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Exercises

Strong Electrolytes, Weak Electrolytes, and Nonelectrolytes

-

. Using information from this chapter, indicate whether
each of the following substances in aqueous solution is
anonelectrolyte, weak electrolyte, or strong electrolyte.
(@) HCgH5O; (b) LizSOy; () Mgly; (d) (CH3CH,),0;
(e) Sr(OH),.

Select the (a) best and (b) poorest electrical conductors
from the following solutions, and explain the reason
for your choices: 0.10 M NH3;0.10 M NaCl; 0.10M
CH3COOH (acetic acid); 0.10 M CH3CH,OH (ethanol).
. What response would you expect in the apparatus of
Figure 5-4 if the solution tested were 1.0 M HCI? What
response would you expect if the solution were both
1.0 M HCl and 1.0 M CH;COOH?

NHj(aq) conducts electric current only weakly. The
same is true for CH3COOH(aq). When these solu-
tions are mixed, however, the resulting solution is a
good conductor. How do you explain this?

Sketches (a—c) are molecular views of the solute in an
aqueous solution. For each of the sketches, indicate

L

@

»

w

lon Concentrations

Determine the concentration of the ion indicated in
each solution. (a) [K*] in 0.238 M KNO3; (b) [NO;7]
in 0.167M Ca(NO3)y; (c) [AI**] in 0.083 M Aly(SOy)3;
(d) [Na*] in 0.209 M Na3PO,.
8.) Which solution has the greatest [SO4*7]? (a) 0.075M

HySOy (b)) 022MMgSOy; () 0.15MNaySOy;
(d) 0.080 M Aly(SOy4)3; (e) 0.20 M CuSO,.
A solution is prepared by dissolving 0.132g
Ba(OH), - 8 H,0 in 275 mL of water solution. What is
[OH™] in this solution?

10,) A solution is 0.126 M KCI and 0.148 M MgCl,. What
are [K*], [Mg?*'], and [C17] in this solution?

11,) Express the following data for cations in solution as
molarities. (a) 14.2 mg Ca®*/L; (b) 32.8 mg K*/100 mL;
(c) 225 pg Zn**/mL.

12) What molarity of NaF(aq) corresponds to a fluorid

whether the solute is a strong, weak, or nonelec-
trolyte; and which of these substances it is: sodium
chloride, propionic acid, hypochlorous acid, ammo-
nia, barium bromide, ammonium chloride, methanol.

(a) (b) (c)

6. After identifying the three substances represented by
the sketches in Exercise 5, sketch molecular views of
aqueous solutions of the remaining four substances
listed.

) Which of the following aqueous solutions has the
highest concentration of K*? (a) 0.0850M K,SOy;
(b) a solution containing 1.25 g KBr/100 mL; (c) a solu-
tion having 8.1 mg K*/mL.

14. Which aqueous solution has the greatest [H]?
(a) 0.011 M CH;COOH; (b) 0.010 M HCI; (¢) 0.010M
H,SOy; (d) 1.00 M NHj3. Explain your choice.

15.) How many milligrams of Mgl, must be added to
250.0 mL of 0.0876 M KI to produce a solution with
[I7] = 0.1000 M?

16. If 18.2 mL H,O evaporates from 1.00 L of a solution

containing 15.5 mg K;SO,/mL, what is [K*] in the

solution that remains?

Assuming the volumes are additive, what is the [C17]

in a solution obtained by mixing 225 mL of 0.625 M

KCl and 615 mL of 0.385 M MgCl, ?

ion content of 0.9 mg F~/L, the federal gov: £
recommended limit for fluoride ion in drinking
water?

Predicting Precipitation Reactions

19,)Complete each of the following as a net ionic equa-
tion, indicating whether a precipitate forms. If no
reaction occurs, so state.
@ Na* + Br™ + Pb** + 2NO;~ —
(b) Mg?* + 2CI™ + Cu?* + 50, —
(©) Fe** + 3NO;™ + Na* + OH™ —

20) Complete each of the following as a net ionic equa-
tion. If no reaction occurs, so state.
(@ Ca?* + 21" +2Na* + cogz‘ —
(b) Ba®* + S*” + 2Na* + SOy
(@ 2K + 8% + Ca®* + 201" —>

N

. A ing the vol are additive, what is the
[NO;7] in a solution obtained by mixing 275 mL
of 0.283 M KNOj, 328 mL of 0.421 M Mg(NO3),, and
784 mL of H,O?

Predict in each case whether a reaction is likely to

occur. If so, write a net ionic equation.

@ HI(aq) + Zn(NO3)y(aq) —>

(b) CuSOy4(aq) + NayCO3(aq) —>

(c) Cu(NO;3);(aq) + NazPOy(aq) —>
@I’redict in each case whether a reaction is likely to

occur. If so, write a net ionic equation.

(@) AgNOs(aq) + CuCly(aq) —>

(b) NayS(aq) + FeCly(aq) —>

(c) Na,COs(aq) + AgNOs(aq) —
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O\lhak reagent solution might you use to separate the
cations in the following mixtures, that is, with one ion

appearing in solution and the other in a precipitate?
[Hint: Refer to Table 5.1, and consider water also to be
a reagent.]
(a) BaCly(s) and MgCly(s)
(b) MgCO5(s) and Na>CO5(s)
() AgNOj(s) and Cu(NO3),(s)

24. What reagent solution might you use to separate the
cations in each of the following mixtures?
[Hint: Refer to Exercise 23.]
(@) PbSO4(s) and Cu(NO3)y(s)

Acid-Base Reactions

27. Complete each of the following as a net ionic equation.
If no reaction occurs, so state.
(a) Ba?* + 20H™ + CH;COOH —>
(b) H + CI” + CHyCH,COOH —>
(0 FeS(s) + H  + 17 —>
(d) K* + HCO;™ + H" + NO;~ —
(e) Mg(s) + H —>

28. Every antacid contains one or more ingredients
capable of reacting with excess stomach acid (HCI).
The essential neutralization products are CO, and/or
H,0. Write net ionic equations to represent the neu-
tralizing action of the following popular antacids.
(a) Alka-Seltzer (sodium bicarbonate)
(b) Tums (calcium carbonate)
(c) milk of magnesia (magneslum hydroxlde)
(d) Maalox (
hydroxide)
(e) Rolaids [NaAl(OH),COs]

Oxidation-Reduction (Redox) Equations

@ Assign oxidation states to the el involved in
the following reactions. Indicate which are redox reac-
tions and which are not.
(a) MgCO;4(s) + 2H*(aq) —>
Mg**(aq) + H;0(1) + COx(g)
(b) Cly(aq) + 2Br~(aq) — 2Cl™(aq) + Bry(aq)
(0) Ag(s) + 2H*(aq) + NO; (aq) —>
Ag*(aq) + H0(1) + NO,(g)
@(d) 2Ag*(aq) + CrO4*"(aq) —> AgyCrOs(s)

Explain why these reactions cannot occur as written.
(@ Fe™*(aq) + MnO, (aq) + H'(ag) —
Mn?*(aq) + Fe*'(aq) + H,0(1)
(b) Hy0,(aq) + Cly(aq) —>
ClO™(aq) + Os(g) + H'(aq)
C@Complete and balance these half-equations.
(a) SO3%~ — $,03%" (acidic solution)
(b) HNO3 — N,O(g) (acidic solution)
(© Al(s) — Al(OH)4 (basnc scluhon)
Indicate whether oxid ion is involved
36.)Complete and balance these half—equahons.
(@) C,04>~ — CO, (acidic solution)

(b) Mg(OH);(s) and BaSOj4(s)
(c) PbCO;(s) and CaCO;(s)

25. You are provided with NaOH(aq), K;SO4(aq),
Mg(NOs)2(aq), BaCly(aq), NaCl(aq), Sr(NOs)a(aq),
AgNOj3(aq), and BaSOy(s). Write net ionic equations
to show how you would use one or more of those
reagents to obtain (a) SrSOy(s); (b) Mg(OH)(s);
(c) KCl(aq).

26. Write net ionic equations to show how you would use
one or more of the reagents in Exercise 25 to obtain
(a) BaSO4(s); (b) AgCl(s); (c) KNO;(aq).

n

9. In this chapter, we described an acid as a substance
capable of producing H* and a salt as the ionic com-
pound formed by the neutralization of an acid by a
base. Write ionic equations to show that sodium
hydrogen sulfate has the characteristics of both a salt
and an acid (sometimes called an acid salt).

30. A neutralization reaction between an acid and a base
is a common method of preparing useful salts. Give
net ionic equations showing how the following salts
could be prepared in this way: (a) (NH4),HPOy;
(b) NH4NO3; and (¢) (NHy),S0,4.

31. Which solutions would you use to precipitate Mg>*
from an aqueous solution of MgCl,? Explain your
choice. (a) KNOj(aq); (b) NH;(aq); (c) H,S04(aq);
(d) HC;H;0(aq).

32. Determine which of the following react(s) with HCl(aq)

to produce a gas, and write a net ionic equation(s) for

the reaction(s). (a) Na;SOy; (b) KHSO3; (c) Zn(OH)y;

(d) CaCl,.

(b) Cr;0,~ — Cr*" (acidic solution)
(¢) MnO4~ — MnO; (basic solution)
Indicate whether oxidation or reduction is involved.
Balance these equations for redox reactions occurring
in acidic solution.
@ MnO;~ + I — Mn** + Iy(s)
(b) BrO;™ + NpHy — Br™ + Ny(g)
© VO, + Fe?* — VO™ + Fe**
(d) UO** + NO;~ — UO,*" + NO(g)
38. Balance these equations for redox reactions occurring
in acidic solution.
(@ Py(s) + NO3~ —> H,PO,” + NO(g)
(b) S,0;%” + MnO;~ — SO,* + Mn’
(©) HS™ + HSO3~ — $,03>~
(d) Fe** + NH;OH" — Fez* + N,O(g)
@ Balance these equations for redox reactions in basic
solution.
(@ MnO,(s) + ClIO3~ —> MnO,~ + CI™
(b) Fe(OH);(s) + OCI™ — FeO,2™ + CI™
() ClIO, —> ClO;~ + CI™
() Ag(s) + CrO2 — Ag* + Cr(OH)s(s)
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40.

S

Balance these equations for redox

in basic solution.

(@) CrO4* + $,042 — Cr(OH);(s) + SO5>~
(b) [Fe(CN)g]*™ + NoHy — [Fe(CN)J*” + Na(g)
(c) Fe(OH)s(s) + O(g) — Fe(OH)s(s)

(d) CHsCH,OH + MnO,~ —

CHgCOO + MnOy(s)
Balance these equati for proportionation
reactions.
(@) Cly(g) — CI” + ClO;™ (basic solution)
(b) $,04> — $,052” + HSO;™ (acidic solution)
Balance these equati for disproportionation
reactions.
(@) MnO,2~ — MnO,(s) + MnO,~ (basic solution)
(b) Py(s) — H,PO,™ + PHj(g) (basic solution)
(© Sg(s) —> S* + 5,05> (baslc solunon)
(@) As;S3 + Hy0p — AsO4* + SO,*
Write a balanced equation for these redox reactions.
(@) The oxidation of nitrite ion to nitrate ion by
permanganate ion, MnO4”, in acidic solution
(MnOy” ion is reduced to Mn?*).
(b) The reaction of manganese(Il) ion and perman-
ganate ion in basic solution to form solid manganese
dioxide.
(c) The oxidation of ethanol by dichromate ion in
acidic solution, producing chromium(IIl) ion, acetalde-
hyde (CH3CHO), and water as products.

=

41

42.

S

43.

@

Oxidizing and Reducing Agents

47./What are the oxidizing and reducing agents in the fol-
lowing redox reactions?
(@) 5505 + 2MnO;~ + 6H® —
550,4% + 2Mn?* + 3H,0
(b) 2NO,(g) + 7H,(g) — 2NH;(g) + 4H,0(g)
(c) 2[Fe(CN)g]* + H,0, + 2H" —>
2[Fe(CN)s >~ + 2H,0

Neutralization and Acid-Base Titrations

What volume of 0.0962 M NaOH is required to exactly

neutralize 10.00 mL of 0.128 M HCI?

50) The exact neutralization of 10.00 mL of 0.1012M
H3S04(aq) requires 23.31 mL of NaOH. What must
be the molarity of the NaOH(aq)?

H,S04(aq) + 2NaOH(aq) —>
Na;SO4(aq) + 2H,0(1)

51. How many milliliters of 2.155 M KOH are required to
titrate 25.00 mL of 0.3057 M CH3CH,COOH (propi-
onic acid)?

How many milliliters of 0.0750 M Ba(OH), are
required to titrate 200.0 mL of 0.0165 M HNO; ?

53. An NaOH(aq) solution cannot be made up to an exact
conc i mply by weighing out the required

mass of NaOH because the NaOH is not pure. Also,

water vapor condenses on the solid as it is being
weighed. The solution must be standardized by titra-
tion. For this purpose, a 25.00 mL sample of an

Exercises 187

44. Write a balanced equation for the redox reactions.
(@) The reaction of aluminum metal with hydroiodic
acid.
(b) The reduction of vanadyl ion (VO**) to vanadic
ion (V3*) in acidic solution with zinc metal as the
reducing agent.
(c) The oxidation of methanol by chlorate ion in
acidic solution, producing carbon dioxide gas, water,
and chlorine dioxide gas as products.
The following reactions do not occur in aqueous solu-
tions. Balance their equations by the half-equation
method, as suggested in Are You Wondering 5-2.
@) CHy(g) + NO(g) —>
COx(g) + Na(g) + HO(g)
(b) HaS(g) + SO,(g) — Ss(s) + HyO(g)
(c) CLO(g) + NHj(g) —
Ny(g) + NH,C(s) + HO(1)
46. The following reactions do not occur in aqueous solu-
tions. Balance their equations by the half-equation
method, as suggested in Are You Wondering 5-2.
(@) CHy(g) + NHs(g) + Oa(g) —
HCN(g) + H0(g)
(®) NO(g) + Ha(g) — NHs(g) + HyO(g)
(c) Fe(s) + HyO(1) + O(g) — Fe(OH)s(s)

48. 'ﬂnosuliate ion, 5101 ,isa reducmg agent that can
idized t ding on the

strength of the oxldlzmg agent and other conditions.
By adding H*, H,0, and/or OH™ as necessa wnle
redox equauons to show the oxidation of $,03*~
(@) 5406 by I, (iodide ion is another product)
(b) HSO_, by Cl; (chloride ion is another product)
© SO by OCI™ in basic solution (chloride ion is
another product)

NaOH(aq) solution requires 28.34 mL of 0.1085 M
HCI. What is the molarity of the NaOH(aq)?

HCl(aq) + NaOH(aq) — NaCl(aq) + H,O(1)
'Household ammonia, used as a window cleaner and for
other cleaning purposes, is NH3(aq). The NH; present
ina5.00 mL sample is neutralized by 28.72 mL of 1.021 M
HCL. The net ionic equation for the neutralization is

NHs(aq) + H*(aq) — NH,"(aq)

at is the molarity of NHj in the sample?

@:‘ want to determine the acetylsalicyclic acid content
of a series of aspirin tablets by titration with NaOH(aq).
Each of the tablets is expected to contain about 0.32 g of
HCgH;04. What molarity of NaOH(aq) should we use
for titration volumes of about 23 mL? (This procedure
ensures good precision and allows the titration of two
samples with the contents of a 50 mL buret.)

HCoH704(aq) + OH™(aq) —
CoH7047(aq) + H20(1)
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56. For use in titrations, we want to prepare 20 L of
HCl(aq) with a concentration known to four signifi-
cant figures. This is a two-step procedure beginning
with the preparation of a solution of about 0.10 M
HCL. A sample of this dilute HCl(aq) is titrated with a
NaOH(aq) solution of known concentration.

(a) How many milliliters of concentrated HCl(aq)
(d = 1.19 g/mL; 38% HCI, by mass) must be diluted
with water to 20.0 L to prepare 0.10 M HCI?

(b) A 25.00 mL sample of the approximately 0.10 M
HCl prepared in part (a) requires 20.93 mL of 0.1186 M
NaOH for its titration. What is the molarity of the
HCl(aq)?

(c) Why is a titration necessary? That is, why not pre-
pare a standard solution of 0.1000 M HCI simply by
an appropriate dilution of the concentrated HCl(aq)?

57.)A 25.00 mL sample of 0.132M HNO; is mixed with
OI0,00 mL of 0.318 M KOH. Is the resulting solution

acidic, basic, or exactly neutralized?

58. A7.55 g sample of NayCO;(s) is added to 125 mLof a
vinegar that is 0.762 M CH;COOH. Will the resulting
solution still be acidic? Explain.

Refer to Example 5-9. Suppose the analysis of all vine-

gar samples uses 5.00 mL of the vinegar and 0.1000 M

NaOH for the titration. What volume of the 0.1000 M

NaOH would represent the legal minimum 4.0%, by

mass, acetic acid content of the vinegar? That is,

calculate the volume of 0.1000 M NaOH so that if a

titration requires more than this volume, the legal

minimum limit is met (less than this volume, and the
limit is not met).

60. The electrolyte in a lead storage battery must have a
concentration between 4.8 and 5.3 M H,SOj if the bat-
tery is to be most effective. A 5.00 mL sample of a bat-
tery acid requires 49.74 mL of 0.935 M NaOH for its
complete reaction lization). Does the ¢ -
tion of the battery acid fall within the desired range?

59.

°

Stoichiometry of Oxidation-Reduction Reactions

A KMnOjy(aq) solution is to be standardized by titra-
tion against As,O5(s). A 0.1078 g sample of As,O3
requires 22.15 mL of the KMnOj(aq) for its titration.
What is the molarity of the KMnOy4(aq)?
5As,03 + 4MnO,~ + 9H,0 + 12H" —>

10 H3AsO4 + 4 Mn?*

64. Refer to Example 5-6. Assume that the only reducing
agent present in a particular wastewater is SO32~. If a
25.00 mL sample of this wastewater requires 31.46 mL
of 0.02237 MKMnO; for its titration, what is the
molarity of SO32” in the wastewater?

@ An iron ore sample weighing 0.9132 g is dissolved in
HCl(aq), and the iron is obtained as Fez’(aq). This
solution is then titrated with 28.72 mL of 0.05051 M
K;Cr;O;. What is the mass percent Fe in the ore
sample?
6Fe’ + 14H" + Cr0/* —

6Fe* +2Cr* + 7H,0

61.

62.

66.

67.

68.

[Hint: Keep in mind that the H,SOj produces two H*
ions per formula unit.]

Which of the following points in a titration is repre-
sented by the molecular view shown in the sketch?

(a) 20% of the necessary titrant added in the titration
of NH,Cl(aq) with HCl(aq)

(b) 20% of the necessary titrant added in the titration
of NH;(aq) with HCl(aq)

(0) the equivalence point in the titration of NHz(aq)
with HCl(aq)

(d) 120% of the necessary titrant added in the titration
of NH;(aq) with HCl(aq)

Using the sketch in Exercise 61 as a guide, sketch the
molecular view of a solution in which

(a) HCl(aq) is titrated to the equivalence point with
KOH(aq)

(b) CH3COOH(aq) is titrated halfway to the equiva-
lence point with NaOH(aq).

The concentration of Mnb(aq) can be determined by
titration with MnO,; (aq) in basic solution. A
50.00 mL sample of Mn?*(aq) requires 78.42 mL of
0.04997 M KMnOj for its titration. What is [Mn**] in
the sample?

Mn?* + MnO;~ — MnO,(s) (notbalanced)

The titration of 5.00 mL of a saturated solution of
sodium oxalate, NayC;Oy, at 25 °C requires 25.8 mL
of 0.02140 M KMnOy in acidic solution. What mass of
Na;C,04 in grams would be present in 1.00 L of this
saturated solution?

C,04% + MnOy~ —
Mn** + CO,(g) (notbalanced)

Refer to the I ive Example. In the of
1.00 X 10°L of a wastewater solution that is 0.0126 M
CrO,4%", how many grams of (a) Cr(OH)s(s) would

precipitate; (b) Na;S;04 would be consumed?
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Integrative and Advanced Exercises

69. Write net ionic ions for the i depicted in
photo (a) sodium metal reacts with water to produce
hydrogen; photo (b) an excess of aqueous iron(II) chlo-
ride is added to the solution in (a); and photo (c) the
precipitate from (b) is collected and treated with an
excess of HCl(aq).

(b) (c)

(a)
(2) & (b) William H. Breazeale: (c) Tom Pantages

70. Following are some laboratory methods occasionally
used for the preparation of small quantities of chemi-
cals. Write a balanced equation for each.

(a) preparation of H,S(g): HCl(aq) is heated with
FeS(s)

(b) preparation of Cly(g): HCl(aq) is heated with
MnO,(s); MnCly(aq) and H,O(1) are other products
(c) preparation of N(g): Br, and NHj react in aque-
ous solution; NHBr is another product

(d) preparation of chlorous acid: an aqueous suspen-
sion of solid barium chlorite is treated with dilute
H,S04(aq)

71. When concentrated CaCly(aq) is added to
Na,HPOy(aq), a white precipitate forms that is 38.7%
Ca by mass. Write a net ionic equation representing
the probable reaction that occurs.

72. You have a solution that is 0.0250 M Ba(OH), and the

g pieces of equi; 1.00, 5.00, 10.00,
25.00, andSOOOmLp\petsand 100.0, 250.0, 500.0, and
1000.0 mL volumetric ﬂasks Descnbe how you would
use this i to ion in which
[OH]is 0.0100 M.

73. Sodium hydroxide used to make standard NaOH(aq)
solutions for acid-base titrations is invariably contam-
inated with some sodium carbonate. (a) Explain why,
except in the most precise work, the presence of this
sodium carbonate generally does not seriously affect
the results obtained, for example, when NaOH(aq) is
used to titrate HCl(aq). (b) Conversely, show that if
Na,CO3 comprises more than 1% to 2% of the solute in
NaOH(aq), the titration results are affected.

74. A110.520 g sample of mineral water is analyzed for its
magnesium content. The Mg?" in the sample is first
precipitated as MgNH,PO,, and this precipitate is
then converted to Mg,P,0;, which is found to weigh
0.0549 g. Express the quantity of magnesium in the
sample in parts per million (that is, in grams of Mg
per million grams of H;0).

75. What volume of 0.248 M CaCl, must be added to
335 mL of 0.186 M KCl to produce a solution with a

concentration of 0.250 M CI™? Assume that the solu-
tion volumes are additive.

76. An unknown white solid consists of two compounds,
each containing a different cation. As suggested in the
illustration, the unknown is partially soluble in water.
The solution is treated with NaOH(aq) and yields a
white precipitate. The part of the original solid that is
insoluble in water dissolves in HCl(aq) with the evo-
lution of a gas. The resulting solution is then treated
with (NHy),SO4(aq) and yields a white precipitate.
(a) s it possible that any of the cations Mg?, Cu®,
Ba®,Na*, or NH,* were present in the original
unknown’ Explain your reasoning. (b) What com-
pounds could be in the unknown mixture (that is,
what anions might be present)?

& ] "’) Solution
+

/i KOH(aq) — white ppt

— ’>{ Solid

+
HCl(aq) —— solution + gas
+

(NH,),S0,(aq) — white ppt

77. Balance these equations for reactions in acidic solution.
@) IBr + BrO;~ + H" — 103™ + Br™ + H,O
(b) C;HsNO3 + Sn —
NH,OH + CH;CH,OH + Sn?*
(c) As;S3 + NO3~ — H3AsO4 + S + NO
d) HslOg + I, — 103~ + H® + H,0
(e) S>F; + HyO — Sg + H,8,04 + HF
78. Balance these equations for reactions in basic solution.
(@) Fe,S; + HYO + O — Fe(OH)3 + S
(b) Oy~ + HyO —> OH™ + O,
(©) Crlz + H,0, — CrO,>" + 104~
d Ag +CN™ + O, + OH" —>
[Ag(CN)]™ + H,0
(e) B,Cly + OH™ — BO,™ + CI7 + H,O +
79. A method of producing phosphine, PHj, from ele-
mental phosphorus, Py, involves heating the P, with
H;0. An additional product is phosphoric acid,
H3PO;. Write a balanced equation for this reaction.
80. Iron (Fe) is obtained from rock that is extracted from
open pit mines and then crushed. The process used to
obtain the pure metal from the crushed rock produces
solid waste, called tailings, which are stored in dis-
posal areas near the mines. The tailings pose a serious
environmental risk because they contain sulfides, such
as pyrite (FeS;), which oxidize in air to produce metal
ions and H" ions that can enter into surface water or
ground water. The oxidation of FeS; to Fe* is described
by the unbalanced chemical expression below.

FeSy(s) + Oa(g) + H0(1) —>
Fe*(aq) + SO42"(aq) + H*(aq) (notbalanced)
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Thus, the oxidation of pyrite produces Fe** and H*
ions that can leach into surface or ground water. The
leaching of H" ions causes the water to become very
acidic. To prevent acidification of nearby ground or
surface water, limestone (CaCO3) is added to the tail-
ings to neutralize the H" ions:
CaCO;4(s) + 2H*(aq) —
Ca**(aq) + HyO(1) + COx(g)
(a) Balance the equation above for the reaction of FeS,
and O». [Hint: Start with the half-equations FeS(s) —
Fe¥*(aq) + 50,>"(aq) and Oy(g) = H,0(1).]
(b) What is the minimum amount of CaCOs(s)
required, per kilogram of tailings, to prevent con-
tamination if the tailings contain 3% S by mass? Assume
that all the sulfur in the tailings is in the form FeS,.
A sample of battery acid is to be analyzed for its sul-
furic acid content. A 1.00 mL sample weighs 1.303 g.
This 1.00 mL sample is diluted to 250.0 mL, and
10.00 mL of this diluted acid requires 34.12 mL of
0.00498 M Ba(OH); for its titration. What is the mass
percent of HySOy in the battery acid? (Assume that
complete neutralization of the H,SOj occurs.)
A piece of marble (assume it is pure CaCO;) reacts
with 2.00 L of 2.52 M HCI. After dissolution of the
marble, a 10.00 mL sample of the resulting solution is
withdrawn, added to some water, and titrated with
24.87 mL of 0.9987 M NaOH. What must have been
the mass of the piece of marble? Comment on the pre-
cision of this method; that is, how many significant
figures are justified in the result?
The reaction below can be used as a laboratory
method of preparing small quantities of Cly(g). If a
62.6 g sample that is 98.5% K,Cr,0; by mass is
allowed to react with 325 mL of HCl(aq) with a den-
sity of 1.15g/mL and 30.1% HCl by mass, how many
grams of Cly(g) are produced?
Cr0;* + H" + Q" —>
Cr** + H,0 + Cly(g) (notbalanced)
Refer to Example 5-10. Suppose that the KMnOy(aq)
were standardized by reaction with As,Os instead of
iron wire. If a 0.1304 g sample that is 99.96% As;Os by
mass had been used in the titration, how many milli-
liters of the KMnOj(aq) would have been required?
AsyO3 + MnO;~ + H" + HO —
H3AsO; + Mn?*  (notbalanced)

Anew method under d for water
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is the calcium content of the tablet, expressed in mil-
ligrams of Ca®*?

87. A 0.4324 g sample of a potassium hydroxide-lithium

hydroxide mixture requires 28.28 mL of 0.3520 M HCI
for its titration to the equivalence point. What is the
mass percent lithium hydroxide in this mixture?

88. Chile saltpeter is a natural source of NaNO; it also

contains NalOs. The NalOj; can be used as a source of
iodine. Iodine is produced from sodium iodate in a
two-step process occurring under acidic conditions:
1057(aq) + HSO3™(aq) —

I"(aq) + SO4>"(aq) (not balanced)
I"(aq) + 105™(aq) —

I(s) + HyO(l) (not balanced)

In the illustration, a 5.00 L sample of a NalO3(aq)
solution containing 5.80 g NalO;/L is treated with the
stoichiometric quantity of NaHSO; (no excess of
either reactant). Then, a further quantity of the initial
NalO;3(aq) is added to the reaction mixture to bring
about the second reaction. (a) How many grams of
NaHSO; are required in the first step? (b) What addi-
tional volume of the starting solution must be added
in the second step?

5.80 g NalO,y/L
.;77—«’{—/, \'/(a)?gNaHSQ‘ e

Y

= S

500L

(b)?7L—

89. The active ingredients in a particular antacid tablet

are aluminum hydroxide, Al(OH)3, and magnesium
hydroxide, Mg(OH),. A 5.00 X 10°mg sample of
the active ingredients was dissolved in 50.0 mL of
0.500 M HCL. The resulting solution, which was still
acidic, required 16.5 mL of 0.377 M NaOH for neutral-
ization. What are the mass percentages of Al(OH)3
and Mg(OH); in the sample?

90. A compound contains only Fe and O. A 0.2729 g sam-

ple of the compound was dissolved in 50 mL of con-

uses chlorine dioxide rather than chlorine. One method
of producing CIO, involves passing Cly(g) into a con-
centrated solution of sodium chlorite. Cly(g) and
sodium chlorite are the sole reactants, and NaCl(aq)
and ClO,(g) are the sole products. If the reaction has a
97% yield, what mass of ClO; is produced per gallon of
2.0M NaClO,(aq) treated in this way?

The active component in one type of calcium dietary
supplement is calcium carbonate. A 1.2450 g tablet of
the supplement is added to 65.00 mL of 0.4984 M HC1
and allowed to react. After completion of the reaction,
the excess HCl(aq) requires 38.45 mL of 0.2257 M
NaOH for its titration to the equivalence point. What

c d acid solution, reducing all the iron to Fe?*
ions. The resulting solution was diluted to 100 mL
and then titrated with a 0.01621 M KMnOj solution.
The unbalanced chemical exp for reaction
between Fe?* and MnO; is given below.
MnO;™(aq) + Fe?*(aq) —>

Mn?*(aq) + Fe**(aq) (notbalanced)
The titration required 42.17 mL of the KMnOj solu-
tion to reach the pink endpoint. What is the empirical
formula of the compound?

91. Warfarin, C19H;50y, is the active ingredient used in

some anticoagulant medications. The amount of
warfarin in a particular sample was determined
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as follows. A 13.96 g sample was first treated with an
alkaline I, solution to convert CgH;40; to CHI3. This
treatment gives one mole of CHI; for every mole of
C19H;40; that was initially present in the sample. The
iodine in CHI; is then precipitated as Agl(s) by treat-
ment with excess AgNO;3(aq):
CHI3(aq) + 3 AgNO;s(aq) + HO(1) —>

3 Agl(s) + 3HNOs(aq) + CO(g)
1£0.1386 g solid Agl were obtained, then what is the per-
centage by mass of warfarin in the sample analyzed?
Copper refining traditionally involves “roasting” insol-
uble sulfide ores (CuS) with oxygen. Unfortunately, the
process produces large quantities of SO,(g), which is a
major contributor to pollution and acid rain. An alter-
native process involves treating the sulfide ore with
HNOj3(aq), which dissolves the CuS without generat-
ing any SO,. The unbalanced chemical expression for
the reaction is given below.

CuS(s) + NO3™(aq) —
Cu?*(aq) + NO(g) + HSO; (aq) (notbalanced)

What volume of conc d nitric acid is
required per kilogram of CuS? Assume that the con-
centrated nitric acid solution is 70% HNOj; by mass
and has a density of 1.40 g/mL.

Feature Problems 191

93. Phosphorus is essential for plant growth, but an

excess of phosphorus can be catastrophic in aqueous
ecosystems. Too much phosphorus can cause algae to
grow at an explosive rate and this robs the rest of the
ecosystem of oxygen. Effluent from sewage treatment
plants must be treated before it can be released into
lakes or streams because the effluent contains signifi-
cant amounts of H,PO,~ and HPO,*". (Detergents
are a major contributor to phosphorus levels in
domestic sewage because many detergents contain
Na,HPO,.) A simple way to remove H,PO4~ and
H.PO4Z' from the effluent is to treat it with lime, CaO,
which produces Ca?* and OH™ ions in water. The OH™
ions convert H,PO,~ and HPO,?" ions into PO, ions
and, finally, Ca?*, OH™, and PO,*" ions combine to
form a precipitate of Cas(PO4);OH(s).

(a) Write balanced chemical equations for the four reac-
tions described above.

[Hint: The reactants are CaO and H,0; H,PO,~ and
OH™; HPO,*~ and OH™; Ca**, PO,*", and OH"]

(b) How many kilograms of lime are required to
remove the phosphorus from a 1.00 X 10*L holding
tank filled with contaminated water, if the water con-
tains 10.0 mg of phosphorus per liter?

Feature Problems
94. Sodium cyclopentadienide, NaCsHs, is a common being required. What is the mass percent MnO; in the
reducing agent in the chemical laboratory, but there is a ore?
roblem in using it: NaCsHs is contaminated with .,
Ferrahydrofuran %THF), C4HgO, a solvent used in its H,GO, + MnO}\}[n-iz-‘l-i H,0 + CO, (notbalanced)
preparation. The THF is present as NaCsHs - (THF),, _ .
and it is generally necessary to know exactly how HyG04 + MnOy zt H' —
much of this NaCsHs- (THF), is present. This is Mn®" + HO + CO, (notbalanced)
accomplished by allowing a small amount of the  96. The Kjeldahl method is used in agricultural chemistry
NaCsHs - (THF), to react with water, to determine the percent protein in natural products.
The method is based on converting all the protein
NaGsHs (c"HB?\};gH?aZO) +_C. H-—H + xC;HO nitrogen to ammonia and then geterminil:\g the
1 s 48 amount of ammonia by titration. The percent nitrogen
followed by titration of the NaOH(aq) with a standard in the sample under analysis can be calculated from
acid. From the sample data tabulated below, determine the quantity of ia produced. I ingly, the
the value of x in the formula NaCsHs - (THF),. majority of protein molecules in living matter contain
just about 16% nitrogen.
A 1.250 g sample of meat is heated with concen-
Trial 1 Trial 2 trated sulfuric acid and a catalyst to convert all the
i in the meat to (NH;);SO;. Then excess
Mass of NaCsHs - (THF), 0242 ¢ 019g NaOH(aq) is added to the mixture, which is heated to
Volume of 0.1001 M HC1 expel NHj(g). All the nitrogen from the sample is
required to titrate NaOH(aq)  14.92mL  11.99 mL found in the NH;(g), which is then absorbed in
and neutralized by 50.00 mL of dilute H,SOy(aq). The
excess HySO4(aq) requires 32.24 mL of 0.4498 M
. . . . NaOH for its titration. A separate 25.00 mL sample of
95. Manganese is dgnved from pyrolusite ore, an impure the dilute H,SO;(aq) requires 22.24 mL of 0.4498 M
manganese dmx'de.‘ In the procedure used to analyze NaOH for its titration. What is the percent protein in
a pyrolusite ore for its MnO, content, a 0.533 g sample the meat?
is treated with 1.651 g oxalic acid (H,C;042 H;0) in 97. Blood alcohol content (BAC) is often reported in

an acidic medium. Following this reaction, the excess
oxalic acid is titrated with 0.1000 M KMnOy, 30.06 mL

weight-volume percent (w/v%). For example, a BAC
0f 0.10% corresponds to 0.10 g CH;CH,OH per 100 mL
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Introduction to Reactions in Aqueous Solutions

A Method for Balancing Equations for Oxidation-Reduction Reactions

That Occur in an Acidic or a Basic Aqueous Solution

. Assign oxidation states to each element in the reaction and identify the species being oxidized and reduced.

1
2. Write separate, unbalanced equati for the oxid
3. Balance the separate hali -equations, in this order:

and reduction half-reactions.

* first with respect to the element being oxidized or reduced
. then by adding electrons to one slde or the other to account for the number of electrons produced

) or ¢ d ( )

Balance the O and H atoms by adding H50.

N o

Combine the half-reactions algebraically so that the total number of electrons cancels out.
Balance the net charge by either adding OH™ (for basic solutions) or H* (for acidic solutions).

Check that the final equation is balanced with respect to each type of atom and with respect to charge.

of blood. Estimates of BAC can be obtained from
breath samples by using a number of commercially
available instruments, including the Breathalyzer for
which a patent was issued to R. F. Borkenstein in
1958. The chemistry behind the Breathalyzer is
described by the oxidation-reduction reaction
below, which occurs in acidic solution:

CH;CH,OH(g) + Cr0,*"(aq) —>
ethylalcohol  (yellow-orange)

CH;COOH(aq) + Cr**(aq) (notbalanced)

(green)

A Breathalyzer instrument contains two ampules, each
of which contains 0.75 mg K,Cr,0; dissolved in 3 mL
of 9 M H,S04(aq). One of the ampules is used as refer-
ence. When a person exhales into the tube of the
Breathalyzer, the breath is directed into one of the
ampules, and e'.hyl alcohol in the breath converts
Cr,0,2” into Cr**. The instrument compams the cnl—
ors of the solutions in the two ampules to d

the breath alcohol content (BrAC), and then converts
this into an estimate of BAC. The conversion of BrAC
into BAC rests on the assumption that 2100 mL of air
exhaled from the lungs contains the same amount of
alcohol as 1 mL of blood. With the theory and assump-
tions described in this problem, calculate the molarity
of KyCr,0O; in the ampules before and after a breath
test in which a person with a BAC of 0.05% exhales
0.500 L of his breath into a Breathalyzer instrument.

98.

In this problem, we describe an alternative method
for balancing equations for oxidation-reduction reac-
tions. The method is similar to the method given pre-
viously in Tables 5.5 and 5.6, but it places more

hasis on the assi of oxidation states. (The
method summarized in Tables 5.5 and 5.6 does not
require you to assign oxidation states.) An emphasis
on oxidation states is warranted because oxidation
states are useful not only for keeping track of elec-
trons but also for predicting chemical properties. The
method is summarized in the table above.

The method offers a couple of advantages. First, the
method applies to both acidic and basic environments
because we balance charges by using either H" (for
acidic environments) or OH™ (for basic environ-
ments). Second, the method is somewhat more effi-
cient than the method we described previously
because, in the method described here, we balance
only once for charge and only once for hydrogen and
oxygen. In the other method, we focus on the half-
equations separately and must balance twice for
charge and twice for hydrogen and oxygen.

Use the altemauve method described above tobal-
ance the followi ion-reduction

(@) Cr2072_(aq) + ClI™(aq) —>
Cr**(aq) + Cly(g) (acidic solution)
(b) G047 (aq) + MnO;~(aq) —>
CO;%"(aq) + MnOy(s) (basic solution)

Self-Assessment Exercises

99. In your own words, define or explain the terms or

100.

101.

=1

symbols (a) == (b) [ ]; (c) spectator ion; (d) weak
acid.

Bneﬂy descrlbe @ half—equahon method of balanc-
ing redox (b)d ion reaction;
(o) titration; (d) standardization of a solution.
Explain the important distinctions between (a) a
strong electrolyte and strong acid; (b) an oxidizing
agent and reducmg agent; () preclpnauon reactions
and neutrali. (d) half- tion and
overall reaction.

02/ The number of moles of hydroxide ion in 0.300 L of

103.

104.

105.

0.0050 M Ba(OH); is (a) 0.0015; (b) 0.0030; (c) 0.0050;
(d) 0.010.

The highest [H*] will be found in an aqueous solu-
tion that is (a) 0.10 M HCI; (b) 0.10 M NHj3; (c) 0.15M
CH3COOH; (d) 0.10 M H,S0;.

To precipitate Zn** from Zn(NOj;)y(aq), add
(@) NH,C; (b) MgBry; () KoCO3; (d) (NH,),S0;.
When treated with dilute HCl(aq), the solid that
reacts to produce a gas is (a) BaSO3 (b) ZnO;
(c) NaBr; (d) Na,SO;.
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106. An unknown solid compound dissolves readily
when added to water, forming a solution that
conducts electricity. A precipitate forms when
Ba(NO,),(aq) is added to a solution of this compound,
but not when Cu(NO3)2(aq) is added. When the
unknown solid is added to CH,COOH(aq), no gas is
produced. When the solid is added to NaOH (aq), a
gas with the pungent odor of ammonia is produced.
What is the possible identity of the unknown solid?

107.) What is the net ionic equation for the reaction that
occurs when an aqueous solution of KI is added to
an aqueous solution of Pb(NO;),?

108. When aqueous sodium carbonate, Na,COj;, is
treated with dilute hydrochloric acid, HCI, the prod-
ucts are sodium chloride, water, and carbon dioxide
gas. What is the net ionic equation for this reaction?

109. Describe the synthesis of each of the following ionic

c starting from sol of sodium and
nitrate salts. Then write the net ionic equation for
each synthesis.

(a) Zny(POy)y;

(b) Cu(OH);

(c) NiCO;.
'Consider the following redox reaction:
4NO(g) + 30,(g) + 2H0(1) —>
4NO;™(aq) + 4H*(aq)
(a) Which species is oxidized?
(b) Which species is reduced?
(c) Which species is the oxidizing agent?
(d) Which species is the reducing agent?
(e) Which species gains electrons?
(f) Which species loses electrons?
11) Balance the following oxidation-reduction equations.
(@) Cly(aq) — Cl7(ag) + CIO™(aq) (basic solution)
(b) C,0,27(aq) + MnO, (aq) — Mn?*(aq) + CO,(g)

(acidic solution)
In the equation
?Fe**(aq) + Oy(g) + 4H'(aqg) —>

?Fe**(aq) + 2H,0(1)

the missing coefficients (a) are each 2; (b) are each 4;
(c) can have any values as long as they are the same;
(d) must be determined by experiment.

What is the simplest ratio a:b when the equation
below is properly balanced?

aClO™(aq) + bla(aq) < ¢Cl7(aq) + d1057(aq)
(a) 2:5; (b) 5:2; (c) 1:5; (d) 5:1; (e) 2:3.

Self-Assessment Exercises 193

114. In the half-reaction in which NpO," is converted to
Np**, the number of electrons appearing in the half-
equation is (a) 1; (b) 2; (c) 3; (d) 4.

115. Which list of compounds contains a nonelectrolyte, a
weak electrolyte, and a strong electrolyte? (a) CO,,
NaCl, MnSO,; (b) H,SO,, CH,COOH, CuCl; (¢) SO,,
HE, FeSO; (d) Ba(ClOQZ, 25203, NaMnO,; (e) none
of these.

. Which list of compounds contains a weak acid, a
weak base, and a salt? (a) HCI, NH;, Na,SO,;
(b) HNO,, NH,, NH,NO,; () HCl, Ca(OH),, CaSO,;
(d) HNO,, KOH, Cs,CrOy; (e) none of these.

7) Which list of compounds contains two soluble com-
pounds and an insoluble one?
(a) HgBr,, MnSO,, Na,C,0,;
(b) Na,S,0;, NH Cl Col,;
(c) MnS, Cu(OH) ALOy;
(d) Pb(CIO,),, Ca(NO,),, Hg,SO,
(e) none of these.

118. Classify each of the following statements as true or
false.

(a) Barium chloride, BaCl,, is a weak electrolyte in
aqueous solution.

(b) In the reaction H™(aq) + HO(l) = Hy(g) +
OH™(aq), water acts as both an acid and an oxidiz-
ing agent.

(c) A precipitate forms when aqueous sodium car-
bonate, Na,COs(aq), is treated with excess aqueous
hydrochloric acid, HCl(aq).

(d) Hydrofluoric acid, HF, is a strong acid in water.
(e) Compared with a 0.010 M solution of NaNOj, a
0.010 M solution of Mg(NO;), is a better conductor

reduction reactions?
(a) HyCO3(aq) — H,O(1) + COx(g)
(b) 2Li(s) + 2H,0(l) — 2LiOH(aq) + Ha(g)
(c) 4 Ag(s) + PtCly(aq) —> 4 AgCl(s) + Pt(s)
(d) 2HCIO,(aq) + Ca(OH),(aq) —>

2H,0(1) + Ca(ClO,),(aq)

120. Similar to Figure 5-4(c), but using the formulas
HAc, Ac™, and H;0%, give a more accurate represen-
tation of CH3COOH(aq) in which ionization is 5%
complete.

121. Appendix E describes a useful study aid known as
concept mapping. Using the method presented in
Appendix E, construct a concept map illustrating
the different concepts introduced in Sections 5-4, 5-5,
and 5-6.

of electricil
@ Which of the following reactions are oxidation—
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