150 CHAPTER 4 Reactions in Aqueous Solution
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'EXERCISES | W

VISUALIZING CONCEPTS

4.1 Which of the following schematic drawings best describes a
solution of Li;SO4 in water (water molecules not shown for
simplicity)? [Section 4.1]

@) (b) (9
4.2 Aqueous solutions of three different substances, AX, AY, and AZ,
are represented by the three accompanying diagrams. Identify

each substance as a strong electrolyte, weak electrolyte, or non-
electrolyte. [Section 4.1]

AX AY AZ
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4.3 Use the molecular representations shown here to classify each
compound as either a nonelectrolyte, a weak electrolyte, or a
strong electrolyte (see inside back cover for element color
scheme). [Sections 4.1 and 4.3]

@ (b) ()

GENERAL PROPERTIES OF AQUEOUS SOLUTIONS (section 4.1)

4.11 When asked what causes electrolyte solutions to conduct elec-
tricity, a student responds that it is due to the movement of
electrons through the solution. Is the student correct? If not,
what is the correct response?

4.12 When methanol, CH3OH, is dissolved in water, a nonconduct-
ing solution results. When acetic acid, CH;COOH, dissolves in
water, the solution is weakly conducting and acidic in nature.
Describe what happens upon dissolution in the two cases, and
account for the different results.

4.13 We have learned in this chapter that many ionic solids dissolve
in water as strong electrolytes, that is, as separated ions in so-
lution. What properties of water facilitate this process? Would
you expect ionic compounds to be soluble in elemental liquids
like bromine or mercury, just as they are in water? Explain.

4.14 What does it mean to say that ions are solvated when an ionic
substance dissolves in water?

e

4.10 If you want to double the concentration of a solution, how |

—_

4.4 A 0.1 M solution of acetic acid, CH;COOH, causes the light-
bulb in the apparatus of Figure 4.2 to glow about as brightly as
a0.001 M solution of HBr. How do you account for this fact?
[Section 4.1]

4.5 You are presented with a white solid and told that due to care- I
less labeling it is not clear if the substance is barium chloride, '
lead chloride, or zinc chloride. When you transfer the solid to
a beaker and add water, the solid dissolves to give a clear solu-
tion. Next a Na,SO4(aq) solution is added and a white precip-
itate forms. What is the identity of the unknown white solid? ’
[Section 4.2]

Add Add
H,0 Na SO4(aq)
———

4.6 We have seen that ions in aqueous solution are stabilized
by the attractions between the ions and the water molecules.
Why then do some pairs of ions in solution form precipitates?
[Section 4.2]

4.7 Which of the following ions will always be a spectator ion in a
precipitation reaction? (a) CI~, (b) NO3~, (c) NH,", (d) ¥,
(e) SO4*". Explain briefly. [Section 4.2]

4.8 The labels have fallen off three bottles containing powdered
samples of metals; one contains zinc, one lead, and the other
platinum. You have three solutions at your disposal: 1 M
sodium nitrate, 1 M nitric acid, and 1 M nickel nitrate. How
could you use these solutions to determine the identities of
each metal powder? [Section 4.4]

4.9 Explain how a redox reaction involves electrons in the same
way that a neutralization reaction involves protons. [Sections
4.3 and 4.4]

could you do it? [Section 4.5]

4.15 Specify what ions are present in solution upon dissolving each
of the following substances in water: (a) ZnCl,, (b) HNO;,
(c) (NH,),504, (d) Ca(OH),.

4.16 Specify what ions are present upon dissolving each of the fol-
lowing substances in water: (a) Mgl,, (b) Al(NO3)s,

¢) HCIO,, (d) NaCH;3COO.

4.17 Formic acid, HCOOH, is a weak electrolyte. What solute par-
ticles are present in an aqueous solution of this compound?
Write the chemical equation for the ionization of HCOOH.

4,18 Acetone, CH;COCH3, is a nonelectrolyte; hypochlorous aci
HCIO, is a weak electrolyte; and ammonium chloride, NHy
is a strong electrolyte. (a) What are the solute particles present
in aqueous solutions of each compound? (b) If 0.1 mol of each
compound is dissolved in solution, which one contains
0.2 mol of solute particles, which contains 0.1 mol of solute
particles, and which contains somewhere between 0.1 and
0.2 mol of solute particles?
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PRECIPITATION REACTIONS (section 4.2)

4.19 Using solubility guidelines, predict whether each of the fol-
lowing compounds is soluble or insoluble in water: (a) MgBr,,
(b) Pbl,, () (NH,4),COs, (d) Sr(OH),, (e) ZnSOy.

4.20 Predict whether each of the following compounds is soluble
in water: (a) Agl, (b) NayCO;, (c) BaCl,, (d) Al(OH)s,
(&) Zn(CH;CO0),.

4.21 Will precipitation occur when the following solutions are
mixed? If so, write a balanced chemical equation for the reac-
tion. (a) Na,CO; and AgNO;, (b) NaNO; and NiSO,,
(¢) FeSO4 and Pb(NO3),.

4.22 Identify the precipitate (if any) that forms when the following
solutions are mixed, and write a balanced equation for each
reaction. (a) NaCH3COO and HCI, (b) KOH and Cu(NOs3),,
(c) Na,S and CdSO,.

4.23 Name the spectator ions in any reactions that may be involved
when each of the following pairs of solutions are mixed.
(a) Na,COj;(aq) and MgSO4(aq)
(b) Pb(NO3);(aq) and Na,S(aq)
(c) (NH,)3PO4(aq) and CaCl(aq)

4.24 Write balanced net ionic equations for the reactions that occur
in each of the following cases. Identify the spectator ion or
ions in each reaction.

(@) Cry(SO4)3(aq) + (NH4),CO3(aq) —>
(b) Ba(NO;)y(aq) + K;SO4(aq) —

___(c) Fe(NO;s)y(aq) + KOH(aq) —

4.25 Separate samples of a solution of an unknown salt are treated
with dilute solutions of HBr, H,SO4, and NaOH. A precipitate
forms in all three cases. Which of the following cations could
the solution contain: K*, Pb?*, Ba®*?

4.26 Separate samples of a solution of an unknown ionic com-
pound are treated with dilute AgNO;, Pb(NO3),, and BaCl,.
Precipitates form in all three cases. Which of the following
could be the anion of the unknown salt: Br~, CO32~, NO3?

4.27 You know that an unlabeled bottle contains a solution of one

of the following: AgNO;, CaCl,, or Al;,(SO4)s. A friend sug-
gests that you test a portion of the solution with Ba(NO3),
and then with NaCl solutions. Explain how these two tests
together would be sufficient to determine which salt is present
in the solution.

4.28 Three solutions are mixed together to form a single solution.
One contains 0.2 mol Pb(CH3COO),, the second contains
0.1 mol Na,$, and the third contains 0.1 mol CaCl,. (a) Write
the net ionic equations for the precipitation reaction or
reactions that occur. (b) What are the spectator ions in the
solution?

ACIDS, BASES, AND NEUTRALIZATION REACTIONS (section 4.3)

4.29 Which of the following solutions has the largest concentration
of solvated protons: (a) 0.2 M LiOH, (b) 0.2 M HI, (c) 1.0 M
methyl alcohol (CH3;OH)? Explain

4.30 Which of the following solutions is the most basic? (a) 0.6 M
NHj3, (b) 0.150 M KOH, (¢) 0.100 M Ba(OH),. Explain.

4.31 What is the difference between (a) a monoprotic acid and a
diprotic acid, (b) a weak acid and a strong acid, (c) an acid and
a base?

4.32 Explain the following observations: (a) NH; contains no OH™
ions, and yet its aqueous solutions are basic; (b) HF is called a
weak acid, and yet it is very reactive; (c) although sulfuric acid
is a strong electrolyte, an aqueous solution of H,SO4 contains

~_more HSO,4 ™ ions than S04 ions.

4.33 Is there any correlation between the anions that form when
each of the strong acids in Table 4.2 dissociates and the anions
that normally form soluble ionic compounds (Table 4.1)?
Which anions if any are exceptions to the general trend?

4.34 What is the relationship between the solubility rules in Table
4.1 and the list of strong bases in Table 4.22 Another way of
asking this question is, why is Cd(OH),, for example, not

_ listed as a strong base in Table 4.22

4.35 Label each of the following substances as an acid, base, salt, or
none of the above. Indicate whether the substance exists in
aqueous solution entirely in molecular form, entirely as ions,
or as a mixture of molecules and ions. (a) HE, (b) acetonitrile,
CH3;CN, (¢) NaClOy, (d) Ba(OH),.

4.36 An aqueous solution of an unknown solute is tested with litmus
paper and found to be acidic. The solution is weakly conducting
compared with a solution of NaCl of the same concentration.

Which of the following substances could the unknown be:

~ KOH, NHj, HNO3, KCIO,, H3PO3, CH3COCHj (acetone)?

4.37 Classify each of the following substances as a nonelectrolyte,
weak electrolyte, or strong electrolyte in water: (a) H,SO3,
(b) C2H5OH (ethanol), (C) NH3, (d) KC[O_;, (e) CU(NO_;)z.

4.38 Classify each of the following aqueous solutions as a nonelec-

trolyte, weak electrolyte, or strong electrolyte: (a) LiClOy,
(b) HCIO, (¢) CH3CH,CH,OH (propanol), (d) HCIO;,

(C) CUSO4, (f) CquzO“ (sucrose).

4.39 Complete and balance the following molecular equations, and
then write the net ionic equation for each:
(a) HBr(agq) + Ca(OH);(aq) —

(b) Cu(OH),(s) + HClO4(aq) —
(c) Al(OH)s(s) + HNO;(aq) —

4.40 Write the balanced molecular and net ionic equations for each
of the following neutralization reactions:

(a) Aqueous acetic acid is neutralized by aqueous barium
hydroxide.

(b) Solid chromium(III) hydroxide reacts with nitrous acid.

(c) Aqueous nitric acid and aqueous ammonia react.

4.41 Write balanced molecular and net ionic equations for the fol-
lowing reactions, and identify the gas formed in each: (a) solid
cadmium sulfide reacts with an aqueous solution of sulfuric
acid; (b) solid magnesium carbonate reacts with an aqueous
solution of perchloric acid.

4.42 Because the oxide ion is basic, metal oxides react readily
with acids. (a) Write the net ionic equation for the following
reaction:

FeO(s) + 2 HCIO4(aq) — Fe(ClOy),(aq) + H,O(I)
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OXIDATION-REDUCTION

4.45

4.46 Can
without reduction?

4.47 Which region of the periodic
most readily oxidized element
Jeast readily oxidized?

4.48

e

4.49 Determine the oxidation number fo

4.50

4.51

4.52

Define oxidation and reduction in terms of
fer and (b) oxidation numbers.
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the equation in part (a), write the net jonic
curs between NiO(s) and an

magnesium oxide, and magnesium
solids that react with acidic solutions.
ation and a net ionic
hen each substance re-
acid solution. (b) By observing the
1d you distinguish any of the three

(a) electron trans-

oxidation occur without oxygen? Can oxidation occur

table shown here contains the
2 Which region contains the

tion number of sulfur in each of the fol-
lowing substances: (a) barium sulfate, BaSOy, (b) sulfurous
acid, H,803, (€) strontium sulfide, StS, (d) hydrogen sulfide,

H.S. (e) Based on these compounds what is the range of oxi-

dation numbers seen for sulfur? Is there any relationship be-
ation states and sulfur’s

tween the range of accessible oxid:
position on the periodic table?

Determine the oxida

¢ the indicated elemegt in

cach of the following substances; (a) $ in SO, (b) Cin COCly,
(c) Mn in KMnGy; (d) Br in HBrO" (e) As in Asy, () O in
K20z.
Determine the oxidation number for the indicated element
in each of the following compounds: (a) Co in LiCoO,, (b) Al
in NaAlH,, (c) Cin CH;0H (methanol), (d) N in GaN, (e) Clin
HClO,, (f) Crin BaCrOy.
Which element is oxidized and which is reduced in the follow-
ing rgctions? 0 Lyt
(a) Ny(g) + 3 Halg) — 2NHs(8)
(b) 3 Fe(NOjs);(aq) + 2 (s) — -y
° Ry + 2 KNOy)a)
(c) Cly(aq) + 2 Nal(ag) — lo(aq) + 2 NaCl(aq)
(d) PbS(s) + 4 H,0xfaq) — PbSO,(s) + 4 H,0())
467~ pol FAG- [ =

Which of the follo;‘mg are redox r%ﬁ'gio‘ﬁs? For th'gée fhat are,
indicate which element is oxidized and which is reduced. For
those that are not, indicate whether they are precipitation or
neutralization reactions. s
(a) Pils) + 10 HClO(ag) + 6 H,0(]) -

s1a-T g1 4HPOaq) + 10 HClag)

0
(b) Bry()) +2K(s) — 2 KBr(s) Py~
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REACTIONS (section 4.4)
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Write balanced molecular and net jonic e_quat.
tions of (a) manganese with dilute sulfuric act _
with hydrobromic acid, (c) tin with hydrochlorl
minum with formic acid, HCOOH.

Write balanced molecular and net ionic equati
actions of (a) hydrochloric acid with nickel, (b)
acid with iron, (€) hydrobromic acid with mag
(d) acetic acid, CH;COOH, with zinc.
series (Table 4.5), write balanced chemical
equations for the following reactions. If no reaction occurs,
simply write NR. (a) Iron metal is added to a solution of cop-
per(II) nitrate; (b) zinc metal is added to a solution of magne-
sium sulfate; (¢) hydrobromic acid is added to tin metal;
(d) hydrogen gas is bubbled through an aqueous solution of
nickel(11) chloride; (e) aluminum metal is added to a solution

of cobalt(1I) sulfate.

Using the activity series (Table 4.5), write balanced chemical
equations for the following reactions. If no reaction occurs,
simply write NR. (a) Nickel metal is added to a solution of
copper(II) nitrate; (b) a solution of zinc nitrate is added to a
solution of magnesium sulfate; (c) hydrochloric acid is added
to gold metal; (d) chromium metal is immersed in an aqueous
solution of cobalt(Il) chloride; (e) hydrogen gas is bubbled
through a solution of silver nitrate.

The metal cadmium tends to form Cd** ions. The following
observations are made: (i) When a strip of zinc metal is placed
in CdCly(aq), cadmium metal is deposited on the strip. (ii)
When a strip of cadmium metal is placed in Ni(NO3),(aq)
nickel metal is deposited on the strip. (a) Write net ionic equa:
tions to explain each of the preceding observations. (b) What
can you conclude about the position of cadmium in the activ
ity series? (c) What experiments would you need to performlt(;
i(;:iaetse? more precisely the position of cadmium in the activity

ons for the ré-
dilute sulfuric
nesium,

Using the activity
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4.93 Suppose you have a solution that might contain any or all of
the following cations: Ni**, Ag*, Sr2*, and Mn**. Addition of
HCI solution causes a precipitate to form. After filtering off
the precipitate, H,SO, solution is added to the resulting solu-
tion and another precipitate forms. This is filtered off, and a
solution of NaOH is added to the resulting solution. No pre-
cipitate is observed. Which ions are present in each of the
precipitates? Which of the four ions listed above must be
absent from the original solution?

4.94 You choose to investigate some of the solubility guidelines for
two ions not listed in Table 4.1, the chromate ion (Cr042')
and the oxalate ion (C,0,4%"). You are given 0.01 M solutions
(A, B, C, D) of four water-soluble salts:

Solution Solute Color of Solution
A Na,CrO, Yellow

B (NH4),C,04 Colorless

C AgNO, Colorless

D CaCl, Colorless

When these solutions are mixed, the following observations
are made:

Expt Solutions
Number Mixed

No precipitate, yellow solution

1 A+ B

2 A+C Red precipitate forms

3 A+D Yellow precipitate forms
4 B+ C White precipitate forms
5 B+ D White precipitate forms
6 C+D White precipitate forms

(a) Write a net ionic equation for the reaction that occurs in
each of the experiments. (b) Identify the precipitate formed, if
any, in each of the experiments.

4.95 Antacids are often used to relieve pain and promote healing in
the treatment of mild ulcers. Write balanced net ionic equa-
tions for the reactions between the HCl(aq) in the stomach
and each of the following substances used in various antacids:
(a) Al(OH)s(s), (b) Mg(OH)y(s), () MgCOs(s), (d)
NaAl(COj3)(OH);(s), (e) CaCOs(s).

[4.96] The commercial production of nitric acid involves the follow-
ing chemical reactions:

4NH;(g) + 50,(g) —> 4NO(g) + 6 H;0(g)

2NO(g) + 0,(g) — 2NO,(g)
3NO,(g) + HyO(l) — 2HNO;(aq) + NO(g)

(a) Which of these reactions are redox reactions? (b) In each
redox reaction identify the element undergoing oxidation and
the element undergoing reduction.

Additional Exercises 155

4.97 Consider the following reagents: zinc, copper, mercury (den-
sity 13.6 g/mL), silver nitrate solution, nitric acid solution.
(a) Given a 500-mL Erlenmeyer flask and a balloon can you
combine two or more of the foregoing reagents to initiate a
chemical reaction that will inflate the balloon? Write a bal-
anced chemical equation to represent this process. What is the
identity of the substance that inflates the balloon? (b) What is
the theoretical yield of the substance that fills the balloon?
(c) Can you combine two or more of the foregoing reagents to
initiate a chemical reaction that will produce metallic silver?
Write a balanced chemical equation to represent this process.
What ions are left behind in solution? (d) What is the theoret-
ical yield of silver?

420gCu

6.55 mL Hg

i = 7_. ¥
150 mL of 3.00 M HNO;(aq)

150 mL of 0.750 M AgNO(aq)

(4.98] Lanthanum metal forms cations with a charge of 3+. Con-
sider the following observations about the chemistry of lan-
thanum: When lanthanum metal is exposed to air, a white
solid (compound A) is formed that contains lanthanum and
one other element. When lanthanum metal is added to water,
gas bubbles are observed and a different white solid (com-
pound B) is formed. Both A and B dissolve in hydrochloric
acid to give a clear solution. When either of these solutions is
evaporated, a soluble white solid (compound C) remains. If
compound C is dissolved in water and sulfuric acid is added, a
white precipitate (compound D) forms. (a) Propose identities
for the substances A, B, C, and D. (b) Write net ionic equations
for all the reactions described. (c) Based on the preceding
observations, what can be said about the position of lan-
thanum in the activity series (Table 4.5)?

4.99 A 35.0-mL sample of 1.00 M KBr and a 60.0-mL sample of
0.600 M KBr are mixed. The solution is then heated to evapo-
rate water until the total volume is 50.0 mL. What is the
molarity of the KBr in the final solution?

4.100 Using modern analytical techniques, it is possible to detect
sodium ions in concentrations as low as 50 pg/mL. What is
this detection limit expressed in (a) molarity of Na®, (b) Na*
ions per cubic centimeter?
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