CHAPTER 7
Reactions in Aqueous Solution

CHAPTER ANSWERS
1.

9.
10.
11,

t

of the living call),

Driving forces are of changes in a system that pull a reaction in the direction of product

types
Jormation; driving forces discussed in Chapter 7 are formation of a solid, formation of water,

formation of a &gas, and transfer of electrons,

A precipitation reaction is one in which a solid-forms (most typically when solutions of two ionic
solutes are mixed). :

The net charge of a precipitate must be zero, The tota] number of positive charges equals the total
number of negative charges. :

When an ionic solute such as NaCl (sodium chloride) is dissolved in water, the resulting solution
consists of Separate, individual, discrete hydrated sodium ioris (Na*) and Separate, individual,
discrete hydrated chloride ions (CI"). There are no identifiable NaCl units in such a solution, and
the positive and uegative ions behave independently of one another.

ions

allow an electrical current to pass through it, The simplest experiment that demonstrates this uses
the sort of light-bulb conductivity apparatus described in the text; if the light bulb glows strongly,
then the solution must contain a lot of ions that conduct the electricity well,

NaNO, must be soluble in water.
Answer depends on student choices.

a.  soluble (Rule 1: Most nitrate salts are soluble.) .

b.  soluble (Rule 3: Most chloride salts are soluble.)

c.  soluble (Rule 4: Most sulfate salts are soluble.)

d.  insoluble (Rule 5: Most hydroxide compounds are insoluble.)
© insoluble (Rule 6: Most sulfide salts are insoluble,)

f. - insoluble (Rule 5: Most hydroxide compounds are insoluble,)
g  insoluble (Rule 6;: Most phosphate salts are insoluble.)
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Chapter 7: Reactions in Aqueous Solution

soluble; Rule 3

* Rule 6: Most sulfide salts are only slightly soluble.

Rule 5: Most hydroxides are only slightly soluble.
soluble; Rule 2 '
soluble; Rule 4

Rule 6: Most sulfide salts are only slightly soluble.
soluble; Rule 2

Rule 6: Most carbonate salts are only slightly soluble

Rule 6: Most sulfide salts are only slightly soluble.
Rule 5: Most hydroxide compounds are only slightly soluble.
Rule 6: Most phosphate salts are only slightly soluble.

" Rule 3, exception to the rule for chiorides

Rule 5: Most l'lydromdes are only slightly soluble.
Rule 6: Most phosphate salts are only slightly soluble.
Rule 6;: Most carbonate salts are only slightly soluble.
Rule 6: Most sulfide salts are only slightly soluble.

FePOy; Rule 6: Most phosphate salts are only slightly soluble,
BaSO,; Rule 4, exception to the rule for sulfates

No precipitate is likely; Rules 2, 3, and 4.

PbCl,; Rule 3: PbCl; is a listed exception.

No precipitate is likely; Rules 1, 2, and 3.

CuS; Rule 6: Most sulfide salts are only slightly soluble,

MnCOs; Rnlé 6: Most carbonates are only slightly soluble.
CaSOq; Rule 4, exception for sulfafes

Hg,Cly; Rule 3, exception for chlorides

soluble

Ni(OH),; Rule 5: Most hydroxides are only slightly soluble.
BaSO4; Rule 4, exception for sulfates ‘
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Chapter 7: Reactions in Aqueous Solution

The precipitates are marked in boldface type.
a.  No precipitate; both (NH4),80, and HCl are soluble,
NH,Cl(ag) + H,804(ag) — no precipitate
b.  Rule 6: Most carbonate salts are only slightly soluble,
2KoCOs(aq) + SuCly(ag) - Sn(COs),(s) + 4KCl(ag)
. Rule 3; exception to mle for chlorides
INH,Cl(ag) + Pb(NOs),(ag) — PhCly(s) + 2NH,NOs(aq)
d.  Rule 5: Most hydroxide compounds are only slightly soluble.
CuS04(ag) + 2KOH(ag) —» Cu(OH);(s) + K;S04(ag)
€. Rule 6: Most phosphate salts are only slightly soluble.
NasPO4(ag) + CrCly(ag) — CrPO4(s) + 3NaCl(s)
£ Rule 6: Most sulfide salts are only slightly soluble,
3(NH,),8(aq) + 2FeCli(aq) — Fe,Sy(s) + 6NH,Cl(aq)
The precipitates are marked in boldface type.
8. Rule 6: Most sulfide salts are insoluble, NayS(ag) + CuCly(ag) CuS(s) + 2NaCl(aq)
b.  Rule 6: Most phosphate salts are insoluble, K3POy4(ag) + AlCl3(aq) 3KCl(aq) + ATPOy(s)
Rule 4: barium sulfate is a listed exception. HySO4(aq) + BaCly(ag) BaS0y4(s) + 2HCl(aq)
d.  Rule 5: Most hydroxide compounds are insoluble. 3NaOH(ag) + FeCl3(ag) 3NaCl(ag) +
Fe(OH)3(s)
® Rule 3: a listed excoption for chlarides 2NaCl(ag) + Hgo(NO3)y(ag) 2NaNO3(ag)+
HgaClx(s)
£ Rule 6: Most carbonate salts are insoluble, 3K3C03(ag) + 2Cr(CyH30,)3(ag)
6KC2H305(ag) + Cra(CO3)3(s) .
Hint: When balancing equations involving polyatomic ions, especially in precipitation reactions,
balance the polyatomic ions as a unit, not in terms of the atoms the polyatomic ions contain (e.g.,
treat nitrate ion, NOs™, as a single entity, not as one nitrogen and three Oxygen atoms). When

finished balancing, however, be sure to count the individual number of atoms of each type on each
side of the equation.

8. Na;SO4(ag) + CaCly(ag) —» CaS04(s) + NaCl(ag)
Balance sodium: Na,SO4(aq) + CaCly(ag) — CaSO,(s) + 2NaCl(ag)
Balanced equation: Ne;SO4(ag) + CaCly(ag) — CaSO4(s) + 2NaCl(aq)
b.  Co(C;H;0;):(ag) + Na,S(ag) —s CoS(s) + NaC,H;0;(ag)
Balance acetate: Co(C;HyOz)s(ag) + Na:S(ag) ~ CoS(s) + 2NaC,H;0y(ag)
Balanced equation: Co(CH30,),(ag) + NaS(ag) — CoS(s) + 2NaC,H;0,(ag)

e
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KOH(agq) + NiCl,(ag) — Ni(OH),(s) + KCl(ag)

Balance hydroxide: 2KOH(ag) + NiCly{ag) — Ni(OH),(s) + KCl(aq)
Balance potassium: 2KOH(ag) + NiCl,(ag) — Ni(OH)y(s) + 2KCl(ag)
Balanced equation: 2KOH(ag) + NiCly(ag) — Ni(OH)(s) + 2KCl(aq)

97

balance the polyatomic ions as a uniz, not in terms of the atoms the polyatomic ions contain (e.g.,

treat nitrate ion, NO5', as a single entity, not as one nitrogen and three oxygen atoms). When

finished balancing, however, be sure to count the individual number of atoms of each type on each
side of the equation.

The products are determined by having the ions “switch pariners.” For example, for a general
reaction AB + CD —, the possible products are AD and CB if the ions switch partners, If either
AD or CB is insoluble, then a precipitation reaction has occurred. In the following reaction, the

CaCly(aq) + AgNOs(ag) — Ca(NOs)(ag) + AgCl(s)

balance chlorine: CaCly(ag) + AgNOs(ag) — Ca(NOs)(aq) + 2AgCI(s)
balance silver: CaCly(ag) + 2AgNOs(aq) — Ca(NOs)y(ag) + 2AgCI(s)
balanced equation: CaCly(ag) + 2AgNOs(agq) — Ca(NOs)y(ag) + 2AgCl(s)
AgNOy(ag) + KzCrOq(ag) — AgiCrO(s) + KNOs(ag)

balance silver: 2AgNOx(ag) +K;CrOs(agq) — AgCrO4(s) + KNOs(aq)
balance nitrate ion: 2AgNOs(ag) + KoCrOq(ag) — Ag,CrOq(s) + 2KNOs(ag)
balanced equation: 2AgNOs(ag) + Ko.CrOu(ag) — AgaCrOs(s) + 2KNOs(ag)
BaCly(ag) + K;SO4(ag) — BaSO4(s) + KCl(ag)

balance potassium: BaCly(ag) + K2804(ag) — BaSO4(s) + 2KCl(aq)
balanced equation: BaCly(ag) + K2SO4(ag) —» BaSO4(s) + 2KCl(ag)

formula of the precipitate is given in boldface type.

a.

The products are determined by having the ions “switch partners.” For example, for.a general
reaction AB + CD —», the possible products are AD and CB if the ions switch partners. If either
AD or CB is insoluble, then a precipitation reaction has occurred. In the following reaction, the

Ba(NOs)(aq) + (NHs):804(ag) — BaSO4(s) + 2NH:NOs(ag)

‘Rule 4: BaSO; is a listed exception.

CoCls(ag) + 3NaOH — Co(OH)s(s) + 3NaCl(ag)
Rule 5: Most hydroxide compounds are only slightly soluble.

2FeCls(aq) + 3(NH,):S(ag) — Fe;Ss(s) + 6NH,Cl(ag)
Rule 6: Most sulfide salts are only slightly soluble.

formula of the precipitate is given in boldface type.

a.

CaCly(ag) +2AgC;H30,(ag) — 2AgCl(s) + Ca(CH;0,):(ag)
Rule 3; exception for chloride
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b. Ba(NOs),(ag) + 2NH,OH(ag) — Ba(OH)y(s) + 2NH,NO3(agq)
Rule 5: Most hydroxides are only slightly soluble.

¢.  NiCly(ag) + Na;COs(aq) — NiCOx(s) + 2NaCl(ag)
Rule 6: Most carbonates are only slightly soluble.

actively participate in the reaction are called spectator ions and are not indicated when writing the
chemical equation for the reaction,

Spectator jons are ions that remain in solution during a precipitation/double displacement
reaction. For example in the reaction

BaCly(aq) + K>804(agq) - BaSOy(s) + 2KCl(aq)
the K" and CI ions are the spectator ions,

The net ionic equation for a reaction indicates only those ions that form the precipitate and does
not show the spectator ions present in the solutions mixed. The identity of the precipitate is
determined from the Solubility Rules (Table 7.1).

8. Ag'(ag)+CI'(ag) — AgCl(s)

Rule 3: AgCl is listed as an insoluble exception,
b.  Ba*(ag) + 80> (aq) - BaS0,(s)

Rule 4: BaSO, is listed as an insoluble exception.
¢ 3Ca*(ag) + 2PO;*(ag) > Cas(PO,)(s)

Rule 6: Most phiosphate salts are only slightly soluble,
d.  both KF and H,80, are soluble; o precipitate
e. Ca*(ag)+ S04 (ag) — CaSO,(s)

Rule 4: CaSO; is listed as an insoluble exception.
£ Pb™ag)+2CI(ag) - PbCly(s)

Rule 3: PbCl, is listed as an inspluble exception,

determined from the Solubility Rules (Table 7.1).
8. Ca(NOs)y(ag) + HySOs(ag) —> CaSOx(s) + 2HNOx(ag)
Ca*(ag) + SO;*(ag) — CaSO4(s)
b. . Ni(NOs)(ag) + 2NaOH(ag) ~> Ni(OH)y(s) + 2NaNOs(ag)
- Ni¥(ag) + 20H (ag) - Ni(OH)y(s)
C.-  3(NH.)S(ag) + 2FeCly(ag) —» Fe;85(s) + 6NH,Cl(aq)
2Fe™(ag) + 3™ (ag) —> FeS(s)
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Chapter 7: Reactions in Aqueous Solution 99

Cu*(ag) + CrOs*(ag) — CuCrO(s)
Co™(aq) + C1O4* (ag) ~> Coz(CrO4)s(s)
Ba*'(ag) + CrO4* (ag) — BaCrOq(s)
Fe**(ag) + CrO4> (ag) — Fe(CrOg)s(s)

.. Ag'(ag) + CI'(ag) — AgCl(s)

Pb* (ag) + 2C"(ag) — PbCly(s)
Hg,*(ag) + 2CI(ag) — HegCl(s)

_ Ca¥'(ag) + C;04*(ag) —> CaC;04(s)

Co*(ag) + §*(ag) — CoS(s)

2Co*(aq) + 38*(ag) — Coz85(s)

Fe*'(ag) + S (ag) —> FeS(s)

2Fe™(aq) + 38> (ag) > FexSs(s)

Strong acids ionize completely in water. The strong acids are also strong electrolytes.

Strong bases fully produce hydroxide ions when dissolved in water. The strong bases are also
strong electrolytes. i

H'(ag) + OH (aq) — H,0; formation of 8 water molecule
acids: HCI, H,SO,4, HNO3, HC104, HBr

bases: NaOH, KOH, RbOH, CsOH

1000; 1000

A salt is the ionic product remaining in solution when an acid neutralizes a base. For example, in
the reaction HCl(aq) + NaOH(ag) — NaCl(ag) + H,0(/), sodium chloride is the salt produced by
the neutralization reaction.

Your textbook mentions four strong‘ acids. You had to give only three of the following equations.
HCl(ag) —> H'(ag)+ CI'(ag)

‘HNOs(ag) —» H'(ag) + NOs(ag)

H,804(ag) — H'(ag) + HSO4 (aq)
HCIO4(ag) > H'(ag) + ClO4 (ag)
RbOH(s) — Rb*(ag) + OH(aq)
CsOH(s) — Cs*(ag) + OH(ag)

The formnlas of the salts are marked in boldface type.'Ramember that in an acid/base reaction in
aqueous solution, water is always one of the products; keeping this in mind makes predicting the
formula of the salt produced easy to do.

a. HCl(ag) + KOH(ag) ~ H,0()) + KCl(ag)
b. RbOH(aq) + HNOs(ag) — HyO(]) + RbNOs(ag)
c. HCIOs(ag)+ NaOH(ag) - H,0()) + NaClOq(ag)
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Chapter 7: Reactions in Aqueous Solution

d.  HBr(ag) + CsOH(ag) — H,0()) + CsBr(ag)

strong acid combines with the hydroxide ion of the strong base to produce water, which is the
other product of the acid-bage reactions.

8. KOH(ag) + HCl(ag) - H,0()) + KCl(aq)

b. NaOH(aq) + HCIO4(ag) — H,0() + NaClOy(aq)
c. CsOH(aq) + HNOs(ag) — HO0() + CsNOs(agq)
d. 2KOH(ag) + H,804(aq) s 2H,0()) + K2804(ag)

An oxidation—reduction reaction is one in which one species loses electrons (oxidation) and
another species gaing electrong (reduction). Blectrons are transferred from the species being
oxidized to the species being reduced.

Answer depends on student choice of example: Na(s) + Cly(g) — 2NaCl(s) is an example.
A driving force, in general, is an event that tends to help convert the reactants of a process into the

The metallic element /oses electrons, and the nonmetallic element gains electrons,
Each calcium atom would lose two electrons. Each fluorine atom would gain one electron (8o the

two electrons to becoms two CI ions),

Each potassium atom loses one electron. The sulfur atom gains two electrons, So, two potassium
atoms are required to react with one sulfur atom,

2x(K - K*'+e)
S+2e" — §*

a, Na+S — NaS
Balance sodium: 2Na + § — Na,S
* Balanced equation: 2Na(s) + 8(s) — Na,S(s)
sodium is oxidized, sulfur is reduced
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Mg +0;, - MgO

Balance oxygen: Mg + O, — 2MgO

Balance magnesium: 2Mg + O, — 2MgO
Balanced equation: 2Mg(s) + Ox(g) — 2MgO(s)
magnesium is oxidized, oxygen is reduced

‘Equation is already balanced.

Ca(s) + Fa(s) — CaFa(s)

calcium is oxidized, fluorine is reduced

Fe+ Cl; — FeCly

Balance chlorine: Fe +3Cl; — 2FeCly

Balance iron: 2Fe + 3Cl; — 2FeCl3

Balanced equation: 2Fe(s) + 3Clx(g) — 2FeCl(s)
iron is oxidized, chlorine is reduced

Pa(s) + Oz(g) — P4Ouo(s)

balance oxygen: P4(s) + 502(g) — P4040(s)

balanced equation: Py(s) + 50x(g) ~> PsO10(s)

MgO(s) + C(s) — Mg(s) + CO(g)

This equation is already balanced.

S1(s) + H0()) — Sr(OH)x(ag) + Ha(g)

balance oxygen: St(s) + 2H,0()) — Sr(OH)(aq) + Ha(g)
balanced equation: S1(s) + 2H,0()) — Sr(OH)x(ag) + Ha(g)
Co(s) + HClag) — CoCly(ag) + Ha(g)

balance hydrogen: Co(s) + 2HCl(ag) — CoClx(ag) + Ha(g)
balanced equation: Co(s) + 2HCl(ag) —> CoCly(ag) + Ha(g)

Copyright @ Houghton Miffiln Company. All rights reserved.
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In a double-displacement reaction, two ionic solutes “switch partners” with the positive ion from
one combining with the negative ion from the other to form the precipitate. For example, in the
reaction AgNOs(ag) + HCl{ag) — AgCl(s) + HNOs(ag), silver ion from one solute combines
with chloride ion from the other solute to form the precipitate. In a single displacement reacfion,
one element replaces another from its compound; in other words, a single displacement reaction is
typically an oxidation reduction reaction. Also for example, in the reaction Zn(s) + CuSO4(ag)

— Cu(s) + ZnSO4(ag), zinc in the elemental form replaces copper in the copper compmmd,
producmg copper in the.elemental form and a zinc compound.
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Examples of formation of water:
HCl(aq) + NaOH(aq) — H,0()) + NaCl(agq)
H;804(aq) + 2KOH(ag) — 2H,0()) + K3804(ag)
Examples of formation of a gaseous product:
Mg(s) + 2HCl(aq) - MgCly(aq) + Ha(g)
2KC1Os(s) — 2KCl(s) + 304(g)

For each reaction, the type of reaction is first ldentlﬁed, followed by some of the reasoning that
leads to this choice (there may be more than one way in which you can recognize a particular type
of reaction).

8.  precipitation (From Table 7.1, BaSO, is insoluble).

b. oxidation-reduction (Zn changes from the elemental to the combined state; hydrogen
changes from the combined to the elemental state),

¢  precipitation (From Table 7.1, AgCl is insoluble.)
d.  acid-base (HCl is an acid: KOH is a base; water and a salt are produced.)

oxidation—reduction (Cu changes from the combined to the elemental state; Zn changes from
the elemental to the combined state.)

£ acid-base (The H,PO4 ion behaves as an acid; NaOH behaves as a base; a salt and water are
produced.)

g  precipitation (From Table 7.1, CaSO, is insoluble); acid-base [Ca(OH), is a base; H,S0, is
an acid; a salt and water are produced.] :

h, oxidaﬁon-wducﬁm(Mg&mgesﬁomtheelemenhltothecombhedshte;chhanges
from the combined to the elemental state.)

i.  precipitation (From Table 7.1, BaSQ, is insoluble.)
For each reaction, the type of reaction is first identified, followed by some of the reasoning that

- leadstothischoice(’I‘heremaybemorethanonewayinwhichyoucanrecognizeaparﬁcmar

type of reaction.).
8. oxidation-reduction (Oxygen changes from the combined state to the elemental state,)

b.  oxidation—reduction (Zinc changes from the elemental to the con;bined state; hydrogen

changes from the combined to the elemental state.)
c.  acid-base (H,SO, is a strong acid, and NaOH is a strong base; water and a salt are formed.)

" acid-base, precipitation [Hz804 is 4 strong aeid, and Ba(OH), is a base; water and a salt are
formed; an insoluble product forms.] .

. precipitation (From the Solubility Rules of Table 7.1, AgCl is only slightly soluble.)
precipitation [From the Solubility Rules of Table 7.1, Cu(OH), is only slightly soluble.]

oxidation-reduction (Chlorine and fluorine change from the elemental to the combined’
state.)

oxidation—rgducﬁon(Oxygen changes from the elemental to the combined state.)
acid-base (HNO; is a strong acid and Ca(OH)z is a strong base; a salt and water are formed.)

-
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A combustion reaction is typically a reaction in which an element or compound reacts with
oxygen so quickly and with so much release of energy that a flame results. In addition to the
carbon dioxide and water chemical products, combustion reactions are a major source of heat
energy. ' i

oxidation-reduction

A synthesis reaction represents the production of a given compound from simpler substances
(either elements or simpler compounds). For example,

Ox(g) + 2Fx(g) — 20F(g)

represents a simple synthesis reaction. Synthesis reactions may often (but not necessarily always)
also be classified in other ways. For example, the reaction

C(s) + Ox(g) — CO4(g)

could also be classified as an oxidation—reduction reaction or as a combustion reaction (a special
subclassification of oxidation—reduction reaction that produces a flame). As another example, the

reaction

2Fe(s) + 3Cl(g) —> 2FeCly(s)
is a synthesis reaction that is also an oxidation—reduction reaction.
A 'decomposiﬁon reaction is one in which a given compound is broken down into simpler
compounds or constituent elements. The reactions

CaCOs(s) — CaO(s) + COx(g)

2HgO(s) — 2Hg(D) + Oxlg)

both represent decomposition reactions. Such reactions often (but not necessarily always) may be
classified in other ways. For example, the reaction of HgO(s) is also an oxidation—-reduction
reaction.

Compounds like those in this problem, which contain only carbon and hydrogen, ate called
hydrocarbons. When a hydrocarbon is reacted with oxygen (O,), the hydrocarbon is almost
always converted to carbon dioxide and water vapor. Because water molecules contain an odd
number of oxygen atoms, and O, contains an even number of oxygen atoms, it is ofien difficult to
balance such equations. For this reason, it is simpler to balance the equation using fractional

" coefficients if necessary and then multiply by a factor that will give whole number coefficients for

the final balanced equation.

‘8. CHg+0; - CO; +H,0

Balance carbon: C;Hg + O, — 2C0, + H,0

Balance hydrogen: C,Hs + 0, — 2C0O, + 3H,0

Balance oxygen: CH; + (7/2)0; — 2CO; + 3H;0

Balanced equation: 2C,He(g) + 702(3) —> 4C0y(g) + 6H,0(g)

Copyright ® Houghton Mifflin Company. Al rights reserved.
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CHio + 0, - CO, + H,0

Balance carbon; C,H,, + 0; = 4CO, + H,0

Balance hydrogen: C,H,o+ 0; — 4CO, + 5H,0

Balance oxygen: C.H,q + (13/2)0; — 4C0, + 5H,0

Balanced equation; 2C,H 10(g) + 130x(g) — 8CO(g) + 10H,0(g)
CsHis+ 0; » CO, + H,0

Balance carbon: CgHys + 0, — 6CO; + H,O

Balance hydrogen: CeHis + 02 — 6CO, + 7H,0

Balance oxygen: CgH,4 + (19/2)0, - 6CO, + TH,O

CsHy(g) + Oa(g) — COy(g) + H0(g)

balance carbon: C3Ha(g) + O5(g) — 3CO4(g) + Hy0(g)

balance hydrogen: CsHs(g) + Oq(g) — 3CO,(g) +4H,0(g)
balance oxygen: C;Hy(g) + 50,(g) — 3CO,(g) + 4H,0(g)
balanoed equation: C;Hy(g) + 504(g) — 3CO,(g) + 4H,0(g)
CoHa(g) + Oa(g) - COy(e) + Hy0(g)

balance carbon: C;Hy(g) + Oy(e) — 2CO0,(g) + H,O(g)

balance hydrogen: C,Hy(g) + Ox(g) — 2CO,(g) + 2H,0(g)
balance oxygen: C,Hy(g) + 30,(g) ~» 2COy(g) + 2H,0(g)
balanced equation: C;Hu(g) + 30,(g) — 2COx(g) + 2H;0(g)
CsHio(e) + Ox(g) — COy(g) + H,0(g)

balance carbon: C,Hio(g) + Ox(g) — 4CO,(g) + H,0(g)

balance hydrogen: C,Hio(g) + Ox(g) — 4COy(g) + 5H,0(g)
balance oxygen: Cyfufe) + (13/2)0s(g) ~> 4COs(g) + SH,O(g)
balanced equation: 2C4H,¢(g) + 130,(g) —» 8COy(g) + 10H,0(g)

Specific examples will depend on the students’ input. A typical combustion reaction is
- represented by the reaction of methane (CH,) with oxygen gas,

' CHig) +20,(g) - CO,(g) +2H,0(g).

Copyright ® Houghton Miffiin Company. All rights reserved,
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62, A reaction in which small molecules or atoms combine to make a larger molecule is called a
synthesis reaction. An example would be the synthesis of sodium chloride from the elements,

2Na(s) + Cly(g) — 2NaCl(s).

A reaction in which a molecule is broken down into simpler molecules or atoms is called a

decomposition reaction. An example would be the decomposition of sodium hydrogen carbonate
when heated,

2NaHCOs(s) — NayCOs(s) + COx(g) + HyO(g).
Specific examples will depend on the students’ input.
63.
a. Ni(s) +4C0(g) — Ni(CO)«(g)
b.  2Al(s)+ 3S(s) — AlSs(s)
c. NaSO0s(ag) + S(s) — Na,S,03(aq)
d.  2Fe(s) + 3Bry()) —> 2FeBrs(s)
e.

2Na(s) + Ox(g) — Na0x(s)
64.
' 4. 8Fe(s)+ Sa(s) ~> 8FeS(s)
b.  4Co(s) + 30,(g) — 2C005(s)
CLO«(g) + HO() — 2HC104(aq)
65.
8. CaSO4(s) — CaO(s) + SOs(g)
b. LiCOs(s) = Li;O(s) + COx(g)
c. 2LiHCOs(s) = Li;,COs(s) + H;0(g) + CO,(g)
d.  CeHg()) — 6C(s) + 3Hy(g)
e.  4PBry(J) — Py(s) + 6Bry())
66. -
a. 2NIy(s) — Ny(g)+ 3L(s)
b. BaCOs(s) — BaO(s) + COy(g)
c.  CeHpOg(s) — 6C(s) + 6H0(g)
d.  Cu(NH3)SO4s) — CuSO4(s) + 4NH;(g)

e. '3NaNj(s) — NasN(s) + 4Ny(g)

67. A molecular equation uses the normal, uncharged formulas for the compounds involved. The
complete ionic equation shows the compounds involved broken up into their respective ions (all
ions present are shown). The net ionic equation shows only those ions that combine to form a
precipitate, a gas, or a nonionic product such as water. The net ionic equation shows most clearly
the species that are combining with each other.
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106  Chapter 7: Reactions in Aqueous Solution

68. In several cases, the given ion may be precipitated by many reactants. The following are only
three of the possible examples, :

8. Chloride ion would precipitate when treated with solutions containing silver ion, lead(1I)
ion, or mercury(I) ion.

Ag'(aq) + Cl'(ag) — AgCl(s)
Pb™(aq) + 2C1 (ag) — PbCly(s)
Hg,"'(ag) + 2CT (ag) — Hg,Cly(s)

b.  Calcium ion would preoipitate when treated with solutions containing sulfate ion, carbonate
ion, and phosphate ion.

Ca”(ag) +804*(ag) — CaSO(s)
Ca*'(ag) + COs*(ag) — CaCOx(s)
3Ca*(aq) + 2PO,*(ag) — Caz(POq)y(s)

¢.  Iron(Ill) ion would precipitate when treated with solutions coﬁtaining hydroxide, sulfide, or
carbonate ions.

Fe™(aq) + 30H (ag) — Fe(OH)y(s)
2Fe™(ag) + 38*(aq) - Fe;83(s)
2Fe*'(ag) + 3C05*(aq) — Fe(COs)u(s)

d.  Sulfate ion would precipitate when treated with solutions contaihing barium ion, calcium
ion, or lead(Il) ion. v

Ba”'(ag) + S0 (ag) — BaSO4(s)
Ca™(ag) + 804> (ag) — CaSO(s)
Pb*(ag) + $O4*(aq) - PbSO4(s)

€.  Mercury(l) ion would precipitate when treated with solutions containing chloride ion, sulfide
ion, or carbonate ion, y

Hg,"(ag) + 2C1(ag) - Hg,Cly(s)
Hg,"(ag) + S*(ag) — He,S(s)
Hg:"(ag) + COs*(ag) — Hg,CO4(s) :

£ Silver ion would precipitate when treated with solutions containing chloride ion, sulfide ion,
or carbonate jon,

Ag'(ag) + Cl'(ag) - AgCl(s)
2Ag'(aq) + S*(ag) — Ag:S(s)
2Ag"(aq) + CO:*(ag) - Ag,CO(s)
69. '
2Fc*(ag) +3C05™(ag) - Fe,(COs)y(s)
b.. Hg,*'(ag) +2 Cl'(ag) —> He,Clo(s)
€.  no precipitate
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Cu®(ag) + 8% (ag) — CuS(s)

Pb*(ag) + 2CI (ag) — PbCly(s)

Ca’'(ag) + COs*(ag) — CaCOs(s)

Au’*(ag) +30H (ag) —» Au(OH)s(s)

70. The formulas of the salts are indicated in boldface type.
HNOs(aq) + KOH(ag) — H,0()) + KNOs(ag)
H,SO04(aq) + Ba(OH),(ag) — 2H,0(]) + BaS0,(s)
HCIO4(ag) + NaQH(ag) —> H.0(]) + NaClOq(ag)
2HCl(ag) + Ca(OH)(ag) — 2H0(1) + CaCly(ag)

71. For each cation, the precipitates that form with the anions listed in the right-hand column are
given below. If no formula is listed, it should be assumed that the anion does nof form a
precipitate with the particular cation. See Table 7.1 for the Solubility Rules.

Ag'ion: ©  AgCl Ag;COs, AgOH, AgsPO,, Ag:S, Ag;SO4
Ba?' jon:  BaCOs, Ba(OH),, Bas(PO,),, BaS, BaSO,
Ca*ion:  CaCQs, Ca(OH),, Cas(PO,),, CaS, CaSO,
Fe*ion:  Fey(COs)s, Fe(OH);, FePOq, Fe,S;

Hg? ion:  HgCh, Hg:COs, Hgs(OH),, (He)i(PO), HeoS
Na‘ion:  All common salts are soluble.

Ni**ion:  NiCO;, Ni(OH),, Nis(POq)z, NiS

Pb**ion:  PbCly, PbCO;, Pb(OH),;, Pbs(POs),, PbS, PbSO,

m ™o o

i OSSO £

72

a.  soluble (Rule 2: Most potassium salts are soluble.)
b. soluble (Rule 2: Most ammonium salts are soluble.)
¢.  insoluble (Rule 6: Most carbonate salts are only slightly soluble.)
d. insoluble (Rule 6: Most phosphate salts are gnly slightly soluble.)
e.  soluble (Rule 2: Most sodium salts are soluble.)
f.  insoluble (Rule 6: Most carbonate salts are only slightly soluble.)
g. soluble (Rule 3: Most chloride salts are soluble.)
73. '
a.  iron(Ill) hydroxide, Fe(OH);. Rule 5: Most hydroxide salts are only slightly soluble.
b.  nickel(Il) sulfide, NiS. Rule 6: Most sulfide salts are only slightly soluble.

silver chloride, AgCl. Rule 3: Although most chloride salis are soluble, AgCl is a listed
exception

d.’ barium carb'onate BaCOs. Rule 6: Most carbonate salts are only slightly soluble.

e. . mercury(l). chloride or mercurous chloride, Hg,Cl,. Rule 3: Although most chlonde salts are
soluble, Hg,Cl, is a listed exception.
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74.

75

76.

77.

78.

Chapter 7: Reactions in Aqueous Solution

f.  barium sulfate, BaSQy. Rule 4: Although most sulfate salts are soluble, BaSQ, is a listed
exception.

The precipitates are marked in boldface type.

8.  Rule 3: AgCl is listed as an exception.
AgNO(ag) + HCl(ag) ~ AgCl(s) + HNOs(ag)

b.  Rule 6: Most cabonate salts are only slightly soluble.
CuSO4(ag) + (NH,),CO3(ag) — CuCOs(s) + (NH),804(aq)

¢ Rule 6: Most carbonate salts are only slightly soluble.
FeSO4(ag) + KoCO4(ag) — FeCOy(s) + K2804(aq)

d. o reaction

€. Rule 6: Most carbonate salts are only slightly soluble.
Pb(NO:);(aq) + LizCOs(ag) — PhCOy(s) + 2LiNOs(ag)

£ Rule 5: Most hydroxide compounds are only slightly soluble.
SnCly(ag) + 4NaOH(ag) —» Sn(OH)4(s) + 4NaCl(aq)

8. Rule3: Ag'(ag) + CI'(ag) — AgCl(s)

b Rule 6: 3Ca™(ag) + 2P0 (ag) = Cas(PO,)y(s)
C.  Rule 3: Pb*(ag) + 2CI'(ag) — PbCly(s)

d. Rule 6: Fe*(ag) + 30H (ag) - Fe(OH)s(s)
Fe¥(ag) + $*(ag) — FeS(s)

2Cr*(ag) + 38*(ag) —> CriSy(s)

Ni*'(ag) + $*(ag) —» NiS(s)

a.  potassium hydroxide and perchloric acid

b.  cesium hydroxide and nitric acid

€.  potassium hydroxide and hydrochloric acid
sodivm hydroxide and sulfuric acid

These anions tend to form insoluble precipitates with many metal fons. The following are
illustrative for cobalt(IT) chloride, tin(IT) chloride, and copper(Il) nitrate reacting with the sodium
salts of the given apions, 3

8. CoClyag) + Na,S(ag) — CoS(s) + 2NaCl(ag)
SnCly(ag) + Na;S(ag) — SnS(s) + 2NaCl(ag)
Cu(NO,)z(aq) + NaS(ag) — Cus(s) + 2NaNOs(agq)

&
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Chapter 7: Reactions in Aqueous Solution 109

b.  CoCly(ag) + Na;COs(ag) —» CoCOs(s) +2NaCl(ag)
" SnCly(ag) + NayCOs(ag) —> SnCOx(s) + 2NaCl(ag)

Cu(NOs);(ag) +Na;COs(ag) — CuCOs(s) + 2NaNOs(ag)

¢.  CoCly(ag) + 2NaOH(ag) — Co(OH)y(s) +2NaCl(ag)
SnCly(ag) + 2NaOH(ag) — Sn(OH)(s) + 2NaCl(ag) |
Cu(NO:s)x(ag) + 2NaOH(ag) — Cu(OH),(s) + 2NaNOs(ag)

d.  3CoCl(ag) +2Na;POs(ag) —> Co3(POs)As) + 6NaCl(ag)
3SnCly(ag) + 2NasPOy(ag) —> Sni(POg)(s) + 6NaCl(ag)
3Cu(NOs);(ag) + 2NasPOs(ag) — Cu3(PO,)x(s) + 6NaNOs(ag)

79. Fe,S; is made up of Fe*" and S ions. Ironatomseachlosethreeelectronstobecomel?e ions.
Slﬂfuratomseachgamtwoelectronstobecomesz‘mns

80.
a. Na+0, - Na0O,
Balanc_e sodium: 2Na + O, — Naz0O,
Balanced equation: 2Na(s) + Oy(g) —. Na;Ox(s)
b.  Fe(s) +H;SO0s(ag) — BeSOx(ag) + H(g)
Equation is already balanced!
c. ALO; - Al+0O,
Balance oxygen: 2A1,0; — Al +30;
Balance aluminum: 21,05 — 4A1+30;
~ Balanced equation: 2AL,04(s) — 4Al(s) + 304(g)
d. Fe+Br - FeBr,
. Balance bromine: Fe + 3Br, — 2FeBr;
Balance iron: 2Fe + 3Br, — 2FeBr;
Balanced equation: 2Fe(s) + 3Bry(/) — 2FeBrs(s)
e. Zn+HNO, — Zn(NOs), +H;
" Balance nitrate jons: Zn + 2HNO; 5 Zn(NOs), +H,
Balanced equation: Zn(s) + 2HNOs(ag) ~> Zn(NO3)y(aq) + Hy(g)

81. For each reaction, the type of reaction is first identified, followed by some of the reasoning that
leads to this choice (There may be more than one way in which you can recognize a particular
type of reaction.).

a. oxidation-reduction (Mg changes from the elemental state to the combined state in MgSOy;
hydrogen changes from the combined to the elemental state.)

b. acid-base (HCIO; is a strong acid, and RbOH is a strong base; water and a salt are
produced.)
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110 Chapter 7: Reactions in Aqueous Solution i

¢.  oxidation-reduction (Both Ca and O, change from the elemental to the combined state.)

d.  acid-base (H,SO, is a strong acid, and NaOH is a strong base; water and g salt are
produced.)

€. precipitation (From the Solubility Rules of Table 7. 1, PbCO; is insoluble.)

f.  precipitation (From the Solubility Rules of Table 7.1 » CaS0y is insoluble.)

B acid-base (HNO; is a strong acid, and KOH is a strong base; water and a salt are produced.)

h..  precipitation (From the Solubility Rules of Table 7.1, NiS is insoluble. )

-

oxidation-reduction (both Ni and Cl, change from the elemental to the combined state).

82,
2CHu() + 1304(g) — 8COy(g) + 10H,0(g)
C4HiO()) + 604(g) — 4C0O,(g) + SH,0(g)

¢ 2CH05()) + 1104(g) — 8COy(g) + 10H,0(g)

83,

4FeO(s) + Oy(g) — 2Fe;05(s)

2CO(g) + 0a(g) - 2COy(g)

Hy(g) + Ch(g) —2HCl(g)

16K(s) + Sg(s) —> 8K,S(s)

6Na(s) + Ny(g) —» 2Na;N(s)

P AP o o

84,
2NaHCO4(s) — Na;COs(s) + HO(g) + COx(g)
2NaClOs(s) — 2NaCl('s) +30,(g)
2HgO(s) — 2Hg(/) + Oy(g)
Ci2HzO0n(s) — 12C(s) + 11H,0(g)
2H,0,(D) - 2H,0()) + Oy(g)
85.  For simplicity, the physical states of the substances are omitted.
2Ba+ 0, -» 2Ba0
Ba+S —» BaS y
Ba +Cl, — BaCl,
3Ba+N, — Ba;N,
Ba+Br, -» BaBr,
4K +0; - 2K,0
2K+8. - K58
2K +CL, —2KCl
6K +N, — 2KiN

® fp e g p
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87.

2K +Br, — 2KBr
2Mg + 0, — 2MgO
Mg+S — MgS

Mg +Cl, - MgCl,
3Mg + N, — MgiN,
Mg +Br, — MgBr;
4Rb + 0, — 2Rb,0
2Rb+S — Rb,S
2Rb+Cl, —» 2RbCl
6Rb + N, — 2RbsN
2Rb + Br; — 2RbBr
2Ca+0; — 2CaO

‘Ca+8 — CaS

Ca+Cl, — CaCl,

3Ca+N; — CasN,

Ca+ Br; — CaBn,

4Li+0, — 2Li;

2Li+8S - Li;S

2Li+Cl, — 2LiCl

6Li + N, — 2Li3N

2Li + Br, — 2LiBr

Al(s) + H;804(aq) — Al(SOs)s(ag) + Ha(g)
Zn(s) + Hz804(aq) — ZnSO4(ag) + Ha(g)
Mg(s) + H804(ag) — MgS8O4(ag) + Ha(g)
Co(s) + H;S04(ag) —> CoSOx(ag) + Halg)
Ni(s) + HoSO4(ag) — NiSO4(ag) + Ha(g)

Chapter 7: Reactlons in Aqueous Solution

For simplicity, the physical states of the substances are omitted.

Mg +Cl; - MgCh,
Ca+Cl, » CaCl,
Sr+Cly — SrCl,
Ba + Cl; — BaCl,
Mg + Br, — MgBr,
Ca +Br; — CaBr,
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112 Chapter 7: Reactions in Aqueous Solution

St + Br, — SrBr,
Ba +Br, —» BaBr,
2Mg + 0, — 2MgO
2Ca+0; — 2Ca0
28t + 0, - 2810
2Ba + O, — 2Ba0

88.

® B P o p

89.

> % Ao o p

90.
91.

92.

two; O +2¢” — O
one;F+e¢ — F-
three; N + 3¢ —» N*
one;Cl+e” — CI
two; S +2¢™ — §*

very simple example that fits the bill is C(s) + Og) — COy(g).

2Li0s(s) — 21;06(s) + 2x(s) + 30,(g)
oxidation-reduction, decomposition

Mg(s) + 2AgNOy(ag) — Mg(NOs),(aq) + 2Ag(s)
oxidation-reduction, single-displacement

SiCLi(’) +2Mg(s) — 2MgCly(s) + Si(s)
oxidation-reduction, single-displacement

CuCly{aq) + 2AgNOs(ag) —~ Cu(NO),(aq) + 2AgCi(s)
precipitation, double-displacement

2Al(s) + 3Br()) —» 2A1Bry(s)

oxidation-reduction, synthesis

2C3Hs0() + 90,(g) —» 6CO,(g) + 8H,0(g)
oxidation—-reduction, combustion
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b.  HCl(ag) + AgCrHsOx(aq) —» AgCl(s) + HCoHsOs(ag)
precipitation, double—displacement

c.  3HCl(ag) + AKOH)s(s) — AlCl(ag) + 3H0())

acid-base, double-displacement
d.  2HO(ag) — 2H,0()) + Oxg)
oxidation—reduction, decomposition
e.  NaH() + Ox(g) — Na(g) + 2H,0(g)
oxidation—reduction, combustion

93. 2Zn(s) + Og) — 2Zn0(s)
4Al(s) + 30x(g) — 2A1,04(s)
2Fe(s) + Ox(g) —» 2FeO(s); 4Fe(s) + 304(g) — 2Fe,04(s)
2Cr(s) + Oxg) —> 2CrO(s); 4Cr(s) + 302(g) — 2Cr04(s)
2Ni(s) + Oy(g) — 2NiO(s)
94. 2Na(s) + Cly(g) — 2NaCl(s)
2Al(s) + 3Cly(g) - 2AICl(s)
Zn(s) + Cl(g) —» ZnCly(s)
Ca(s) + Cly(g) — CaCly(s)
2Fe(s) + 3Cly(g) — 2FeCls(s); Fe(s) + Cly(g) — FeCly(s)
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