
4 Reactions in Aqueous Solution

4.1 ๐]2٩2๐น, 342.3; 355 mL

43.0لا2)حج220اا X

.355 L

1 mol 220لا2لح ]
'.126 mol СбН^Об

342.3حج ٠2٩2]ه

= 0.355 M
'.126 mol

molaity =
'.355 L

4.2 с٥н)2٥й, 180.2; NaCl, 58.4; 250.0 mL = 0.2500 L

1 mol C^HijO 6
13 = 0.252 g СбНгОбХ .073 54 mol СбНгОб

180.2gC6H.2O

.073 54 mol

6

СбН.гОб molarity = .2942 M
0.2500 L

Imol NaCl
.686 gNaClx .0117то1 NaCl

58.4gNaCl

.0117то1
NaCl molarity = = 0.0470 M

0.2500 L

4.3 (a) 125mL = 0.125L; (0.20 mol/L)(0.125 L) = 0.025 mol NaHCOj

(a) C27H46O, 386.7; 750 mL = 0.750 L
0.0050 mol C27H46O 3860

4.4

.7gC22H460
X=حجا 022٩ج .750Lx

1 mol C27H46O

Imol C27H46Olx!0-3g
(b) 25mgC27H460 x X

1 mg 386.7gC22H460
1 1 mL

= 13 mL bloodX X

mol 00.005خ4لا22ح  1x!0-3L

M,. X V؛ 3.50Mx75.0mL4.5 MjXV،  =Mf ؛;MfXV = 0.656 M٧ 400.0 mL

MfXVf .500Mx 250.0 mL4.6 MjXVi = MfxVf; V: = 6.94 mL
18.0Μ

РеВгз contains 3 Br" ions. The molar concentration of Br ions = 3 x 0.225 M = 0.675 M.4
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Chapter 4 - Reactions ؛n Aqueous Solution

4.8 (a) Α2Υ is the strongest electrolyte because all the nrolecules have dissociated into ions.
AjX is the weakest because only 1 out of 5 nrolecules have dissociated into Ions,
(b) In a 0.350 M solution of Α2Υ, the molar concentration of A ions = 2 X 0.350 = 0.700 M.
In a 0.350 M solution of AjY, the molar concentration of Y ions = 1 X 0.350 = 0.350 M.
(c) There are 5 AjX molecules initially in the solution. Only one of them is ionized. The
percent ionization = (1/5) X 100% = 20٥/o

4.9 (a) Ionic equation:
2 Ag'(aq)  2 ا N03٠(aq)  2 ؛ Na'(aq) t CrO^^aq) -4 Ag2Cr04(s)  2 ا Na؛(aq) + 2 N03_(aq)
Delete spectator ions from the ionic equation to get the net ionic equation.
Net ionic equation: 2 Ag؛(aq) t CrO^^aq) + Ag2Cr04(s)

4.10 Spectator ions: Ca2' andNOj-
Net ionic equation: Ag'(aq) ؛ Cl-(aq) ->■ AgCl(s)
Molecular equation: 2 AgNOjiaq) اCaCl2(aq) ->■ 2 AgCl(s) t Ca(N03)2(aq)

4.11 Ionic equation:
2 Ag.(aq)  2 ؛ ClOf(aq) + Ca2'(aq)  2 ا Br'(aq) ->  2 AgBr(s) t Ca2'(aq) t 2 C104_(aq)
Delete spectator ions from the ionic equation and reduce coefficients to get the net ionic
equation.
Net ionic equation: Ag؛(aq) t Br_(aq) ->■ AgBr(s)
A precipitation reaction occurs.

4.12 3CaCİ2(aq) + 2Na3P04(aq) -> ^
Ionic equation:
3 Ca2'(aq) t 6 Cĩ(aq)  6 ؛ Na.(aq) t 2 P043-(aq) ٠ Саз(Р04)2(з)  6 ؛ Na'(aq) t 6 Cĩ(aq)
Delete spectator ions from the ionic equation to get the net ionic equation.
Net ionic equation: 3 Ca2'(aq)  2 ؛ P042-(aq) -> Саз(Р04)2(8)

A precipitate results from the reaction. The precipitate contains cations and anions in a
3:2 ratio. The precipitate is Mg3(P04)2٠

4.13

4.14 The precipitate is PbBrj.

■Anion = Br Cation = ?ا)ت٠
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Chapter 4 - Reactions ỉn Aqueous 8o!utỉon

4.15 (a) HI, hydroiodic acid (b) НВгОг, bromous acid

4.16 (a) Н3РО3 (b) ąse

4.17 Ionic equation:
Ca2'(aq)  2 ؛ OH-(aq) + 2 СНзС02Н(а٩) ^ -
Delete spectator ions from the ionic equation and reduce coefficients to get the net ionic
equation.
Net ionic equation: CH3C02H(aq) t OH_(aq) CHCOj^aq) t ^0(1)

Mg2'(aq) t 2 0H_(aq)  2 ا H'(aq) t 2 Cĩ(aq) 4 Mg2'(aq) + 2 Cĩ(aq) t HjO(!)
H'(aq) t OH-(aq) 4 1(0لا)

4.18

4.19 50.0 mL = 0.0500 L
(0.100 mol/L)(0.0500 L) = 5.00 X 10-3 mol NaOH

Imol HSO2 45.00Χ 10-3 mol Na٥Hx =2.50x10-3 mol H2SO4
2 mol NaOH

1 L 1000 mL
2.50 X 10-3 mol H2SO4X 10.0 mLX

0.250 mol HSO2 4 1

4.20 25.0 mL = 0.0250 L; 68.5 mL = 0.0685 L
From the reaction stoichiometry, moles KOH = moles ΗΝΟ3
(0.150 mol/L)(0.0250 L) = 3.75 X 10"3 mol K٥H = 3.75 X 10_3 mol ΗΝΟ3

3.75x10-3 mol
molarity = = 0.0547 M

0.0685 L

4.21 25.0 mL = 0.0250 L; 94.7 mL = 0.0947 L
From the reaction stoiclriometry, moles Na٥H = moles СН3СО2Н
(0.200 mol/L)(0.0947 L) = 0.018 94 mol NaOH = 0.018 94 mol СН3СО2Н

0.018 94 mol
molarity = = 0.758 M

0.0250 L

1Η+ 100 mL

12Η.
Xvoi H' solution = 8 OH" X4.22 = 66.7 mL

10Η-

4.23 (a) SnCl:
(c) VOCI3:
(e) ΗΝΟ3:

Cl -1, Sir 4؛
0 -2, Cl _l,V+5
0 -2, H tl, N ts

(b) СгОз:
(d) ٧20إ:
(f) FeS04:

0 6؛  -2, Cr
0 3؛  -2, V

 +2 0 -2, s .6, Fe

4.24 (a) +2, Cl٥, chloriire monoxide ؛3+  , CI2O3, dichlorine trioxide ؛6؛  , Cl٥3, chlorine
trioxide; +7, CI2O7, dichlorine heptoxide
(b) CI2O7 cannot react with ๐2 because Cl has its maximum oxidation number, +7, and
cannot be further oxidized.
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4.25 4NH(g) 02  5؛ (g) ۶ 4N0(g) + 6^0(1)
The N in ΝΗ3 is oxidized (its oxidation number increases ftom -3 to +2). ΝΗ3 is the
rediicing agent.
Each 0 in Ο2 Is reduced (its oxidation number decreases from 0 to -2). Ο2 is the
oxidizing agent.

4.26 (a) c in CjHjOH oxidized and Cr in К2СГ2О7 gets reduced,
(b) К2СГ2О7 is the oxidizing agent؛ C2H5OH is the reducing agent.

Mg is below Ca in the activity series; therefore NO REACTION.4.27

"Any element higher in the activity series will react with the ion of any element lower in
the activity series."
A + D' ٠ A.'' t D; therefore A is a stronger reducing agent than D.
B'؛D^ B ا D'; therefore D is a stronger reducing agent than B.
C+ + D۴ c t D'-؛ therefore D is a stronger reducing agent than c.
B ؛ c؛ ^ B't C; therefore B is a stronger reducing agent than c.
The net result is A(strongest) > D > B > C(weakest).

4.28

4.29 31.50 mL - 0.031 50 L; 10.00 mL = 0.010 00 L
0.105 mol BrOf 6؛2 mol Fe3 = 1.98x10-2 mol Fe2٠0.031 50Εχ X

1 1 mol BrOf3
1.98x10-2 mol Fe2+ = 1.98M Fe2' solutionmolarity =

0.010 00 L

4.30 14.92 mb = 0.014 92 L

0.100 mol СГ2О7-
2

0
2t 6؛2 mol Fe 55.85 gFe 1000 mg =50.0 mg Fe.014 92 Lx X X

2. 11 L 1 mol Fe1 mol CrO2

(a) Sodium chloride, sodium citrate, and potassium dihydrogen phosphate are strong
electrolytes since they are soluble ionic compounds; citric acid and vitamin Β3 are weak
electrolytes due the presence of the carboxylic acid (COjH) group; and ftuctose is a
nonelectrolyte, (b) Sodium chloride, potassium dihydrogen phosphate, and sodium citrate
replenish electrolytes with important biological functions.

4.31

150 mg = 0.15 g; 35 mg = 0.035 g; 360 mL = 0.36 L
1 mol Na؛ 10

4.32

.15gNa٠x
23gNa.molarity = '.018 M

0.36 L

( )

ImolK.
0.35gK'x

39gK'molarity = 0.0025 M
0.36Ε
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4.33 0.500 L = 500 mL 58.4؛ !,NaC

0.416 mg Na'ZmLx lxl0~2g
1

ImolNaxSOOmLx؛
 mg 23.0gNa٠

ImolNaCl 58.4gNaClX =0.528 gNaClX
ImolNaClImolNa'

4.34 (a) Ba2' (b) 3Bẩ٠(aq)  2ا P٩2-(aq) ^ Ba3(PO,)2(s)

4.35 AgCl, 143.3; I72mg = 0.172g; 100.0 mL = 0.1000 L
ImolAgCl __ 1 mol Cl

143.3 gAgCl ImolAgCl
0.001 20 mol Cl_

0.172 gAgClx =0.001X

Cl_

20 mol Cl-

molarity = = 0.0120 M
O.IOOOL

4.36 35.6 mL = 0.0356 L; 25.0 mL = 0.0250 L
(0.0356 L)(0.0400 mol/L) = 0.001 42 mol NaOH

Imol H3C6H5O70 =4.75 xio^ mol НзСбИО.001 42molNaOHx
3molNaOH

4.75 X 10-4 nrol
HjC^HjO? molarity = 0.0190 M

0.0250 L

Conceptual Problems

The concentration of a solution is cut in half when the volume is doubled. This is best
represented by box (b).

4.37

4.38 (a) 2Na'(aq) t СОз2-(а٩) does not form a precipitate. This is represented by box (1).
BaCr04(s). This is represented by box (2).
Ag2S04(s). This is represented by box (3).

(b) Ba2'(aq) t Cr042-(aq)
(c)2Ag)(aq) + SO،2-(aq)

4.39 In the precipitate there are two cations (blue) for each anion (red). Booking at the ions in
the list, the anion must have a -2 charge and the cation a .1 charge for charge neutrality
of the precipitate. The cation must be Ag' because all Na' salts are soluble. AgjCrO^ and
Ag2C03 are insoluble and consistent with the observed result.

4.40 HY is the strongest acid because it is completely dissociated.
HX is the weakest acid because it is the least dissociated.

4.41 One OH" will react with eacli available H' on the acid forming Η2Ο. The acid is
identified by Irow many of the 12 OH_ react with three molecules of each acid,
(a) Three HP'S react with three OH", leaving nine OH" unreacted (box 2).
(b) Three HjSOj's react witlr six OH", leaving six OH" unreacted (box 3).
(c) Three НзР04'8 react with nine OH", leaving three OH" unreacted (box 1).
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4.42 The concentration in the buret is three times that in the flask. The NaOCl concentration
is 0.040 M. Because the r concentration in the buret is three times the ОСГ
concentration in the flask and the reaction requires 2 I. ions per OCT ion, 2/3 or 67% of
the I" solution from the buret must be added to the flask to react with all of the OCT.

4.43 (a) Ionic equation:
K'(aq) ا Cl_(aq) ؛ Ag'(aq) ا N03_(aq) ^ AgCl(s) t K؛(aq) ؛ N03_(aq)
(b) Ionic equation:
HF(aq) ا K'(aq) t OH_(aq) -ب K٠'(aq) t p-(aq) t ^0(1)
(c) Ionic equation:
Ba2'(aq) t 2 Cĩ(aq)  2 ا Na'(aq) ؛ SO،2-(aq) -> BaS04(s) t 2 Na'(aq) t 2 Cĩ(aq)
Reaction (c) would have the highest initial conductivity because of the 3 net ions for each
BaCİ2 (a strong electrolyte).
Reaction (b) would have the lowest (almost zero) initial conductivity because HF is a
vety weak acid/electrolyte.
Reaction (a) would have an intermediate initial conductivity between that for reactions (b) and (c).
Figure (1) is for reaction (a)؛ figure (2) is for reaction (b); and figure (3) is for reaction (c).

At 4.44؛؛ (a) Sr
At  ا'(b) Si t At'- Si

 tA. ؛Sr

Si'^ Sr' t Si ؛(c) Sr

No reaction.
Reaction would occur.
Reaction would occur.

“Any element higher in the activity series will react with the ion of any element lower in
the activity series.
BLUE t RED) ٠ BLUE' ؛ RED; therefore BLUE is higher than RED.
RED ؛ GREEN' -> RED. ؛ GREEN; therefore RED is higher than GREEN.
The net result is BLUE > RED > GREEN. Because BLUE is above GREEN, the
following reaction will occur: BLUE ؛ GREEN. + BLUE' ؛ GREEN

4.45

Section Problems
Molarity (Section 4.1)

1.200 mol UNO 3 X 0.0350 L = 0.0420 mol UNO4.46 (a) 35.0 mL = 0.0350 L; 3L

0.67 nrol ٧6 ل20٧ؤ
X 0.175L = 0.12mol ;175mL = 0.175L (b)ل٧ج20٧خ

4.47 (a) ٧2 ,0ه٧  46.07; 250.0 mL = 0.2500 L
0.600 mol ٧2٩0

x 0.2500L=0.150 mol ٧20غ٧L
(0.150 mol)(46.07 g/mol) = 6.91 g ๐2٧6๐
(b) Η3ΒΟ3, 61.83; 167 mL = 0.167 L
0.200 mol Η3ΒΟ3

x0.167L= 0.0334 mol Η3ΒΟ;
L

(0.0334 mol)(61.83 g/mol) = 2.07 g Η3ΒΟ3
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4.48 BaCİ2,208.2

IS.OgBaCJx
Imol BaCl2 .0720 mol BaCl2

208.2gBaCl2

l.OL
1.0720 mol X 0.16L=160mL 0.16؛L

0.45 mol

1.00 L4.49 0.0171 mol KOH X .0489 L; 0.0489 L = 48.9 mL
0.350 mol KOH

4.50 100mL = 0.100L 400؛ mg = 0.400  g58.4؛ ,NaCl
ImolNaCl

58.4gNaCl
- '.006 85 mol

0.400gNaClx = 0.006 85 mol NaCl

molarity = '.0685 M
O.IOOL

90 mg = 0.090 g; 100 mL = 0.100  Lم:20,غ 180.2؛,
1 ]لاجح 20ؤ mol

4.51

O.OOOgC^H.^O^x .'mol 50 000الا6ح 20ج
180.2gC6H)20ö

0.000 50 mol = 0.0050Μ = 5.0χ10-3Μmolarity = O.IOOL

1 mol Си
4.52 3.045 g Сих 50.0 mL = 0.0500  L92 0.047؛ mol Си =

63.546 g Си
0.047 92 mol

СиСМОз), molarity = '.958 M
'.0500 L

1 mol Au 1 mL
4.53 (a) 1.0xl0-'ig/mLx mol/L-5.1)؛xl0X

197.' Au 1χ10'3٤
1 mL

(b) l.OxlO-'.g/mLx 3gAu؛xl.3xl02'L=1.3xl0
1x!0-3L

4.54 (a)NaOH,40.0 ؛  500.0 mL = 0.5000 L
40.0gNa٥H1.25 mol NaOH X 0.500 L X = 25.0gNaOHL Imol NaOH

(b) СбН.зОй, 180.2
0.250 mol ابل6ء20ج 180.2gC6H.2O,xl.SOLx = 67.6ёСбН٠20٥L 1 mol СбН٠20б

500 mL = 0.500  L111.0؛ ,CaCİ2
(0.500 L)(0.33 mol/L) = 0.165 mol CaCl

4.55
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lllOgCaCl2
O.lôSmolCaCljX = 18.3gCaCl2

ImolCaCl2

Place 18.3 g of CaCİ2 in a 500 mL volumetric flask and fi ll it to the mark with water.

4.56 CaFj, 78.07; 250 mL = 0.250 L
(0.250 L)(0.100 mol/L) = 0.0250 mol

1 mol CaF٦

ions

78.07 gCaF2

1 mol Cap2
Place 0.976 g of CaFj in a 250 mL volumetric flask and fill it to the mark with water.

21.0250 mol ions X 0.976 gCaF2X
2 mol F'

Dilutions (Section 4.2)

4.57 250.0 mL = 0.2500 L

mass of Zn in penny = (2.482 g)(0.975) = 2.42 g Zn
1 mol Zn

2 .42 gZnx .0370 mol Zn
65.38 g Zn

mol Zn^Oj^ = mol Zn = 0.0370 mol
0.0370 mol

Ζη(Νθ3>2 molarity = 0.148M
'.2500 L

M: X 12.0Mx35.7mL4.58 MfXVf=MjXV;؛ = 1.71MHC1M,
V 250.0 mLf

M. X Vj 0.0913ΜΧ 70.00 mL4.59 MfXVf=MiXV;؛ = 426 mLV f '.0150ΜM

4.60 250 mL

(0.250 L)(0.100 mol/L) = 0.0250 mol Cl" ions
2 mol Cl"

'.250L

Cl" molarity = 3.00 MCaCljX 6.00 MCI-
Imol CaCl

M. xV 0f .!00Mx 250mL
M٢xVf=MjXV;؛ V: = =4.17mL

6.00 M

Using a 10 mL graduated cylinder, measure out 4.17 mL of 3.00 M CaClj solution. Pour
the 4.17 mL into a 250 mL volumetric flask and fi ll it to the mark with water.

M:

M^xVf 0.150Mx 250mL4.61 M٢xVf=MiXV¡; V. = 12.5 mL
3.00 M

fjsing a 25 mL graduated cylinder, measure out 12.5 mL of 3.00 M CaCİ2 solution. Pour
the 12.5 mL into a 250 mU volumetric flask and fill it to the mark with water.

M.
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Electrolytes (Section 4.3)

4.62 (a) strong electrolyte, bright (b) nonelectrolyte, dark (c) weak electrolyte, dim

4.63 (a) weak electrolyte, dim (b) strong electrolyte, bl'ight (c) nonelectrolyte, dark

4.64 Ba(OH)2 is soluble in aqueous solution, dissociates into Ba2+(aq) and 2 OH"(aq), and
conducts electricity. In aqueous solution, H2SO4 dissociates into H'(aq) and HS04_(aq).
H2SO4 solutions conduct electricity. When equal molar solutions of Ba(OH)2 and H2SO4
are mixed, the insoluble BaSO^ is formed along with two HjO. In water, BaSƠ4 does not
produce any appreciable amount of ions and the mixture does not conduct electricity.

Η2Ο is polar and a good H' acceptor. It allows the polar HCl to dissociate into ions in
aqueous solution: HCl t Η2Ο ^  اه3لا ؛ Cl'.
CHCI3 is not very polar and not a H' acceptor and so does not allow the polar HCl to
dissociate into ions.

4.65

4.66 (a) HBr, strong electrolyte
(c) NaC104, strong electrolyte
(e) ΝΗ3, weak electrolyte

(b) HF, weak electrolyte
(d) 03ح2)4لاس , strong electrolyte
(f) C2H5OH, nonelectrolyte

4.67 It is possible for a molecular compound to be a strong electrolyte. For example, HCl is a
molecular compound when pure, but dissociates completely to give Η+ and Cl" ions when
it dissolves in water.

4.68 (a) K2CO3 contains 3 ions (2 K' and 1 СОз؛-).
Tlie molar concentration of ions = 3 x 0.750 M = 2.25 M.
(b) AICI3 contains 4 ions (1 Al3٠ and 3 Cl).
The molar concentration of ions = 4x 0.355 M = 1.42 M.

4.69 (a) СН3ОН is a nonelectrolyte. The ion concentration ftom СН3ОН is zero,
(b) HCIO4 is a strong acid.
HC104(aq) ٠ Htyaq) + C104_(aq)
In solution, there are 2 moles of ions per mole of HCio
The molar concentration of ions = 2 X 0.225 M = 0.450 M

4-

4.70 500 тТ = 0.500  L111.0؛ ,CaCİ2 74.6؛ ,KCl 58.4؛,NaCl

4.30gNaC!x
1 mol NaCl = 0.0736 mol NaCl
58.4gNaCl
Imol KCl

O.lSOgKClx = 0.002 01 mol KCl
74.6 gKCl

Imol CaCl2
0.165gCaCİ2X = 0.001 49 mol CaCl2

lll.OgCaCl2

"2(0.001 49 mol) = 0.0786 mol Cl  0.0736؛ mol + 0.002 01 mol
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0.0736 mol
Na' molarity = 0.147Μ

0.500 L
0.001 49mol

Ca2'molarity = = 0.002 98 M
0.500 L

0.002 01 mol
К. molarity = = 0.004 02 M

0.500 L
0.0786 mol

Cl molarity = = 0.157Μ
0.500 L

100.00 mL = 0.100 00  L109.95؛ ,Lİ2SO4 163.94؛ ^,NajPO 142.04؛ ,Na2S04
1 mol N82804

0

4.71

.550 gNa2804X = 0.003 872 mol NaSO^
142.04 g N82804

1 mol Na٦P03 4
1.188 gN83P04X = 0.007 247 mol

163.94 g №04?و
1 mol LISO2 4

0.223 gLİ2SO4X = 0.002 028 mol Lİ2SO,4
109.95 g Lİ2SO4

(2 X 0.003 872 mol) t (3 X 0.007 247 mol) = 0.295 MNa. molarity =
0.100 00 L

2 x 0.002 028 mol
Li' molarity = = 0.0406 M

0.100 00 L

(1 X 0.003 872 mol) t (1 X 0.002 028 mol)
SO42-molarity = = 0.0590 M

0.100 00 L
lx 0.007 247 mol

molarity-إ04? = 0.0725 M
0.100 00 L

Net Ionic Equations and Aqueous Reactions (Sections 4.4Α.5)

(c) acid-base neutralization4.72 (a) precipitation (b)redox

(c) acid-base neutralization4.73 (a) redox (b) precipitation

4.74 (a) Ionic equation:
Hg2'(aq) ١ 2 N03_(aq) t 2 Na'(aq) t 2 ĩ(aq) ٠ 2 Na.(aq)  2 ا N03_(aq) ؛ HgKs)
Delete spectator ions from the ionic equation to get the net ionic equation.
Net ionic equation: Hg2'(aq) t 2 L(aq) Hgl(s)

Heat

(b)2HgO(s)-2Hg(l) + 02(g)
(c) Ionic equation:
НзР04(а٩) t 3 K'(aq) t 3 OH-(aq) -4 3 K'(aq) ؛ P043-(aq) + 3 1(0ةلا)
Delete spectator ions from the ionic equation to get the net ionic equation.
Net ionic equation: НзР04(а٩) t 3 OH_(aq) (3H20(l(؛P043-(aq

Copyright © 2020 Pearson Education, Inc.80



Chapter4-ReactionsinAqueousSolution

へ 4．75 (a)S8(s)+802(9)→8SO2(9)
(b) Ionicequation:

Ni2+(aq)+2Cl-(aq)+2N"(aq)+S2~(aq)→NiS(s)+2Na〒(aq)+2Cl~(aq)
Deletespectatorionsfifomtheionicequationtogetthenetionicequation.
Netionicequation:Ni2+(aq)+S2-(aq)→NiS(s)
(c) Ionicequation:

2CH3CO2H(aq)+Ba2+(aq)+20H-(aq)→2CH]CO2~(aq)+Ba2+(aq)+2H20(1)
Deletespectatorions廿omtheionicequationtogetthenetionicequation.
Netionicequation:CH]CO2H(aq)+OH~(aq)→CH3CO2~(aq)+H20(1)

PrecipitationReactionsandSolubilityGuidelines(Section4.6)

4.76 (a)PbSO". insoluble (hlRn｢NO_1_ Qnl,,hIP(a)PbSO4,insoluble (b)Ba(NO3)2、／

(c)SnCO3, insoluble
,soluble

(d) (NH4)3PO4,soluble

4．77 (a)ZnS,insoluble

(c)PbCl2,insoluble(solubleinhotwater)

、
、
ｌ
〃
ノ
、
Ⅱ
リ
ノ

ｂ

ｄ

ｌ

~

Au2(CO3)3,insoluble
Na,S,soluble~

4.78 (b)Fe2+(aq)+20H-(aq)→Fe(OH)2(s)
(d)Noprecipitatewillfbnn.

(a)Noprecipitatewillfbnn.

(c)Noprecipitatewillfbnn.

Mn2+(aq)+S2-(aq)→MnS(s)
Noprecipitatewillfbrm.

3Hg2+(aq)+2PO43-(aq)→Hg3(PO4)2(s)
Ba2+(aq)+20H~(aq)→Ba(OH)2(s)

4．79 (a)

(b)

(c)

(d)

へ

4．80 (a)0.10MLiNO3willnotfbrmaprecipitate.
(b)BaSO4(s)willprecipitate. (c)AgCl(s)willprecipitate.

4.81 (a)Mg(OH)2(s)willprecipitate

(c)Fe(OH)2(s)willprecipitate.
(b)0.10MNH4Brwillnotfbrmaprecipitate.

4.82 Pb(NO3)2(aq)+Na2SO4(aq)→PbSO4(s)+2NaNO3(aq)
3MgCl2(aq)+2K3PO4(aq)→Mg3(PO4)2(s)+6KCI(aq)
ZnSO4(aq)+Na2CrO4(aq)→ZnCrO4(s)+Na2SO4(aq)

(a)

(b)

(c)

4.83 AICl3(aq)+3NaOH(aq)→Al(OH)3(s)+3NaCl(aq)
Fe(NO3)2(aq)+Na2S(aq)→FeS(s)+2NaNO3(aq)
CoSO4(aq)+K2CO](aq)→CoCO3(s)+K2SO4(aq)

(a)

(b)

(c)L

Ag(aq)+NO3~(aq)+H~(aq)+CI~(aq)→AgCl(s)+H+(aq)+NO3~(aq)

molCl-=30.0mLx 'x'0~3LxO・150mol/L=0.00450mol

4．84

ImL

lxlO-3L
へ

molAg+=25.0mLx x0.200mol/L=0.00500mol
lmL
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へ

BecausethemoleratiobetweenAg+andCl-isltol,Cl-isthelimitingreactantbecause
itisthesmallermolquantity.0.00450molofAgClisproduced.

AgCl, 143.3; massAgCl=0.00450molAgClx1433"gg'=0645gAgC!
lmolAgCl

Ba2+(aq)+2Cl-(aq)+2N"(aq)+CO32~(aq)→BaCO3(s)+2Na+(aq)+2Cl~(aq)

molCO32-=400mLJ¥'0=3LxO｣50mol/L=000600mo!
1mL

molBa2+=55.0mLx 'x'0~3LxO.100mol/L=0.00550mol

4.85

lmL

BecausethemoleratiobetweenBa2+andCO32~isltol,Ba2+isthelimitingreactant
becauseitisthesmallermolquantity.0.00550molofBaCO3isproduced.
BaCO3, 197.3

197.3gBaCO、
。=1.09gBaCO3massBaCO3=000550molBaCO"!mo｢BaCO,
』

AddHCl(aq)9 itwillselectivelyprecipitateAgCI(s).

AddNa2SO4(aq);itwillselectivelyprecipitateBaSO4(s).

4.86

4．87

‘へ

Ag+iseliminatedbecauseitwouldhaveprecipitatedasAgCl(s);Ba2+iseliminated
becauseitwouldhaveprecipitatedasBaSO4(s).ThesolutionmightcontainCs+and/or
NHj.NeitherofthesewillprecipitatewithOH,SO42~,orCl~.

4．88

Cl~iseliminatedbecauseitwouldhaveprecipitatedasAgCl(s).OH~iseliminated
becauseitwouldhaveprecipitatedaseitherAgOH(s)orCu(OH)2(s). SO42-iseliminated
becauseitwouldhaveprecipitatedasBaSO4(s). ThesolutionmightcontainNO3-
becauseallnitratesaresoluble.

4．89

Hg22+(aq)+2Cl-(aq)→Hg2Cl2(s)
Pb"(aq)+SO42-(aq)→PbSO4(s)
Ca2-(aq)+CO32-(aq)→CaCO3(s)
Ba2+(aq)+SO42-(aq)→BaSO4(s)

AddHCltoprecipitateHg2Cl2.

AddH2SO4toprecipitatePbSO4.

AddNa2CO3toprecipitateCaCO3
AddNa2SO4toprecipitateBaSO4.

4.90 (a)

(b)

(c)

(d)

Ag+(aq)+Cl-(aq)→AgCI(s)
Ni2+(aq)+3-(aq)→NiS(s)
Ca2f(aq)+CO32-(aq)→CaCO3(s)
Mg2+(aq)+20H~(aq)→Mg(OH)2(s)

AddAgNO3toprecipitateAgCl.
AddNiCl2toprecipitateNiS.

AddCaCl2toprecipitateCaCO3.

AddMgCl2toprecipitateMg(OH)2

4.91 (a)

(b)

(c)

(d)

100.0mL=0.1000Land50.0mL=0.0500L

molNa2SO4=(0.1000L)(0.100mol/L)=0.0100molNa2SO4
molSO42~=molNa2SO4=0.0100molSO42-

2molNa+
-0.0200molNa+

molNa÷=00100mOlNa2SO4xIImmO4

4．92

へ
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mol ZnClj = (0.0500 L)(0.300 molZL) = 0.0150 mol ZnCl
mol Zn2' = mol ZnClj = 0.0150 mol Zn2'

2 mol Cl

2

mol Cl" = 0.0150 mol ZnClj X =0.0300 mol Cl"
ImolZnCl2

mol Ba(CN)2 = (0.1000 L)(0.200 mol/L) = 0.0200 mol Ba(CN):
mol Ba2٠ = mol Ba(CN)2 = 0.0200 mol Ba2٠

2 mol CN"

Imol Ba(CN)2
The following two reactions will take place to form precipitates.
Zn2'(aq)  2ا CN_(aq) -y Zn(CN)2(s)
Ba2'(aq) ؛ S042-(aq) -y BaS04(s)

For Zn2', mol CN" needed = 0.0150 mol Zn2+ X

mol CN- = 0.0200 mol Ba(CN)2 X =0.0400 mol

2 mol CN" =0.
2

CN"

0300 mol CN- needed
+1 mol Zn

CN" is in excess, so Zn2٠ is the limiting reactant and is totally consumed,
mol CN“ remaining after reaction= 0.0400 mol - 0.0300 mol = 0.0100 mol CN"
For Ba2٠, mol SO42- needed = mol Ba2' = 0.0200 mol s٥42- needed
Ba2؛ is in excess, so 8همث- is the limiting reactant and is totally consumed,
mol Ba2' remaining after reactioir = 0.0200 mol - 0.0100 mol = 0.0100 mol Ba
total volume = 0.1000 L 0.0500  ؛ L t 0.1000 L = 0.2500 L
[Zn2') = (8042-^=0

0.0200 mol

2

؛) 0

.

=^a = .0800 M
0.2500 L

0.0300 mol
[Cl-] = = 0.120 M

0.2500 L
0.0100 mol

[CN-] = = 0.0400 M
0.2500 L

0.0100 mol
[Ba2٠] = = 0.0400 M

0.2500 L

4.93 ΚΝΟ3, 101.10; BaCİ2, 208.24; NaCl, 58.44; BaS04, 233.40; AgCl, 143.32
(a) The two precipitates are Ba8٥4(s) and AgCl(s).
(b) H2SO4 only reacts with BaCİ2٠
H2S٥4(aq) t BaCKaq^ y Ba804(s) t 2 HCl(aq)
Calculate the number of moles of BaClj in 100.0 g of the mixture.

1 mol BaSo 1 mol BaCl4 2
mol BaClj = 67.3 g BaS04 X = 0.288 mol BaClX 2

233.40gBaSO.4 1 mol BaSO4

Calculate mass and moles of BaCİ2 in 250.0 g sample.
208.24gBaCl 20 50.0 gmass BaCl .288 mol BaCİ2 X = 150. gBaClX2 2Imol BaCl

1 mol BaCl2

100.0 g2

mol BaCİ2 = 150. g BaClj X = 0.720 mol BaCl2
208.24gBaCl

AgNOj reacts with both NaCl and BaCİ2 in the remaining 150.0 g of the mixture.
2
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3AgN03(aq) t NaCl(aq) t BaC!2(aq)

Calculate the moles of AgCl that would have been produced fì'om the 250.0 g mixture.

1 mol AgCl

3AgC!(s) ا NaN٥3(aq) ا Ba(N03)2(aq

250.0
mol AgCl = 197 = 2X

)

.6 g AgCl X .30 mol AgCl
143.32gAgCl

m0İAgCl = 2x(m0İBaCİ2) t molNaCl
Calculate the moles and mass of NaCl in the 250.0  g mixture.
2.30 mol AgCl = 2 X 0.720 mol BaCİ2 t molNaCl
mol NaCl = 2.30 mol - 2(0.720 mol) = 0.86 mol NaCl

58.44gNaCl

150.0

mass NaCl = 0 = 50.86 mol NaCl X . gNaCl
ImolNaCl

Calculate the mass of ΚΝΟ3 in the 250.0 g mixture,
total mass = mass BaClj t massNaCl ؛ mass ΚΝΟ3
250.0 g= 150. gBaCİ2 50 ؛ . gNaCl t mass ΚΝΟ3
massKN03= 250.0 g-150. gBaCİ2 - 50.gNaCl = 50.gKN٥3

Acids, Bases, and Neutralization Reactions (Section 4.7)

Add the solution to an active metal, such as magnesium. Bubbles of Hj gas indicate the
presence of an acid.

4.94

We use a double arrow to show the dissociation of  a weak acid or weak base in aqueous
solution to indicate the equilibrium between reactants and products.

4.95

2 H'(aq) 12 C104_(aq) t Ca2'(aq)  t (a)؛ 2 )1(0ةلا  2 OH_(aq) -> Ca2'(aq) t 2 C104-(aq)
l))aq) + H2٥ aN٩(؛ (؛а(СНзС02٠  ٠(aq) t OH-(aq٠aN')؛(b) СНзС02Н(а٩)

)!( 2 Br_(aq) t 2 ąo  2؛aC؛)qa(
)!(Ba2'(aq) t 2 N03_(aq) t 2 НзО ،ب

(a) 2 H'(aq) t 2 Br-(aq) t Ca2'(aq) ( 2 ٥H-(aq) -
(b) Ba2'(aq) + 2 OH_(aq) t 2 H'(aq)  2 ؛ NOj^aq)

4.96

4.97

4.98 (a) LiOH(aq) ؛ Hl(aq) ^ Lil(aq) t ąo(!)
Ionic equation: LC(aq) + OH(aq) + H+(aq) ؛ I(aq)  ^ Li؛(aq) ؛ I_(aq) + 1(ه2لا)
Delete spectator ions ftom the ionic equation to get the net ionic equation.
Net ionic equation: H'-(aq) ؛ OH'(aq) -> 1(ه2لا)
(b) 2 HBr(aq) ٠ Ca(OH)2(aq) ٠ СаВгг(а )٩ ا 2  Η,Ο(!)
Ionic equation:
2 H'(aq)  2 ا Br_(aq) ا C٠a2'(aq)  ٥ 2ا H_(aq) ۶ Ca2'(aq) t 2 Br_(aq) t 2 แ2อ(1)
Delete spectator ions from the ionic equation to get the net ionic equation.

Net ionic equation: H'(aq) + OH'(aq) + ąo(!)

4.99 (a) 2 Ре(ОН)з(з) t 3 H2S04(aq) ۶ Ре2(804)з(а٩) t 6 1(ه2لا)
Ionic equation and net ionic equation are the same.
2 Ре(ОН)з(з) t 3 H'(aq)  3 ؛ HS04_(aq) -> 2 Fe3؛(aq) + 3 S042-(aq)  ؛6 1(0ةلا )
(b) HC103(aq)tNaOH(aq) -> NaC!٥3(aq) t ٩0(1)
Ionic equation H'(aq) t С10з٠(а٩) t Na.(aq) ا OH_(aq) Na'(aq) t С10з"(а )٩ ؛  HjO(!)
Delete spectator ions from the ionic equation to get the net ionic equation.
Net ionic equation: H'(aq) t OH(aq) + HjO(!)
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へ

SolutionStoichiometryandTitration(Sections4､8-4.9)

4.100 2HBr(aq)+K2CO3(aq)→2KBr(aq)+CO2(9)+H20(1)
K2CO3, 138.2; 450mL=0.450L

0.500molHBrxO.450L=0.225molHBr
L

Uno!WM｣382:W3=155gK2CO30.225molHBrx 4 3x
2molHBr lmolK2CO3

4.101 2C4H,oS+NaOCl→C8H18S2+NaCl+H20
C4H,oS,90.19; 5.00mL=0.00500L

0.0985molNaOCIx0.00500L=4.925x10斗molNaOCl
L

2molC4H,oS_90.19gC4H,oS
4.925xlO-4molNaOCIx--~~~- -4~~'"x =0.0888gC4H,oS

lmolNaOCl lmolC4H,oS

4.102H2C204,90．0

3.225gH2C204x
lmolH2C204 __ 2molKMnO4

X =0.0143mOlKMnO4
90．0gH2C204 5molH2C204
1L
=0.0572L=57.2mL0.0143molx

二、
0.250mol

4.103H2C204,90.0;400.0mL=0.4000L; 25．0mL=0.0250L

W¥3-0,33m｡,H2C204120gH2C204"900g"Oi

mol諏ity=脇肝1=0.333MH2C204
H2C204(aq)+2KOH(aq)→K2C204(aq)+2H20(1)

0333m91C2H20~~00250L=000832molH2C204
L

2molKOH=0.0166molKOH
000832mollIAO4~ITHMZ4

1L
0.0166molx =0.166L; 0.166L=166mL

0.100mol

4.104 (a)LiOH(aq)+HBr(aq)→LiBr(aq)+H20(1)
25.0mL=0.0250Land75.0mL=0.0750L

(0.240mol/LLiOH)(0.0250L)=0.00600molLiOH

(0.200mol/LHBr)(0.0750L)=0.0150molHBr
HBrandLiOHreactinaonetoonemoleratio.

~昼

molHBrlefiover=0.0150molHBr-0.00600molLiOH=0.0090molHBr

CopyrightC2020PearsonEducation,Inc. 85



Chapter4-ReactionsinAqueousSolution

KOH(aq)+HBr(aq)→KBr(aq)+H20(1)
HBrandKOHreactinaonetoonemoleratio.

0.0090molKOHwillneutralizethesolution.

mgl=0.0090molKoH=00090L=9.0mLKoHvolume=&"､'"=
M 1.00mol/L

へ

(b)HCl(aq)+NaOH(aq)→NaCI(aq)+H20(1)
45.0mL=0.0450Land10．0mL=0.0100L

(0.300mol/LHCl)(0.0450L)=0.0135molHCl

(0.250mol/LNaOH)(0.0100L)=0.00250molNaOH
HClandNaOHreactinaonetoonemoleratio.

molHCllefiover=0.0135molHCl-0.00250molNaOH=0.0110molHCl

KOH(aq)+HCl(aq)→KCl(aq)+H20(1)
HClandKOHreactinaonetoonemoleratio.

0.0110molKOHwillneutralizethesolution.

mgl=0.0110molKoH=0.0110L=1LomLKoHvolume=L=a=
M l.00mol/L

4.105 (a)HNO3(aq)+KOH(aq)→KNO3(aq)+H20(1)
100.0mL=0.1000Land400.0mL=0.4000L

（0.160mol/LHNO3)(0.1000L)=0.0160molHNO3

(0.100mol/LKOH)(0.4000L)=0.0400mOlKOH

HNO3andKOHreactinaonetoonemoleratio.
molKOHlefiover=0.0400molKOH-0.0160molHNO3=0.0240molKOH

HCl(aq)+KOH(aq)→KCl(aq)+H20(1)
HClandKOHreactinaonetoonemoleratio.

0.0240molHClwillneutralizethesolution.

mgl=0.0240molHCl=00120L=12．0mLHClvolume====
M 2.00mol/L

へ

(b)NaOH(aq)+HBr(aq)→NaBr(aq)+H20(1)
350.0mL=0.3500Land150.0mL=0.1500L

(0.120mol/LNaOH)(0.3500L)=0.0420molNaOH

(0.190mol/LHBr)(0.1500L)=0.0285molHBr
NaOHandHBrreactinaonetoonemoleratio.

molNaOHleftover=0.0420molNaOH-0.0285molHBr=0．0135molNaOH

HCl(aq)+NaOH(aq)→NaCl(aq)+H20(1)
HClandNaOHreactinaonetoonemoleratio.

0.0135molHClwillneutralizethesolution.

mgl=0.0135molHq=000675L=6.75mLHClvolume=""､~'"=
M 2.00mol/L

4.106 (a)HBr(aq)+KOH(aq)→KBr(aq)+H20(1)
50.0mL=0.0500Land30.0mL=0.0300L

(0.100mol/LHBr)(0.0500L)=0.00500molHBr

″~
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へ
(0.200mOl/LKOH)(0.0300L)=0.00600molKOH

HBrandKOHreactinaonetoonemoleratio.Theresultingsolution
thereisanexcessofKOH.

isbasicbecause

(b)2HCl(aq)+Ba(OH)2(aq)→BaCl2(aq)+2H20(1))
100.0mL=0.1000Land75mL=0.0750L

(0.0750mol/LHCl)(0.1000L)=0.00750molHCl

(0.100mol/LBa(OH)2)(0.0750L)=0.00750molBa(OH)2

lU'o!WF)2=000375molBa(OH)2needed0.00750molHClx
2molHCl

TheresultingsolutionisbasicbecausethereisanexcessofBa(OH)2.

4.107 (a)HCIO4(aq)+NaOH(aq)→NaCIO4(aq)+H20(1)
65.0mL=0.0650Land40.0mL=0.0400L

(0.0500mol/LHCIO4)(0.0650L)=0.00325molHClO4
(0.0750mol/LNaOH)(0.0400L)=0.00300molNaOH

HCIO4andNaOHreactinaonetoonemoleratio.Theresultingsolutionisacidic
becausethereisanexcessofHClO4.

且

(b)2HNO3(aq)+Ca(OH)2(aq)→Ca(NO3)2(aq)+2H20(1)
125.0mL=0.1250Land90.0mL=0.0900L

(0.100mol/LHNO3)(0.1250L)=0.0125molHNO3
(0.0750mol/LCa(OH)2)(0.0900L)=0.00675mOlCa(OH)2

l､mol ､CW)2=000625molCa(OH)2needed00125molHNO3x2mo｣HNOj
TheresultingsolutionisbasicbecausethereisanexcessofCa(OH)2.

へ

OxidationNumbers(Section4・10)

4.108 (a)

(c)

(e)

NO2

COCl2

KCIO3

４

５

＋

＋

Ｃ

ａ

判
訓
刊

ｌ

Ｎ

Ｃ

Ｋ

２
２
２

－

一

一

Ｏ

Ｏ

Ｏ

け
⑩
０

１
く
１

フ

ー

ｌ

皿
皿
一
皿

0-2,S+6

Cl-1,H+1,CO

O-2,H+1,N+5

4.109 (a)VOCl3
(b)CuSO4
(c)CH20

(d)Mn207
(e)OsO4

(f)H2PtCl6

２
２
２
２
２
１

’

｜

’

一

一

一
ｌ

Ｏ

Ｏ

Ｏ

Ｏ

Ｏ

Ｃ

CI -1,

S+6,

H+1,
Mn+7

0s+8

H+1,

V+5

Cu+2

CO

Pt+4

SO32-
NO2-
AsO43-

’

７

』

３

４

－

Ｏ

Ｏ

Ｏ

１

１

２

ｒ

Ｃ

Ｃ

Ｂ

4.110 (a)

(c)
(e)

５

３

１

＋

＋

＋

１

ｒ

Ｃ

Ｃ

Ｂ

２

２

２

－

一

一

Ｏ

Ｏ

Ｏ

(b)

(d)

(0

４
‐
へ
ｊ
毎
コ

＋

＋

＋
Ｓ

Ｓ

Ｎ

Ａ

２

２

２

－

一

一

Ｏ

Ｏ

Ｏ

卜

~、
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二、

H+1,

S+2

N+5

Mn+6

H+1,

V+5

Cr+34.111 (a)

(b)

(c)

(d)

(e)

(f)

Cr(OH)4-

S2032-
NO3-

MnO42-
HPO42-
V2O74-

９

７

Ｑ

〆

９

３

９

２

２

２

２

２

２

一

一

一

一

一

一

Ｏ

Ｏ

Ｏ

Ｏ

Ｏ

Ｏ

P+5

4.112 (a)+1,N20,nitrousoxide;+2,NO,nitricoxide;+4,N204,dimtrogentetroxide;+5,
N205,dinitrogenpentoxide
(b)N205cannotreactwithO2becauseNhasitsmaximumoxidationnumber,+5,and
cannotbeUrtheroxidized.

(a) tetraphosphorushexoxide,P406,Poxidationnumber=+12/4=+3
tetraphosphorusdecoxide,P40,0,Poxidationnumber=+20/4=+5
(b)P406,becauseithasthelowerPoxidationnumber.

4．113

RedoxReactionS(Section4.11)

4.114Thebestreducingagentsareatthebottomleffoftheperiodictable.Thebestoxidizing
agentsareatthetoprightoftheperiodictable(excludingthenoblegases).

Themosteasilyreducedelementsintheperiodictableareinthetop-rightcorner,

excludinggroup8A.

Themosteasilyoxidizedelementsintheperiodictableareinthebottom-leftcorner

4．115
得、

Anoxidizingagentgainselectrons.

Areducingagentloseselectrons.

Asubstanceundergoingoxidationloseselectrons.

Asubstanceundergoingreductiongainselectrons.

4.116 (a)

(b)

(c)

(d)

Inaredoxreaction,theoxidationnumberdecreasesfbranoxidizingagent.

Inaredoxreaction,theoxidationnumberincreasesfbrareducingagent.

4.117 (a)

(b)

(c)

(d)

Inaredoxreaction,theoxidationnumberincreasesfbrasubstanceundergoingoxidation.

Inaredoxreaction,theoxidationnumberdecreasesfbrasubstanceundergoingreduction.

(a)Ca(s)+Sn"(aq)→Ca2÷(aq)+Sn(s)
Ca(s)isoxidized(oxidationnumberincreasesfifomOto+2).

Sn2+(aq)isreduced(oxidationnumberdecreaSesfifom+2toO).
(b) ICl(s)+H20(1)→HCI(aq)+HOI(aq)

Nooxidationnumberschange・Thereactionisnotaredoxreaction.

4.118

4.119 (a)Si(s)+2Cl2(9)→SiCl4(l)
Si(s)isoxidized(oxidationnumberincreases廿omOto+4).

Cl2(9)isreduced(oxidationnumberdecreases廿omOto-1).
(b)Cl2(9)+2NaBr(aq)→Br2(aq)+2NaCl(aq)
Br-(aq)isoxidized(oxidationnumberincreasesfrom-1toO)

Cl2(9)isreduced(oxidationnumberdecreases廿omOto-1).

淳一
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Activity Series (Section 4.12)

4.120 (a) Zn is belowNa؛؛ therefore no reaction,
(b) Pt is below Η+; therefore no reaction,
(c) An is below Ag'؛ therefore no reaction,
(d) Ag is above Au^'; the reaction is Au3'(aq)  3ا Ag(s) -> 3 Ag'٠(aq) t Au(s).

4.121 Sr is more metallic than Sb because it is in the same period and to the left of Sb on the
periodic table. Sr is the better reducing agent.
2 Sb3٠(aq) t 3 Sr(s) ٠ 2 Sb(s) t 3 s^؛(aq) will ОССШ, the reverse will not.

4.122 (a) “Any element higher in the activity series will react with the ion of any element lower
in the activity series.”
AtB. A'. ؛ B; therefore A is higher than B.
c+ + D > no reaction; therefore c Is higher than D.
B + D٢ + B.+D; therefore Bis higher than D.
B + €د -> B" ا C; therefore Bis higher than c.
The net result is A > B > c > D.
(b) (1) c is below A'.; therefore no reactioir.

(2) D is below A.; therefore no reaction.

4.123 (a) “Any element liigher in the activity series will react with the ion of any element lower
in the activity series.”
2Α + β2 ؛ ^ 2  Α+ ؛ B; therefore A is higher than B.
Β + ٥2؛ ->■ ß2٠ Í D; therefore B is higher than D.
A'tC  حملا no reaction; therefore A is higher than c.
2 c + ß2٠  ٠ 2 C't B; therefore c is higher than B.
The net result is A > c > B > D.
(b) (1) D is below A'; therefore no reaction.

(2) c is above .2-'; therefore tlie reaction will occur.

Redox Titrations (Section 4.13)

4.124 l2(aq) + 2S2032-(aq) S40٥2-(aq) + 2I-(aq);
1 mol L

35.20 mL = 0.032 50 T

253.SgI2
0

0.150 mol SOf-320.035 20 Tx .670 glX X 2T 2 Imoll2 mol sof-2 2

2
2 mol 8λΟ;321 mol I.

= 1.959 X 10"2 mol S2O32-4.125 2.486 glx X
253.8 gl

1.959xl0-2molx_

2 Imoll2

1 1 mT
-78.4mTX

0.250 mol .31 10'X

4.126 46.99 mT = 0.046 99 T; 50.00 mT = 0.050 00 T
(0.2004 mol/T Cr2Ơ72-)(0.046 99 L) = 0.009 417 mol СГ2О72-
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6 mol Fe2'
0.009 417 mol Сг20?2-Х

2+.056 50 mol Fe

1 -؛ mol СггО
0.056 50 mol

[Fe2؛٠ -1.130Μ
0.050 00 L

4.127 FeSO،, 151.9 ؛  18.72 mL = 0.018 72 L
(0.1500 mol/L CrO^^ÍO.OlS 72 L) = 0.002 808 mol СГ2О72-

1 mol FeSO6 mol Fe2٠ 4 151.9 g FeSO4
1.002 808 mol СГ2О72- X = 2.559 gFeSƠ4X X

1 mol FeSo1 mol Fe2٠1 mol Cr٦0;"2 4

4.128 3 НзАз٥з(а )٩ ؛  ВгОз"(а٩) -> Br"(aq) t 3 НзА80،(а٩)
22.35 mL = 0.022 35 L and 50.00 mL = 0.050 00 L

0.100 mol Br07 3 mol H١AsO3 3 = 6.70 X 10_إ mol H,AsO30.022 35 Lx X 3
1 mol BrO,"3

6.70 xl0_2 mol
molarity = '.134MAs(III)

0.050 OOL

4.129 AS2O3, 197.8; 28.55 mL = 0.028 55 L

1 mol As20j

197.84gAs2٥3

= 5.223 X 10.5 mol ВгОз"; KBrOj molarity =

2 mol Hi33
l.SSOgAsjOjX X

1 mol A

1 mol BrOL3sO3
X

s٦0 3 mol H٦As٥

5.223 xl0_5 mol
2 3 3

.1829 M
0.028 55 L

Sn2'(aq) » 2Fe2٠(aq) t Sn4'(aq);
0.1015 mol Sn 2molFe3+2.

4.130 2 Fe3'(aq)t

0.013 28 Lx

13.28 mL = 0.013 28 L

55.845 gFe
3+

(
؛3

.1506gFeXX
؛2 1؛3 mol Sn 1 mol Fe

0.1506g X 100% = 80.32%mass%Fe
0.1875 g

23.84 mL = 0.023 84  L4.131, 159.69؛ РезОз
1 mol Fe2Ơ3 2

1 X
2+3+ 1 mol Sn mol Fe 2..009 302 mol Sn.4855 gFe2Ơ3X X

1 mol FeO2 2 mol Fe 5+159.69gFs203
0.009 302 mol

3

รท2' molarity = .3902 M
0.023 84 L

 ^0)1(11 16 H'(aq)-4 2 c٥2(g) + 4 Cr3'(aq)  t 4.132)؛ C2H50H(aq) + 2 Сгг072-(а٩
8.76 mL = 0.008 76  Lلا05لآ2ح46.1؛,
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20.049 88molCrO٦2 Imol CoHcOH2 5 46.1gC2٩OH0.008 76 Lx X
L 2 mol Imol CHOH2

= 0.0101لا0ذلا2حج 
0.0101 gmass ٥/٥ C2H5OH X 100٠/٥ = 0.101%
10.002 g

4.133 21.08 mL = 0.021 08 L

9.88x10-4 mol МПО4- 5 4ه2ء2لآ  mol 2٠ 1؛2 mol Ca 40.08 gCa0.021 08 Lx X X

1 4ه2ء2لا  mol 2٠1 mol Ca2 mol MnOL4
= 0.002 09 g = 2.09 mg

Multiconcept Problems

4.134 Let X equal the mass of benzoic acid and Y the mass of gallic acid in the 1.00 g mixture.
Therefore, ب
Because both acids contain only one acidic hydrogen, there is a 1 to 1 mol ratio between
each acid and Na٥H in the acid-base titration.
In the titration, mol benzoic acid t mol gallic acid = mol NaOH.

1 mol BA ^
122gBA

1 mol GATherefore, X X = mol NaOHX
170gGA

0.500 nrolNaOH
X

lx 10-3 Lmol NaOH == 14.7 mL X = 0.00735 mol NaOH
1 mL 1 L

We have two unknowns, X and Y, and two equations.
X؛Y=1.00g

1 mol BA ٠
122gBA

1 mol GAXx Y = 0.00735 mol NaX
170gGA

OH

Rearrange to get X = 1.00 g - Y and then substitute it into the equation above to solve for Y.
1 mol GA1 mol BA I

122gBA

Y mol  1 ؛ mol ~ Y mol
122 I22g I70g

Y mol  ؛ ~ Y mol
122 g I70g

!(Ymol)(122g ) ا((-Ymol)(170g

(l.OOg-Y)x X
17

0.00735 mol-

=

= 0.00735 mol NaOH
0gGA

= 0.00735 mol

1 mol .47x10-4 mol
122

 -8.47x10-4 mol
(170 g)(122 g)

-48Ymol 48 Y
= -8.47x10-4 mol; -4= 8.47x10

20740g
- (20740 g)(8.47x 10-4) -=

20740g

Y  0.366 g48
x= 1.00 g-0.366 g = 0.634 g
In the 1.00 g mixture there is 0.63 g of benzoic acid and 0.37 g of gallic acid.
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4.135 (a) XOCI2 + 2ą0 2 HCl t Η2ΧΟ3
(b) 96.1 mL = 0.0961 L
mol Na٥H = (0.1225 mol/L)(0.0961 L) = 0.01177 mol NaOH

ImolH. 0.01177 mol H'molH = 0.01177 molNaOHx
ImolNaCH

Of lhe total H' concentration, half comes from HCl and half comes from Η2ΧΟ3.
Imol HXO0 2 3.01177 molH.

= 2.943 x 10-3 mol Η2ΧΟmol Η2ΧΟ3 X 3
2 2molH +

Imol XOCl2 2.943 x 10-3 mol XOCImol XOCI2 = 2.943 X 10'3 mol Η2ΧΟ3 X 2
Imol HXO2

0.350gXOd
= 118.9g/molmolar mass XOClj =

2.943 X 10-3 molXOCl

molecular mass of XOClj =118.9

atomic weight ofX= 118.9 - 16.0 - 2(35.45) = 32.0: x = s

2

4.136 54.91 mL = 0.054 91 L
0.1018 mol Ce

0
2+2+4( 1 mol Fe 55.85 gFe 2٠

= 0.3122gFe.054 91 Lx X
2+4+ 1 mol Fe1 mol Ce

0.3122gmass٥/oFe = xlOO٥/٠ = 25.41./.
1.2284g

(c) chromium4.137 (a) platinum (b) silver

4.138 10.49 mL = 0.010 49 L
(0.100 molZL 820з2-)(0.010 49 L) = 0.001 049 mol S2O32-

1 mol !٠ 2 mol Cu2' = 0.001 049 mol cfr-0.001 049 mol S2O32-X X
2٠

1 mol If2 mol รา๐;32

63.55 g Си0.001 049 mol cfr.x = 0.066 66 g Си
1 mol Cu2٠'

0.066 66 g Си χ1 00٥/ο= 0.4450 ٥/٥ Сиmass ٥/٥ Си =
14.98 g sample

4.139 (a)K٥p=[Ag-']2[Cr042_]

(b) Ag2CrO،(s)٥ 2Ag'(aq) t CrO^'íaq)
2χ X

،2-[.and X = [CrO ؛[In a saturated solution 2χ = [Ag
Solve for x; X = 6.5 X 10-5  M١2؛ = (2χ)2(χ) = 4χ32-0ا [CrO،2-] = 1.1χ؛[ К = [Ag

CrO،2-] = χ = 6.5χ10_5Μ ]2؛χ = 2(6.5 X 10-5 Μ)=1.3χ 1Q4  m =؛[[Ag
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4.140 MgF2(s)  عأ Mg2'(aq) t 2 F_(aq)
2xX

Mina saturated 10اد M) = 5.2  X 01ب X = 2.6 X 10^  M and [FI = 2χ = 2(2.6  X =[Mg2؛٠
.solution

[Mg2')[F_]2 = (2.6 X 10^ Μ)(5.2 X 1๐-4 Μ)2 = 7.0  X 10.
Ilкsp

4.141 100.0 mL = 0.1000 L; 47.14 mL = 0.047 14 L
mol Na٥Hmol HCl and HBr = mol H. = 0.1235 X 0.047 14 L = 5.8218x10-3 mol

1
mass of AgCl and AgBr = 0.9974 g؛ mol Ag = mol H'  = 5.8218 X 10"3 mol

mass of Ag = 5.8218 X 10_3 mol Ag X 107.87 g Ag = 0.6280 g Ag
1  mol Ag

mass of Cl and Br = 0.9974 g - 0.6280 g = 0.3694  g of Cl and Br
Let Y = moles Cl and z = moles Br ln 0.3694 g of Cl and Br.
Let (Y + Z) = moles Ag in 0.6280 g Ag.

0.6280g = (Y؛Z)xl07.87g
0.3694 g = (Yx 35.453 g)  ؛١

Solve the simultaneous equations for Y and z.

For Ag:
For Cl and Br:

( )
0.6280 gRearrange the Ag equation: -1 Y
107.87 g

Substitute for Y in the Cl and Br equation above and solve for z.

)
0.6280 g 0.1630

0.3694 g = z ؛) X 35.453 gt(Zx 79.904g- z = 3.667x؛01 
107.87 g 44.451

( )■( 10.6280 g 0.6280 g
107.87 g

2.155x10-3 mol

-Υ - 3.667x 10-3Y = 2.155x10-'
107.87

HCl molarity = = 0.021 55 M
0.1000 L

3.667x 10-3 mol
HBr molarity = = 0.036 67 M

0.1000 L

4.142 CuO, 79.55؛ CtyO, 143.09
Let X equal the mass of CuO and Y the mass of CtyO in the 10.50 g mixture. Fherefore,
X + Y=10.50 g.

mol Cu = 8.66gx
1 mol Си = 0.1363 mol Си

63 .546gCu
mol CuO t 2хто1Си,0 = 0.1363 mol Си

1 11 mol Cu٦0
ImolCuO +

79.55 gCuO

Rearrange to get X = 10.50 g-Y and then substitute it into the equation above to solve
for Y.

'2Xx 2 0.1363 mol СиX

143.09gCu2Ơ
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I )

1 mol CmO21 mol CuO I
79.55 gCuO

mol I 2 Y mol
79.55 g
2Ymol

143.09

= 0.1363 mol Си(I0.50g-Y)x 2 X X

143.09 gC^O
10.50 mol = 0.1363 mol

79.55
mol 10.50 mol = 0.0043 mol.1363 mol-

143.09 79.5579.55 g
(_Ymol)(143.09g) t (2Ymol)(79.55 g) 0.0043 mol

(79.55 g)(143.09 g)
16.01 Ymol 16.01 Y

= mol 0.0043؛ .0043
I1383 g

Y = (0.0043)(11383 g)/16.01 = 3.06 g c^o
X = 10.50 g-Y= 10.50 g - 3.06 g = 7.44 g CuO

I1383 g

4.143 Mass ٥ inΜ2Ο3 = 1.890 g Μ2Ο3- 1.000 gM = 0.890 g 0
1 mol 0

0 = 0.0556 molO.890 g Ox
16.00 g 0

2 mol M = 0.0371 molM0.0556 mol Ox
3 mol 0

1.000 g Mmolar mass M = M is Al 26.97؛ gZmol =
0.0371 mol M

4.144 Mass s in MS = 1.504 gMS- 1.000 gM = 0.504  g s
1 mol s

.504gSx .0157 mois
32.06 g s

1 mol M ..0157 mol M'.0157 mol Sx
1 mol s

1.000 g Mmolar mass M = = 63.69 g/mol; M is Си
.0157 mol M

4.145 СН3СО2Н, 60.05؛ H2C2O4, 90.03
27.15 mL = 0.027 15 L and 15.05 mL = 0.015 05 L
(0.0247 mol/L ΚΜηθ4)(0.015 05 L) = 3.72 X 10دا mol ΚΜη٥4

5 mol H2C2O4
3 .72x10^ mol ΚΜη٥4 X = 9.30 xio^ mol H2C2O4

2 mol Κ٦ΜηΟ٠2 4

2Na0H(aq) + H2C204(aq) ٠ Na2C2Ơ4(aq) + 2 1(ه2لآ)

9.30x10-4 mol H2C2O4X
2 nrol NaOH = 1.86x10-3

1
 mol NaOH

 mol H2C2O4
1.86 X 10-3 mol NaOHmol

.0186 L=18.6 mL NaOH reacted with H2C2O4volume =
.100 mol/L

remaining NaOH = 27.15 mL - 18.6 mL = 8.5 mL = 0.0085 L
(0.100 mol/L NaOH)(0.0085 L) = 8.5 X 10_4 mol NaOH reacted with СН3СО2Н

M
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Na٥H(aq) t СНзСОгН(а )٩ا  > №СНзС02(а )٩+ 1(ه2لا  )
1 mol снсон3 2

= 8.5хЮто1СНзС02Н.5χΐΟ mol NaOHx
1 mol NaOH

60.05 g لا2هءإلاء
8.5 X 10^ mol СН3СО2Н X = 0.051gCH3C02H

1 mol СН3СО2Н

90.03 g H2C2O4
9.30 xl0٥ mol H2C2O4X = 0.0837 g H2C2O4

1 4ه2ء2لا  mol
mass of sample = 0.051 g СН3СО2Н 0.0837  ا g 0.135 = 4ه2ح2لا g

0.051 g СН3СО2Н

0.135 g

0.0837 g H2C2O4

xlOO٥/o=38٥/.mass % СН3СО2Н =

xlOO٥/o=62.0٠/.mass % H2C2O4
0.135

4.146 48.39 mL = 0.048 39 L
(0.1116 mol/L Μηθ4")(0.048 39 L) = 5.400 X 10-3 mol МПО4-

5 mol Fe 2+ ؛2
55.84 g Fe

5 = 1.508 gFe2'.400 X 10.3 mol МПО4- X X
2.1 mol Fe1 mol МПО4-

1.508 g Fe2٠mass % Fe = xlOO٥/o=63.68٠/o
2.368

14.28 mL = 0.014 28  L143.3؛ ,AgCl 58.44؛ ,NaCl 4.147, 126.8؛ FeClj
_(0.198 mol/L Mn٥4_)(0.014 28 L) = 0.002 83 mol Mn٥4

5 mol Fe 2t

0 .002 83 mol МПО4- X = 0.0141 mol Fe".
1 mol Μη074

AgN03(a٩) reacts with a solution of FeCKaq) and NaCl(aq) to precipitate AgCl(s).

1 mol AgCl = 0.048 95 mol AgCl7.0149gAgClx
143 .3 g AgCl

1 mol Cl-
'.048 95 mol AgCl X .048 95 mol Cl-

1 mol AgCl
2 mol Cl"

0.0141 mol Fe2'x = 0.0282 mol Cl-ñom FeCl
1؛2 mol Fe

mol Cl- from NaCl = 0.048 95 mol Cl" - 0.0282 mol Cl_ from FeCİ2 = 0.0207 mol Cl"
mol NaCl = mol Cl" from NaCl = 0.0207 mol NaCl
mol FeClj = mol Fe2٠ = 0.0141 mol FeClj

58.44 g NaCl
1 mol NaCl

126.8 g FeCl

1 mol FeCl

total mass = 1.21 g t 1.79 g = 3.00 g

0.0207 mol NaCl X = 1.21gNad

2
0.0141 mol FeCljX 1.79gFeCİ2

2
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1.21gNaClmass٥/oNaCl = X 100% =40.3%
3.00 g

1.79 g FeCl2mass%FeCl٦ =2 xlOO٠/o=59.7٥/.
3.00

4.148 Let SA stand for salicylic acid.

molCinl.OOgofSA= 2.23gC٥2X
1 mol CO ImolC2 = 0.0507 moicX

44.01 g CO

= 0.609 gC

1 mol CO,2

12.011 gCmass c = 0.0507 mol c X
ImolC

1 mol HO2 2molH
mol H in 1.00 g of SA = 0.39 g ąo X = 0.043 molHX

18.02gH2O

= 0.043 gH

Imol HO2
1.008gH_mass H = 0.043 mol H X

1 nrolH
mass 0=1.00

mol 0 in 1.00 gof= 0.35 gNx

- mass c - mass H= 1.00- 0.609 g - 0.043 g = 0.35  g 0
ImolO = 0.022 molO

16.00g0
Determine empirical formula.
C0.0507H0.043O0.022؛ divide each subscript by the smallest, 0.022.
c H 00.0507 / 0.022* *0.043 / 0.022٧0.022 / 0.022

С2.3Н2О, multiply each subscript by 3 to get integers.
The empirical fomrula is C7H6O3. The empirical formula mass = 138.12 g/mol.

Because salicylic acid has only one acidic hydrogen, there is a 1 to 1 mol ratio between
salicylic acid and NaOH in the acid-base titration,

lx 10-3 L 0.100 molNaOH 1 mol SA
mol SA in 1.00 gSA = 72.4 mT X X X

1 mT 1 T ImolNaOH
0.00724 mol SA

1.00SA molar mass = = 138 g/mol0.00724 mol
Because the empirical formula mass and tire molar mass are the same, the empirical
formula is the molecular formula for salicylic acid.

Imol CO ImolC2
4.149 (a)molC = 4.83gC02X =0.110то1СX

44.01 g CO Imol CO2 2

mass С = 0.110 nrol c X -
ImolC

1 mol HO2

= 1.32gC

2molH
molH=1.48gH20x = 0.164 molHX

18.02gH2O
l.OOSgH
ImolH

Imol HO2

mass H = 0.164 mol H X =0.165 gH
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109.8 mL = 0.1098L
mol NaOH = (0.1098 L)(1.00 mol/L) = 0.110 mol NaOH
H2S٥4(aq) + 2NaOH(a  ٩ ٠( Na2SƠ4(aq) t 2^0(1)

ImolHSO4
mol Н2804 = 0.110то1 NaOHx =0.0550 mol ąso،2molNaOH

1 mol s
mol s = 0.0550 mol H2SO4 X =0.0550 mois

Imol HSO2 4

32.06 gSmass s = 0.0550 mol s X = 1.76gS1 mol s
mass 0 = 5.00 g - mass c - mass H - mass s = 5.00  g -1.32 g - 0.165 g - 1.76 g = 1.75 g 0

mol 0= 1.75 g Ox
ImolO =0.109 molO

16 .00g0
divide each subscript by the smallest, 0.0550.’c ؛ 0.110ا.0لا640ىو0الا0.055ه s

c H 0 s 00.1! / 0.0550إإ 0.164ا  0.0550٧0.109ا  0.0550ى0.0550ا  0.0550

The empirical formula is C2H3O2S.
The empirical formula mass = 91.1 gZmol.
(b) 54.9 mT = 0.0549 L
mol NaOH = (0.0549 L)(l .00 mol/T) = 0.0549 mol NaOH
Because X has two acidic hydrogens, two mol of NaOH are required to titrate 1 mol of X.

ImolX 0mol X = 0.0549 mol NaOH X .0274 moix
2molNaOH

5.00 gX molar mass = = 182g/mol0.0274 mol
Because the molar mass is twice the empirical formula mass, the molecular formula is
twice the empirical formula.
The molecular formula is C(2x2)H(2x3)0(2x2)S(2x ١) = C4H6O4S2.

4.150 100.00 тТ = 0.100 00 T71.02  ؛ mT = 0.071 02 T
0.1083 mol HSO2 4

molة2لا 04=  X 0.100 00 τ = 0.010 83 mol H,SO.4L
.1241 mol NaOHmol Na0H = X 0.071 02 L = 0.008 814 mol NaOH

L
H2SO4 t 2Na0H ٠ Na2SƠ4  2ا Η2Ο

mol H2SO4 reacted withNa٥H = 0.008 814 mol NaOH X
1 mol H2SO4

.004 407 mol H2S042 mol NaOH
mol H2SO4 reacted with МСО3 = 0.010 83 mol - 0.004 407 mol = 0.006 423 mol HjSO
mol H2SO4 reacted with МСО3 = mol CO32- in MC٥3 = mol c٥2 produced = 0.006 423 mol CO2

g 60.01-ا0ًء 
(а)СОз2-,60.01; 0.006 423 mol CO32-X = 0.3854 g CO32-21 mol cof-3

mass ofM= 1.268 g '.3854 g = 0.8826 g M
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0.8826 gmolar mass of M = = 137.4 g/mol; M is Ba
0.006423 mol

44.01 g CO 12
(b) 0.006 423 то1СОзХ = 0.1571 LCOX 2

1 mol CO 1.799 g2

3Cİ2(g) ^ 2МС1з(1) t 3CO(g)  3)؛C(S  4.151)؛ (a) (!) М20з(з
(ii) 2МС1з(1) t 3H2(g) 2M(S) t 6HCl(g)

NaOH(aq) -> HjO(!) t NaCl(aq)  ا((b) HCl(aq
144.2 mL = 0.1442 L
mol NaOH = (0.511 mol/L)(0.1442 L) = 0.07369 mol NaOH

Imol HClmol HCl = 0.07369 nrol NaOH X = 0.07369 mol HCl
ImolNaOH

2molMmol M = 0.07369 mol HCl X = 0.02456 mol M
6 mol HCl

2 mol MCI ImolMjO^3
= 0.01228 mol Μ2Οmol Μ2Ο3 = 0.02456 mol M X X 3

2molM 2 mol MCI3

0.855 g
0.01228 mol

69.6 amu - (3 X 16.0 amu)

= 69.6 g/mol; molecular mass Μ2Ο3 = 69.6molar mass Μ2Ο3 =

atomic weight of M M =  B10.8؛ =
2
10.81 gM_=(c) mass of M = 0.02456 mol M X  0.265 gMImolM

4.152 NaOH, 40.00; Ba(OH)2, 171.34
Let X equal the mass ofNaCH and Y the mass of Ba(OH)2 in the 10.0 g mixture.
Therefore, X؛Y= 10.0 g.

mol HCl = 108.9 mL X
310- 1د  1.50 mol HCl1 X = 0.163 mol HClX

1 mL 1

molNaOH t 2xmolBa(OH)2 = 0.163 mol HCl
ImolBa(OH)IjnolNaOH ؛.ا

40.00gNaOH

Rearrange to get x= 10.0 g-Y and then substitute it into the equation above to solve for Y.

2 = 0.163 mol HClXx 2 X X
171.34gBa(OH)2

( 1ImolBa(CH)ImoliL  2 ب X
40.00 gNaOH

2 = 0.163 mol HCl(lO.Og-Y)x
171.34gBa(OH)2

10.00 mol 2Ymol  ٠Ymol ~
40.00 g

؛ 2Ymol ت
171.34g

171.34g

0.163 mo

= 0.163 mol
40.00
Ymol 10.00 mol = -0.087 moll-
40.00 g
-Ymol)(171.34g) ٠ (2Ymol)(40.00g)

40.00
(. = -0.087 mol

(40.00 g)(171.34g)
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-91.34 Y mol 91.34Υ
= -0.087 mol; 0.087

6853.6

Y = (0.087)(6853.6 6.5  =91.34 ج(/ g Ва(ОН)2
-

6853.6 g

4.153 100.0 mL = 0.1000 L; 50.0 mL = 0.0500 L; 250.0 mL = 0.2500 L
After step (2): BaCİ2(aq) í 2 AgN٥3(aq) -y AgCl(s) ؛  '
mol BaCİ2 = (0.1000 L)(0.100 molZL) = 0.0100 mol BaCl
mol Ba2٠ = mol BaCİ2 = 0.0100 mol Ba؛.

2 mol Cl"
1 mol BaCl

mol AgNOj = (0.0500 L)(0.100 mol/L) = 0.00500 mol AgN٠3
mol Ag' = mol AgN٥3 0.00500  ت mol Ag'
mol ΝΟ3- = mol AgNOj = 0.00500 mol ΝΟ3-
0.00500 mol Ag' requires only 0.00500 mol Cl", SO Ag' is the limiting reactant and totally
consumed,
mol Cl remaining after reaction = 0.0200 nrol - 0.00500 mol = 0.0150 mol Cl"

2

mol Cl = 0.0100 mol BaClj X =0.0200 mol Cl-
2

After step (3): Ba2'(aq) ؛ H2S04(aq) y BaS04(s) t  2 H'(aq)
mol H2SO4 = (0.0500 L)(0.100 molZL) = 0.00500 mol H2S0
mol SO42- = mol H2SO4 = 0.00500 mol SO42-

mol H' - 0.00500 mol H2SO4 X

4

2molH٠ = 0.0100 molH
Imol H2S0

0.0100 mol Ba2+ requires 0.0100 mol SO42-, so SO42- is the limiting reactant and is totally
consumed,
mol รน2٠ remaining after reaction = 0.0100 mol - 0.00500 mol = 0.00500 mol Ba2٠

4

After step (4): NH(aq) t H'(aq) y NH4'(aq)
mol ΝΗ3 = (0.2500 L)(0.100 molL) = 0.0250 mol NH
0.0250 mol ΝΗ3 requires 0.0250 mol H', so H' is tire limiting reactairt and is totally
consumed,
mol ΝΗ3 remaining after reaction = 0.0250 mol - 0.0100 mol = 0.0150 mol NH
mol ΝΗ4. = mol H' before reaction = 0.0100 mol NH4'
total volume = 0.1000 L 0.0500  ا L + 0.0500 L 0.2500 ا  L = 0.4500 L

0.00500 mol

3

3

=2aB؛[] = 0.0111 M
0.4500 L

0.0150 mol
=lC-[؛ 0.0333 M

0.4500 L
0.00500 molРз٦ = 0.0111 M

0.4500 L
0.0150 mol

[ΝΗ3] = 0.0333 M
0.4500 L
0.0100 mol

[ΝΗ4-] = 0.0222 M
0.4500 L
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(4.154 (a) Cr2'(aq) t Ci2072-(aq) + cr.(aq
6 Cr2'(aq) + el  X -ر)qa(Cr2؛٠ (oxidation half reaction)

۶ Cr3'(aq) -٩لآ(-ثم0ذاح(
Cr2072-(aq) 2Cr3'(aq)

 7^0)1(Cr2022-(aq) -> 2Cr3'(aq) t
Cr2072-(aq) 4 2 Cr5'(aq) + 7 HO(!)  14)؛H'(aq

( 7 HjO(!) (reduction half reaction  ؛(aq) t Cr2072-(aq) » 2 Cr2'(aq)6e" + 14H٠

Combine the two half reactions.
14H'(aq) t Cr2072-(aq)  6 ؛ c^'(aq) ->■ Cr2'(aq)٠7H20(l)

(b) total volume = 100.0 ml t 20.0 mL = 120.0 mL  = 0.1200 L
Initial moles:

mol Сг^Оз)2
X 0.1000 L = 0.0120 mol Сг^Оз):0.120

1 L
mol 10 3 X 0.1000 L = 0.0500 mol 100.500

1 L

mol KjCrjO؟
X 0.0200 L = 0.005 00 mol К2СГ2О7

Check for the limiting reactant. 0.0120 mol of Cr2' requires (0.0120)/6 = 0.00200 mol
СГ2О72- and (14/6)(0.0120) = 0.0280 mol H؛. Both are in excess of the required amounts,
so C^' is the limiting reactant.

0.250
1

14H٠(aq) t Cr2072-(aq) t 6 Cr2'(aq) -۶ 8 Cr3٠(aq)  t 7^0(1)
Initial moles 0.0500 0.00500 0.0120 0
Change
Because Cr2' is the limiting reactant, 6x = 0.0120 and X = 0.00200
Final moles 0.0220 0.00300

mol K' = 0.00500 mol К2СГ2О7 X

_6x +8x-14x X

0.0160
2 mol K. 0.0100 mol K'

1  mol К2СГ2О7
2 nrol no;3

mol ΝΟ3- = 0.0120 mol СгСМ0з)2 X
1 mol Сг(КОз)2

1 mol ΝΟ3-
1 mol HNO,

mol H' = 0.0220 mol; mol СгзО? -؛ =  0.00300 mol; mol Cr^' = 0.01600 mol

t 0.0500 mol ΙΟ3 X = 0.0740 mol ΝΟ3
3

-

Check for charge neutrality.
Total moles of ؛charge = 0.0100 t 0.0220 + 3 x (0.01600) = 0.0800 mol ؛chage
Total moles of -charge = 0.0740 ٠2x (0.00300) = 0.0800 mol -charge
The charges balance and there is electrical neutrality in the solution after the reaction.
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0.0100 mol K.
K' molarity = = 0.0833 M

0.1200 L

0.0740 mol N073
ΝΟ3-molarity = = 0.617M

0.1200 L

0.0220 mol H'
H. molarity = = 0.183M

0.1200 L

0.00300 mol Cr١0٦2"2
СГ2О72- molarity = = 0.0250 M

0.1200 L

0.0160 mol Cr^.
= molarity rC^؛ = 0.133M

0.1200 L

4.155 (a)(1) I-(aq)٠l3_(aq)
3ĩ(aq)-l3_(aq)
3 I(aq) + 1з_(а٩) + 2 e_ (oxidation half reaction)

HN٥2(aq) ٠ N0(g)
HN02(aq) -> N0(g) t )12ال٠ )
H'(aq) + HN02(aq) ۶ N0(g) t HjO(!)
[e" t H'(aq) t HNƠ2(aq) + N0(g) t Η2θ(1)]χ2 (reduction half reaction)

Combine the two half reactions.

3I_(aq) t 2H(؛а٩)t 2 ™Ог (aq)بب t 2NO(g)  t (2Ijtyaq )1(0ةلا 

s،0٥2-(aq)  -(2) 8зОз2-(а٩)
2S2032-(aq)^S,0٥2-(aq)

S4٥٥2-(aq) + 2  e -2 )ح 820з2-(а٩ (oxidation half reaction)

l3_(aq) 4 I-(aq)
1з_(а٩) 4 3 I_(aq)
2 e" t l3_(aq) 4 3 I'(aq) (reduction half reaction)

Combine the two half reactions.

2 8зОз2-(а٩) t 1з'(а٩) 4 ة٩40لآ(-2ة ) t 3 ĩ(aq) .

(b) 18.77 mL = 0.018 77 L; NOỉ", 46.01

mol ร20؛_
0 X0.018 77 L = 0.002 815 5 mol ร2٥32-.1500

1

1 mol 173 2 mol NO2
mass ΝΟ2- = 0.002 815 5 mol S2O32- X X X

2
2 mol S2O3 1 mol I

46.01 g NO^

3

= 0.1295 gNOC
1 mol NO2
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! 0.1295 g
mass 0/0 ΝΟ2- = xl00٥/٠-4.412٥/o

2.935

4.156 (a)(1) Cu(s) ٠ Cu2'(aq)
[Cu(s)^Cu2٠(aq)t2e")x3 (oxidation half reaction)

N0(g)  ٠(N03_(aq
 2^0)1( +(N٥3_(aq) -> N0(g

t N03_(aq) ^ N0(g (aq)(4H)ا 2 )1(0ةلا 
(1)] X 2 (reduction half reaction ه2لا) ؛ 2(aq) t N٥3-(aq) N0(g؛) 4  H 3 "؛ e]

Combine the two half reactions.

3Cu(s)  8ا H'(aq) ٠ 2 NOj^aq) 4 3 Cu2'(aq) ٠ 2 N0(g) t 4^0(1)

(2) Cu2'(aq) t SCN(aq) 4 CuSCN(s)
[e- t Cu2؛(aq) + SCN_(aq) (reduction half reactionCuSCN(s)]x2 )

(HS03_(aq) 4 HSOCiaq
4 HS04_(aq) (0(1) t Н80з‘(аةلا٩

( 2 H٦aq  112)؛๐(1) t HS03_(aq) 4 HSOf(aq
2e  ؛((1)0 t HS03_(aq) 4 HSO^^aq) + 2 H'(aqةلا
(oxidation half reaction)

Combine the two half reactions.
2Cu2'(aq) t 2 SCN‘(aq) + ąo(!) t Н80з_(а٩) 4

2CuSCN(s) t HS04_(aq)  2 ا H'(aq)
(3) Cu'(aq) 4 Cu2'(aq)

(Cu٠(aq)4Cu2٠(aq) + e-]xlO (oxidation half reaction)

10з_(а٩) 4 Ỉ2(aq)
2I03_(aq)4i2(aq)
2I03_(aq)4i2(aq) + 6H20(l)
12H؛(aq) t 210з_(а٩) 4 ^aq) t 6^0(1)
10 e" t 12H'(aq) + 2 10з_(а٩) 4 b(aq)  6 ا ąo(!) (reduction half reaction)
Combine the two half reactions.
10Cu٠'(aq) t 12 H'(aq)  2 ا lOjXaq) 10Cu2٠(aq) ا Iz(aq)  ا6 1(0ةلا )

(4) !^(aq) 4 ĩ(aq)
l2(aq)4 2I-(aq)
2e- + l2(aq)4 2ĩ(aq) (reduction half reaction)

ร2๐3٩ท٩) 4 s,0٥2-(aq)
2S2032-(aq)4SO٥2-(aq)
2S2032-(aq)-S،0٥2-(aq) + 2e- (oxidation half reaction)

Combine the two half reactions.

I2(aq) t 2 ร2๐32-(ท٩) 4 2 I_(aq) + ร4๐٥2-(น٩)
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HO t 2 NH  2 20۶؛ท2? -2 (5بΖηΝΗ4Ρ٥4) 3

(b) 10.82 mL = 0.01082 L
mol S2O32- = (0.1220 mol/L)(0.01082 L) 0.00132  ت mol S2O32-

Imoll2
0.00132 mol 8202ذ-^mol I = 6.60xlO٥ moll2 222 mol SO,32

10mol Cu.
mol Cu' = 6.60 X 10^ mol  2ل X = 6.60 X 10_3 mol Cu' (Си)1 mol I2

g Си = (6.60 X 10-3 то1)(63.546 g/mol) = 0.419 g Си
0.419gCu

0.544 g brass
mass % Си in brass ت xlOO٥/٠=77.1٠/٠ Cu

)ء( 2ท2?20?, 304.72

mass % Zn in Ζη2Ρ2θ? =! 2x65.39g χ100٥ζ٠=42.92٥ζ٥
304.72 g

mass of Zn in гПгРгО? = (0.4292)(0.246 g) = 0.106  g Zn
0.!06gZnmass % Zn in brass χ100٠/ο:19.5٠/οΖη
'.544 g brass

4.157 (a) Baso،, 233.38

molS = 7.!9gBaS04X
1 mol BaSO4 ImolS '.0308 mol S

233.38 gBaSO
0.0308 mois

1 mol BaSO44

theoretical mol s = =0.0337 mol S
.913

(b) Assume n=l:

mol Cl in MCI, = 0.0337 mol s X5
5 mol Cl = 0.168 mol Cl

1 mol S
35.453 gClmass Cl = 0.168 mol Cl X 5.97 g Cl1 mol Cl

This is impossible because the initial mass of MClj was only 4.61 g.

Assume n = 2:
5 mol Cl

mol Cl in MClj = 0.0337 mol s X = 0.0842 mol Cl
2 mois

35.453 gCl =mass Cl = 0.0842 mol Cl X  2.99 g Cl1 nrol Cl
mass M = 4.61g - 2.99 g = 1.62 g M
mol M = 0.0337 mol s X ImolM '.0168 mol

2 mois
I.62gM molar mass = =96.4 g/mol; M atomic weight = 96.40.0168 mol

96.4 is reasonable and suggests that M is Mo.
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Assume n = 3:
Smol Cl

= 0.0562 mol Clmol Cl in MClj = 0.0337 mol s X
3molS

35.453 g Cl
=  1.99 g Clmass Cl = 0.0562 mol Cl X

Imol Cl

mass M = 4.61g_ I.99g = 2.62 g M
ImolM

= 0.0112то1mol M = 0.0337 mol s X
3 mol s

2.62 g = 234 g/mol; M atomic weight = 234M molar mass =
0.0112 mol

234 is between Pa and u, which is highly unlikely for a lubricant.

Assume 11 = 4:
5 mol Cl

mol Cl in MCI5 = 0.0337 mol s X = 0.0421 mol Cl
4 mois

35.453 g Cl =mass Cl = 0.0421 mol Cl X  1.49 g Cl
Imol Cl

mass M = 4.61g -I.49g = 3.12 g M
ImolMmol M = 0.0337 mol s X = 0.00842 mol
4 mois

3.12M molar mass = = 371 g/mol; M atomic weight = 371
0.008 42 mol

No known elements have a mass as great as 371.
(c) M is most likely Mo aird the metal sulfide is M0S2.
(d) (1) 2MoCİ5(s) + 5Na2S(s) ^ 2 MoS2(s) t s(l) ٠ lONaCl(s)

(2) 2MoS2(s) 02  7ا (g) -2 ب МоОз(8) + 4 802(g)
(3) S02(g) t 2Fe3'(aq) t 2^0(1) - ب 2  Fe2٠(aq) t so^^aq)  4 ؛ H٠(aq)
(4) S042-(aq) t Ba2'(aq) BaS04(s)

(НзМ04(а4.158)ب-  ٩ (a) НзМ0з(а٩
(НгО(!) -> НзМ04(аا  ٩(НзМ0з(а٩

( t 2 H'(aq (НгО(1) ) НзМ04(а٩  +(НзМ0з(а٩
(aq) + 2 e] X 5 (oxidation half reaction) t 2 H٠ (0(1) ->■ НзМ04(аذلا ٩ +(НзМ0з(а؛٩

Mn04_(aq) + Mn2'(aq)
Mn04_(aq) -> Mn2'(aq) t 4 НзО(!)
Mn04_(aq) t 8 H.(aq) -4 Mn2'(aq) t 4 1(0ةلآ)
[Mn04_(aq) t 8 H.(aq) + 5 e" 4 Mn2٠(aq)  4؛ Η2θ(1)]χ2 (reduction half reaction)

Combine the two half reactions.
5НзМОз(а )٩؛ 1(0^5  ) t 2 Mn04_(aq) t 16H'-(aq) 4

ص  ؛ lOH'(aq) t 2Mn2'(aq) t 8^0(1)
5НзМОз(а٩) t 2Mn04_(aq) t 6 H'(aq) 4 5 НзМ04(а٩)  t 2 Mn2'(aq) t 3 ^0(1)
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(b) 10.7 mL = 0.0107 L

mol МПО4- 0.0107 ) ت L)(0.100 molZL) = 1.07 X 10.3 mol МПО4-
5 mol Η,ΜΟ3 3

mol Η3ΜΟ3 =1.07x 10.3 mol Mn٥4_ X = 2.67 X 10-3 mol НзМ٥з
2 mol Μη07

1 mol M٦0
4

2 3
mol Μ2Ο3 = 2.67 X 10"3 mol Η3ΜΟ3 X 1.34 xl0_3 mol Μ2Ο3

2 mol Η3ΜΟ
2molM

3

mol M In Μ2Ο3 =1.34x 10_3 mol Μ2Ο3 X = 2.68 xl0_3 mol M
1 mol M٦02 3

'.200 g(c) M molar mass 74.6g/mol; M atomic weight = 74.6
2.68x10-3 mol

M is As.
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