20.

24.

30.

44,

50.

Ka % Kp = Ky, !log (Ka x Kp) =!og Ky

llog K, ! log K, =!log Ky, pKa+ pKp = pKy = 14.00 (at 25°C)

HCO; is a weak acid withK , = 4.3 x10"and K, = 5.6 x10**. The [H] concentration in
solution will be determined from th& , reaction smceK >>K . Since K, << 1, then the
[H'] < 0.10M; only a small percentage of,E&1I0; will d|SSOC|ate |nto HCQ@ and H. So state-
ment a best describes the OMIH,CO; solution. HSQ, is a strong acid and a very good weak
acid (K, >>1, K, =12 x107). All of the 0.1M H,SQ, solution will dissociate into 0.1

H* and 0.10M HSO,". However, since HSQis a good weak acid due to the relatively large K
value, then some of the 0.M HSQ,” will dissociate into some more*tind S@". Therefore,
the [H'] will be greater than 0.1M, but will not reach 0.20 since only some of OMHSO,
will dissociate. Statement c is best for a (M.®,SO, solution.

Conjugate Conjugate
Acid Base Base of Acid Acid of Base
a. Al(H0)  H,0 Al(H,0)s(OHY** HO"
b. HONH;" H,O HONH HO"
C. HOCI GHsNH, OcCI GsHsNH;"

a. pOH =14.00-9.63=4.37; TH 10°° =2.3x10"°M
[OH]=10"*" = 4.3 x10°M; basic

10x10°* ~ ~
b. [H]1==—"""_ =26x10° M; pH =!log (2.6 x10°) = 8.59
[H] 39x10° X p 0g (2.6 x107)

pOH = 14.00 — 8.59 = 5.41; basic

c. pH=llog (0.027) = 1.57; pOH = 14.00 — 1.57 = 12.43
[OH] = 102*® = 3.7 x10™*M; acidic

d pH=14.0-122=18; [H=10"® =2 x10?M

[OH]=107"%? =6 x10™M; acidic

90.0 x10°°L x wz 0.450 mol H from HCI
30.0 x107°L x m = 0.240 mol H from HNG;

485
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0.450mol + 0.240mol
100L

H]= = 0.690M; pH =!log (0.690) = 0.161

pOH = 14.000 0.161 = 13.839; [OA = 10™*%¥= 1.45 x10™*M

54. a. HOGHs (K,=1.6 x10™°) and HO (K, = K,, = 1.0 XL0**) are the major species. The major
equilibrium is the dissociation of HQBs. Solving the weak acid problem:

HOGHs = H +  OGHs

Initial 0.250M ~0 0
x mol/L HOGsHs dissociates to reach equilibrium
Change !x — +X +X
Equil. 0.250 x X X
+ - 2 2
Ka=1.6 x10™° = HOGHs ] x X (assuming << 0.250)

[HOC,H.] 0.250- x  0.25C

x = [H]= 6.3 x10°M; Checking assumptiorx is 2.5 x107% of 0.250, so assumption is
valid by the 5% rule.

pH =!log(6.3 x10°) = 5.20

b. HCN (K,= 6.2 x10'°) and HO are the major species. HCN is the major sourd¢ of

HCN = H + CN
Initial 0.250M ~0 0
x mol/L HCN dissociates to reach equilibrium
Change !X — +X +X
Equil. 0.250 x X X
+ - 2 2
Ka=6.2x10™° = [HICN] __ x X (assuming << 0.250)

[HCN] 0.250- x  0.25C

x=[H'] = 1.2 x10™° M; Checking assumptiorx is 4.8 x 10% of 0.250

Assumptions good. pHHog (1.2 XL0°) = 4.92

0.325g HC4H,0, 8 1molHC4H,0,
tablet 18015¢g
0.237L

2 tabletsx

60.  [HGH;04 = = 0.0152M
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76.

84.

HC9H7O4 = H+ + C9H7O4_

Initial 0.0152Mm ~0 0
x mol/L HGH-O, dissociates to reach equilibrium
Change IX — X +X
Equil. 0.0152 x X X
+ - 2 2
Ko=33x10% = tHIIGHO T X X 5508

[HC,H,O0,] ~ 00152-x  0.015:

—3
Assumption that 0.0152x%= 0.0152 fails the 5% rule:z'ozo% x 100 = 14%

Z

Using successive approximations or the quadratiagon gives an exact answer of
x=2.1x10"° M.

[H]=x=2.1x10°%M; pH =llog (2.1 x107®) = 2.68

a. HCIQ b. C5H5NH3+ C. C5H5NH3+

The acid with the largestalue is the strongest acid. To calculatev&lues for GHsNH;s" and
CHsNH;', use K = K, /K, where K, refers to the basesid@sNH, or CH;NH..

Major species: #MNH, (K, = 3.0 X10°) and HO (K, = K,, = 1.0 XL0™**); The weak base
H>NNH, will dominate OH production. We must perform a weak base equilibraalculation.

H.NNH, + HO = HNNH;"  + OoH K, =3.0 x10™°

Initial 2.0M 0 ~0

x mol/L H,NNH; reacts with HO to reach equilibrium
Change Ix — X +X
Equil. 2.0l x X X

[H,NNH, J[OHT] _ X? x?

Kp=3.0x107°= ~—— (assuming << 2.0)
[H,NNH,] 20-x 20

x=[OH]=2.4x103%M; pOH=2.62; pH=11.38 Assumptions gopis(0.12% of 2.0).

[Ho.NNH5T = 2.4 x107°M; [HoNNH,] = 2.0M; [H] = 10738 = 4.2 x10™*M
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100.

125.

136.

See Exercise 14.99 for some generalizatioracimhbase properties of salts. The letters in
parenthesis is/are the generalization(s) listeeixercise 14.99 which identifies the species.

CaBp: neutral; C& and Br have no acidic/basic properties (f and g).

KNO,: NO, is a weak base, & 1.0 x 10/4.0 x 10" = 2.5 x 10" (c and d).
Ignore K (f).

HCIO,: strong acid (a)

HNO,: weak acid, K= 4.0 x10™* (c)

HONH;CIO,: HONH;" is a weak acid, K= 1.0 x10/1.1 x10°=9.1 x10™" (c and e).
Ignore CIQ (g). Note that HN@has a larger Kvalue than HONKf, so HNQ
is a stronger weak acid than HONH

Using the information above (identity and & K, values), the ordering is:
most acidic— most basic: HCI®> HNO, > HONH;CIO, > CaBp > KNO,

At pH = 2.000, [ = 102°°=1.00 x10%M; At pH = 4.000, [H] = 10%°°=1.00 x10™* M

mol H" present = 0.0100 L wz 1.00 x10™* mol H*

Let V = total volume of solution at pH = 4.000:

_4 +
1.00 0% moliL = 99 xl(i/ molH™ "\, _ 1001

Volume of water added = 1.00!'10.0100 L = 0.99 L =990 mL

From the pH, €1,CIO, is a weak base. Use the weak base data to deteKpior C;H,CIO,
(which we will abbreviate as CB

CB + HO = HCB + OH
Initial  0.20M 0 ~0
Equil.  0.200 x X X

Because pH = 8.65, pOH = 5.35 and [PH 10 >**= 4.5 x10°M =x.

_ [HCB|[OHT] x> (45x10°)?

= = =1.0x10™"
[CBT] 020-x  020-45x10"°

Since CB is a weak base, HCB, chlorobenzoic acid, is a vee#k Solving the weak acid
problem:

HCB = H o+ CB
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144,

Initial  0.20M ~0 0
Equil.  0.20 x X X
—14 2 2
K, = Kw _ 1.O><1O_10 _10x10%= X o X
K, 56x10 020-x  0.2C

x=[H7=4.5x10°M; pH=2.35 Assumptions good.

The pH of this solution is not 8.00 becaustemaill donate a significant amount of ftom the
autoionization of water. You can’'t add an acidvigter and get a basic pH. The pertinent reac-
tions are:

H,0 = H'+ OH K, =[H][OH]=1.0x10™"
HCl— H" + CI'  K,is very large, so we assume that only the forwaadtion occurs.

In any solution, the overall net positive chargestrequal the overall net negative charge (called
the charge balance). For this problem:

[positive charge] = [negative charge], s6][H [OH] + [CIT]

From K,, [OH] = K./[H"], and from 1.0 XL0®M HCI, [CI]= 1.0 x10®M. Substituting into
the charge balance equation:

_10x10™

] +1.0x10°%, [H7?11.0x108 [H']!11.0x10™ =0

[H']
Using the quadratic formula to solve:

—(-1.0x1078) +[(-1.0x107%)2 - 4(1)(-1.0x1074)]¥2

,[H1=1.1%x10"M
2(1)

[H]

pH =!log (1.1 x10™") = 6.96
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1molNalO N ImollO~

214g Nalo x 16589 I NalO

161. [IO]= 299 MOTTAY _ 103 x102M 107
125L
IO + HO = HIO + OH Kp =
[HIO][OH™]
[107]
Initial 1.03 x1072M 0 ~0
Equil. 1.03 x10721x X X
X2
K, = — From the problem, pOH = 14.00 — 11.32 = 2.68
103x 1072 - x
(2.1x107%)2

[OH]=107%® =21 x10°M =x;, K, = = -
2 3
103x10° - 21x10

=54 x10"



