SELECTED ANSWERS

Chapter 1 Exercises

1.1. (@) 1 megagram = 108 gram (b) 1 milliliter = 1073 liter
1.2.(a) 71 mLto 73 mL (b)8.22 mto 8.24 m
(c)454x10"°gto4.56 x 105 g

1.3. 2.30 g because the reported values di er by about +£0.01.

Chapter 1 Key Ideas

1. observation, data, hypothesis, research (or experimentation), research,
published, applications, hypothesizing and testing 3. meter, m

5. second, time. 7. base units, derive 9. mass, distance

11. Celsius, Kelvin 13. certain, estimated

Chapter 1 Problems

15. megagram, mass, Mg: milliliter, volume, mL; nanometer, length, nm;
Kelvin, temperature, K

17.(a) 103 (b)10° (c) 10-3 (d) 107°

19. (a) 10,000,000 (b) 1,000,000,000,000 (c) 0.0000001

(d) 0.000000000001

21.(@)103m=1km (b)103L=1mL (c) 108g=1 Mg
(d1cmd=1mL (e)108kg=1t (t=metric ton)

23. (a) meter (b) centimeter (c) millimeter (d) kilometer

25. inch is larger 27. (a) milliliter (b) cubic meter (c) liter

29. fluid ounce is larger

31. Mass is usually defined as a measure of the amount of matter in an
object. e weight of an object, on Earth, is a measure of the force of
gravitational attraction between the object and Earth. e more mass an
object has, the greater the gravitational attraction between it and another
object. e farther an object gets from Earth, the less that attraction is, and
the lower its weight. Unlike the weight of an object, the mass of an object is
independent of location. Mass is described with mass units, such as grams
and kilograms. Weight can be described with force units, such as newtons.
32. ounce is larger 36. degree Celsius is larger 38.10 °F

41. (a) 30.5 m means 30.5 £ 0.1 m or 30.4 m to 30.6 m.

(b) 612 g means 612 + 1 g or 611 g to 613 g.

(c) 1.98 m means 1.98 + 0.0l mor 1.97 m to 1.99 m.

(d) 9.1096 x 10728 g means (9.1096 + 0.0001) x 10-28 g

0r 9.1095 x 10-28 g t0 9.1097 x 10-28 g,

() 1.5 x 1018 m3 means (1.5 £ 0.1) x 1018 m3

orl.4x10%®m3to 1.6 x 1018 m3.

43.(a) It's di cult to estimate the hundredth position accurately. For the
object on the left, we might report 7.67 cm, 7.68 cm, or 7.69. e end of
the right object seems to be right on the 9 cm mark, so we report 9.00 cm.
(b) 7.7 cmand 9.0 cm

45, Our uncertainty is in the tenth position, so we report 10.4 s.

47.(a) 101.4315 g (b) Our convention calls for only reporting one un-
certain digit in our value. Because we are uncertain about the thousandth
position, we might report 101.432 g (or perhaps even 101.43 g).

Chapter 2 Exercises

2.1 aluminum, Al, 13, 3A or I11A, metal, representative (or main-group)
element, 3, solid; silicon, Si, 14, 4A or IVA, metalloid, representative (or
main-group) element, 3, solid; nickel, Ni, 10, 8B or VIIIB, metal, transi-
tion metal, 4, solid; sulfur, S, 16, 6A or VIA, nonmetal, representative
(or main-group) element, 3, solid; fluorine, F, 17, 7A or VIIA, nonmetal,
representative (or main-group) element, 2, gas; potassium, K, 1, 1A or 1A,
metal, representative (or main-group) element, 4, solid;

mercury, Hg, 12, 2B or I1B, metal, transition metal, 6, liquid; uranium, U,
(No group number), metal, inner transition metal, 7, solid; manganese,
Mn, 7, 7B or VIIB, metal, transition metal, 4, solid; calcium, Ca, 2, 2A or
1A, metal, representative (or main-group) element, 4, solid; bromine, Br,
17, nonmetal, representative (or main-group) element, 4, liquid; silver, Ag,
1B, metal, transition metal, 5, solid; carbon, C, 14, nonmetal, representa-
tive (or main-group) element, 2, solid

2.2 (a) noble gases (b) halogens (c) alkaline earth metals (d) alkali metals
2.3 (a) +2 cation (b) -1 anion.

Chapter 2 Review Questions

1. Matter is anything that occupies space and has mass.
2. edistance between the floor and a typical doorknob is about one
meter. A penny weighs about three grams.

Chapter 2 Key Ideas

3. simplified but useful 5. motion 7. attract 9. empty space, expands

11. escape 13. straight-line path 15. simpler 17. vertical column

19. solid, liquid, gas 21.sun 23. 10715 25, cloud 27. gains 29. chemical
31. single atom

Chapter 2 Problems

33(a) Strong attractions between the particles keep each particle at the same
average distance from other particles and in the same general position with
respect to its neighbors. (b) e velocity of the particles increases, causing
more violent collisions between them. s causes them to move apart, so
the solid expands. See Figure 2.1. (c) e particles break out of their posi-
tions in the solid and move more freely throughout the liquid, constantly
breaking old attractions and making new ones. Although the particles are
still close together in the liquid, they are more disorganized, and there is
more empty space between them.

35(a) e attractions between liquid particles are not strong enough to
keep the particles in position like the solid. e movement of particles
allows the liquid to take the shape of its container. e attractions are
strong enough to keep the particles at the same average distance, leading
to constant volume. (b) e velocity of the particles increases, so they will
move throughout the liquid more rapidly. e particles will collide with
more force. is causes them to move apart, so the liquid expands slightly.
(c) Particles that are at the surface of the liquid and that are moving away
from the surface fast enough to break the attractions that pull them back
will escape to the gaseous form. e gas particles will disperse throughout
the neighborhood as they mix with the particles in the air. See Figures 2.3
and 2.4.

37. eair particles are moving faster.

39. ereis plenty of empty space between particles in a gas.

40(@) Cl (b)Zn ()P (d)U

43. (a) carbon (b) copper (c) neon (d) potassium

46. sodium, Na, 1 or 1A or IA, metal, representative (or main-group)
element, 3; tin, Sn, 14 or 4A or IVA, metal, representative element, 5;
helium, He, 18 or 8A or VIIIA, nonmetal, representative (or main-group)
element, 1; nickel, Ni, 10 or 8B or VIIIB, metal, transition metal, 4;

silver, Ag, 11 or 1B or 1B, metal, transition metal, 5; aluminum, Al, 13 or
3A or 1A, metal, representative (or main-group) element, 3; silicon, Si, 14
or 4A or IVA, metalloid, representative (or main-group) element, 3;

sulfur, S, 16, nonmetal, representative (or main-group) element, 3;
mercury, Hg, 2B, metal, transition metal, 6

48. (a) halogens (b) noble gases (c) alkali metals (d) alkaline earth metals
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50. (a) gas (b) liquid (c) solid (d) gas (e) solid (f) solid

52. lithium and potassium

54. (a) chlorine, ClI (b) potassium, K (c) silicon, Si

56. Because manganese is a metal, we expect it to be malleable.

58. Protons and neutrons are in a tiny core of the atom called the nucleus,
which has a diameter of about 1/100,000 the diameter of the atom. e
position and motion of the electrons are uncertain, but they generate a
negative charge that is felt in the space that surrounds the nucleus.

60. (a) +1 cation (b) -2 anion

63.(a) 8 (b) 12 (c) 92 (d) 3 (e) 82 (f) 25

66. (a) cobalt, Co (b) tin, Sn (c) calcium, Ca (d) fluorine, F

68. See Figure 2.13. e cloud around the two hydrogen nuclei represents
the negative charge cloud generated by the two electrons in the covalent
bond that holds the atoms together in the H, molecule.

70. (a) Neon is composed of separate neon atoms. Its structure is very simi-
lar to the structure of He shown in Figure 2.12.

(b) Bromine is composed of Br, molecules. See Figure 2.16. (c) Nitrogen
is composed of N, molecules. Its structure is very similar to the structure of
H, shown in Figure 2.15.

72. Each atom in a metallic solid has released one or more electrons, allow-
ing the electrons to move freely throughout the solid. When the atoms lose
these electrons, they become cations, which form the organized structure
we associate with solids. e released electrons flow between the stationary
cations like water flows between islands in the ocean. See Figure 2.18.

Chapter 3 Exercises
3.1 (a) element (b) compound (c) mixture 3.2 (a) molecular (b) ionic

:(':"I::(':"I:
3.3(a) — ix‘i{[: (b):Cl—C —C—Cl:
d-C—¢-¢

s JetHeE

G) H—C:C‘: —H
H H

© H—0—0—H

3.4 (a) diphosphorus pentoxide (b) phosphorus trichloride (c) carbon
monoxide (d) dihydrogen monosulfide or hydrogen sulfide (e) ammonia
3.5(a) SoF19 (b) NF3 (c) CaHg (d) HCI

3.6 (a) magnesium ion (b) fluoride ion (c) tin(l1) ion

3.7(a) Br (b) A** (c) Au*

3.8 (a) lithium chloride (b) chromium(lIl) sulfate

(c) ammonium hydrogen carbonate

3.9 (a) A|203 (b) COF3 (C) FeSO4 (d) (NH4)2HPO4 (C) KHC03

Chapter 3 Review Questions

1.ion 2. cation 3.anion 4. covalent 5. molecule 6. diatomic

7. See Figures 2.1, 2.2, and 2.4.

8. Protons and neutrons are in a tiny core of the atom called the nucleus,
which has a diameter about 1/100,000 the diameter of the atom. e posi-
tion and motion of the electrons are uncertain, but they generate a negative
charge that is felt in the space that surrounds the nucleus.

9. e hydrogen atoms are held together by a covalent bond formed due to
the sharing of two electrons. See Figure 2.13.

10. lithium, Li, 1 or 1A, metal; carbon, C, 14 or 4A, nonmetal; chlorine,
Cl, 17 or 7A, nonmetal; oxygen, O, 16 or 6A, nonmetal; copper, Cu, 11 or
1B, metal; calcium, Ca, 2 or 2A, metal; scandium, Sc, 3 or 3B, metal

11. (a) halogens (b) noble gases (c) alkali metals (d) alkaline earth metals

Chapter 3 Key Ideas

12. whole-number ratio 14. symbols, subscripts 16. variable
18. cations, anions 20. negative, positive, partial negative, partial positive
22. usually ionic 24. octet 26. four 28. arranged in space

30. electron-charge clouds 32. same average distance apart, constantly
breaking, forming new attractions 34. nonmetallic 36. noble gas
38. larger, smaller 40. H*

Chapter 3 Problems

42. (a) mixture — variable composition (b) element and pure substance

— e symbol K is on the periodic table of the elements. All elements are
pure substances. (c) e formula shows the constant composition, so
ascorbic acid is a pure substance. e three element symbols in the formula
indicate a compound.

44. (a) N,O3 (b) SF4 (c) AICI3 (d) Li,CO4

5+ 5-
46. @ °

48. e metallic potassium atoms lose one electron and form +1 cations,
and the nonmetallic fluorine atoms gain one electron and form —1 anions.

K - K+ e
19p/19¢~ 19p/18¢e~

F + e - F
9p/9%e” 9p/10e™

e ionic bonds are the attractions between K* cations and F~ anions.
50. See Figure 3.6.
52. (a) covalent...nonmetal-nonmetal (b) ionic...metal-nonmetal
54. (a) all nonmetallic atoms - molecular (b) metal-nonmetal - ionic
56.(@) 7 (b)4
58. Each of the following answers is based on the assumption that non-
metallic atoms tend to form covalent bonds in order to get an octet (8) of
electrons around each atom, like the very stable noble gases (other than
helium). Covalent bonds (represented by lines in Lewis structures) and lone
pairs each contribute two electrons to the octet.
(a) oxygen, o

If oxygen atoms form two covalent bonds, they will have an octet of elec-
trons around them. Water is an example:

H—O—H

(b) fluorine, -F:

If fluorine atoms form one covalent bond, they will have an octet of elec-
trons around them. Hydrogen fluoride, HF, is an example:

H—Ft
(c) carbon, -C-

If carbon atoms form four covalent bonds, they will have an octet of elec-
trons around them. Methane, CHy, is an example:
|
H—(‘:—H
H
(d) phosphorus, ..
If phosphorus atoms form three covalent bonds, they will have an octet of
electrons around them. Phosphorus trichloride, PCls, is an example:
Cl—P—Cl:
SR
Cl:
60. e molecule contains a carbon atom, two chlorine atoms, and two
fluorine atoms.  ere are two covalent C—Cl bonds and two covalent C-F
bonds. e Cland F atoms have three lone pairs each.
62. (a) H — one bond, no lone pairs (b) iodine — one bond, three lone pairs
(c) sulfur — two bonds, two lone pairs (d) N - three bonds, one lone pair
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(b):I:BZr—C‘:flg:r: © A—P—T:

64.(a)(F—Q—F:
:I§.r: :J.:
:Cl: :Cl:
66.() H—C=N: (b) :(::]fc‘::éf{:]:
68. (a) methanol and methyl alcohol (b) ethanol and ethyl alcohol

(c) 2-propanol and isopropy! alcohol
Extends

away from
|‘_| viewer H  bond angle
70. H7$7H g Extends \H y $9,5
toward y H
H viewer >

Lewis structure  Space-filling model  Ball-and-stick model Geometric Sketch

e Lewis structure shows the four covalent bonds between the carbon
atoms and the hydrogen atoms. e space-filling model provides the most
accurate representation of the electron charge clouds for the atoms in CHy.

e ball-and-stick model emphasizes the molecule’s correct molecular
shape and shows the covalent bonds more clearly. Each ball represents an
atom, and each stick represents a covalent bond between two atoms. e
geometric sketch shows the three-dimensional tetrahedral structures with
a two-dimensional drawing. Picture the hydrogen atoms connected to the
central carbon atom with solid lines as being in the same plane as the car-
bon atom. e hydrogen atom connected to the central carbon with a solid
wedge comes out of the plane toward you. e hydrogen atom connected to
the carbon atom by a dashed wedge is located back behind the plane of the

page.

Lewis structure Space-filling model  Ball-and-stick model ~ Geometric Sketch

e Lewis structure shows the two O—H covalent bonds and the two lone
pairs on the oxygen atom. e space-filling model provides the most ac-
curate representation of the electron charge clouds for the atoms and the
bonding electrons. e ball-and-stick model emphasizes the molecule’s
correct molecular shape and shows the covalent bonds more clearly. e
geometric sketch shows the structure with a two-dimensional drawing.
74. Water is composed of H,O molecules. Pairs of these molecules are
attracted to each other by the attraction between the partially positive hy-
drogen atom of one molecule and the partially negative oxygen atom of the
other molecule. See Figure 3.13. Each water molecule is moving constantly,
breaking the attractions to some molecules, and making new attractions to
other molecules. Figure 3.14 shows the model we will use to visualize liquid
water.
76. BrFs — bromine pentafluoride
78. SCl, — sulfur dichloride
80. (a) diiodine pentoxide (b) bromine trifluoride (c) iodine monobro-
mide (d) methane (e) hydrogen bromide or hydrogen monobromide
82. (a) CsHg (b) CIF (c) P4S7 (d) CBry (e) HF
84. Because metallic atoms hold some of their electrons relatively loosely,
they tend to lose electrons and form cations. Because nonmetallic atoms
attract electrons more strongly than metallic atoms, they tend to gain
electrons and form anions.  us, when a metallic atom and a nonmetallic
atom combine, the nonmetallic atom often pulls one or more electrons far
enough away from the metallic atom to form ions and an ionic bond.
85. (a) 4 protons and 2 electrons (b) 16 protons and 18 electrons
87. (a) calcium ion (b) lithium ion (c) chromium(ll) ion
(d) fluoride ion (e) silver ion or silver(l) ion (f) scandium ion
(e) phosphide ion (f) lead(I1) ion
89. (a) Mg?* (b) Na* (c) S2- (d) Fe3* (e) Sc3* (f) N3~ (g) Mn3*
(h) Zn2*
91. e metallic silver atoms form cations, and the nonmetallic bromine

H
‘ ~105°
Holgy!
. '\H
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atoms form anions. e anions and cations alternate in the ionic solid with
each cation surrounded by six anions and each anion surrounded by six
cations. See Figure 3.18, picturing Ag* ions in the place of the Na* ions
and Br~ in the place of the CI~ ions.

93. (a) ammonium (b) acetate (c) hydrogen sulfate

95. (a) NH,* (b) HCO3™ (c) HSO4~

96. (a) sodium oxide (b) nickel(111) oxide (c) lead(Il) nitrate

(d) barium hydroxide (e) potassium hydrogen carbonate

98. (a) Kzs (b) Zn3P2 (C) N|C|2 (d) Mg(H2PO4)2 (e) LlHCO3

100. copper(ll) fluoride, ammonium chloride, cadmium oxide, and
mercury(I1) sulfate 102. CuCl,, LiNOg, and CdS

Chapter 4 Exercises

4.1.(a) P4(s) + 6Cly(g) — 4PClIx(l)
(b) 3PbO(s) + 2NH3(g) — 3Pb(s) + Ny(g) + 3HLO(1)
(€) P4O10(s) + 6H,O(l) — 4H3PO4(aq)
(d) 3Mn(s) + 2CrClg(aq) — 3MnCly(aq) + 2Cr(s)
(6) CoHa(g) + %20,(g) - 2CO,(g) + HO(1)

or 2CH,(g) +50,(g) — 4CO,(g) +2H,0(1)
(f) 3Co(NOg3),(aq) + 2NagPO4(ag) — Coz(PO4)2(s) + 6NaNOz(aq)
(9) 2CH3NH3(g) + 9202(g) —~ 2CO,(g) + 5H,0(I) + N2(9)

or 4CH3NH,(g) + 905(g) — 4CO,(g) + 10H,0(1) + 2Nj(9)
(h) ZFES(S) + 9/202(9) + 2H20(|) — Fezog(S) + 2H2504(aq)

or 4FeS(s) + 90,(g) + 4H,0(1) - 2Fe,05(s) + 4H,SO4(aq)
4.2. (a) soluble (b) insoluble (c) soluble (d) insoluble (e) insoluble
4.3. (a) 3CaCly(aq) + 2NazPOy4(aq) — Caz(POy,),(s) + 6NaCl(aq)
(b) 3KOH(aq) + Fe(NOg)3(aq) — 3KNOgz(aq) + Fe(OH)3(s)
(c) NaC,H30,(aq) + CaSOq4(agq)  No Reaction
(d) K2SO4(aq) + Pb(NOs)(aq) — 2KNOg(aq) + PhSO4(s)

Chapter 4 Review Questions

1. H2, Nz, 02, F2, C|2, Brz, |2

2. (a) ionic (b) covalent (c) ionic (d) covalent

3. Water is composed of H,O molecules that are attracted to each other due
to the attraction between partially positive hydrogen atoms and the partially
negative oxygen atoms of other molecules. See Figure 3.13. Each water mol-
ecule is moving constantly, breaking the attractions to some molecules, and
making new attractions to other molecules. See Figure 3.14.

4.(a) NH3 (b) CH, () C3Hg d) H,O

5.(a) NO, (b) CBry4 (c)Br,O (d) NO

6. (a) LiF (b) Pb(OH), (c) K,O (d) Na,COj3 (e) CrCly (f) NaHPO,

Chapter 4 Key Ideas

7. converted into 9. shorthand description 11. continuous, delta, D
13. subscripts 15. same proportions 17. solute, solvent 19. minor, major
21. organized, repeating 23. left out

Chapter 4 Problems

25. For each two particles of solid copper(l) hydrogen carbonate that are
heated strongly, one particle of solid copper(l) carbonate, one molecule of
liquid water, and one molecule of gaseous carbon dioxide are formed.
27.(a) No(g) +3Hz(g) —~ 2NHj(g)
(b) 4Cl5(g) + 2CHy(g) + Oz(g) ~ 8HCI(g) + 2CO(g)
(c) B,Og3(s) + 6NaOH(agq) — 2NazBOs(aq) + 3H,O(I)
(d) 2Al(s) + 2H3PO4(aq) — 2AIPO4(s) + 3H,(9)
(€) CO(g) +¥205(q) — COx(g) or 2CO(g) + Oo(9)
(f) CeHua(l) + 1920,5(g) -~ 6CO,(g) + 7TH0(1)

or 2CgHy4(1) +190,(g) —» 12CO0O,(g) + 14H,0(1)
(9) SbaS3(s) + 9205(g) — Shy03(s) + 3505(g)

or 2Sh,S3(s) +904(g) — 2Sh,03(5) + 650,(9)
(h) 2Al(s) + 3CuSOq4(aq) — Al (SOy)3(aq) + 3Cu(s)
(1) 3PoH4(I) — A4PH3(g) + ¥2P4(s) or 6PaH4(I) — 8PH3(g) + Py(s)

- 2C02(g)
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29. CSZ + 3C|2 - SzClz + CC|4

4CS, +8S,Cl, — 3Sg+4CCl,

Sg+4C - 4CS,
31.2HF + CHCI; - CHCIF, + 2HCI
33. When solid lithium iodide is added to water, all of the ions at the sur-
face of the solid can be viewed as vibrating back and forth between moving
out into the water and returning to the solid surface. Sometimes when an
ion vibrates out into the water, a water molecule collides with it, helping to
break the ionic bond, and pushing it out into the solution. Water molecules
move into the gap between the ion in solution and the solid and shield the
ion from the attraction to the solid. e ions are kept stable and held in
solution by attractions between them and the polar water molecules. e
negatively charged oxygen ends of water molecules surround the lithium
ions, and the positively charged hydrogen ends of water molecules surround
the iodide ions. (See Figures 4.4 and 4.5 with Li* in the place of Na* and
17 in the place of CI~.)
35. Same answer as problem 33 but with sodium ions, Na*, instead of
lithium ions, Li*, and sulfate ions, SO42", in the place of iodide ions, I~

e final solution will have two times as many sodium ions as sulfate ions.

37. In a solution of a solid in a liquid, the solid is generally considered the
solute, and the liquid is the solvent.  erefore, camphor is the solute in this
solution, and ethanol is the solvent.
40. At the instant that the solution of silver nitrate is added to the aqueous
sodium bromide, there are four di erent ions in solution surrounded by
water molecules, Ag*, NO3~, Na*, and Br=. e oxygen ends of the water
molecules surround the silver and sodium cations, and the hydrogen ends of
water molecules surround the nitrate and bromide anions. When silver ions
and bromide ions collide, they stay together long enough for other silver
ions and bromide ions to collide with them, forming clusters of ions that
precipitate from the solution. e sodium and nitrate ions are unchanged
in the reaction. ey were separate and surrounded by water molecules at
the beginning of the reaction, and they are still separate and surrounded by
water molecules at the end of the reaction. See Figures 4,7 to 4,9 with silver
ions in the place of calcium ions and bromide ions in the place of carbonate
ions.
42. (a) soluble (b) soluble (c) insoluble (d) insoluble
44, (a) insoluble (b) soluble (c) soluble (d) insoluble
46. (a) Co(NO3),(aqg) + Na,CO3(ag) — CoCO3(s) + 2NaNO3(aq)
(b) 2Kl(aq) + Pb(CoH30z)x(aq) — 2KC;H30(aq) + Pbly(s)
(c) CuSOy4(ag) + LiINO3z(agq)  No reaction
(d) 3Ni(NOg)p(aq) + 2NagPOy(aq) — Nig(POy4)2(s) + 6NaNOs(aq)
(e) KoSOy(aq) + Ba(NO3)o(aq) — 2KNO3(aq) + BaSO4(s)
48. Al¥*(ag) + PO43-(ag) — AIPO,(s)
50. Cd(C,H30,),(aq) + 2NaOH(aq) — Cd(OH),(s) + 2NaC,H30,(aq)
52. (a) SiCly + 2H,0 - SiO, + 4HCI
(b) 2H3BO3 - 8203 + 3H20
(€)1, +3Cl, - 2ICl3
(d) 2Al,03 +3C - 4Al+3CO,
54. (a) 4NH3 + C|2 - NoHy + 2NH4C|
(b) Cu + 2AgNO3; — Cu(NOg), + 2Ag
() szSg + 6HNO3; - 2Sb(NO3)3 + 3H,S
(d) Al,O3 +3CI, +3C -~ 2AICI; +3CO
56. 2Caz(POy), + 6Si0, + 10C - P4+ 10CO + 6CaSiO3

P4 + 502 + 6H20 — 4H3PO4
58. (a) soluble (b)soluble (c) insoluble (d) insoluble
60. (a) NaCl(aq) + AI(NOg3)3(ag)  No reaction
(b) Ni(NO3),(aq) + 2NaOH(ag) — Ni(OH),(s) + 2NaNO3(aq)
(c) 3MnCly(aq) + 2NagPO4(ag) — Mn3z(PO,),(s) + 6NaCl(aq)
(d) Zn(C,H30,),(aq) + Nap,CO3z(aq) — ZnCO3(s) + 2NaC,H305(aq)
62. H2 + C|2 - 2HCI
64. Al,O3 + 3H,SO, — Aly(SOy)3 + 3H,0
66. CaF, + H,SO, — 2HF + CaSO,4
68. Na,CO3 + Ca(OH), - 2NaOH + CaCO4

71. CaCO3 + 2NaCl - Na,CO3 + CaCl,
73. NH3 + 202 — HNO3 + Hzo
75. C3Hg(g) + 6H,0(g) — 3CO,(g) + 10H,(g)
77.(@) C+%0, - CO or 2C+0, - 2CO
(b) Fe,03+3CO - 2Fe +3CO,
(c)2CO - C+CO,
79. Add a water solution of an ionic compound that forms an insoluble
substance with aluminum ions and a soluble substance with sodium ions.
For example, a potassium carbonate solution would precipitate the alumi-
num ions as Aly(CO3)s3.
81. FeCls(aq) + 3AgNO3(aq) — Fe(NOgz)s(aq) + 3AgCI(s)
83. 2C5H11N502(S) + 35 Oz(g)
- 10CO,(g) + 11H,0(1) + 2S0x(g) + N2(g)
or 4C5H11NSOZ(S) + 3102(9)
- 20COy(g) + 22H,0(1) + 4SO5(g) + 2No(g)

Chapter 5 Exercises

5.1.(a) HF(aqg) (b) H3PO,.

5.2 (a) hydriodic acid. ( e “0” in hydro- is usually left o .) (b) acetic acid
5.3 (a) aluminum fluoride (b) phosphorus trifluoride (c) phosphoric acid
(d) calcium sulfate (e) calcium hydrogen sulfate (f) copper(Il) chloride
(9) ammonium fluoride (h) hydrochloric acid (i) ammonium phosphate
5.4. (a) NH4NO3 (b) HC,H30, (c) NaHSO, (d) KBr () MgHPO,
(f) HF(aq) (9) P20, (h) Aly(COg)s (i) HaSO4

5.5. () strong acid (b) strong base (c) weak base (d) weak acid

5.6. (a) HCl(aq) + NaOH(aq) — H,O(l) + NaCl(aq)

(b) HF(aqg) + LiOH(aq) — H,O(l) + LiF(aq)

(c) H3POy(aq) + 3LIOH(aq) — 3H,0O(I) + LisPO4(aq)

(d) Fe(OH)5(s) + 3HNOg(aq) — Fe(NOg)s(aq) + 3H,O(1)

5.7. Na,COg3(aq) + 2HBr(agq) — 2NaBr(ag) + H,O(l) + CO4(0)

5.8. (a) HNO, (b) H,CO3 (c) H30™ (d) HPO,Z-

5.9. (a) HC,0,~ (b) BrO,~ (c) NH,~ (d) HPO,2-

5.10. (a) HNO,(B/L acid), NaBrO(B/L base) (b) HNOy(B/L acid),
H,AsO,~(B/L base) (c) H,AsO4~(B/L acid), 20H~(B/L base)

Chapter 5 Review Questions

1. (a) Aqueous solutions are water solutions. (b) Spectator ions are ions
that are important for delivering other ions into solution to react, but do
not actively participate in the reaction themselves.
(c) A double displacement reaction is a chemical reaction that has the fol-
lowing form.

AB+CD - AD+CB
(d) A net ionic equation is a chemical equation for which the spectator ions
have been eliminated leaving only the substances actively involved in the
reaction.
2. (a) carbonate (b) hydrogen carbonate 3. (a) H,PO4~ (b) CoH30,”
4. (a) ionic (b) not ionic (c) ionic (d) ionic (e) not ionic
5. (a) potassium bromide (b) copper(Il) nitrate (c) ammonium hydrogen
phosphate 6. (a) Ni(OH), (b) NH4CI (c) Ca(HCO3),
7. (a) insoluble (b) insoluble (c) soluble (d) soluble
8. When solid sodium hydroxide, NaOH, is added to water, all of the
sodium ions, Na*, and hydroxide ions, OH~, at the surface of the solid can
be viewed as shifting back and forth between moving out into the water and
returning to the solid surface. Sometimes when an ion moves out into the
water, a water molecule collides with it, helping to break the ionic bond,
and pushing it out into the solution. Water molecules move into the gap
between the ion in solution and the solid and shield the ion from the attrac-
tion to the solid. e ions are kept stable and held in solution by attractions
between them and the polar water molecules. e negatively charged oxy-
gen ends of water molecules surround the sodium ions, and the positively
charged hydrogen ends of water molecules surround the hydroxide ions.
(See Figures 4.4 and 4.5 with OH~ in the place of CI-.)
9. 3ZnCly(aq) + 2NagPO4(aq) — Znz(POy),(s) + 6NaCl(aq)



Chapter 5 Key Ideas

10. sour 12. acidic 14. H,X,O. 16. nearly one, significantly less than one
18. weak 20. hydro, —ic, acid 22. hydroxide ions, OH~ 24. hydroxides
26. fewer 28. greater than 7, higher 30. neutralize

32. double-displacement 34. donor, acceptor, transfer 36. removed

38. Bransted-Lowry, Arrhenius

Chapter 5 Problems

39. When HNO3 molecules dissolve in water, each HNO3 molecule
donates a proton, H*, to water forming hydronium ion, H3O*, and nitrate
ion, NO3~. s reaction goes to completion, and the solution of the
HNO; contains essentially no uncharged acid molecules. Once the nitrate
ion and the hydronium ion are formed, the negatively charged oxygen at-
oms of the water molecules surround the hydronium ion and the positively
charged hydrogen atoms of the water molecules surround the nitrate ion.
Figure 5.12 shows you how you can picture this solution.
41. Each sulfuric acid molecule loses its first hydrogen ion completely.

H2S04(aq) + HO(1) — HzO™(aq) + HSO,™(aq)

e second hydrogen ion is not lost completely.

HSO,4 (aq) + H,0(1) = H30(aq) + SO,4*~(aq)
In a typical solution of sulfuric acid, for each 100 sulfuric acid molecules
added to water, the solution contains about 101 hydronium ions, H;O*, 99
hydrogen sulfate ions, HSO,", and 1 sulfate ion, SO4%".
43. A weak acid is a substance that is incompletely ionized in water due to
a reversible reaction with water that forms hydronium ion, H30*. A strong
acid is a substance that is completely ionized in water due to a completion
reaction with water that forms hydronium ions, H;O*.
45, (a) weak (b) strong (c) weak
47. (a) weak (b) weak (c) weak
49. (a) HNO»(aq) + H,O(l) = H30*(aq) + NO,™(aq)
(b) HBr(ag) + H,O(l) - H30*(aq) + Br~(aq)
51. (@) HNOg, nitric acid (b) H,COs3, carbonic acid
(c) H3POy, phosphoric acid
53. (a) oxyacid, H3PO, (b) ionic compound with polyatomic ion, NH,4Br
(c) binary covalent compound, Pyl (d) ionic compound with polyatomic
ion, LIHSO, (e) binary acid, HCI(aq) (f) binary ionic compound,
Mg3N, (g) oxyacid, HC,H3;0, (h) ionic compound with polyatomic ion,
PbHPO,
55. (a) binary acid, hydrobromic acid (b) binary covalent compound,
chlorine trifluoride (c) binary ionic compound, calcium bromide (d) ionic
compound with polyatomic ion, iron(I11) sulfate (e) oxyacid, carbonic acid
(f) ionic compound with polyatomic ion, ammonium sulfate (g) ionic
compound with polyatomic ion, potassium hydrogen sulfate
58. (a) weak acid (b) strong base (c) weak acid (d) weak base
(e) weak base (f) weak acid (g) strong acid (h) weak acid
60. (a) acidic (b) basic (c) essentially neutral (or more specifically, very
slightly acidic)
62. Carbonated water is more acidic than milk.
64. (a) acid (b) acid (c) base
66. Because hydrochloric acid, HCl(aq), is an acid, it reacts with water to
form hydronium ions, H;O", and chloride ions, CI-. Becaus it is a strong
acid, the reaction is a completion reaction, leaving only H;O* and CI- in
solution with no HCI remaining.

HCl(ag) + H,O() - H30*(aqg) + Cl-(aq)

or HCl(ag) —» H*(aq) + Cl(aq)
Because NaOH is a water-soluble ionic compound, it separates into sodium
ions, Na*, and hydroxide ions, OH~, when it dissolves in water.  us, at
the instant that the two solutions are mixed, the solution contains water
molecules, hydronium ions, H;O™, chloride ions, CI~, sodium ions, Na*,
and hydroxide ions, OH~. When the hydronium ions collide with the hy-
droxide ions, they react to form water. If an equivalent amount of acid and
base are added together, the H;O* and the OH~ will be completely reacted.

H;0%(ag) + OH (ag) — 2H,0(l)
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or H*(ag)+OH (ag) - H,0(l)
e sodium ions and chloride ions remain in solution with the water
molecules.
68. A solution with an insoluble ionic compound, such as Ni(OH),, at
the bottom has a constant escape of ions from the solid into the solution
balanced by the constant return of ions to the solid due to collisions of ions
with the surface of the solid.  us, even though Ni(OH), has very low
solubility in water, there are always a few Ni2* and OH" ions in solution. If
a nitric acid solution is added to water with solid Ni(OH), at the bottom, a
neutralization reaction takes place. Because the nitric acid is a strong acid, it
is ionized in solution, so the nitric acid solution contains hydronium ions,
H3O*, and nitrate ions, NO3™. e hydronium ions will react with the ba-
sic hydroxide ions in solution to form water molecules. Because the hydro-
nium ions remove the hydroxide anions from solution, the return of ions to
the solid is stopped. e nickel(ll) cations cannot return to the solid unless
they are accompanied by anions to balance their charge. e escape of ions
from the surface of the solid continues. When hydroxide ions escape, they
react with the hydronium ions and do not return to the solid.  us there
is a steady movement of ions into solution, and the solid that contains the
basic anion dissolves. e complete equation for this reaction is below.
Ni(OH),(s) + 2HNO3(agq) — Ni(NO3),(aq) + 2H,0(1)
70. Because hydrochloric acid, HCI(aqg), is an acid, it reacts with water to
form hydronium ions, H;O", and chloride ions, CI-. Becaus it is a strong
acid, the reaction is a completion reaction, leaving only H;O* and CI- in
an HCl(ag) solution with no HCI remaining.
HCl(aq) + HO(1) — H3z0™(aq) + Cl~(aq)
or HCl(ag) —» H*(aq) + Cl(aq)
Because K,COj5 is a water-soluble ionic compound, it separates into potas-
sium ions, K*, and carbonate ions, CO32‘, when it dissolves in water. e
carbonate ions are weakly basic, so they react with water in a reversible reac-
tion to form hydrogen carbonate, HCO3~ and hydroxide, OH".
CO5%"(aq) + H,O(1) = HCO3(ag) + OH(aq)
us, at the instant that the two solutions are mixed, the solution contains
water molecules, hydronium ions, H3O*, chloride ions, CI-, potassium
ions, K*, carbonate ions, CO42", hydrogen carbonate ions, HCO3™, and
hydroxide ions, OH=. e hydronium ions react with hydroxide ions,
carbonate ions, and hydrogen carbonate ions. When the hydronium ions
collide with the hydroxide ions, they react to form water. When the hydro-
nium ions collide with the carbonate ions or hydrogen carbonate ions, they
react to form carbonic acid, H,COj3. e carbonate with its minus two
charge requires two H* ions to yield a neutral compound, and the hydrogen
carbonate requires one H* to neutralize its minus one charge.
2H30%(ag) + CO3*"(agq) — H,CO5(aq) + 2H,O(1)
or 2H*(aq) + CO4%~(ag) — H,CO4(aq)
H30"(ag) + HCO3™(ag) - HyCOs(aq) + H,O(l)
or H*(agq) + HCO3 (aq) —» H,COs(aq)
e carbonic acid is unstable in water and decomposes to form carbon
dioxide gas and water.
H2COz(aq) — CO,(g) + HO(I)
If an equivalent amount of acid and base are added together, the H;O*,
OH-, CO42-, and HCO3™, will be completely reacted. e potassium ions
and chloride ions remain in solution with the water molecules.
72.(a) HCl(aqg) + LiOH(aq) —» H,0O(l) + LiCl(aq)
(b) H,SO4(aq) + 2NaOH(ag) — 2H,0(1) + Nay,SOy4(aq)
(c) KOH(aq) + HF(aq) — KF(aqg) + H,O(l)
(d) Cd(OH),(s) + 2HCl(ag) — CdCly(aq) + 2H,0(1)
74. 2HI(aq) + CaCO3(s) - H,O(l) + CO4(g) + Caly(aq)
76. 2Fe(OH)3(s) + 3H,SO4(aq) — Fex(SOy)3(aq) + 6H,O(1)
Fes(SO4)3(aq) + 6NaOH(aq) — 2Fe(OH)3(s) + 3Nay,SO4(aq)
78. (a) HCI(ag) + NaOH(agq) - H,O(l) + NaCl(aq)
(b) H,SO4(aq) + 2LIOH(aq) — 2H,0(l) + Li,SO4(aq)
(c) 2HCl(aq) + KCO5(aq) — HpO(l) + CO,(g) + 2KCl(aq)
81. (a) HIO5 (b) H,SO3 (c) HPO42~ (d) H,
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83. (a) ClO4~ (b) SO5%~ (c) HyO (d) HoPO,~
85. e same substance can donate an H* in one reaction (and act as a
Bransted-Lowry acid) and accept an H* in another reaction (and act as a
Bransted-Lowry base). For example, consider the following net ionic equa-
tions for the reaction of dihydrogen phosphate ion.

HyPO,4(aq) + HCl(ag) — H3POy4(aq) + Cl~(aq)

B/L base B/L acid
H,PO, (ag) + 20H (aq) — PO, (aq) + 2H,0(l)
B/L acid B/L base

87. (a) NaCN (B/L base), HC,H30, (B/L acid)
(b) H,PO3™ (B/L base), HF (B/L acid)
(c) H,PO3™ (B/L acid), 20H" (B/L base)
(d) 3NaOH (B/L base), H3PO3 (B/L acid)
89. Conjugate base - CH3CH,CH,CO,~
CH3CH,CH,CO,H (B/L acid), H,O (B/L base)
91. HCl(aq) + HS"(aq) — ClI~(aq) + H,S(aq)
HS(ag) + OH~(ag) — S%(aq) + HyO(l); HS~(aq)

93. (a) HBr(ag) + NaOH(aq) — H,O(l) + NaBr(aq)
(b) H,SO5(aq) + 2LIOH(ag) - 2H,0(l) + Li;SO3(aq)
(c) KHCOg(aq) + HF(ag) - KF(aq) + HyO(I) + CO(g)
(d) AI(OH)3(s) + 3HNO3(aq) — AI(NO3)3(aq) + 3H,O(I)
95. (a) acidic (b) basic (c) very slightly basic (essentially neutral)
97. acidic
99. CaCO4(s) + 2H*(ag) — Ca2*(aq) + CO,(g) + H,O(l)
100. H,S0,(aq) + Mg(OH)»(5) — 2H,0(l) + MgSO,(aq)
102. CH3CH,CO,H(aq) + NaOH(aq)

~ NaCH3CH,CO,(aq) + H,0(l)
104. HO,CCH,CH(OH)CO,H(aq) + 2NaOH(aq)

~  Nay,0,CCH,CH(OH)CO,(aq) + 2H,0(1)
106. NaHS(B/L base), NaHSO,(B/L acid)
Conjugate acid base pairs: HS~/H,S and HSO,~/SO42-
or NaHS/H,S and NaHSO, /Na,SO,

Chapter 6 Exercises

6.1. ey are all redox reactions.
0 0 +2 =2

2C(s) + Oz(9) —~ 2CO(9)
C(9) is oxidized and is the reducing agent. O, is reduced and is the oxidiz-
ing agent.

+3 =2 +2 -2 0 +4 -2

Fe,03(5) + CO(g) — 2Fe(l) +3CO4(9)
Each carbon atom in CO(g) is oxidized, and CO(g) is the reducing agent.

Each Fe atom in Fe,Oj is reduced, and Fe,O3 is the oxidizing agent.
+2 2 0 +4 2

2CO(g) — C(iniron) + CO5(g)
Some of the carbon atoms in CO(g) are oxidized from +2 to +4, and some
of them are reduced from +2 to 0.  us carbon atoms in CO are both
oxidized and reduced, and CO is both the oxidizing agent and the reducing
agent.
6.2. () 2C4H1g(g) + 130,(g) — 8COy(g) + 10H,0(1)
(b) 2C3H;OH(l) + 90,(g) — 6CO,(g) + 8H,O(l)
(€) 2C4HgSH(l) + 1505(g) — 8CO,(g) + 10H,0(1) + 2SO4(g)
6.3. (a) decomposition (b) combustion (c) single displacement
(d) combination

Chapter 6 Review Questions
1. (a) Fe3* and Br~ (b) Co?* and PO43~ (c) Ag* and CI-
(d) NH,* and SO42-
2. (a) molecular (b) ionic with polyatomic ion (c) binary ionic
(d) molecular (e) molecular (f) molecular (g) ionic with polyatomic ion
(h) molecular
3. (a) CgHyg(l) + 2%50,(g) — 8CO,(g) + 9H,O(1)
or 2CgHyg(1) + 250,(g) — 16CO,(g) + 18H,0(I)

(b) 4P4(s) +5Sg(s) — 8P,Ss(s)

Chapter 6 Key Ideas

4. loses 6. rarely, oxidized, reduced, oxidation, reduction 8. half-reactions
10. oxidizing agent 12. flow of electrons 14. two or more 16. heat, light
18. water 20. pure element 21. voltaic cells, chemical energy, electrical
energy 23. electrical conductors 25. reduction, positive electrode

27. force, electrolysis

Chapter 6 Problems

30. (a) complete — ionic bonds formed (b) incomplete — polar covalent
bonds formed
32. (a) incomplete — polar covalent bonds formed (b) incomplete — polar
covalent bonds formed
34.2A1 — 2AI* +6e-  oxidation — loss of electrons
3Br, + 66" — 6Br~ reduction — gain of electrons
36.(a) Siszero. (b) Sis—2. (c) Nais +1, and the Siis—2. (d)
+2, and the S is -2.
38. (a) Each Sc is +3, and each O is -2. (b)
(c) Niszero. (d) His+1. N is-3.
40.(@) Clis+3.Fis-1. (b)His+1. Ois-1.
(c)His+1. O is-2.S'is +6.
42. () His+1. Ois—2. Pis+5. (b) eNiis+2. Ois-2.S s +6.
(€)Ois-2. Nis+3. (d) Mnis +2. O is—2. P is +5.
45. 0 0 +1 -1

Cly(9) + Ha(g) —~ 2HCI(g)
Yes, it's redox. H atoms in H, are oxidized, Cl atoms in Cl, are reduced,
Cl, is the oxidizing agent, and H, is the reducing agent.
47. 0 +1 =2 +2 -2 +1 0

Mg(s) + 2H,0(l) —~ Mg(OH)x(aq) + Hy(g) + heat
Yes, it's redox. Mg atoms in Mg(s) are oxidized, H atoms in H,O are re-
duced, H,O is the oxidizing agent, and Mg is the reducing agent.

0 +4 -2 +2 -2 0

2Mg(s) + CO5(g) - 2MgO(s) + C(5) + heat
Yes, it's redox. Mg atoms in Mg(s) are oxidized, C atoms in CO, are re-
duced, CO, is the oxidizing agent, and Mg is the reducing agent.
49, 2 +41-2+1 0 0+1 2 +1-2

2CH3OH + 02 - 2CH20 + 2H20
Yes, it’s redox. C atoms in CH3OH are oxidized, O atoms in O, are re-
duced, O, is the oxidizing agent, and CH3OH is the reducing agent.
51. 0 +1 +5-2 +2 +5-2 0
(a) Co(s) + 2AgNO3(ag) — Co(NOg),(aq) + 2Ag(s)
Co in Co(9) is oxidized, and Co(s) is the reducing agent. Ag in AgNO3 is
reduced, and AgNOg is the oxidizing agent.
(b) +5 -2 0 0 +2 2

V,05(5) +5Ca(l) - 2V(l) + 5Ca0(s)
V in V,0s is reduced, and V,Os is the oxidizing agent. Ca in Ca(l ) is
oxidized, and Ca(l) is the reducing agent.

e Feis

e Rbis +1, and the H is -1.

(c) +2+4-2 +4 -2 +2+4 -2 +4 -2
CaCOg3(aq) + SiO,(s) — CaSiO3(s) + CO,(g)

Not redox

d) +1 1 0 0

2NaH() - 2Na(s) + Hy(g)
Na in NaH is reduced, and NaH (or Na* in NaH) is the oxidizing agent. H
in NaH is oxidized, and NaH (or H™ in NaH) is also the reducing agent.

(e) +3 -2 +147 =2 +1 -2 +1 -1
5As,06(s) + BKMnOy(aq) + 18H,0(1) + 52KCl(aq)
+1 +5-2 +2 -1 +1-1

- 20K3AsO4(aq) + 8MnCl,(aq) + 36HCI(aq)
As in As4Og is oxidized, and As4Og is the reducing agent. Mn in KMnOy is
reduced, and KMnOy is the oxidizing agent.



53. 0 o +4 =2
1/85g+ O, — SO,
Yes, it’s redox. S atoms in Sg are oxidized, O atoms in O, are reduced, O, is
the oxidizing agent, and Sg is the reducing agent.
+4-2 0 +6 -2
SOZ + 1/202 — SOS
Yes, it’s redox. S atoms in SO, are oxidized, O atoms in O, are reduced, O,
is the oxidizing agent, and SO, is the reducing agent.
+6-2 +1 -2 +1 46 -2
SO3 + Hzo — HzSO4
Because none of the atoms change their oxidation number, this is not
redox.
55. (a) decomposition (b) single-displacement (c) combustion
(d) single-displacement (e) combination and combustion
57. (a) combination and combustion (b) combustion
(c) single-displacement (d) combustion (e) decomposition
59. () CaHg(g) +502(g) - 3CO2(g) +4H0()
(b) C4HgOH(I) +60,(g) — 4CO,(g) + 5H,O(I)
(€) CH3COSH(l) + 720,(g) —~ 2CO,(g) + 2H,0(1) + SO(g)
or 2CH3COSH(l) + 705(g) — 4CO,(g) + 4H,0(l) + 2SO,(g)
61. (a) Because nickel(Il) nitrate is a water soluble ionic compound, the
Ni(NO3), solution contains NiZ* ions surrounded by the negatively
charged oxygen ends of water molecules and separate NO3~ ions sur-
rounded by the positively charged hydrogen ends of water molecules.  ese
ions move throughout the solution colliding with each other, with water
molecules, and with the walls of their container. When solid magnesium
is added to the solution, nickel ions begin to collide with the surface of
the magnesium. When each NiZ* ion collides with an uncharged magne-
sium atom, two electrons are transferred from the magnesium atom to the
nickel(11) ion. Magnesium ions go into solution, and uncharged nickel solid
forms on the surface of the magnesium. (See Figure 6.4. Picture Ni2* in the
place of Cu?* and magnesium metal in the place of zinc metal.) Because the
magnesium atoms lose electrons and change their oxidation number from
0 to +2, they are oxidized and act as the reducing agent. e Ni%* ions gain
electrons and decrease their oxidation number from +2 to 0, so they are
reduced and act as the oxidizing agent. e half-reaction equations and the
net ionic equation for this reaction are below.
oxidation: Mg(s) — Mg?*(aq) + 2e-
reduction: Ni2*(ag) +2e~ - Ni(s)
Net ionic equation:  Mg(s) + Ni2*(aq) — Mg%*(aq) + Ni(s)
62. See Figure 6.5, substituting Mn for Zn and Pb for Cu. e voltaic
cell that utilizes the redox reaction between manganese metal and lead(l1)
ions is composed of two half-cells. e first half-cell consists of a strip of
manganese metal in a solution of manganese(ll) nitrate. e second half-
cell consists of a strip of lead metal in a solution of lead(Il) nitrate. In the
Mn/Mn?2* half-cell, manganese atoms lose two electrons and are converted
to manganese ions. e electrons pass through the wire to the Pb/Pb?* half
cell where Pb2* jons gain the two electrons to form uncharged lead atoms.
Mn is oxidized to MnZ* at the manganese electrode, so this electrode is the
anode. Ph2* ions are reduced to uncharged lead atoms at the lead strip, so
metallic lead is the cathode.
63. 0 +4 =2 -3 +1
Zn(s) + 2MnO,(s) + 2NH,*(aq)
+2 +3 2 -3+1 +1 =2
~ Zn%*(aq) + Mn,04(s) + 2NH3(ag) + H,O(l)
Zn is oxidized and is the reducing agent. Mn in MnO, is reduced, so
MnO; is the oxidizing agent.
65.0 +4 =2 +1+6 -2 +1 -2 +2+6 -2 +1 -2
Ph(s) + PbO,(s) + 2HSO,~(aqg) + 2H30%(ag) — 2PhSO4(s) + 4H,O(1)
Pb is oxidized and is the reducing agent. Pb in PbO, is reduced, so PbO, is
the oxidizing agent.
67.+1+1+4-2
2NaHCO3(5) -

+4 -2 +1 +4-2 +1 -2
CO,(g) + NayCO3(s) + HyO(g)
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Because none of the atoms change their oxidation number, this is not
redox.
69. +2 -2 0 +2 =2 0

HgO(@) + Zn(s) - ZnO(s) + Hg(l)
Yes, it’s redox. Zn atoms in Zn(s) are oxidized, Hg atoms in HgO are
reduced, HgO is the oxidizing agent, and Zn is the reducing agent.
71, +2 2+1 +1 +5-2 +2  +5-2 +1 -2

3Mn(OH)(s) + 2H3PO4(aq) — Mng(POy4),(s) + 6HLO(I)

No, none of the atoms change their oxidation number, so it’s not redox.
73. 0 0 +6 -1

Xe + 3F2 — XeF6
Yes, it's redox. Xe atoms are oxidized, F atoms in F, are reduced, F, is the
oxidizing agent, and Xe is the reducing agent.

+6 -1 +1 -2 +6 -2-1 +1-1

XeFg + H,O — XeOF4 + 2HF
None of the atoms change their oxidation number, so it’s not redox.

+6 -1 -2+5-1 +6-2-1 +5-1

XeFg + OPF3 — XeOF, + PFg
None of the atoms change their oxidation number, so it’s not redox.
75. 41452  +2-1 +1-2 +147-2  +1-1 0

NaBrO3 + XeF, + H,O - NaBrO,4 + 2HF + Xe
Yes, it's redox. Br atoms in NaBrOs are oxidized, Xe atoms in XeF, are
reduced, XeF, is the oxidizing agent, and NaBrOs is the reducing agent.

+1+6-2 0 +1-2 41 +147-2  +1-1  +1-2

NaBrO3 + F, + 2NaOH - NaBrO,4 + 2NaF + H,0
Yes, it's redox. Br atoms in NaBrOs are oxidized, F atoms in F are reduced,
F, is the oxidizing agent, and NaBrOyj is the reducing agent.
77. +141 0 +5-1

IF(g) + 2F5(9) ~ IF5()

Yes, it’s redox. | atoms in IF are oxidized, F atoms in F, are reduced, F, is

the oxidizing agent, and IF is the reducing agent.
+1-1 0 +5-1

BrF(g) + 2F5(g) — BrFs(g)
Yes, it's redox. Br atoms in BrF are oxidized, F atoms in F, are reduced, F,
is the oxidizing agent, and BrF is the reducing agent.
0 0 +3-1
Cly(g) +3F5(g) —~ 2CIF5(g)
Yes, it’s redox. Cl atoms in Cl, are oxidized, F atoms in F, are reduced, F; is
the oxidizing agent, and Cl; is the reducing agent.
79. +1-1  +4-2 +1-2 0 +1+6-2 41 -1
4NaCl + 280, + 2H,0 + O, - 2Nay,SO,4 + 4HCI
Yes, it’s redox. S atoms in SO, are oxidized, O atoms in O, are reduced, O,
is the oxidizing agent, and SO, is the reducing agent.
81l. +1-2 0 +4-2 +1-2
2H,S +30, - 250, +2H,0
Yes, it’s redox. S atoms in H,S are oxidized, O atoms in O, are reduced, O,

is the oxidizing agent, and H,S is the reducing agent.
-2 41 -2 0 +1-2

SO, +2H,S - 3S+2H,0
Yes, it’s redox. S atoms in H,S are oxidized, S atoms in SO, are reduced,
SO, is the oxidizing agent, and H,S is the reducing agent.
83. +2 1 0o 0

PbBr2 - Pb+ BI’Z
Yes, it’s redox. Br atoms in PbBr, are oxidized, and Pb atoms in PbBr, are
reduced.
85. +2+4-2 +2 -2 +4-2

CaCO3 - CaO +CO,

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

CaO + H,0O - Ca(OH),
+4-2  +1-2 +1+4-2

SOZ + Hzo — H2803

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

Ca(OH), + H,SO3 - CaSO3+ 2H,0
Because none of the atoms change their oxidation number, none of these
reactions are redox reactions.
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87. 0 -3+1+7-2 +3 22 +1-1 0 +1 -1
10AI(s) + BNH4CIO4(5) — 5Al,043(s) + 6HCI(g) + 3N5(g) + 9H,0(g)
Yes, it’s redox. Al atoms in Al and N atoms in NH,4CIO, are oxidized, and
Cl atoms in NH4CIO, are reduced.
89. (a) +1 +6 -2 +1 -1
K,Cr,0+(aq) + 14HCl(aq)
+1-1 +3 -1 +1 -2 0
- 2KCl(aq) + 2CrClz(aq) + 7H,0O(l) + 3Cl,(9)
Yes, it is redox. Cl in HCl is oxidized, Cr in K,Cr,O7 is reduced, HCl is
the reducing agent, and K,Cr,0Oy is the oxidizing agent.
(b)o +1 2 +2 2 +1 0
Ca(s) + 2H,0(l) — Ca(OH),(s) + Hy(0)
Yes, it is redox. Ca is oxidized, H in H,O is reduced, Ca is the reducing
agent, and H,O is the oxidizing agent.
91.(a)o 0 +2 -1
Ca(s) + Fo(g) — CaFy(5)
Yes, it’s redox. Ca is oxidized and is the reducing agent. F in F is reduced,
and F, is the oxidizing agent.
b) o +1 -2 +3 -2 0
Al(s) +3H,0(9) — Al03(s) + 3H(9)
Yes, it’s redox. Al is oxidized and is the reducing agent. H in H,O is re-
duced, so H,O is the oxidizing agent.
93. (a) combination (b) single-displacement (c) decomposition
95. CO,(9) + 2Hz(g) — C(s) + 2H,0(g)
97.TiCly + 2Mg - Ti + 2MgCl,
99. 2K(s) + 2H,0(1) - 2KOH(aq) + Hy(0)
101. Ca(s) + Bry(I) — CaBry(s)
103. 2HCl(aq) + Mg(OH),(s) - MgCly(aq) + 2H,0(1)

Chapter 7 Exercises

7.1 (a) HO and NO,, have higher potential energy than HNO5. Separated
atoms are less stable and have higher potential energy than atoms in a
chemical bond, so energy is required to break a chemical bond.  us energy
is required to separate the nitrogen and oxygen atoms being held together
by mutual attraction in a chemical bond. e energy supplied goes to an
increased potential energy of the separated HO and NO, molecules com-
pared to HNOs. If the bond is reformed, the potential energy is converted
into a form of energy that could be used to do work.

(b) A nitrogen dioxide molecule with a velocity of 439 m/s has greater ki-
netic energy than the same molecule with a velocity of 399 m/s. Any object
in motion can collide with another object and move it, so any object in mo-
tion has the capacity to do work. is capacity to do work resulting from
the motion of an object is called kinetic energy, KE. e particle with the
higher velocity will move another object (such as another molecule) farther,
so it can do more work. It must therefore have more energy.

(c) e more massive nitrogen dioxide molecule has greater kinetic energy
than the less massive nitrogen monoxide molecule with the same velocity.

e moving particle with the higher mass can move another object (like
another molecule) farther, so it can do more work. It must therefore have
more energy.

(d) Gaseous nitrogen has higher potential energy than liquid nitrogen.
When nitrogen goes from liquid to gas, the attractions that link the N,
molecules together are broken. e energy that the nitrogen liquid must
absorb to break these attractions goes to an increased potential energy of the
nitrogen gas. If the nitrogen returns to the liquid form, attractions are re-
formed, and potential energy is converted into a form of energy that could
be used to do work.

(e) Separate BrO and NO, molecules have a higher potential energy than
the BrONO, molecule that they form. Atoms in a chemical bond are more
stable and have lower potential energy than separated atoms, so energy is re-
leased when chemical bonds form. When BrO and NO, are converted into
BrONO,, a new bond is formed, and some of the potential energy of the
BrO and NO, is released. e energy could be used to do some work. For

example, if some of the potential energy is converted into increased kinetic
energy of a molecule like N, the faster moving molecule could bump into
something and move it and therefore do work.

BrO(g) + NOy(g) -~ BrONO,(g)
(f) An alpha particle and 2 separate electrons have higher potential energy
than an uncharged helium atom. e attraction between the alpha particle
and the electrons will pull them together, and as they move together, they
could bump into something, move it, and do work.

Chapter 7 Review Questions

1.(a) e particles in the liquid are close together with the particles oc-
cupying about 70% of the total volume. Because the particles in a liquid
are moving faster than in a solid, they break the attractions to the particles
around them and constantly move into new positions to form new attrac-
tions. s leads to a less organized arrangement of particles compared to
that of the solid. See Figure 2.2.

(b) e particles of a gas are much farther apart than in the solid or liquid.
For a typical gas, the average distance between particles is about 10 times
the diameter of each particle. s leads to the gas particles themselves
taking up only about 0.1% of the total volume. e other 99.9% of the
total volume is empty space. According to our model, each particle in a gas
moves freely in a straight-line path until it collides with another gas particle
or with a liquid or solid. e particles are usually moving fast enough to
break any attraction that might form between them, so after two particles
collide, they bounce o each other and continue on their way alone. See
Figure 2.4.

(c) Particles that are at the surface of the liquid and that are moving away
from the surface fast enough to break the attractions that pull them back
will escape to the gaseous form. See Figure 2.3.

(d) Increased temperature leads to an increase in the average velocity of

the particles in the liquid.  is makes it easier for the particles to break the
attractions between them and move from one position to another, including
away from the surface into the gaseous form.

2. (a) According to our model, the particles of a solid can be pictured as
spheres that are packed as closely together as possible. e spheres for NaCl
are alternating Na* cations and CI- anions. Strong attractions hold these
particles in the same general position, but the particles are still constantly
moving (Figure 2.1). Each particle is constantly changing its direction and
speeding up and slowing down. Despite the constant changes in direction
and velocity, at a constant temperature, the strong attractions between
particles keep them the same average distance apart and in the same general
orientation to each other.

(b) When a solid is heated, the average velocity of the particles increases.

e more violent collisions between the faster moving particles usually
cause each particle to push its neighbors farther away.  erefore, increased
temperature usually leads to an expansion of solids (Figure 2.1).

(c) As the heating of a solid continues, the movement of each particle
eventually becomes powerful enough to enable it to push the other particles
around it completely out of position. Because there is very little empty
space between the particles, each one that moves out of position has to push
its neighbors out of their positions too.  erefore, for one particle to move
out of its general position, all of the particles must be able to move. e
organized structure collapses, and the solid becomes a liquid.

Chapter 7 Key Ideas

3. energy, resistance 5. mass 7. created, destroyed, transferred, changed

9. change 11.increases 13. decrease 15.4.184 17.thermal 19. colli-
sions 21. massless 23. peaks, cycle 25.released 27. absorbed 29. oxygen,
O,, ozone, O3 31. cars, sun 33. shorter, longer 35. 10, 50 37. UV-B,
sunburn, premature aging, skin cancer 39.242 nm, 240 nm to 320 nm
41. stable 39.242 nm, 240 nm to 320 nm 41. stable



