| 7 Additional Aspects

of Aqueous
Equilibria

Visualizing Concepts

17.2

17.4

17.5

(@)

(b)

According to Figure 16.7, methyl orange is yellow above pH 4.5 and red (really
pink) below pH 3.5. The beaker on the left has a pH greater than 4.5, and the one
on the right has pH less than 3.5. (By calculation, pH of left beaker = 4.7, pH of
right beaker = 2.9.) The right beaker, with lower pH and greater [H"], is pure
acetic acid. The left beaker contains equal amounts of the weak acid and its
conjugate base, acetic acid and acetate ion. Adding the “common-ion” acetate (in
the form of sodium acetate) shifts the acid ionization equilibrium to the left,
decreases [H*], and raises pH.

When small amounts of NaOH are added, the left beaker is better able to
maintain its pH. For solutions of the same weak acid, PH depends on the ratio of
conjugate base to conjugate acid. Small additions of base (or acid) have the least
effect when this ratio is close to one. The left beaker is a buffer because it contains
a weak conjugate acid-conjugate base pair and resists rapid pH change upon
addition of small amounts of strong base or acid.

Analyze/Plan. Consider the reaction HA + OH- — A- + H,O. What are the major
species present in solution at the listed stages of the titration? Which diagram
represents these species? Solve.

@)

(b)

(©

(d)

Before addition of NaOH, the solution is mostly HA. The only A- is produced by
the ionization equilibrium of HA and is too small to appear in the diagram. This
situation is shown in diagram (iii), which contains only HA.

After addition of NaOH but before the equivalence point, some, but not all, HA has
been converted to A-. The solution contains a mixture of HA and A; this is
shown in diagram (i).

At the equivalence point, all HA has been converted to A-, with no excess HA or
OH" present. This is shown in diagram (iv).

After the equivalence point, the same amount of A- is present as at the equivalence
point, plus some excess OH-. This is diagram (ii).

Analyze/Plan. In each case, the first substance is in the buret, and the second is in the
flask. If acid is in the flask, the initial pH is low; with base in the flask, the pH starts
high. Strong acids have lower pH than weak acids; strong bases have higher pH than
weak bases. Polyprotic acids and bases have more than one “jump” in pH.
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(@)  Strong base in flask, pH starts high, ends low as acid is added. Only diagram (ii)
fits this description.

(b)  Weak acid in flask, pH starts low, but not extremely low. Diagrams (i), (iii), and
(iv) all start at low pH and get higher. Diagram (i) has very low initial pH, and
likely has strong acid in the flask. Diagram (iv) has two pH jumps, so it has a
polyprotic acid in the flask. Diagram (iii) best fits the profile of adding a strong
base to a weak acid.

()  Strong acid in the flask, pH starts very low, diagram ().
(d)  Polyprotic acid, more than one PH jump, diagram (iv).

17.7 Analyze/Plan. Common anions or cations decrease the solubility of salts. Ions that
participate in acid-base or complex ion equilibria increase solubility. Solve.

(@)  CO,’" from BaCO, reacts with H* from HNOg, causing solubility of BaCO, to
increase with increasing HNO, concentration. This behavior matches the right
diagram.

(b) Extra CO,*" from Na,CO; decreases the solubility of BaCO,. Solubility of
BaCO; decreases as [Na,CO;] increases. This behavior matches the left diagram.

() NaNO; has no common ions, nor does it enter into acid-base or complex ion
equilibria with Ba?* or CO,?-; it does not affect the solubility of BaCO,. This
behavior is shown in the center diagram.

17.8 A metal hydroxide that is soluble at very low and very high pH'’s, that is, in strong acid
or strong base, is called amphoteric.

Common-Ion Effect
BH* B
17.10 (@)  For a generic weak base B, K, = L——[]BL]OE—]- If an external source of BH" such
as BH"CI" is added to a solution of B(aq), [BH "] increases, decreasing [OH"] and
increasing [B], effectively suppressing the ionization (hydrolysis) of B.
(b) NH,CI
1712 In general, when an acid is added to a solution pH decreases; when a base is added to a
solution, pH increases.

(@)  pHincreases; C,H.O," decreases fonization of HC,H,0, and decreases [H*].

(b)  pH decreases; CsH;NH™ decreases ionization (hydrolysis) of CsH;s;N and
decreases [OH"].

() pH increases; NH, reacts with HCI, decreasing [H*].
(d)  pH increases; HCO," decreases ionization of H,CO, and decreases [H~].

(¢)  nochange; ClO," is a negligible base and Na* is a negligible acid.
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1714  Analyze/Plan. Follow the logic in Sample Exercise 17.1. Solve.

(a) HCHO, is a weak acid, and NaCHO, contains the common ion CHO,", the
conjugate base of HCHO,. Solve the common-ion equilibrium problem.

HCHO,(aq) <+ H'(aq) + CHO,"(aq)

i 0.260 M 0.160 M
C -X +X +X
e (0.260-x)M +x M (0.160 + x) M

K =18 x 10-¢ = HJICHO, "] (x)(0.160+x) _ 0.160x"
o [HCHO,]  (0260—x) 0260

x=293x10"*=29x10"*M=[H*], pH=3.53
Check. Since the extent of ionization of a weak acid or base is suppressed by the
presence of a conjugate salt, the 5% rule usually holds true in buffer solutions.

(b) CsH;5N is a weak base, and CsH;NHCI contains the common ion CsH;NH*,
which is the conjugate acid of C;H;N. Solve the common ion equilibrium
problem.

CsH:;N(aq) + H,O0 =  CsH;NH*(aq) + OH~(aq)

i 0.210M 0.350 M
C -X +x +X
e (0210 - x) M (0.350 + x) M +x M

K. =17 x 10~ < [CsHsNH'J[OH™] (0350 + x) () _ 0.350x
b [CsH5N] (0210-x) 0210

x=1.02x10"=1.0 x 10-* M = [OH"], pOH = 8.991, pH =14.00 - 8.991 =5.01

Check. In a buffer, if [conj. acid] > [conj. base], pH < pK, of the conj. acid.
If [conj. acid] < [conj. base], pH > pK, of the conj. acid. In this buffer, pK, of
(CH;);NH" is 9.81. [(CH,);NH"] > [(CH,);N] and pH = 9.61, less than 9.81.
() mol=M xL; mol HF = 0.050 M x 0.125 L. = 6.25 x 103 = 6.3 x 10~3 mol;
mol F~ = 0.10 M x 0.0500 L = (0.0050 mol

HF(aq) = H'(aq) + F-(aq)
i 6.25 x 10-* mol 0 0.0050 mol
C -X +x +x
e (6.25x 1073 - x) mol X (0.0050 + x) mol

[HF] = (6.25 x 10-% + x)/0.175 L; [F-] = (0.0050 + x) 0.175 L

Note that the volumes will cancel when substituted into the K, expression.
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K =68 « 104 = HET_ x(0.0080+x)/0.175  x(0.0050)
S ~ [HF] (6.25x~x)/0.175  0.00625

x=850x10"*=85x10"*MH"; pH=3.07
Check. pK, for HF = 3.17. [HF] > [F-], pH of buffer = 3.07, less than 3.17.

17.16
HLac(aqg) + H<(ag) + Lac™(aq) K, = EM =14 x 1074
[HLac]
equil (a) 0.085 - x M xM xM
equil (b)  0.085-x M x M 0.050 + x M
x* x?
@ K, =14 x 107 = s - X = [H")=345 « 107 M =35 x 10- MH*
0.085-x 0.085
-3 +
% ionization = SIS T x 100 = 4.1% ionization
0.085 M Lac
0. 050
B) K, =14 x 10 = 30050+ 005 X ix=24 x 10 MH"
0.085 - x 0.085
4 x 107 MH*
% ionization = u % 100 = 0.28% ionization
0.085 M Lac
Buffers

17.18 NaOH is a strong base and will react with HC,H;0, to form NaC,H;0,. As long as
HC;H;0, is present in excess, the resulting solution will contain both the conjugate
acid HC,H;0,(aq) and the conjugate base C:2H;0,7(aq), the requirements for a buffer.

mmol = M x mL; mmol HC,H;0, =1.00 M x 100 mL = 10.0 mmol
mmol NaOH = 0.100 M x 50 mL = 5.0 mmol
HC,H,0,(aq) + NaOH(aq) - NaC,;H;0,(aq) + H,00)
initial 10.0 mmol 5.0 mmol
after rx 5.0 mmol 0 5.0 mmol

Mixing these two solutions has created a buffer by partial neutralization of the weak
acid HC,H,0,.

17.20 Assume that % ionization is small in these buffers (Solutions 17.15 and 17.16).
(@)  The conjugate acid in this buffer is HCO;7, so use K, , for H,CO,, 5.6 x10-12

:[H‘][CO32‘]_[ T]de[Hco;]_s.é x 107 (0.120)
Y [HCO,"] [CO,* 1 (0.105)

[H*]=6.40 107" = 6.4 < 107 M; pH = 10.19
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(b) mol=MxL;total volume =140 mL = 0.140 L

_K, (020M x 0.065L)/0.120L 5.6 x 107" (0.20 x 0.065)
"~ (015M x 0.075L)/0.120L (0.15 x 0.075)

(H"]
[H*]=6.47 x 10" = 6.5 x 101 M; pH = 10.19

17.22 NH," /NHj; is a basic buffer. Either the hydrolysis of NH; or the dissociation of NH,*
can be used to determine the pH of the buffer. Using the dissociation of NH," leads
directly to [H"] and facilitates use of the Henderson-Hasselbach relationship.

(@ NH;"(aq) ¥ H"(aq) + NHj(aq)
K, 10x10%"

K, == — =556 x 10710 =56 x 1071
Kb 1.8 x 10

5.0g NH, y 1 mol NH,4

[NH,]=
250Lsoln  17.0g NH,

=0.118=0.12 M NH,

20.0 g NH,ClI N 1 mol NH,Cl

"’ *-ﬁi

NH,"]= =0.1495=0.15 M NH,*
[NH,"] 250L 53.50 g NH,Cl !
~ [H*][NH3]'[H+]_ K,[INH,"] 556 x 107 (0.1495-x) 5.56 x 107%° (0.1495)
* O [NH,] [NH,] (0.118+x) h (0.118)

[H"]=7.044 x 100 =7.0x 10" M, pH = 9.15
(b)  NHs(aq) + H" (ag) + NO3~(aq) - NH," (aq) + NO,"(aq)
() NH,"(aq) + Cl"(aq) + K* (aq) + OH"(aq) - NH,(aq) + H,O(l) + Cl-(aq) + K* (agq)
1724 HC;H;05(aq) + H'(aq) + C,H;0,(aq)

K,[HC;H;05]

[H"]= =
[C3H;0;47)

;H1=107*% =10 x 1074

[HC;H;50;] = 0.150 M; calculate [C,H;0,7]

4 =
[C,H,0, ] = KalHCH:05] _ 14 x 107 (0.150)

X —2 - 02100=021 M
[H'] 10 x 10
0210 mOl NaC3H503 112.1 g NaC3H503
=23.54 = 24 g NaC,H.O
1.00L * Tmol NaC,H,0, g NaC4H50,

+ -
1726  (a) K, = [H'][C,H;0, ];[H+]: Ka[HcaHs_Oz]
[HC;H;0,] [C;H;0,7]
Since this expression contains a ratio of concentrations, we can ignore total
volume and work directly with moles.

_13x107°(012-x) 1.3 x 10°(0.12)

[H*]
(0.10+x) 0.10

=156 x 107° =1.6 x 10~° M, pH = 4.81
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(b)  HCH:;O,(aq) + OH"(aq) = (;H;0,7(aq) + H,0()
0.12 mol 0.01 mol 0.10 mol
-0.01 mol -0.01 mol +0.01 mol
0.11 mol 0 mol 0.11 mol
~5
[Hox 222 10701 o M; pH = 4.89
(0.11)
(©  GHO,(aq) B Hl(aq) = HC;H;0,(aq) + I-(aq)
0.10 mol 0.01 mol 0.12 mol
-0.01 mol -0.01 mol +0.01 mol
0.09 mol 0 mol 0.13 mol

o113 x 107 (0.13)

(H sl —— 1229
(0.09)

6.5g NaH,PO,  1mol NaH,PO,

=188 x 107 =2 x 10 M; pH=473 =47

17.28 x =0.153=0.15 M
0.355 L soln 120 g NaH,PO,
8.0gNa,HPO, 1mol Na,HPO, 0159 = 0.16 M

0355Lsoln 142 g Na,HPO,

Use Equation [17.9] to find the PH of the buffer. K, for H,PO, isK,, for H3PO,, 6.2 x 108
0.159
0.153

17.30 The solutes listed contain three possible conjugate acid/ conjugate base (CA/ CB) pairs.

H=-log (6.2x107%)+ 10 =7.2076+0.0167 = 7.22
B & g

These are:

HCHO, /NaCHO,, pK, =374
HC;H;0,/NaC,H;0,, PK, =4.80
H,PO,/NaH,PO,, pK, =212

For maximum buffer capacity, pK, should be within 1 PH unit of the buffer. The
propionic acid/ propionate pair are most appropriate for a buffer with pH 4.80.
[CB]

PH=pK, +log~="1; 180 = 4.886 + logw
CA [HC;H,0,]

Io [NaC;H;0,] = -0.0861; [NaC3H;0,]
[HC,H;0,] [(HC;H;0,]

=0.8202 =0.82

Since we are making a total of 1 L of buffer, let y = vol NaC :H:;0, and
(1 = y) = VOI HCgHst.

0.8202= INaGHs0,1  (0.1M x yyroL 0.10y

[HC;H;0,]  [010M «x (1-y)I/10L  010-010y
0.8202(0.10 - 0.10 y) = 0.10 y; 0.08202 = 0.18202 Viy = 04506 = 0451,
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450 mL of 0.10 M NaC,H;50,, 550 mL HC,H,0,

Check. pH (buffer) < pK, (CA) and the calculated amount of CA in the buffer is greater
than the amount of CB.

Acid-Base Titrations

1732 (a) The quantity of base required to reach the equivalence point is the same in the
two titrations.
(b}  The pH is higher initially in the titration of a weak acid.
(c)  The pH is higher at the equivalence point in the titration of a weak acid.

(d) The pH in excess base is essentially the same for the two cases.

(e) Intitrating a weak acid, one needs an indicator that changes at a higher pH than :
for the strong acid titration. The choice is more critical because the change in pH L
close to the equivalence point is smaller for the weak acid titration. .

17.34 (@) HCHO,(aq) + NaOH({aq) —» NaCHO,(aq) + H,O(l)

At the equivalence point, the major species are Na* and CHO,-. Na* is
negligible and CHO," is the CB of HCHO,. The solution is basic, above pH 7.

(b)  Ca(OH),(aq) + 2HCIO (aq) — Ca(ClO,),(aq) + 2H,O(l)
At the equivalence point, the major species are Ca2* and ClO,-; both are
negligible. The solution is at pH 7.

() CsHsN(aq) + HNOj(aq) - CsHsNH*NO; ™ (aq) ;
At the equivalence point, the major species are C;H;NH* and NO,;~. NO,- is !
negligible and C;H;NH* is the CA of C;H;N. The solution is acidic, below pH7.

i... B

_'-__‘_ " EE

17.36 (a)  Atthe equivalence point, moles HX added = moles B initially present =
0.10 M x 0.0300 L = 0.0030 moles HX added. .

(b) BH*(aq) |
()  BothK, for BH" and concentration BH* determine pH at the equivalence point.

(d)  Because the pH at the equivalence point will be less than 7, methyl red would be
more appropriate.

0.0950 mol NaOH y 1 mol HCl y 1000 mL soln
1000 mL soln 1mol NaOH  0.105 mol HCI

17.38 (a) 55.0mL NaOH x

=49.8 mL. HCl soln

0.118 mol NH, y 1 mol HCl y 1000 mL soln
1000 mLsoln  1molNH;  0.105 mol HCI

(b) 225mL NH, x

=25.3 mL HCl soln

1.35 g NaOH y 1 mol NaOH « 1 mol HCL- 3 1000 mL soln
1000 mL 40.00g NaOH 1mol NaOH  0.105 mol HCl

=40.2 mL HCl soln

() 125.0mL x
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1740 moles OH- = Mo * Loy =0.150 M x 0.0300 . = 4.50 x 10-* mol

moles H* =Myco, * Lycio, =0.125M «x Lhcio,

Total Moles Molarity
Volume OH- Moles H* Excess Ion pH

(a) 30.0 30.0 60.0 450x10-* 375x10-3 0.0125(0OH") 12.10

mL KOH mL HCIO¢

(b) 30.0 35.0 65.0 450x10°  438x10-* 19« 103%OH-) 11.28
(©) 30.0 36.0 66.0 450x10  450x10-3 1.0x 10-7(OH~)  7.00
(d) 30.0 37.0 67.0 450x107  4.63x103 194 10%H*) 273
(e) 30.0 40.0 70.0 450x107  500x10°% 71« 10%H*)Y 215

. . moles ion
molarity of excess ion = —_—
total volin L

) 10~ mol OH™ ~3.75 x 10~ mol H*
() 2501077 mol OH x 107 mol H =0.0125=0.013 M OH"
0.0600 L

4.50 x 10™ mol OH™ ~4.38 x 10-3 mol H*
0.0650 L,

=192 x 107 =19 x 1073 M OH-

(b)

() equivalence point, mol H* = mol OH~- M
KCIO, does not hydrolyze, so [H*']=[OH"|=1x10-7

4.50 x 10~ mol OH™ -4.63 x 103 mol H*
0.0670 L

=187 x 10° =19 x 10°* M H*

(d)

4.50 x 107 mol OH™ -5.00 x 103 mol H*
0.0700 L

(e) =714 x 102 =71 x 107> M H*

+ -
17.42 (a)  Weak base problem: K, =1.8 x 107° = w
[NH;]

At equilibrium, [OH-] =x, [NH,] = (0.030 - x); [NH,*] =x
2 2

x~ X _
Toan X=[OH]=7348 x 10* =73 « 10~*
0.030° X =[OH'] ) <107 M

18 x1070 =X _
(0.030-x)
pH=14.00-3.13 = 1087

(b-f) Calculate mol NH; and mol NH," after the acid-base reaction takes place. 0.030
MNH; x 0.0300 L = 9.0 x 10-* mo] NH, present initially.

NH;(aq) + HCl(aq) - NH,"(aq) + Cl-(aq)
(0.025 M x 0.0100 L) =
(b)  before rx 9.0 x 10~* mol 2.5 %10 *motl 0 mol
after rx 6.5 x 10-* mol 0 mol 2.5 x 10~* mol
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NH;(aq) + HCl{aq) - NH,"(aq) + Cl"(aq)
(0.025 M x 0.0200 L) =
(c)  before rx 9.0 x 10-* mol 5.0 x 10-* mol 0 mol
after rx 4.0 x 10-* mol 0 mol 5.0 x 10-* mol
(0.025 M x 0.0350 L) =
(d) before rx 9.0 x 10~* mol 8.75 x 10~* mol 0 mol
after rx 0.25 x 10-¢ mol 0 mol 8.75 x 10~¢ mol
(0.025 M x 0.0360 L) =
(e)  before rx 9.0 x 10~* mol 9.0 x 10-* mol 0 mol
after rx 0 mol 0 mol 9.0 x 10~* mol
(0.025 M x 0.0370 L) =
()  before rx 9.0 x 10-* mol 9.25 x 10-% mol 0 mol
after rx 0 mol 0.25x 104 9.0 x 10-* mol
mol

(b)

(©

(d)

Using the acid dissociation equilibrium for NH,* (so that we calculate [H*]
directly), NH,"(aq) == H*(aq) + NH,(aq)

_[H']JINH;] K, 10 x10™"

a S = —=556 x 107" =56 x 107
[NH,"] K, forNH, 18 x 10

6.5 x 107 mol 2.50 x 10™* mol

NH,]= —0.01625 M; [NH, *] = ~625 x 103 M
INH3 ] =— 00T (NH,"] 0.0400 L 8

556 x 107 [NH,*] 556 x 107° (6.25 x 107)

(H']=
[NH,] (0.01625)

=214 x 107, pH=9.67

(We will assume [H"] is small compared to [NH;] and [NH,"}.)

4.0 x 107 mol 5.0 x 107 mol
————— = 0.0080 M;[NH,*]=" " — 2" _ 0.
0.0500 L [NH,"] 0.010M

NH,]=
[NH,] 0.0500 L

., 556 x 1071 (0.010
(H*]= (0.010)

=694 x 107° =69 x 1071 M; pH=9.16

(0.0080)

0.25 x 10™* mol 875 x 107 mol

NH;]=——————=3846 x 107 =4 x 10 M;[NH, ]=—2 " 7 TO
[NH] 0.0650 L 8 ) [NH,"] 0.0650 L

=0.01346 = 0.013 M
556 x 107'? (0.01346)

H+
(5 3.846 x 1074

=1.946 x 10 =2 x 10 M; pH=77
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|
{
J
]

(¢) At the equivalence point, [H"] = [NH,]=x
90 x 10" M

[NH,* = =0.01364 = 0.014 M
0.0660 L
X2
556 x 10710 = ix=[H"]=2754 x 107°=2.8 « 107; pH = 5.56
0.01364

(f)  Past the equivalence point, [H"] from the excess HCI determines the pH.

_ 025 x 10 mol

=3.731 x 107 =4 x 107 M; pH =34
0.0670 L

[H"]
17.44 The volume of NaOH solution required in all cases is
_ \/ cid X Macid - <0100) Vacid

Viase = — =125V .
base Mbase (0080) acid

The total volume at the equivalence pointis Vi o + V14 =225V, .

Voig _ 0.100

T 225

acid

225V

acid

=0.0444 M

The concentration of the salt at the equivalence point is

(@)  0.0444 M NaBr, pH = 7.00

(b) 00444 M Na~ C;H;0,7; C;H;0;7(aq) + H;O) = HC,H,0,(aq) + OH-

(aq)
[HC3H;0,][OH"] K, 1.0 x 107* - -
K, = [C3H503*] = Ka =W=714 x 10 =71 x 10

[HC3H;0;] = [OH"); [C3H:057] ~ 0.0444
[OH"]? = 0.0444(7.14 x 1071); [OH"] = 1.78 x 106 = 1.8 x 10-° M, pOH = 5.75;
pH =825

()  CrO,*(aq) + H,O1) = HCrO,(aq) + OH~ (aq)
_HCO, JIOH] K, 10 x 107"

Kb -5 =

2 =o————-=333 x 10°% =33 x 10°®
[CrO, 7] K, 30x10

[OH"]? ~ 0.0444(3.33 x 10°); [OH"] = 3.849 x 10-5= 3.8 x 105, pH = 9.59
Solubility Equilibria and Factors Affecting Solubility

17.46 (@)  Solubility is the amount (grams, moles) of solute that will dissolve in a certain
volume of solution. Solubility-product constant is an equilibrium constant, the
product of the molar concentrations of all the dissolved ions in solution.

(b)  Kp=[Mn*][CO:*; K, , = [Hg][OH"]?; Kp = [Cu®’[PO, )2
17.48 (@)  PbBry(s) = Pb2(aq) + 2Br-(aq)
K,p = [Pb>[[Br]% [Pb?*] = 1.0 x 10-2 M, [Br-] = 2.0 » 10~ M
K,y = (1.0 x 10" M)(2.0 x 10-2 M)? = 4.0 x 10-5
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(b)  AglOs(s) == Ag’(aq)+I0;7(aq); K,,=[Ag'][1057]

0.0490 g AglO, y 1mol AglO, 21733 x 10 =1.73 x 10~ M
1.00L soln 282.8 g AglO,

[Ag"]=[105"]=

K, = (1.733 x 1074 M) (1.733 x 10-* M) = 3.00 x 10-8

()  Cu(OH)y(s) == Cu®*(aq)+20H-(aq); K,, = [Cu®][OH ]?
[Cu?]=x [OH] =2x; K,, = 4.8 x 102 = (x)(2x)?
4.8 x10°%0=4x3; x = [Cu?]=2290x10-7=23 x 10" M

-7
2.290 x 107" mol Cu(OH), y 97.56 g Cu(OH), =22 x 105 ¢ Cu(OH),
1L 1 mol Cu(OH),

However, [OH"] from Cu(OH), = 4.58 x 10-7 M; this is similar to [OH"] from the
autoionization of water.

K, = [H']J[OH"]; [H*] =y, [OH"] = (458 x 10-7 + )
1.0x107*=y(4.58 x 10-7 + y); y? + 4.58 x 10-7 y - 1.0 x 10~ 14

-4.58 x 10‘71\/(4.58 x 107)% ~4(1) (-1.0 x 107%)

y 5 ;y=2.09 x 1078

[OH [ ot =4.58 x 107" M + 0.209 x 10-7 M = 4.79 x 107 M
Recalculating [Cu**] and thus molar solubility of Cu(OH),(s):
4.8 %1072 = x(4.79 x 10-7)2; x = 2.09 x 10-7 M Cu?2*

2.09 x 107 mol Cu(OH),(s) . 97568 Cu(OH),

=2.0 x 107° g Cu(O
1L 1mol Cu(OH), x 107 g Cu(OH),

Note that the presence of OH- as a common ion decreases the water solubility of
Cu(OH),.

1750  Pbly(s) + Pb2*(aq) + 2I-(aq); Kep = [Pb*][I-]?
_ 054 g Pbl, y 1 mol Pbl,

= =117 x 103 =12 x 10° M
1.00Lsoln  461.0g Pbl, * *

[Pb**]

("] = 2[Pb*"]; K, = [Pb?*}(2[Pb2"])? = 4[Pb?*]® = 4(1.17 x 10-3)? = 6.4 x 10-°

1752 LaFs(s) < La3*(aq) +3F (aq); K, = [La*][F]3
(@)  molar solubility = x = [La*]; [F-] = 3x
K,p=2x1071° (x)(3x)3; 2 x 1029 = 27 x*; x = (7.41 x 10-2)1/4 x = 9.28 x 10-6
=9x10-°M La3*

9.28 x 107 mol LaF, . 1959 g LaF,
1L 1 mol

=1.82 x 10 =2 x 107% g LaF,/L
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(b)  molar solubility = x = [La*"]
There are two sources of F-: KF(0.010 M) and LaF, (3x M)

Kip = (9(0.010 + 3x)*; assume x is small compared to 0.010 M.

| 25107 = (0.010)7 x; x =2 « 107/1.0 x 107° =2« 10" M La®*

2« 107" 1959 g Le
0__mollaky,  1959gLlafy o 10" =4 5 107" g LaF, /L
1L 1mol -
(¢)  molar solubility = x, [F-] = 3x, [La®]=0.050 M + x
K, = (0.050 + x)(3x)°; assume x is small compared to 0.050 M.

21071 = (0.050)(27 x™) = 1.35 x3; x = (148 x 10°)19 =529 % 107 = 5 % 10-7 M

5.29 x 107 mol LaF, . 19595 LaF,

=1.04 « 10 =1 « 10 * g LaF, /L
1L 1mol

1754 Fe(OH),(s) = Fe?'(aq) + 20H"(aq); K, =8.0x10-%
Since the [OH"] is set by the pH of the soluﬁon, the solubility of Fe(OH), is just [Fe2*],
(a) pH=70 pOH=14-pH =70, [OH ]=10"PH =10x10"7 =1x10-" M

AT e 2e 79x 1070 2
KSP =79 x ].O_lb :[F62 ](10/( 167 )A,' [Fe“ ] :T—a‘xTO—"E =7.9x ].O§2 =8x 107" M
U X

Check. In pure water, [OH"] from Fe(OH), is similar to (OH"} from the
autoionization of water, resulting in a cubic equation for [Fe?’]. The solubility of
Fe(OH), at a buffered pH = 7.0 is actually greater than the solubility in pure
water.

(b)  pH =100, pOH = 4.0, [OH [ =1.0 « 10-4 =1 x 10-% M

7.9x10'°
L7 =79x10"% =8 1078 M

=792 10"16 _[Ea2t 10~ 12 1ER2
Kip 2795107 =[Fe™ |[1.0x 107 P; [Fe?*) TPTE

(©  pH=120,pOH =20, [OH]=1.0x 102 = ] x 10-2 M

. 22 e oL 7.9x1071 i 5
K, =79 107" =[Fe> {10 » 102 ]‘;[Fe~*]=i—i-0-4—: 7.9x1072 = 81072 M
1.0 %10

17.56 If the anion in the slightly soluble salt is the conjugate base of a strong acid, there will
be no reaction.

(a)  MnS(s) + 2H"(aq) -» H,S(aq) + Mn? ‘(ag)

(b)  PbF,(s) + 2H"(aq) — 2HF(aq) + Pb**(aq)

(¢} AuCly(s) + H™(aq) = no reaction

(d)  Hg,C,0,(s) + 2H" (aq) — H,C;04(aq) + Hg,?" (aq)

(¢)  CuBr(s) + H* (aq) — no reaction
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17.58

17.60

NiC,04(s) = Ni?"(aq) + C,0,2(aq); K,, = [Ni?*][C,0,2] =4 x 10-10

When the salt has just dissolved, [C,0,2"] will be 0.020 M. Thus [Ni2*] must be less
than 4 x 1071 / 0.020 = 2 x 10~ M. To achieve this low [Ni?*] we must complex the
Ni?* jon with NH;: Ni2* (aq) + 6NH, (aq) f Ni(NH;)42* (aq). Essentially all Ni(II) is
in the form of the complex, so [Ni(NH;)42*] = 0.020. Find K, for Ni(NH;)42* in Table
17.1.

. [Ni(NH,)Z*] (0.020)

= =1.2 x 10%;[NH,]° =833 x 10™;
"UINIFJNH,° (2 x 10°)[NH, | (NH,]

[NH,]=0307 =03 M

AgyS(s) = 2Ag*(aq) + S*~(aq) Ksp
$*"(aq) + 2H' (aq) = H,S(aq) 1/ (Ka x Ky)
2[Agl" (aq) + 2Cl(aq) = AgCl, (aq) K;?

Ag;S(s) + 2H" (aq) + 4Cl" (aq) = 2AgCly (aq) + H,S(aq)

K > K (6 x 10%) (1.1 x 10%)?
K, x Ky (95 x 107%)(1 x 1077)

=764 x 10° =8 x 1075

Precipitation; Qualitative Analysis

17.62

17.64

17.66

(@)  Co(OH)y(s) == Co**(aq) + 20H-(aq); K,, = [Co>*][OH"]2 = 1.3 x 10-15

pH =85 pOH =14 -85=55; [OH ] =10-55=3.16 x 106 =3 x 10-* M
Q = (0.020)(3.16 x 10-%)? = 2 x 10-%;, Q > K, ,, Co(OH), will precipitate

(b) AglOs(s) = Ag+(aq) + 10, (ag); K,, = [Ag+][I0,] =3.1x 10-°

0.010 M Ag* x 0.100L .
Ag'l= =9.09 x 1073=9.1 x 103 M
[Ag’] 0110L § g
0.015MI0,™ x 0.010L
10,7]= £ =136 x 10 =14 x 10* M
1105} 0110L * )

Q=(9.09x10%)(1.36 x 10%) =12 x 10-5 Q > Kp AgIO; will precipitate

AgCl(s) = Ag "(aq) +Cl™(aq); K, =[Ag "][CI]=1.8 x 10710

0.10M x 02mL 1.8 x 1071°
Agl)ls ————— =2 x 10°°M; [CI']=="2" -9 % 10%M
[Ag™] 10mL 8 = o, = 10

9 x 107 mol CI- . 3545 Cl”
1L 1mol CI™

x 0.010L =319 x 10 gCl =3 x 10 gCI

(@)  Precipitation will begin when Q = Kp-
BaSO,: K, = [Ba?][SO,27] = 1.1 x 10-10
1.1 x 1071 = (0.010)[SO,*7); [SO,27) =1.1 x 10-* M
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SrS0,4: K, = [Sr**][SO,* ] =32 x 10-7
32107 = (0.010)[SO,>"]; [SO, 2] = 3.2 x 10-5 ot

The [SO, 2] nhecessary to begin precipitation is the smaller of the two values,
11x10-8 M SO, 2-,

(b)  Ba?* precipitates first, because it requires the smaller [SO,%].

() Sr** will begin to precipitate when [SO,427] in solution (not bound in BaSO,)
reaches 3.2 x 10-5 M.

17.68  Initial solubility in water rules out Cds and HgO. Formation of a precipitate on addition
of HCl indicates the presence of Pb(NO,), (formation of PbCl,). Formation of a
precipitate on addition of H,S at pH 1 probably indicates Cd(NO;), (formation of
CdS). (This test can be misleading because enough Pb2* can remain in solution after
filtering PbCl, to lead to visible precipitation of PbS.) Absence of a precipitate on
addition of H,S at pH 8 indicates that ZnSOy is not present. The yellow flame test
indicates presence of Na*. In summary, Pb(NO,), and Na,SO, are definitely present,
Cd(NO;), is probably present, and Cds, HgO and ZnSO, are definitely absent.

17.70 (@)  Make the solution slightly basic and saturate with H,S; CdS will precipitate, Na*
remains in solution,

(b)  Make the solution acidic, saturate with H,S; CuS will precipitate, Mg?* remains
in solution.

() Add HCl, PbCl, precipitates. (It is best to carry out the reaction in an ice-water
bath to reduce the solubility of PbCl, )

(d)  Add dilute HCI; AgCl precipitates, Hg?* remains in solution,

17.72 The addition of (NH;),HPO, could result in precipitation of salts from metal ions of
the other groups. The (NH,) 2HPO, will render the solution basic, so metal hydroxides
could form as well as insoluble phosphates. It is essentia] to separate the metal ions of a
group from other metal ions before carrying out the specific tests for that group,

Additional Exercises

_[H]n"} - =[N [H 1=K oH = nic
1774 K, - [Hin] 2 PH =468, [Hin = In"J;(H"} =K pH - PK, =468
= R+ - [HB"][A7]
17.75 (a) HA(aq) + B(aq) HB (aq) +A (aq) Keq = [H\M[*BT

(b)  Note that the solution is slightly basic because B is a stronger base than HA is an
acid. (Or, equivalently, that A- s 4 stronger base than HB* is an acid.) Thus, a
little of the A~ is used up in reaction; A~(ag) + H,O() = HA(aq) + OH “(aq).
Since pH is not very far from neutral, it is reasonable to assume that the reaction
In part (a) has gone far to the right, and that [A]~[HB*] and [HA] ~ [B]. Then
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