Chapter 10 Homework

10-6. P 0 1 5 9 9.9 10 10.1 12
pH 3.00 4.05 500 593 7.00 8.98 1096 12.25

Representative calculations:

2
OmL: HA = H+ A 0700 =S = 10500 = x =995 g4y
0.100 -x x x '
= pH=3.00
A\
Iml: pH = pK, + IOg[JEA]j = 5.00+ log é = 4.05
)C2 Kw

10mL:  A™ + H)O = HA + O

160
(‘1?_0)(0 100)—x x x

0.0909 -x ~ X,
= x=9.53 x 106

K
= [H7] = = = pH=8.98

0.1
101mL: [OH] = [m_—)(mm = 9.08x 104 M = pH = 10.96
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10-7.

_ Al - A7 A7 1

A 1 1
If the ratio %I—ﬁ]]_ is to be 10> then 11 of the initial HA must remain as HA.

At this point,[A"/[HA] = (1/1 1)/(10/1 1) =1/10. So pH = pK; - 1 when ¥}, =
Ve/l1.

In a similar manner, pH = pKj +1 when ¥}, = 10V,/11.

For anilinium ion, pK; = 4.601. For the titration of 100 mL of 0.100 M

anilinium ion with 0.100 M OH", the reaction is

+ -
+
0mL - @—NH3 = <C:)>7NH2 +H*
X X

0.100 ~x

2
0 1())60—x =Ka=10460 = x=157 x 103 = pH=2.80

Ve/ll1=9.09 mL: pH = pK;—1 = 3.60
Ve/2=50.0mL: pH = pK, = 4.60
107/11=90.91 mL: pH = pK,+1 = 5.60
Ve=100.0 mL: BH* has been converted to B.

B + HyO BH*+ OH" K] 'Kw x

F—x x x
Ky
=x=446x100M pH = —log —~ = 8.65
1.2V.=120.0 mL: There are 20.0 mL of excess NaOH.

[OH] = (336)(0.100) = 9.09x 103 M = pH = 11.96
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10-13. At the equivalence point, the weak base, B, is converted completely to the
conjugate acid, BHT, which is necessarily acidic.

10-14. V1, 0 1 5 9 9.9 10 10.1 12
pH 11.00 995 9.00 8.05 7.00 5.02 3.04 1.75

Representative calculations:

2
OmL: B + H;O = BH+ OH  gyg0 5= 10500M =x=995x104M
0.100 —x x x

Kw
[H7] =—% = pH=11.00

X

B
Iml: pH = pKpyg+ + log[J]g;}—I]ﬁ = 9.00 + log% = 9,95

2
. + o= —
10 mi)o BH = B+ H' 00909 —x— 1090 M = x=953x 106 M
110 )(0.100) —x XX [Hf =x = pl=5.02

0.1
10.1 mL: [HH] = (m)(l.OO) = 9.08x 104 M => pH = 3.04




10-17.  Titration reaction: B + Ht — BH*. To find the equivalence point, we write
(50.0%0.0319) = (Ve)(0.0500) = V. = 31.9mL.

x2 Kw
Oml: B + HyO & BHT + OH" m=Kb:E=2.2ZXIO“5
00319~ o = x=831x 104M = pH=10.92
12.0 ml: B + H* — BHf
Initial :  31.9 12.0 _
Final: 19.9 _ 12.0

B 19.9
pH = pK, + Ing]-B%I]*T 9.35 + log 20 = 957
12Ve: pH = pK, = 9.35

1.9
OmL: pH = pK, + Iog—30‘0 = 8.15

(']

50.0
Ve B has been converted to BH* at a concentration of (m)(O.(Bl 9)

= 0.0195M
2
BI' = B + H' T0T55 5 = Ko = x=2.96x 106 M

0.0195 ~x X X = pH — 5'53

35.0mL: [H*] = [%)(0.050 0) = 1.82x 103M = pH = 2.74



10-23.

10-24.

Va 0 1 5 9 10 11 15 19 20 22
pH 1149 1095 1000 9.05 800 695 600 505 354 179
Representative calculations:

Kp ) x2
OmL: B+ HyO = BH"+ OH"  §ipp_z — 10*0=x=311x103M

0.100 —x x X Kw
pH = —log— = 1149

2 =
= 1095

B
ImlL: pH = pKpp+ + Iogéﬁ]ﬁ = 10.00 + log

10 mL: Predominant form is BH" with formal concentration %(0.100) =0.0909 M
-6.00 10-10.00 (0090 9) + 10-6.00 10-14.00 : -
5 z\/10 0-10:00 (0.090 9) + 10-6.00 10

10-600 + 0.090 9
= 1.00 % 108 = pH=8.00

BH™ g Lt
: = pk| + = 6.00 + == 5
11 mL: pH = pKpp2- + log [BHZ] 6.00 + log 7 _. 695 |
. 2 = + + 2 RS
20 mL: BH? BHT + H ﬁég_g__ = 10600 = x =2 88 x 10-4
106100y - x  «x x ' : S
1200 S o= pH=3.54

22 mL: [H'] =[T§Ej(1‘00) =164%x102M = pH = 1.79- .
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pH 2.51 305 400 495 600 705 800 895 1046 1221
Representative calculations:

R - 2
OmL: HA & HA +H! ORI lg()*x =10400 = x=3.11x103M

0.100 -
oor 7 — pH=2.51



HA™
Iml: pH = pK; + log{ﬁzz% = 4,00 + logé = 3.05

Predominant form is HA with formal concentration G%(o. 100)

10 mL:
=0.0909 M.
(1] ~ 10-4.00 10-8.00 (0.090 9) + 10-4-00 1(-14.00
10-4.00 + 0,090 9
=999 x 107 = pH=6.00
AZ
1lml: pH = pKy + Iog‘L_l = 8-00+10g% - 705
[HA']
20 mlL: AZ— + H20 = HA + OH" x2 KW
100 _ 0.0833—-x )oY =x=288x104M
(1_2—0)(0.100)—x P

Kw
pH=-log — = 1046

- 2
22ml: [OH} = (Tz_z)(l.OO) = 1.64x102M = pH = 12.21
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10-26. OH OH
+ HY
NH, N,
Initial mmol: 0.500 0.164 —
Final mmol: 0.336 — 0.164
B 0.336
pH = pKy + logféﬁ]ﬁ = 470 + log 0164 — 201~
10-36. The quotient [HIn]/[In"] changes from 10:1 when pH = pKiim — 1 to 1:10 when

pH = pKuj, + 1. This change is generally sufficient to cause a complete color

change.



10-43. No. When a weak acid is titrated with a strong base, the solution contains A~ at
the equivalence point. A solution of A™ must have a pH above 7.
10-46. (a) NHgt = NH; + H* 2 _ 6

0.010 —x X x
= pH = 5.62

{(b) One possible indicator is methy! red, using the yellow end point.

For a more complete analysis of this problem, we could compute the titration
curve for a mixture of HCI and NH4*. For simplicity, we consider the mixture to

be a “diprotic” acid with K1 = 100 (i.e., a “strong” acid) and K» = 5.7 x 10-10 for
the ammonium ion. We use the spreadsheet equation in Table 10-5 for titrating
HpA with strong base, taking C, = 0.01 M and Cp, = 0.1 M. An indicator with a

color change in the range ~4.5-7.0 would find the HCI end point without titrating
a significant amount of NH?I.
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10-50. The greater the equivalent mass, the more primary standard is required. There is

less relative error in weighing a large mass of reagent than a small mass.

10-55. 30 mL of 0.05 M OH™ = 1.5 mmol = 0.31 g of potassium acid phthalate.



