———=— = 16.00
mot-o g

molar mass C,H;OH = 46.07 g/mol

12.01gC

C12H22011 12 met€ X W = 144.12 g
1.008gH _
22 metH X 1 =22.176 g
16.00g 0 _
11 moto X Tmolo 76.00 g
molar mass C;,H,,0,; = 342.30 g/mol
HCN 1MX11-00A= 1.008 g
1201gC _
1 mot€X T mote 12.01 g
1401 gN _
1 molN-x == P = 14.01 g
molar mass HCN = 27.03 g/mol
1201gC _
ccly, 1 molex T mole 12.01¢g
35459 Cl _
4molw€|’><—1 el =141.80¢g
molar mass CCl, = 153.81 g/mol
H,0 zwxw= 2.016 g
16.00 g O

1 W1—|: 6.00 g

molar mass H,0 = 18.02 g/mol

27. Step 1: Find the molar mass of H,SO,.
1.008 g H

2 moHHx Tt - 2.016 g
32.07gS _

1 metS X Tmete 32.07 g
16.00g 0 _

4 metO X ol 64.00 g

molar mass H,SO, = 98.09 g/mol

Step 2: Make mole — mass conversion.

98.09 g H,50, _
3.25 mol'H,50, X 1ol H,50, 319 g H,SO,
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28. Step 1: Find the molar mass of ZnCl,. Step 2: Make mass — mole conversion.
65.38 g9 Zn _ 1 mol HCI _
1 metZn X Tmetzn 65.38 g 35.0 g HAl X 736,46/9/HC| 0.960 mol HCI
2 metet X 35459C _ 0.90 g d. Step 1: Find the molar mass of Fe,0s.
1 mok-ct 5585 g Fe _
molar mass ZnCl, = 136.28 g/mol 2 mofFe X === = 111.70g
Step 2: Make mole — mass conversion. 3 moto x 10:009 O

= 48.00 g
136.28 g ZnCl, 1 met O~

4.35 X 102 metZnCl, X — motZncT, molar mass Fe,0, = 159.70 g/mol
=5.93 g ZnCl, Step 2: Make mass — mole conversion.
1 mol Fe,O
29. Step 1: Find the molar mass of KMnO,. 25.0 g Fe;03 X Wg%é;
54.94 g Mn e. Step 1: Find the molar mass o 4
1metVin x ——2_—— = 5494
1 moHvin 9 1mo|prM:207_zg
16.00 g O £4.00 1 mol Pb
AdmetO X ———=— =64.00g
1 met© 4m°|CIX% = 141.80g
molar mass KMnO, = 158.04 g/mol 1
molar mass PbCl, = 349.0 g/mol
Step 2: Make mole — mass conversion. Step 2: Mak | )
ep 2: Make mass — mole conversion.
25> 4 1518wg?4 254 gPbCT, x - MOLPECls _ 4 758 mol Pl
= 403 g KMnO, _ 47 349.0 g-PbCl, 4
31. Step 1: Find the molar mass of Ag,CrO,.
30. a. Step 1: Find the molar mass of AgNOs. 107.9 g Ag
1metAg X ————=—= =1079¢g metAg
1 mol-Ag 1 ot x 52009 Cr _
TmeHNX ——2— =14.01g
1-mot N 16.00g O
3metO X ——== =48.009 met
1.metO” molar mass Ag,CrO, = 331.8 g/mol
molar mass AgNO; = 169.9 g/mol ]
Step 2: Make mass — mole conversion.
Step 2: Make mass — mole conversion. 55 g 5« _1 mol Ag,Cro,
22.6 g AgNG; x —-MOLAGNO; : 20704 X 337 8 g AG5CTO;,
169.9 g-AgNG; = 0.0778 mol Ag,CrO,
= 0.133 mol AgNO; ) )
b g I ‘ Step 3: Make mole — formula unit conversion.
. Step 1: Find molar mass of ZnSO,. 23 i
p 65.39 g n 4 0.0778 metAg,Cro, X 6.02 X 101 formula units
1 mokzmx 22230 = 6539 g met”
32079 = 4.68 X 10?2 formula units Ag,CrO,
1 motS Tmobs— 32079 a. 4.68 X 1022 farmuta—units Ag,CrO, X
16.00g0 2 Ag" ions _ 2 At
4 Mx% = 64.00 g T for it Ag,CrO, 9.36 X 104 Ag* ions
molar mass ZnSO, = 161.46 g/mol b. 4.68 X 102 f its Ag,CrO, X
Step 2: Make mass — mole conversion. 1 CrO 2" ion
1 mol ZnSO 1 formula urit Ag,CrO,
6.50 Xoo 4
9250, 161.46 g-ZASO, = 4.68 X 1022 CrO,2~ ions
= 0.0403 mol ZnSO, 331.8 g Ag,CrO, . 1 _
c. Step 1: Find the molar mass of HCI. " 1metAg,CrO, ~ 6.02 X 102 formula units
1 mokHx 11-008 9H _1008g = 5.51 x 1072 g Ag,CrO,/formula unit
35459 Cl
1 mel€ix 1 moler mol e 5.45¢g
molar mass HCI = 36.46 g/mol

Solutions 931




32. Step 1: Find the number of moles of NacCl.
4.59 X 10%* formuta—units NaCl X

1 mol 3
6.02 X 1023 formutaunits 7.62 mol Nacl

Step 2: Find the molar mass of NaCl.

22.99 g Na _
1 mokNa X T mobNG 22.99 g
35459C1 _
1 mok€tXx I morer 545¢
molar mass NacCl = 58.44 g/mol

Step 3: Make mole — mass conversion.

58.44 g NaCl _
7.62 metNaCl x A moiNael 445 g NacCl
33. Step 1: Find molar mass of C,H;OH.
1201gC _
2 motT X T mote 24.02 g
1.008gH _
6 motH X T mobH 6.048 g
16.00 g O

molar mass C,H;OH = 46.07 g/mol

Step 2: Make mass — mole conversion.

mol CGGH:OH
456 g GHOA X 1 ———2 5"
205 46.07 g C;H:OA

= 0.990 mol C,H;OH
Step 3: Make mole — molecule conversion.

6.02 X 102 molecules
0.990 ot C,H;OH X 1

5.96 X 102> molecules C,H;OH

. 5.96 X 10?3 moleeutes €;H;OH X

2 C atoms
1 moleewteC;HOH

b. 5.96 X 10?3 moleeutes GGHOH X

1 6 H atoms — 3.58 X 1024 H atoms
m'0|ezu|e EZ I5E|

. 5.96 X 10?3 meleettes GGHOH X

1 10 atom = 5.96 X 1023 O atoms
moleedte e2 ISOI

34. Step 1: Find the molar mass of Na,SOs.
22.99 g Na

[]

= 1.19 X 10?4 C atoms

(o]

32.079S _
1-motS X T mots 32.07 ¢
16.00g0 _
3 met O X I mots 48.00 g
molar mass Na,SO3; = 126.04 g/mol

Chemistry: Matter and Change

35.

42.
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Step 2: Make mass — mole conversion.

1 mol Na,SO;
2.25 9. N2350; X 5604 g Nayso;

= 0.0179 mol Na,SO,

Step 3: Make mole — formula unit conversion.

6.02 X 1023 formula units
0.0179 metNa,SO; X I~

= 1.08 X 10?2 formula units Na,SO;
a. 1.08 X 10?2 formula-units Na;50; X

2 Na* ions :
: =2.16 X 10?2 Na*
1 formula—unitNa,S0, 2:16 > 10% Na™ ions

b. 1.08 X 1022 formula-tmits Na,50; X
15052 ions
1 formula urit-Na350;

126.08 g Na,SO, 1 ol
1_mol Na,SO; 6.02 x 1023 formula units

= 2.09 X 10722 g Na,SO; /formula unit

= 1.08 X 10?2 SO;2~ ions

o

Step 1: Find the molar mass of CO.,.

1201gC _

1 metC X 1 ; 12.01 g
16.00g O _

2 mot O X Tmote 32.00¢g

molar mass CO, = 44.01 g/mol

Step 2: Make mass — mole conversion.
1 mol CO,
. X ——= "2 =1,
52.0.g-€0, 2401 - 1.18 mol CO,

Step 3: Make mole — molecule conversion.
1.18 mof CO, X 6.02 X 1?2;:}rolecules
7.11 X 1022 molecules CO,
7.11 X 102 molecules€0, X
=7.11 X 10% C atoms

b. 7.11 X 1023 moleettesCO, X

= 1.42 X 10%* O atoms

44.01 g CO, 1 met”
1mel' CO, = 6.02 X 10% molecules

= 7.31 X 10723 g CO,/molecule

Steps 1 and 2: Assume 1 mole; calculate molar
mass of CaCl,.

40.08 g Ca _
1 mol€a X i moles 40.08 g
35459C _
2 mol€tx 1 moter 70.90 g
molar mass CaCl, = 110.98 g/mol
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Step 3: Determine percent by mass of each 45. Steps 1 and 2: Assume 1 mole; calculate molar
element. mass of H3PO,.
_40.08 g€a _ o 1.008gH _
percent Ca 110.98 g €acl, X 100 = 36.11% Ca 3 motH X ] I 3.024 g
_70.90 g€~ N 30.97 gP
=__ 7Y I = X = .899 2/grF
percent Cl 110.98 g €acl, 100 = 63.89% ClI 1 motP X ] 3097 g
43. Steps 1 and 2: Assume 1 mole; calculate molar 16.00 g O
mass of Na,SO,. 4 metO X Tmoto 64.00 g
22.99 g Na _
£&e77 J 2 molar mass H;PO = 97.99 g/mol
2 metNa X 1 Na 4598 g 3FU, g
320695 B Step 3: Determine percent by mass of each ele-
1motS X S mots =32.07¢g ment.
16.00g0 __3024gH _ 0
4 meto X Tmete " 64.00 g percent H 97.99 g HsPO, 100 = 3.08% H
molar mass Na,SO = 142.05 g/mol
2> d percent P = %Lﬁxwo:mm%l:
Step 3: Determine percent by mass of each ' 3
element. percent 0 = —240080" 44, _ 65319 0
ercent Na = - 2>988Na 140 _ 33379 Na 2799 6P
P ~ 142.05-gNa,50, T aesnn 46. Step 1: Assume 100 g sample; calculate moles of
h el .
percent s = — 320785 400 — 22.58% s each element
142.05 gNas50, 1TmolN _
64.00 0 O 36.84 g N X T40LaN 2.630 mol N
percent O = 920 9° %100 = 45.05% O -8
142.05 g Na;30, 63.16.90 x —-1° O _ 3948 mol 0
44. Steps 1 and 2: Assume 1 mole; calculate molar ’ 16.00-g0 '
mass of H2510(;(-)8 H Step 2: Calculate mole ratios.
2mdﬂ><ﬁ=2-0169 2.630 molN _ 1.000molN _ 1molN
3206405 2.630 mol N 1.000 mol N 1 mol N
1mets x 22292 —~3206g 3.948 mol
1 metsS . molO _ 1.500molO _ 1.5mol O
3 16.00 g O 8.00 2.630 mol N 1.000 mol N 1 mol N
1 molO The simplest ratio is 1 mol N: 1.5 mol O.
molar mass H,SO; = 82.08 g/mol
Step 3: Convert decimal fraction to whole
Step 3: Determine percent by mass of S. number.
_ 32.06 95 _ o . . _
percent S = 8208  HSO. X 100 = 39.06% S In this case, multiply by 2, because 1.5 X 2 = 3.
08 g H550; Therefore, the empirical formula is N,O;.

Repeat steps 1 and 2 for H,5,04. Assume 1 mole;
calculate molar mass of H,S,0s.

1.008gH
ZJ:mai/HX—1 ] =2.016g9

32.06gS _
2mek§><—1 =64.12¢g

16.00g 0
8m<al/0><71 ; = 128.00¢g

molar mass H,S,05 = 194.14 g/mol

Step 3: Determine percent by mass of S.

64.12 g5
= — = J= X = . 0,
percent S 194.14 g 155,05 100 = 33.03% S

H,SO; has a larger percent by mass of S.

Solutions 933
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a47.

48.

49.

Step 1: Assume 100 g sample; calculate moles of
each element

1 mol Al

35.98.ATX 500 e = 1.334 mol Al

TmolS _
64.02. g5 X W = 1.996 mol S
Step 2: Calculate mole ratios.
1.334 mol Al _ 1.000 mol Al _ 1 mol Al
1.334 mol Al 1.000 mol Al 1 mol Al
1.996 mol S 1.500 mol S 1.5 mol S

1.334 mol Al 1.000 mol Al 1 mol Al
The simplest ratio is 1 mol Al: 1.5 mol S.

Step 3: Convert decimal fraction to whole
number.

In this case, multiply by 2, because 1.5 X 2 = 3.
Therefore, the empirical formula is Al,S;.

Step 1: Assume 100 g sample; calculate moles of
each element.
1 mol C

TmolH _
18.18944’><W— 18.04 mol H

Step 2: Calculate mole ratios.
6.813 mol C _ 1.000 mol C _ 1mol C
6.813molC 1.000molC 1molC

18.04 mol H _ 2.649 mol H _ 265 mol H
6.813 mol C 1.000 mol C 1 mol C

The simplest ratio is 1 mol: 2.65 mol H.

Step 3: Convert decimal fraction to whole
number.

In this case, multiply by 3, because 2.65 X 3 =
7.95 = 8. Therefore, the empirical formula is C5Hg.

Step 1: Assume 100 g sample; calculate moles of
each element.
1 mol C

TmolH _
444 gH X W =4.40 mol H
1TmolO
35.56-g0 X 160000 2.22 mol O

Step 2: Calculate mole ratios.

5.00mol C ~ 2.25mol C _ 2.25 mol C
222molO  1.00molO 1molO
440 molH _ 198 molH _ 2molH
222molO  1.00molO  1molO
222molO _ 1.00molO _ 1molO
222molO  1.00molO 1molO

The simplest ratio is 2.25 mol C: 2 mol H: 1 mol O.

Chemistry: Matter and Change
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51.

Step 3: Convert decimal fraction to whole num-
ber.

In this case, multiply by 4, because 2.25 X 4 = 9.
Therefore, the empirical formula is C4HgO,.

Step 1: Assume 100 g sample; calculate moles of
each element.

1mol Mg _
10.89 g-vig X 2431 aMa -~ 0.4480 mol Mg
1molCl _

57.34 g-&X $; 3.584 mol O

Step 2: Calculate mole ratios.

0.4480 mol Mg _ 1.000 mol Mg _ 1 mol Mg
0.4480 mol Mg 1.000 mol Mg 1 mol Mg
0.8962 mol CI _ 2.000 mol CI _ 2 mol CI
0.4480 mol Mg ~ 1.000 mol Mg 1 mol Mg
3.584 mol O 7.999 mol O 8 mol O

0.4480 mol Mg  1.000 mol Mg = 1 mol Mg
The empirical formula is MgCl,0Og.

The simplest ratio is 1 mol Mg: 2 mol Cl: 8 mol O.

Step 1: Assume 100 g sample; calculate moles of
each element
1 mol C

TmolH _
5.45 g H™X W— 5.41 mol H
TmolO
29.09 g O X 160000 1.818 mol O

Step 2: Calculate mole ratios

5.450 mol C _ 3.000 mol C _ 3 mol C
1818 molO  1.000molO 1 mol O
541 molH _ 297 molH _ 3molH
1818 molO  1.00molO  1molO
1.818 molO _ 1.000 mol O _ 1 mol O
1818 molO ~ 1.000molO ~ 1mol O

The simplest ratio is 1 mol:2.65 mol H.

Therefore, the empirical formula is C3H;0.

Step 3: Calculate the molar mass of the empirical
formula.

1201gC _

3 metC X 1 Fe 36.03 g
1.008gH

3meH=r><71 I = 3.024¢

16.009 O _
1 met0x 9= = 16.00g

molar mass C;H;0 = 55.05 g/mol

Step 4: Determine whole number multiplier.
110.0 g/mol
55.05 g/mol
The molecular formula is CzHgO,.

= 1.998, or 2
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Step 1: Assume 100 g sample; calculate moles of
each element.

1TmolC _
TmolH _
10.479/HXW— 10.39 mol H

Step 2: Calculate mole ratios.

4.162 mol C _ 1.000 mol C _ 1 mol C
4.162 mol C 1.000 mol C 1 mol C
10.39 molH _ 2.50 molH _ 2.5molH
4.162 mol C 1.000 mol C 1 mol C

The simplest ratio is 1 mol C: 2.5 mol H.

Because 2.5 X 2 = 5, the empirical formula is
CZHS-

Step 3: Calculate the molar mass of the empirical
formula.

1201gC _
2 mot T X 1 24.02 g
1.008gH _
5 motH X TeotH 5.040 g
molar mass C,Hs = 29.06 g/mol

Step 4: Determine whole number multiplier.

58.12 gfmol
29.06-gfmol 2.000

The molecular formula is C4H;,.

Step 1: Assume 100 g sample; calculate moles of
each element.

TmolN

46.68 g X 401N 3.332 mol N
TmolO _

53.32.g0 X 160060 3.333 mol O

Step 2: Calculate mole ratios.
3.332molN _ 1.000 molN _ 1 molN
3.332 mol N 1.000 mol N 1 mol N
3.333molO0 _ 1.000molO _ 1mol O
3.332 mol N 1.000 mol N 1 mol N

The simplest ratio is 1 mol N: 1 mol O.

The empirical formula is NO.

Step 3: Calculate the molar mass of the empirical
formula.
14.01 g N

1me{’N><1—| =14.01¢g
16.00g 0
1me+6><71 i = 16.00g

molar mass NO = 30.01 g /mol

Step 4: Determine whole number multiplier.

60.01_g/mot
30.01-ginof 2.000

The molecular formula is N,0,.

54.

55.

56.

Step 1: Calculate moles of each element.
1 mol K

1TmolO
4.00.gO X 160006 0.250 mol O

Step 2: Calculate mole ratios.

0.5000 mol K _ 2.00 mol K _ 2 mol K
0.250 mol O 1.00 mol O 1 mol O
0.250 mol O _ 1.00 mol O _ 1 mol O
0.250 mol O 1.00 mol O 1 mol O

The simplest ratio is 2 mol K: 1 mol O.

The empirical formula is K,O0.

Step 1: Calculate moles of each element

1 mol Fe

174.86 g Fe X 5585 aFe 3.131 mol Fe

TmolO
75.14 go X 160006 4.696 mol O
Step 2: Calculate mole ratios.
3.131 mol Fe _ 1.000 mol Fe _1 mol Fe
3.131 mol Fe 1.000 mol Fe 1 mol Fe
4696 molO _ 1.500 molO _ 1.5mol O
3.131 mol Fe 1.000 mol Fe 1 mol Fe

The simplest ratio is 1 mol Fe: 1.5 mol O.

Because 1.5 X 2 = 3, the empirical formula is
Fe,0s.

Step 1: Calculate moles of each element.

1TmolC _
17.900 g€ X W = 1.490 mol C
1molH _
1.680 gH X 7008 gH 1.667 mol H
1TmolO
TmolN
1.228 g X 201 gN 0.08765 mol N
Step 2: Calculate mole ratios.
0.08765 mol N _ 1.000 moIN _ 1molN
0.08765 mol N 1.000 mol N 1 mol N
1.490mol C _ 17.00 mol C _ 17 mol C
0.08765 mol N 1.000 mol N 1 mol N
1.667 molH _ 19.02molH _ 19 mol H
0.08765 mol N 1.000 mol N 1 mol N
0.2641mol O _ 3.013mol O _ 3 mol O
0.08765 mol N 1.000 mol N 1 mol N

The simplest ratio is 17 mol C: 19 mol H: 3 mol O:
1 mol N.

The empirical formula is C;;H;903N.

Solutions
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57. Step 1: Calculate moles of each element.

64.

1 mol Al

0.545 g-At < 5698 o AT — 0.0202 mol Al
1molO _
0.485.g0 X 160000 0.0303 mol O

Step 2: Calculate mole ratios.

0.0202 mol Al _ 1.00 mol Al _ 1 mol Al
0.0202 mol Al 1.00 mol Al 1 mol Al
0.0303 mol O 1.50 molO _ 1.5mol O

0.0202 mol Al = 1.00 mol Al =~ 1 mol Al

The simplest ratio is 1 mol Al: 1.5 mol O.

Because 1.5 X 2 = 3, the empirical formula is
Al,Os.

Step 1: Assume 100 g sample; calculate moles of
each component.
1 mol MgSO,

48.8 9-Mg504 X 755 38 g MgsO,
= 0.405 mol MgsO,

1 mol H,0
212 910 X 38 02 5 Hy0

Step 2: Calculate mole ratios.

0.405 mol MgSO, _

0.405 mol MgSO,

_ 1 mol MgSO,

" 1 mol MgSO,
2.84 molH,O

0.405 mol MgSO,

_ 7 mol H,0

~ 1 mol MgSO,

The formula of the hydrate is MgSO,-7H,0. Its

name is magnesium sulfate heptahydrate.

= 2.84 mol H,0

1.00 mol MgSO,
1.00 mol MgSO,

7.01 mol H,0
1.00 mol MgSO,

Step 1: Calculate the mass of water driven off.

mass of hydrated compound — mass of anhydrous
compound remaining

= 11.75 g CoCl,-xH,0 — 9.25 g CoCl,

= 2.50 g H,0

Step 2: Calculate moles of each component.

9.25 g Co€h X 1 mol Codl, = 0.0712 mol CoCl
: 2° 12083 gcoct, =~ < MOEOM:
2.50 g H,0-X

1 molH:0_ 4 139 mol H,0
1802 gH,0 o0 Mo

Step 2: Calculate mole ratios.

0.0712 mol CoCl,  1.00 mol CoCl, 1 mol CoCl,
0.0712 mol CoCl,  1.00 mol CoCl, 1 mol CoCl,
0.139 molH,0 ~ 1.95molH,0  2mol H,0
0.0712 mol CoCl,  1.00 mol CoCl, 1 mol CoCl,

The formula of the hydrate is CoCl,-2H,0. Its
name is cobalt(ll) chloride dihydrate.

Chemistry: Matter and Change

Chapter 12

1. a. 1 molecule N, + 3 molecules H, —
2 molecules NH;

1 mole N, + 3 moles H, — 2 moles NH;
28.02 g N, + 6.06 g H, — 34.08 g NH;

. 1 molecule HCl + 1 formula unit KOH —

1 formula unit KCl + 1 molecule H,0

1 mole HCl + 1 mole KOH —

1 mole KCl + 1 mole H,0

36.46 g HCl + 56.11 g KOH —

74.55 g KCl + 18.02 g H,0

4 atoms Zn + 10 molecules HNO; —

4 formula units Zn(NO3), + 1 molecule N,O +

5 molecules H,0

4 moles Zn + 10 moles HNO; —

4 moles Zn(NO3), + 1 mole N,O + 5 moles H,0O

261.56 g Zn + 630.2 g HNO; —
757.56 g Zn(NO;), + 44.02 g N,O + 90.10 g H,0

2 formula units MgO

. 2 atoms Mg + 1 molecule O, —

2 moles Mg + 1 mole O, — 2 moles MgO
48.62 g Mg + 32.00 g O, — 80.62 g MgO

2 atoms Na + 2 molecules H,0 —
2 formula units NaOH + 1 molecule H,

2 moles Na + 2 moles H,0 —

2 moles NaOH + 1 mole H,

45.98 g Na + 36.04 g H,0 —

80.00 g NaOH + 2.02 g H,

4 mol Al 3 mol O, 2 mol Al,O4
" 3mol O, 2 mol Al,O4 4 mol Al
3 mol O, 2 mol Al,03 4 mol Al
4 mol Al 3 mol O, 2 mol Al,04
3 mol Fe 3 mol Fe 3 mol Fe
" 4 mol H,0 4 mol H, 1 mol Fe;0,
4 mol H,0 4 mol H, 1 mol Fe;0,
3 mol Fe 3 mol Fe 3 mol Fe
1 mol Fe;0, 1 mol Fe;0, 4 mol H,0
4 mol H, 4 mol H,0 4 mol H,
4 mol H, 4 mol H,0 4 mol H,
1 mol Fe;0, 1 mol Fe;0, 4 mol H,0
2 mol HgO 1 mol O, 1 mol O,
2 mol Hg 2 mol Hg 2 mol HgO
2 mol Hg 2 mol Hg 2 mol HgO
2 mol HgO 1 mol O, 1 mol O,
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3. a. ZnO(s) + 2HCl(aq) — ZnCl,(aqg) + H,O(l) 13. 2NaN;(s) — 2Na(s) + 3N,(g)

11. TiO,(s) + C(s) + 2Cl,(g) — TiCl,(s) + CO,(9)

Step 1: Make mole — mole conversion.

1.25 mobFios x 210l _ 5 56 ol ¢
) 2 T mokio, ~ 250 mol Cly

Step 2: Make mole — mass conversion.

250meJ—€I'><70'99C|2—177 al
) 27 1meteh, 9%h

12. Step 1: Balance the chemical equation.

2NaCl(s) — 2Na(s) + Cl5(g)

Step 2: Make mole — mole conversion.

250 mokNactx — O _ o5 o a
) 5 = 1.25 mol Cl,

Step 3: Make mole — mass conversion.

1.25 moter, x 099C _ g0 6
: 27 1meteh, 09,

1 mol ZnO 1molZnO 1 mol ZnO Step 1: Make mass — mole conversion.
2 mol HCI 1 mol ZnCl, 1 mol H,0 100.0 1 mol NaN; 1.538 mol NaN
OgNag X ————— = 1. mol Na
2 mol Hcl 2mol HCI 2 mol HCl > 65.02. g-Nal; ’
1 mol ZnO 1 mol ZnCl, 1 mol H,0 Step 2: Make mole — mole conversion.
1 mol ZnCl, 1mol ZnCl, 1 mol Zndl, 1.538 mok-NaN; x _3molN; = 2.307 mol N,
TmolZn0  2molHCl 1 mol H,0 2motNaN;
1 mol H,0 1 mol H,0 1mol H,0 Step 3: Make mzlseo—; mI:\alss conversion.
U2 g N,
1 mol ZnO 2 mol HCI 1 mol ZnCl . X ———————= = 64.
2 2.307 motN, 1 3 64.64 g N,
b. 2C4H,0(g) + 130,(g) — 8CO,(g) + 10H,0(I) 14. Step 1: Balance the chemical equation.
2mol GHqyy  2mol GHyp 2 mol GHyqg 250,(g) + 0,(g) + 2H,0() — 2H,50,(aq)
13 mol O, 8 mol CO, 10 mol H,0
Step 2: Make mass — mole conversion.
13 mol O, 8 mol CO, 10 mol H,0 1 mol SO
2 mol C,H 2mol C,H,, 2 mol CH 2.50 g-56, X —————= = 0.0390 mol SO
47110 47710 47110 2 64.07 gée,z 2
10 mol H,0 10 mol H,0 8 mol CO, Step 3: Make mole — mole conversion.
13 ) 8 I CO 13 )
Mot &2 Mol Motz 0,035 . 2mol H;50,
13 . mol-SEo - < % =
mol O, 8 mol CO, 13 mol O, 2 2 mot 50,
10 mol H,0 10 mol H,O0 8 mol CO, 0.0390 mol H,SO,
9. 250,(g) + 05(9) + 2H,0(1) — 2H,50,(aq) Step 4: Make mole — mass conversion.
2 mol H,50, 98.09 g H,SO
125 metS56, X ———— 0. o 2227 9 M2
2 2 mols0, 0390 molH556, 1 550,
= 12.5 mol H,SO, produced = 3.83 g H,S0,
12.5 mokse, x 21 mol 0, _ 6.25 mol O, needed 20. 6Na(s) + Fe,05(s) — 3Na,O(s) + 2Fe(s)
2 Step 1: Make mass — mole conversion.
10. a. 2CH,(g) + Sg(s) — 2CS,(I) + 4H,5(g) 1 mol Na
100.0 g-Na X —————— = 4.350 mol Na
b. 1.50.mots; X~ 32 _ 300 mol ¢ 229
- L 8 = 3.00mol L5, 1 mol Fe,O
1-mot S, 100.0 g Fes05 X > 10223
4mol HyS 159.7 g Fe;0,
c. 1.50 metSz X ] . 6.00 mol H,S = 0.6261 mol Fe,0,

Step 2: Make mole ratio comparison.

0.6261 mol Fe,03 dt 1 mol Fe,04
4.350 mol Na comparedto 6 mol Na
0.1439 compared to  0.1667

a. The actual ratio is less than the needed ratio,
so iron(lll) oxide is the limiting reactant.

b. Sodium is the excess reactant.

c. Step 1: Make mole — mole conversion.

2 mol Fe
0.6261 molfe;0;5 X 17” = 1.252 mol Fe
Step 2: Make mole — mass conversion.
1.252 molfe X 23859 Fe =69.92 g Fe
1 molfe
d. Step 1: Make mole — mole conversion.
6 mol Na

= 3.757 mol Na needed

Solutions

937
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Step 2: Make mole — mass conversion.
3.757 metNa X 22'999Na—8636 N ded
. a 1 = 86.36 g Na neede
100.0 g Na given — 86.36 g Na needed

= 13.63 g Na in excess

21. Step 1: Write the balanced chemical equation.

6CO,(g) + 6H,0(l) — C¢H;,04(aq) + 60,(9)

Step 2: Make mass — mole conversion.

1 mol CO2
88.0.g-€0, X 01 5E, 2.00 mol CO,

1 mol H,0
64.0.gH;0 X 718.029#56 = 3.55 mol H,0
Step 3: Make mole ratio comparison.
2.00 mol CO, 6 mol CO,
355 mol A0 comparedto L0
0.563 compared to  1.00

a. The actual ratio is less than the needed ratio,
so carbon dioxide is the limiting reactant.

b. Water is the excess reactant.

Step 1: Make mole — mole conversion.
6 mol H,0

. X————
2.00 mek€0, X i

= 2.00 mol H,0

Step 2: Make mole — mass conversion.

300  18.029 H,0
: 2 1 motH;0

= 36.0 g H,0 needed

64.0 g H,O given — 36.0 g H,0 needed
= 28.0 g H,0 in excess

c. Step 1: Make mole — mole conversion.
500 » 1 mol CgH,,04
' 2 6 rRot-€O,

= 0.333 m0| C6H1206

Step 2: Make mole — mass conversion.
180.2 g CgH 4,06

0.333 mekEgH0; X — 01276
PO 1 mekegHO;

= 60.0 g CH,,04

27. Al(OH);(s) + 3HCl(aq) — AlCl5(aq) + 3H,0(l)

Step 1: Make mass — mole conversion.

14.0 y 1 mol Al(OH);
0-g-AKOH); 78.0 g-AKOH),

= 0.179 mol AI(OH);
Step 2: Make mole — mole conversion.

0.179 « 1 mol AlCl;
179-molAKOH); 1_mol-AKOH);
= 0.179 mol AlCl;

Chemistry: Matter and Change

28.

29.

Step 3: Make mole — mass conversion.
133.3 g AlCl;
1 mot-AICH
23.9 g of AlCl; is the theoretical yield.
22.0 g-Alch
23.9 g-Aich

Step 1: Write the balanced chemical equation.

Cu(s) + 2AgNO5(aqg) — 2Ag(s) + Cu(NO;),(aq)

0.179 metAtCh; X = 23.9 g AlCl,

% yield = X 100 = 92.1% yield of AlCl;

Step 2: Make mass — mole conversion.

1 mol Cu
20.0 g€u X m = 0.315 mol Cu
Step 3: Make mole — mole conversion.
O315mo1’cﬁxm= 0.630 mol Ag
' 1.metCu '
Step 4: Make mole — mass conversion.
0.630-motAg X 10799 A9 =68.0g Ag
1-motAg
68.0 g of Ag is the theoretical yield.
60.0 g-Ag

% yield = X 100 = 88.2% yield of Ag

68.0.g-Ag

Step 1: Write the balanced chemical equation.

Zn(s) + 15(s) — Znly(s)

Step 2: Make mass — mole conversion.

125.0 « 1 mol Zn
©8 65.38 g-Zn

Step 3: Make mole — mole conversion.

1 mol Znl,
1.912 motZn X m = 1.912 mol Zn|2

Step 4: Make mole — mass conversion.
319.2 g Znl,

= 1.912 mol Zn

1.912 metZnt, x otz 610.3 g Znl,
610.3 g of Znl, is the theoretical yield.

515.6
% vyield = 2156 g2, X 100

610.3 g2,

= 84.48% yield of Znl,
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Chapter 13 Chapter 14
Ratehirogen  [20.2 glmot B _ V,P, _ (300.0 mL)(99.0kPa)
Rate, oy =\ 28.0 almol 0.721 = 0.849 1.V, = P, = 188 kP = 158 mL
Rate arbon monoxide [44.0 glrof 2.P = V‘1/P1 _ (1.00 K;((‘))Oglls-/8 atm) = 0.494 atm
Ratecarbon dioxide 28-0W 2 )
3. 1. = ViP1 _ (1457 mL)(1.08 atm)
= V157 2P, 1.43 atar
=1.25 = 1.10 X 102 mL
. _ V,P, _ (4.00)(0.980 atm)
3. Rearrange Graham'’s Ia:/v to solve for Rate,. 4. P, = v, - 0.0500 & = 78.4 atm
molar mass
Raten = Rateg X || T r mass. 5. 29.2 kP3 X 10113% ~ 0.288 atm
Rateg = 3.6 mol/min V.P. (0.220 L)(0.860 atm)
v,=—11= = 0.657 L
molar massg _ ¢ 2P 0.288 atm
molar mass, ' 6. T, = 89°C + 273 = 362 K
Rate, = 3.6 mol/min X /0.5 T, = T‘Xz _ (362 g)é;.}{u) — 605 K
= 3.6 I/min X 0.71
motmin 605 — 273 = 330°C
= 2. [/mi
> mol/min 7. T, = 80.0°C + 273 = 353 K
4. Phydrogen = Ptotal - Phelium T2 = 30.0°C + 273 = 303 K
= 600 mm Hg — 439 mm Hg Vo ViT, _ (3.00 L)(303 K) .
=161 mm Hg S 353 K :
5. P, = 5.00 kPa + 4.56 kPa + 3.02 kPa + 1.20 kPa 8.7, =25°C+2/3=238K
_ 13.78 kPa T, = 0.00°C + 273 = 273K
VT, _ (0.620 L)(273.K) _
6. Pebon dioxide = 30.4 kPa — (16.5 kPa + 3.7 kPa) Vv, = 1T1 2= 598 K =0571L
= 30.4 kPa — 20.2 kPa = 10.2 kPa 9. T, = 30.0°C + 273 = 303 K
_ T,P, _ (303 K)(201 kP3) _
£ P, 125 kPa 487K
487 K — 273 = 214°C
10. 7, = 25.0°C + 273 = 298 K
T, =37.0°C + 273 = 310K
_ PT, _ (1.88atm)(310K) _
P, = T~ 208 K 1.96 atm
M. T, =36.5°C + 273 = 309.5K
_ TPy _ (309.5 K)(1.12 atm) _
T P, 2.56 atnT 135K
135 K — 273 = —138°C
12. 7, = 0.00°C + 273 = 273 K
7= TPy Q13KQ8AKPE) _ ) oy

P, 30.7 kPa
252.5 K — 273 = —20.5°C = —21°C

The temperature must be lowered by 21°C.
13. 7, = 22.0°C + 273 = 295K

T, =44.6°C + 273 = 318K

_ P,T, _ (660 torr)(318 K) _
TR 205 K =711 torr

711 torr — 660 torr = 51 torr more

Py

Solutions 939
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19.

20.

23.

24.

25.

26.

27.
28.

30.

940

T, = 36°C + 273 = 309 K

T, = 28°C + 273 = 301 K

V. — PiTVy _ (0.998 atm)(301 K)(2.1 L)
2 PT, (0.900 2tm)(309 K)

T, = 0.00°C + 273 = 273 K

T, = 30.00°C + 273 = 303 K

p. — ViT,Py _ (30.0 mL)(303 K)(1.00 atm)
2T, (20.0 mL)(273 K)

= 1.66 atm

=23L

. T, =22.0°C + 273 = 295K

T, = 100.0°C + 273 = 373K

V. = VaTiP, _ (0.224 mL)(295 K)(1.23 atm)
! T,P, (373 K)(1.02 atm)
=0.214 mL

T, =5.0°C+ 273 = 278K

T, = 2.09°C + 273 = 275K

V. = PV _ (130 a#m)(275 K)(46.0 mL)
2 PT, (1.52 atm)(278 K)

=39mL
_ W,TiP, _ (0.644 £)(298 K)(32.6 kPa) _

V,T, (0.766.1)(303 K)
= 27.0 kPa

224 L
2.4 maol X

224 L
0.0459 met X
mot

22.4L
1.02 met x =2281L
met

1 mol _
241 0.0893 mol

Set up problem as a ratio.
? mol He _ 0.0226 mol He

P

=54 L

=1.03L

2.00 k X

29.

0865F 0460k
Solve for mol He.

0.0226 mol He
0.460 k
0.0425 mol He

? mol He = X 0.865 k

1 mol
2016 ¢
2241L

met

0.00922 g X = 0.00457 mol

0.00457_met X =0.102 Lor 102 mL

Chemistry: Matter and Change

1 mol

31. 0.416 g'¥ 8385 ~ 0049 mol
241
0.00496 o x =2 = 01111

32. 0.860 g — 0.205 g = 0.655 g He remaining

Set up problem as a ratio.

v 1921
0.655g 0.860¢g
Solve for V.
 (19.2 1)(0.655.9) _
V= s g - 146l
1000 g 1met _ 22.4L _ s
33. 45 kg g8 X T xS —36x%x103L
4= % _ (3.81m.44/t)
<0.0821 <2 _K)(298K)
=6.9 X 1073 mol
1.00 atm
42, 143 kP x - B ET0 = 141 atm
_ PV _ (1.41 afem)m.oi/c;tm 690K
(2.49.m00)(0.0821 -T2

6.90 K — 273 = —266°C

L-atrr
er (0323.m00)(0.0821 15 )(265 )
a3.v="30
P 0.900 atrmr
=7.811L

44. T = 20.0°C + 273 = 293K

K-atm
(0.108 10D 0.0821 01293 K)
p— NnRT _
v 0.505 £
= 5.14 atm
as.T- PV (0.988 a:em)(1.zo;:) a7k
1(?).(;)470 o) 00821525

.00atnT

46. 117 kParx U020 = 1,15 atm

T=35.1°C+ 273 = 308 K

_ Pmv _ (1.15 ate)(70.0 g/mot)(2.00 k)

TR (0.0821%(3084@

=6.39g
47. T=22.0°C + 273 = 295K
_ MPV _ (28.0 g/mof)(1.00 atm)(0.600 £)

RT :
(0.0821%*%)(295 K)
=0.694 ¢
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48. D — %l\% _ (1.00 2tm)(44.0 g/mol)

=1%g/l 1 molfFe _ 3mole; _ 2241
L-atm 63. 52.0 g Fe X X 2 x ==
(0.0821.5210 273 ) S SsEsge amolRe 1pek
49. T = 25.0°C + 273 = 298 K T 2
X-atm 64. 2K(s) + Cl,(g) — 2KCl(s)
(1.09 gf1)(0.0821° 1 7/(298 K)
DRT ( molK) lmotK 1mokeh 2241

0.204 X X X
M= = 102 3t KX 351 gk < 2 malk ~ 1 .mef

= 26.1 g/mol = 0.0584 L Cl,

_ MP _ (39.9 g/mol)(1.00.atm)

RT L-atm
)73 K

56. S(s) + O,(g) — SO,(9)
lvelume O, _
1 vohamme SO,
57. 2H,(g) + O,(9) — 2H,0(g)
2 volamesH,
1 volume O,
58. C;Hg(g) + 50,(g9) — 3CO,(g) + 4H,0(g)
1 volume C5Hg
5 volumes O,
59. CH,(g) + 20,(g) — CO,(g) + 2H,0(9g)
2 volymes O, _
1 volame CH,

1 mol
224 L

1 mol NH,;NO;
0.00446 molN;O X " mol D

= 0.00446 mol NH;NO;
0.00446 ot NH,NO; X 80.0 g/mot”

= 0.357 g NH,NO,

1000 g 1 mol Ca€O,
61. 2.38 kg X pr= X 1000 g X
1 met€0, 224 L

: =% 5 = 533 L CO,

62. CH,(g) + 20,(g) — CO,(g) + 2H,0(q)

50. D

=1.78 g/L

(0.0821

3.5L 50, X + 35L0,

5.00L O, X =10.0LH,

34.0 L0, X = 6.80 L C3Hg

2.36 L CH, X 47210,

60. 0.100 L N,O X

= 0.00446 mol N,O

= PV _ (1.00 atm)(10.5 k)
RT X-atm
<0.0821 = K>(473K)
= 0.271 mol CH,
2 mol H,0

0.271 mokEH, X = 0.541 mol H,0

1 met€Hy,

Solutions 941
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Chapte(l)'5155
15, = 1'.03 = 0.55 g/L
S, =P, Xls’_l - 110.0Mx% =309
2. szszf: 1.5 g/L
pzzg_fxm :%xw.Oatm:Batm
8. 600 mL H,0 X 1.0 g/mL = 600 g H,0

10.
".

12.

13.

14.

15.

16.

17.

18.

. 3.62% = 100 X

20 g NaHCO,
600 g H,0 + 20 g Na HCO,

mass NaOCl
1500.0 g
mass NaOCl = 54.3 g

1500.0 g — 54.3 g = 1445.7 g solvent

_3BmL e oo
e mL 35 mL < 100 =23%
30.0% = 100 x velume ethanol

volume solution

X 100 = 3%

volume ethanol = 0.300 X (volume solution) =
0.300 X 100.0 mL

volume ethanol = 30.0 mL

volume water = 100.0 mL — 30.0 mL = 70.0 mL

24 mL
24 mL + 1100 mL

X 100 = 2.1%

1 mol

= . Xe—e—oo-ov——=0.

mol CgH1,06 = 40.0 g X 272 g = 0222 mol

.. mol CgH;,05  0.222 mol _
molarity = 15Lsolution  15L 0.148M

_ 1mol _

mol NaOCIl = 9.5 g X 7aadg 0.128 mol

.. molNaOCl _ 0.128 mol _
molarity = 3760 Lsolution ~  100L ~ O12&M
mol KBr = 1.55.g X —1°_ _ 00130 mol KBr

119.0 g
molarity = mol KBr _ 0.0130 mol
Y = 760 Lsolution  01.60L
=8.13 X 1073Mm
mol CaCl, = (0.10M)(1.0 L) = (0.10 mol/I)(1.0 k)
= 0.10 mol CaCl,
110.98
mass CaCl, = 0.10 mot CaCl, X 1—9
=11 g Cadl,
mol NaOH = 2M)(1 L) = (2 mol/k)(1,k) = 2 mol
_ 40.00 g

mass NaOH = 2 moet NaOH X 1

= 80 g NaOH

Chemistry: Matter and Change

19.

20.

21.

22.

23

24.

25.

26.

1L

1000 mL
1A

1000 mt

mol CaCl, = 500.0 mL X X 0.20M

0.20 mol

= 500.0 mt™x X

= 0.10 mol
mass CaCl, = 0.10 mel CaCl, X
11 g Cadl,

3 1L
mol NaOH = 250 mL X 7000 miL

1=
1000 A1l

110.98 g
1 mol

X 3.0M

3.0 mol

= 250 paL X %

= 0.75 mol
mass NaOH = 0.75 mol NaOH X 40.00 g
1 mol

= 3.0 X 10" g NaOH

(3.00M)V; = (1.25M)(0.300 L)

_ (1.25M)(0.300 L)
3.00M

(5.0M)V, = (0.25M)(100.0 mL)

_ (0.25M)(100.0 mL)
5.0M

(3.5M)(20.0 mL) = M,(100.0 mL)

_ (3.5M)(20.0 mt)
100.0 mL

mol Na,SO, = 10.0.gNa,SO, X

v, =0.125L=125mL

v, =5.0mL

M, = 0.70M

1 mol
142.04 g

= 0.0704 mol Na,SO,
0.0704 mol Na,SO,

molality = 1000.0 g H,0 — 0.0704m
1 mol
mol C;oHg = 30.0 g C;oHg X 286y
= 0.234 mol C;oHg
molality — 0:234 mol CigHg - 1000.0 g totuene
Y = 500.0 g tokgene ~~ 1.0000 kg toluene
= 0.468m
22.8% = mass NaOH % 100

mass NaOH + mass H,0
Assume 100.0 g sample.

Then, mass NaOH = 22.8 g and mass H,0
= 100.0 g — (mass NaOH) = 77.2 g

_ 1mol
mol NaOH = 22.8 g X 20004 0.570 mol NaOH
_ 1 mol _
mol H,0 = 77.2 g'X 18029 4.28 mol H,0
mol NaOH

mol fraction NaOH = mol NaOH + mol H,0

_ 0.570 mol NaOH _ 0.570
0.570 mol NaOH + 4.28 mol H,0 4.85

=0.118
The mole fraction of NaOH is 0.118.




27.
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mol NaCl
mol NaCl + mol H,0

0.21(mol Nacl) + 0.21(mol H,0) = mol NaCl

0.21 =

Chapter 16

1.

142 Calories = 142 kcal

1000 cal _
142 keal x ket — 142000 cal

0.79(mol Nacl) = 0.21(mol H,0) ‘ 1 keal ccal
2. 86.5 k) X ————— = 20.7 kca
mol H,0 = 100.0 mt x 0.9 5 _1 mol 4184k
= 5.55 mol H,O 3. 256 4% X @ —6.12 X 102 keal
= 222> Mol H, 41844~ 1000 cat
Therefore, mol Nacl = %:21 :55 mol ><057.;55 mol 4.9 =cxXmxAT
: = 2.44 )/(g-°C) X 34.4 g'x 53.8%¢ = 4.52 X 103 )
= 1.48 mol 9 (/g/ ) =4
_ _ 5. =cXmXAT
mass NaCl = 1.48 mol X 58.44 g/mot™= 86.5 g 276.4/= 0.129 J(g°C) X 4.50 g x AT
The mass of dissolved NaCl is 86.5 g. AT = 475°C
33. AT, = 0.512°C/p1 X 0.625p7 = 0.320°C AT=T¢— T,
Tb = 100°C + 0.320°C = 100.320°C Because the gold gains heat, let AT = + 475°C
AT; = 1.86°C/prx 0.625p = 1.16°C 475°C=T; —25.0°C
T; = 0.0°C — 1.16°C = —1.16°C T; = 5.00 X 102°C
34. AT, = 1.22°C/pr X 0.40p7r"= 0.49°C 6.9 =cXmXAT
Ty, = 78.5°C + 0.49°C = 79.0°C 5696 J = ¢ X 155 g X 15.0°C
AT; = 1.99°C/mr X 0.40ma7 = 0.80°C c=245J/(g-°0
T, = —114.1°C — 0.80°C = —114.9°C The specific heat is very close to the value for
ethanol.
35. 1.12°C = 0.512°C/m X m
m = 2.19m 12. g = c X m X AT
_ 97504 = 4.184/!/(g°C) X 335 g X AT
36. 0.500 mol/1 kg = 0.500m AT = 6.96°C
AT, = 2.53°C/m X 0.500m = 1.26°C
Because the water lost heat, let AT = —6.96°C
AT = —6.96°C = T; — 65.5°C
T; = 58.5°C
13. g = c X m X AT
5650,4"= 4.184 4/(g-°C) X m X 26.6°€C
m =50.8 g
1 molcH;0H 3.22 kJ
20. 25.7 g CHsOH X 32-049LH§GHX 3 =
= 2.58kJ
1_motNH, 233kl
21. 275 g NHS X 1703 - X3 N =376 kJ
B 1_mol-€H, 891 kJ
22'12880kj_mx16.04gCH4 3 -
_ 16.04 g CH, _ 1.metCH,
m = 12 880.kJ X 1 4,>< 391k
m = 232 g CH,
28. Add the first equation to the second equation
reversed.
2C0O(g) + O,(g) — 2C0O4(9) AH = —566.0 kJ
2NO(g) — Ny(g) + O,(9) AH = —180.6 kJ

2C0(g) + 2NO(g) — 2CO,(g) + N2(g) AH = —746.6 kJ

Solutions 943
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29. Add the first equation to the second equation

4AlI(s) + 30,(g) — 2Al,04(s)
3MnO,(s) — 3Mn(s) + 30,(g)

reversed and tripled.

AH = —3352 kJ
AH = +1563 kJ

4AI(s) + 3MnO,(s) — 2AL,04(s) + 3Mn(s)AH = —1789 kJ

30. a.

38.

944

One mole of 0,(g) in the first equation cancels
the O,(g) in the second equation.

2[5 Ny(g) + O,(g) — NO,(9)]
2[NO(g) — 3 O,(g) + 3 N,(9)]

2NO(g) + O,(g) — 2NO,(g)

b. H,(g) + S(s) + 20,(g) — H,50,(l)
SO3(g) — S(s) + 30,(9)
H,0(l) = H,(g) + ;0,(g)

39. a. AG,

SO5(g) + H,O(l) — H,S50,(1)

. a. AH},, = ZAH?° (products) — ZAH« (reactants)

AH®,, = (—635.1 kJ — 393.509 kJ) — (—1206.9 kJ)
178.3 kJ

b. AHS,, = (—128.2 kJ) — (—74.81 kJ) = —53.4 kJ
c. AHZ, = 2(33.18 kJ) — (0 kJ) = 66 kJ

d. AHZ,, = 2(—285.830 kJ) — 2(—187.8 kJ) =

—196.1 kJ

e. AH;,,, = [4(33.18 kJ) + 6(—285.830 kJ)] —
4(-46.11) k) = —1397.82 kJ

a. ASyem is Negative because the system’s
entropy decreases.

b. AS, em is Negative because the system’s
entropy decreases.

€. ASem IS POsitive because the system’s entropy
increases.

d. ASem is Negative because the system’s

entropy decreases.

AH — TAS,

system system system
AGggem = —75 900 J — (273 K)(138 J/K)
AGgygtem = —75900 ) — 37700 ) = —113 600 J
spontaneous reaction
b. AGsystem = AHsystem - TASsystem
AGgygem = —27 600 J — (535 K)(—55.2 J/K)
AGgygtem = —27 600 J + 29 500 J = 1900 J

nonspontaneous reaction

c. AG = AH, — TAS,

system system system
AGsystem = 365 000 J — (388 K)(—55.2 J/K)
AGsystem = 365000J + 21400J) = 386 000 J

nonspontaneous reaction

Chemistry: Matter and Change

Chapter 17
1. Average reaction rate =
_[H,] at time t, — [H,] at time t; _ A[H,]
tz - t1 At
A " to — 0.020M — 0.030M
verage reaction rate = — —,~" 06
_ _ —0.010M _ )
=~ "200s 0.0025 mol/(L-s)
2. Average reaction rate =
_ [Cl)] at time ¢, — [Cl,] at time ¢; _ _ A[CI,]
tz - t1 At
Average reaction rate = — 0.040M — 0.050M
9 4005 —0.00s
_ _—0.010M _ )
= 4005 0.0025 mol/(L-s)
3. Average reaction rate =
[HCI] at time t, — [HCI] at time t; _ A[HCI]
tz - t1 At
. ~ 0.020M — 0.000M
Average reaction rate = 2.00s—000s
_0.020M _ )
= 200s 0.0050 mol/(L-s)

16. Rate = k[A]?

17. Examining trials 1 and 2, doubling [A] has no
effect on the rate; therefore, the reaction is zero
order in A. Examining trials 2 and 3, doubling [B]
doubles the rate; therefore, the reaction is first
order in B. Rate = k[A]°[B] = k[B]

18. Examining trials 1 and 2, doubling [CH3CHO]
increases the rate by a factor of four. Examining
trials 2 and 3, doubling [CH;CHO] again increases
the rate by a factor of four. Therefore, the reac-
tion is second order in CH;CHO.

Rate = k[CH;CHOJ?

24. [NO] = 0.00500M

[H,] = 0.00200M
k = 2.90 X 102 L%(mol?-s)

Rate = k [NOJ?[H,]

= [2.90 X 102 L¥(mol?-5)](0.00500/M)?
(0.00200M)

= [2.90 X 102 £Z/(rao12-5)](0.00500-ATOT/A )2
(0.00200 mol/L)

= 1.45 X 1075 mol/(L-s)




APPENDIX D Solutions to Practice Problems

_ _ [CH;0H]
25. [NO] 0.0100M C. Keq = m
[H,] = 0.00125M
105 = [CH;0H]
k = 2.90 X 102 L%(mol?-s) "~ (3.85)(0.0661)2
Rate = k [NOJ?[H,] [CH;OH] = 0.177M
= [2.90 X 102 L2/(mol2:s)] (0.0100M)2(0.00125M) 17. a. PbCrO,(s) = Pb?"(aq) + CrO,2~(aq)
= [2.90 X 10212/(met?-s)] (0.0100 metiL)? s mol/L dissolves s mol/L s mol/L
(0.00125 mol/L) Ky = [Pb2+][CrO,2"]

= 3.63 X 107> mol/(L-s)
26. [NO] = 0.00446M
[H,] = 0.00282M

k = 2.90 X 102 L2/(mo|2~s) b. AgClI(s) = Ag*(aq) + Cl~(aq)

s mol/L dissolves s mol/L s mol/L

Ky = [Ag¥1CI7]

2.3 X 10713 = (s)(s) = s2
s=V23x1013=48x%x10""M

Rate = k [NOJ?[H,]
= [2.90 X 102 L%(mol?-5)](0.00446M)2(0.00282M)

— [2.90 X 102 k2/(met?5)](0.00446 moflk)? 1.8 X 1071 = (s)(s) = 52
(0.00282mol/L) s=V1.8x1071°= 1.3 x 10-°M
— -5 .
Rate = 1.63 X 10 moI/(L S) c. CaCO3(s) = Ca2+(aq) + Co32—(aq)
chapter 18 s mol/L dissolves s mol/L s mol/L
[NO,]? K, = [Ca?*][CO527]
1. a. Ky = —5
[N,O,] 3.4 X 1079 = (s)(s) = s?
b. Keq=% s=V34%10°=58x105M
2
—_\ 2 2—
o K. - [H,J2[S.] d. CaSO.4(s) = Ca’"(aq) + SO, (aq)
= Req 7“_,25]2 s mol/L dissolves s mol/L s mol/L
2. a. Ko = [CyoHg(9)] Kgp = [Ca2*][SO,27]

49 X 1075 = (s)(s) = s?
s=V49Xx105=7.0%x103M

18. a. AgBr(ss) = Ag*(agq) + Br(aq)

b. K., = [CO5(Q)]

¢ Ko = [H,0(9)]

d. K. = [H,(9)I[CO(g)] s mol/L dissolves s mol/L s mol/L
eq [H,0(9)] I
_ [CO,(9)] Ksp = [Ag*1[Br]
¢« [co(9)] 54X 1073 = (s)(s) = 52
~ [NO,J2  (0.0627)2 _
3 Kea = [N,0,]~ (0.0185)  °2"3 s=V54%x1073=73x107M = [Ag']
4. K., = [CHal[OH] _ (0.0387)(0.0387) _ 3.93 b. CaFy(s) = Ca’f(aq) + 2F (aq)
 [COIH,P (0.0613)(0.1839)° s mol/L dissolves s mol/L 2s mol/L

_ [CH;0H] B
16. a. K, = W[Hz]z [CaF,]= le |
= & KS = [Ca“][F*]Z
10> [COJ(0.933)2 P
[CO] = 0.144M 3.5 X 1011 = (5)(25)2 = 4s3

_ [CH;0H] = 3351071 _ 5 10-4m
b. Keq [COI[H,)? s 4 ’

__(0325) TF 1= 21% 10
10.5 = (1.09)[H, 2 S[F1=2.1x10"M
[H,] = 0.169M [F-1=42x10"*M

Solutions 945




C. Ag,CrO,(s) =
s mol/L dissolves

[Ag,CrO,] = %[Ag*]

2Ag*(aq)

2s mol/L s mol/L

Ksp = [Ag+]2[cro42_]
1.1 X 10712 = (25)%(s) = 4s3

g1 x 10712
- 4

= 65X 10°°M
%[Ag*] = 6.5%X 10°°M
[Ag*] = 1.3 X 10°*M

d. Pbl,(s) =
s mol/L dissolves
Kyp = [Pb2+][17]2
9.8 X 1072 = (5)(2s5)? = 4s3

9.8 x 1079
s= 3’T: 1.3 X 1073Mm

Pb2*(aq)
s mol/L

+ 217 (aq)
2s mol/L

19. a. PbF,(s) = Pb?*(aq) + 2F (aq)

Q,p = [Pb2*][F~]> = (0.050M)(0.015M)?
=1.12x 107>

Ky, = 33X 1078

Q,p > Ky, so a precipitate will form.

b. Ag,SO,(s) = 2Ag*(aq) + SO, (aq)
Q,p = [Ag*1?[SO,2"] = (0.0050M)%(0.125M)
=3.1%x1076
Ky =12x107°
Qsp < Ky, s0 no precipitate will form.

€. Mg(OH),(s) = Mg?*(aq) + 20H (aq)
Qyp = [Mg2*][OH~]2 = (0.10M)(0.00125M)?
= 1.56 X 1077
K = 5.6 X 10712
Q,, > K, so a precipitate will form.

Chemistry: Matter and Change

+ CrO,%> (aq)

APPENDIX D Solutions to Practice Problems

Chapter 19

1. a.
b.
C.

d.

Mg(s) + 2HNOs(aq) — Mg(NOs),(aq) + H,(g)
2Al(s) + 3H,S04(aq) — Al,(SO,);(aq) + 3H,(g)
CaCOs(s) + 2HBr(aq) — CaBr,(aq) + H,O(l) +
CO,(9)

KHCO5(s) + HCl(aq) — KCl(aq) + H,O(l) +
CO,(9)

Conjugate
base

Conjugate

Acid acid

Base

n

T 9

. H,0 OH-

o

NH,* NH; OH~ H,0

HBr Br- H,O H;0*
COz2~ HCO;~
SO,%~ H,0 H;0*

HSO,~

10. a.

1. a.

. H3AsO,(aq) + H,O(l)

. H,Se(aqg) + H,0(l) = H;0"(aq) + HSe (aq)

HSe (aq) + H,O(l) = H;0*(aq) + Se? (aq)

H;0%(aq) +

H,AsO,~(aq)

H,AsO, (aq) + H,O() = H;0*(aq) +

HAsO,2 (aq)

HAsO,2 (aqg) + H,O(l) = H;0"(aq) +

AsO,37(aq)

H,S05(aq) + H,O(l) = H;0"(aq) + HSO; (aq)

HSO; (aq) + H,O(l) = H3;07(aq) + SO5? (aq)

HClO,(aqg) + H,O(l) = H;0"(aq) + ClO,—(aq)
[H,0+][ClO,"]

K = ~Thcio,]

. HNO,(aq) + H,O(l) = H;0%(aq) + NO, (aq)

_ [H;07]INO, ]
3 [HNO,]

HIO,(aq) + H,O(l) = H;0*(aq) + 10~ (aq)
_ [H;0*]1107]
a— [HIO]
CeHq3NH,(aq) + H,0() = CgHq3NH;"(aq) +
OH™(aq)
K - [CHq3NH5*][OH]
b [CeHq3NH,]

. G3H;NH,(aq) + H,0(l) = C3H;NH;3+(aq) +

OH™(aq)
~ [C3H,NH;*][OH"]
b™ [C5H,NH,]

. CO52(aqg) + H,0(l) = HCO; (aqg) + OH (aq)

_ [HCO;7][OH"]
b [Co2]

. HSO; (ag) + H,0(l) = H,SO5(aqg) + OH (aq)




18.

19.

20.

APPENDIX D Solutions to Practice Problems

_ [H;5057[OH7]

Ky [H50, ]

. H1=10x10"Mm

Ky = [HT][OH"]
1.0 X 107 = (1.0 X 10~ "3)[OH"]
1.0x 107" (1.0 X 10" "3)[OH"]

1.0x 10713 1.0x 1013

[OH ] =1.0x10"'M

[OH™] > [HT], so the solution is basic.

.[OH1=1.0Xx10"M

K, = [HT][OH7]
1.0 X 10714 = [H*](1.0 X 107)
1.0 X 10°% _ [H*](1.0 X 1077

1.0x107 1.0 x 107
[HT1=1.0x 107"M

[OH™] = [H*], so the solution is neutral.

. [OH1=1.0Xx10"3M

K, = [H+][OH"]
1.0 X 107" = [H*](1.0 X 1073)
1.0 x 107" _ [H'](1.0 X 1073)

1.0x103  1.0x 1073
[HT]=1.0x10"""™m

[OH™] > [HT], so the solution is basic.

. pH = —log(1.0 X 1072) = —(—2.00) = 2.00
b. pH = —10g(3.0 X 1076) = —(—5.52) = 5.52
. K, = [H*][OH"] = [H*](8.2 X 1075)

1.0x 1074
8.2 X 1076

pH = —log(1.2 X 107%) = —(—8.92) = 8.92

[H*] = =1.2x107°

. POH = —log(1.0 X 107¢) = —(—6.00) = 6.00

pH = 14.00 — pOH = 14.00 — 6.00 = 8.00

. pPOH = —log(6.5 x 1074 = —(-3.19) = 3.19

pH = 14.00 — pOH = 14.00 — 3.19 = 10.81

. pH = —10g(3.6 X 1079 = —(—8.44) = 8.44

pOH = 14.00 — pH = 14.00 — 8.44 = 5.56

. pH = —10g(0.025) = —(—1.60) = 1.60

pOH = 14.00 — pH = 14.00 — 1.60 = 12.40

21. a.

22. a.

23. a.

29. a.
. 2HBr(aq) + Ca(OH),(aqg) — CaBr,(aq) + 2H,0(l)
H,SO,(aq) + 2KOH(aq) — K,SO,(aq) + 2H,0()
. CH;COOH(aq) + NH,OH(aq) —

QN T

. [OH™] = [Mg(OH),] x

[H*] = antilog (—2.37) = 4.3 X 1073M
pOH = 14.00 — pH = 14.00 — 2.37 = 11.63
[OH"] = antilog (—11.63) = 2.3 X 10~ 2M

. [H*] = antilog (—11.05) = 8.9 X 10~ 2M

pOH = 14.00 — pH = 14.00 — 11.05 = 2.95
[OH"] = antilog (—2.95) = 1.1 X 1073M

[H*] = antilog (—6.50) = 3.2 X 10°’M
pOH = 14.00 — pH = 14.00 — 6.50 = 7.50

[OH"] = antilog (—7.50) = 3.2 X 108V
1 mol HT

+1 = —————
[H*] = [HI] X Tmol Al = oM
pH = —log(1.0) = 0.00

1 mol Hf
1 = _— =
. [H*] = [HNO;] X T mol HNO, 0.050M
pH = —log(0.050) = 1.30
o 1 mol OH™ _

[OH™] = [KOH] X Tmol KOH — 1.0M

pOH = —log(1.0) = 0.00

pH = 14.00 — 0.00 = 14.00

2 mol OH™
1 mol Mg(OH),
=48 X 105M

pOH = —log(4.8 X 107°) = 4.32
pH = 14.00 — 4.32 = 9.68
_ [H*][H,AsO,]

a [H3AsO,]
[H*] = antilog (—1.50) = 3.2 X 1072M

[H;AsO,] = [H*] = 3.2 X 1072M
[H;AsO,] = 0.220M — 3.2 X 10-2M = 0.188M
(3.2 X 1072)(3.2 X 1072

K= 0.188
=54x103
« — [H1[CI0, ]

- Ma [HCIO,]

[H*] = antilog (—1.80) = 1.6 X 102M
[ClO,] = [H*] = 1.6 X 10 2M

[HCIO,] = 0.0.0400M — 1.6 X 102M
= 0.024M

(1.6 X 1072)(1.6 X 107?)

K= 0.024

=1.1x102
HNOs(aqg) + CsOH(aq) — CsNOs(aq) + H,O(l)

CH5COONH,(aq) + H,O(l)

Solutions

947
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30.

- 43.33 mEKOH X

1£ o«
1000 pat
= 6.60 X 1073 mol HBr

1 mol CsOH

-3
6.60 X 1073 molHBr X Tm ;

= 6.60 X 103 mol CsOH

_ 6.60 X 1073 mol CsOH
Meson = 0.0300 L CsOH = 0.220M

1X£
1000 mt

= 4.333 X 1073 mol KOH
1 mol HNO
-3 3
4.333 X 1073 mot KOH X 1 KO

= 4.333 X 1073 mol HNO;

4.333 X 1073 mol HNO,
0.02000 L HNO,
1. 0.5900 mol HCI
. X
49.90 pat HCl X 3550 X =1 yHai
— 2.944 % 10-2 mol HCl

2.944 X 1072 ot HCl X

= 2.944 x 1072 mol NH;

2.944 x 1072 mol NH,
0.02500 L NH;

a. NH,;"(aq) + H,O(l) = NH;(aq) + H;0"(aq)
The solution is acidic.

b. CH;COO0 (aq) + H,O(l) =
CH3;COOH(aq) + OH (aq)
The solution is basic.

¢. SO,27(aqg) + H,0(l) = HSO, (aq) + OH (aq)
The solution is neutral.

0.250 mol HBr
1AL HBr

26.4 pat’ HBr X

0.1000 mol KOH
1 KOH

Mo, = = 0.2167M

1 mol NH;
1 mot HCI

My = =1.178M

d. CO527(aqg) + H,0(l) = HCO5; (aq) + OH (aq)

The solution is basic.

Chemistry: Matter and Change

Chapter 20

1.

12.

13.

14.

15.

a. reduction
b. oxidation
c. oxidation
d. reduction
a

bromide ion
chlorine
cerium
copper(ll) ion
zinc

oxygen

. oxidized:
reduced:
b. oxidized:
reduced:
c. oxidized:
reduced:
iodine
magnesium
hydrogen ion
sodium
chlorine
hydrogen sulfide

a. oxidizing agent:
reducing agent:
b. oxidizing agent:
reducing agent:
c. oxidizing agent:
reducing agent:

a. +7
. +5
c. +3

-3
. +5
c. +6

o

oo

3(+2)

+1 -1 +1+5-2 +1-2+1 +2-2 41 -2

HCl + HNO, — HOCI + NO + H,0

f
2(=3)
3HCI + 2HNO; — 3HOCI + 2NO + H,0

2(+3)

+4 -1 +2 -1 +3 -1

SnCl, + Fe — SnCl, + FeCl,

3(=2)
3SnCl, + 2Fe — 3SnCl, + 2FeCl;

4(+3)(2)

+3 -1 +4-2 +1-2

NH,(g) + NO, (g) — Nz(g) + H,0()

3(-H2)
8NHj3(g) + 6NO,(g) — 7N,(g) + 12H,0()

3(+2)

| l

+1 -2 +5-2 +2-2

H.S(g) + NO,(aq) — S(s) + NO(g)
f

2(-3)

2H*(aqg) + 3H,S(g) + 2NO;3; (aq) —
3S(s) + 2NO(g) + 4H,0()




16.

17.

24.

26.

APPENDIX D Solutions to Practice Problems

3+DH(®2)

+6 = -1 +3 0
Cr,0,(aq) + 2I(aq) — Cr*(aq) + L(s)

—3(2)
14H"(aq) + Cr,0,%2 (aq) + 61 (aq) —
2Cr3*(aq) + 3l,(s) + 7H,0(l)
3(+DH2)

) 0 +4 =2

-1
217 + MnO, — I, + MnO,

(-3)2)
61~ (aq) + 2MnO, (aq) + 4H,0(l) —
315(s) + 2MnO,(s) + 80H (aq)

217 (aq) — Iy(s) + 2e~ (oxidation)

14H*(aq) + 6e~ + Cr,07, (aq) —
2Cr3*(aq) + 7H,0(l) (reduction)

Multiply oxidation half-reaction by 3 and add to
reduction half-reaction

14H"(aq) + 6e~ + Cr,0,27(aq) + 61 (aq) —
31,(s) + 2Cr3*(aq) + 7H,0(l) + 6e~

14H"(aq) + Cr,0,%2 (aq) + 61 (aq) —
31,(s) + 2Cr3*(aq) + 7H,0(l)

Mn?*(aq) + 4H,0(l) —
MnO, (aq) + 5e~ + 8H"(aq) (oxidation)

BiO; (aq) + 3e~ + 6H*(aq) —
Bi2*(aq) + 3H,0(l) (reduction)

Multiply oxidation half-reaction. Multiply
reduction half-reaction by 5 and add to
oxidation half-reaction.

3Mn?+(aq) + 12H,0(l) + 5BiO5; (aqg) + 15~ +
30H*(ag) = 3MnO, (aq) + 15e~ + 24H*(aq) +
5Bi2+(aq) + 15H,0())

3Mn?*(aq) + 5BiO; (aq) + 6H"(aqg) —
3MnO, (aq) + 5Bi?*(aqg) + 3H,0(l)

60H (aq) + N,O(g) = 2NO, (aq) + 4e~ + 3H,0(l)
(oxidation)

ClO~(aq) + 2e~ + H,O(l) — Cl (aq) + 20H (aq)
(reduction)

Multiply reduction half-reaction by 2 and add to
oxidation half-reaction.

60H (aq) + N,O(g) + 2CIO~(aq) + 4e~ + 2H,0(l)
— 2NO, (aq) + 4e~ + 3H,0(l) + 2Cl~(aq) +
40H"(aq)

N,O(g) + 2CIO~(aq) + 20H (ag) — 2NO, (aq) +
2Cl=(aq) + H,0(l)

Chapter 21
1. Pt2*(aq) + Sn(s) — Pt(s) + Sn2*(aq)
E9, = 1.18 V — (—0.1375 V)

SnISn2*IIPt2*IPt

2. 3Co%*(aq) + 2Cr(s) — 3Co(s) + 2Cr3*(aq)

E%; = (-0.28 V) — (-0.744 V)
E%, = 0.46V
CrlCr3*lICo?*ICo

3. Hg?*(aq) + Cr(s) — Hg(l) + Cr?*(aq)

E%, = 0.851V — (—0.913 V)
E0y = 1764V

cell

CrlCr?*liIHg?*IHg
4. £%, = (0.521 V) — (—0.1375 V)

C

E(C)E” = 0.659V

E%, > 0 spontaneous

5. E%, = (-0.1262 V) — (-2.372 V)
EO,, = 2.246 V
E9, > 0 spontaneous

6. Ege” =(0.920 V) — (1.507 V)
E%, = -0.587 V
E%, < 0 not spontaneous

7. %, = (—0.28V) —2.010V
E%, = —2.29V
E%, < 0 not spontaneous

Solutions
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Chapter 22

1.

10.

1.

18.

19.

- a. CH

a. 2,4-dimethylhexane
b. 2,4,7-trimethylnonane
c. 2,2,4-trimethylpentane

3 C3H7

CH3CH(|ZHCH2CH(CH2)4CH3

CH,

b. C,H; (|:2H5
CH,CH,CHCHCHCH,CH,CH,

C2H5
methylcyclopentane

. 2-ethyl-1,4-dimethylcyclohexane
1,3-diethylcyclobutane

a. CZHS

4-methyl-2-pentene
b. 2,2,6-trimethyl-3-octene

CH,= CHC = CHCH,

Chemistry: Matter and Change

Chapter 23

1. 2,3-difluorobutane
2. 1-bromo-5-chloropentane

3. 1,3-dibromo-2-chlorobenzene

Chapter 24

No practice problems




APPENDIX D Solutions to Practice Problems

Chapter 25 Chapter 26
6. 30— + 5N No practice problems
7. %2lTh— Z1Pa + _{B, beta decay
8. 20Zr— 9B + ¥ Nb
9.a. '"%Pm+ 9e—"8Nd

b. 2l8Po — 4He + 2}4Pb

c. 2%8Ra — 2FZRn + jHe
15. #ZAl + }n — 3%Na + 4He
16. 23 Pu + 4He — 282Cm + |n

17. amount remaining = (10.0 mg)(%)n

—
N|—
~—

For n = 1, amount remaining = (10.0 mg)(=
= 5.00 mg

;
;

N| =

For n = 2, amount remaining = (10.0 mg)(
= 2.50 mg

N| =

For n = 3, amount remaining = (10.0 mg)(
=1.25mg

18. amount remaining = 25.0 mg
5
= (initial amount)(%)
initial amount = (25.0 mg)(2)®> = 8.00 X 102 mg

19. half-life = 163.7 us

1 half-life

63.7us 200 half-lives

n = (818 us) X

amount remaining = (1.0 g)(%)s'oo =0.031g

Solutions 951
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