11-1.  The K, reaction, with a much greater equilibrium constant than K, releases H:
HA" = H*+A> K,
Each mole of H* reacts with one mole of OH" from the K}, reaction:
HA™ +H;0 # H>A + OH'.
The net result is that the K}, reaction is driven almost as far toward completion as
the K, reaction.

2
4. @ 5ya0—= = K1 = x = 3.11x10? = [HH = [HA"] = pH = 251

[HrA] = 0.100-x = 0.0969M [A2] = %{% = 1.00x 108 M

+ .‘f - -6 -
(b) [H ] ~= Kl E = 1.00x 100 = pH = 6.00

[HA"] = 0.100 M

[HoA] = IW%AJ =1.00x103M  [A2]= —K%‘;” =1.00% 103 M

x2 K,
(c) 0100 -x = R“;’“ = x = [OH]=[HA]=3.16x 104 M = pH = 10.50

[A2]=0.100-x =9.97x 102M  [HA] = [HJ"]T[EIAJ. =1.00x 10-10 M

pH [HaA] [HA"] [A%]
0.100 M HyA 2.51 9.69x 102  3.11x103  1.00x 108
0.100MNaHA  6.00 1.00x 103  1.00x 101  1.00x 103
0.100 M NazA  10.50 1.00x 1010 316 x 104 9,97 x 102

11-5. (a) HoM = H* + HM™ Ki = 142x103
F-x x x

2
X
0100 - = KI ® x = 112x102 = pH = -logx = 1.95

[HaM] = 0.100—x = 0.089 M

[HM] = x = 1.12x 102 M M2] = [—H[%:]]'& = 201x10°M

= +
[HM] = 0.100 M [HoM] = % =37x103M

Ko[HM]
[H*]
The method of Box 11-2 would give more accurate answers, since [HM ] is not

that much greater than [HoM] or [M2-] in this case.

(€©) M2 + HyO & HM™ + OH™ Kp = Kw/Kaz = 4.98x 109

[M2] = = 38x103M

F—-x x X
x2 Ky
0700 =% = Kbt = x = 2.23x 105 = pH = —log=* =935
M2-] = 0.100-x = 0.100 M [HM] = x = 223 x 10 M

[HoM] = LHf-]}}:—M-_v]- = 7.04x 10-12 M



11-6.

11-7.

11-11.

11-12.

11-13.

I/ oY
HN NH + H,0 # HN. NH, + OH
s 2 s 2 Kol = X% = 538 %10
2
F-x x x
2
5500 = = Kb1 = x =399x103 M = pH = ~log Ky/x = 1160
[B] = 0.300—x = 0296 M [BH*] = x = 3.99x 103 M
2+, _ [BH*J[H*] _ 9
[BH,") = 5 = 215x 109 M
For HoA, K| = 5.60x 102and K = 5.42x 10-5
First approximation ([HA™]1 = 0.001 00 M) :
_ . [K1K2(0.00100) + K1 Kw _ B
[H*; = X1+ 0.001 00 = 231x104M = pH; = 3.64
N -
a] = HILHAL _ 413,106 M
(A2 = X2HA D _ 535, 104m
[H*]
Second approximation :
[HA]2 = 0.00100 - [HzA]; — [A2]; = 0.000761 M
_ K1K2(0.000761) + K1 Ky, _ 4 -
[Ht], = X, +0.0007¢1 = 202x 104M = pHy = 3.70
co%
pH = pK, + log 1)
[HCO3]

(x g)/(105.99 g/mol)

10.00 = 10.329 + log (5766 5)/(84.01 g/mol) — *= 2968

We begin with (25.0 mL)(0.0233 M) = 0.582 5 mmol salicylic acid (H2A,
pK1=2.97, pK7 = 13.74). At pH 3.50, there will be a mixture of HA and HA™.
HA + OH — HA + H0
Initial mmol: 0.5825 x —
Final mmol: 0.5825 - x — X
— —x —
3.50 = 297 + log gsga s -5 = x=0.449 8 mmol

(0.449 8 mmol)/(0.202 M) = 2.23 mL NaOH

Picolinic acid is HA, the intermediate form of a diprotic system with pK; = 1.01
and pK? = 5.39. To achieve pH 5.50, we need a mixture of HA + A",

HA + OH - A
Initial mmol; 10.0 x —_—
Final mmol: 10.0 - x _— X
5.50 = 539 + log [gp— = *=5.63 mmol = 5.63 mL NaOH

Procedure: Dissolve 10.0 mmol (1.23 g) picolinic acid in = 75 mL H2O in a
beaker. Add NaOH (= 5.63 mL) until the measured pH is 5.50. Transfer to a 100
mL volumetric flask and use small portions of H»O to rinse the contents of the
beaker into the flask. Dilute to 100.0 mL and mix well.



11-14.  AtpH 2.80, we have a mixture of SO§ and HSO}, since pK, for HSO; is 1.99.
[SO71
[HSO;]
The reaction between HpSO4 and SO%‘ produces 2 moles of HSO:

280 = 1.99 + log

= HSO; = 0.1549[SO%]

HxS04 + SO% — 2HSO;
Initial mmol: x ¥ —_
Final mmol: — y-Xx 2x
The Henderson-Hasselbalch equation told us that [HSO;] = 0.1549 [SO%] =

2x = 0.1549 (y - x). Since the total sulfur is 0.200 M, x + y = 0.200 mol.
Substituting x = 0.200 — y into the equation 2x = 0.154 9 (y — x) gives
NazS04 =y =0.186 6 mol = 26.50 g and HySO4 = x=0.0134 mol = 1.32 g.

11-15. pK; for phosphoric acid is 7.2, so it has a high buffer capacity at pH 7.45 (from the
buffer pair HgPO;."I{PO,z,:}. At pH 8.5 the buffer capacity of phosphate would be

low and it would not be very useful,

11-17. () For 0.0500 M KHzPOy, [F#] = | KEZOI0D 2K iKw _ 1y gg 195

= pH = 4.70

H,PO;
470 = 2.148 + log {HZPOﬂ = Egzz‘*} = 2.8 10°3
4

(b) For 0.0500 M KoHPO,, [H*] = 4] X2K3(0.0500) + KoKy _ , o0 1010

K2 +0.0500
= pH = 9.62
H,PO;
9.62 = 2.148 + log Uil PO _ 5, 10-8
[H3PO4] [H2PO;]
pK1=2.148 pK2 =7.199 pK3 =12.15
11-18. (a) H3PO4 - HyPO; - HPO% - PO
T T
pH = (2.148+7.199)/2 pH = (7.199+12.15)/2
= 4.67 =967

pH 7.45 corresponds to a mixture of NaH,PO4 and NagHPOQ4. (You could get
the same result by mixing other combinations such as H3PO4 and Na3POy or
H3PO4 and NapyHPO4.)

(b) pH = pK3 + log Ltassy

[H2POg]

[HPOF] _ [HPO%]

[H2PO;] [H2PO4]
Combining this last result with [HPOZ] + [HoPO;] = 0.050 0 M gives
[HPOZ] = 0.032 03 M and [H2POj] = 0.017 97 M. Use 4.55 g of NagHPOy4
and 2.16 g of NaH,PO4.

(c) Here is one of several ways: Weigh out 0.0500 mol NagHPOj4 and dissolve it
in 900 mL of water. Add HC] while monitoring the pH with a pH electrode.
When the pH is 7.45, stop adding HCI and dilute up to exactly 1 L with HyO.,

7.45 = 7.199 + log = 1.78;



11-19.

11-22.

11-23.

11-26.

Lysine hydrochloride (HoL#) is  NH,

l
(IZHCHZCHZCHQ'I!;IHg,
CO;
for which [H*] = KIKQIE_OI'EIE’%)IE fle =1.99x 106 M = pH =5.70

[HoL*] = 0.0100M
+ +
L2 = WL ) 4o 106 m

K
- Ko[HpL*] _ 6 - _ K3[HL] _
[HL] = [H+] = 4,17x10°M [L] = [H*] = 419x 10011 M

(a) HA (b) A”

© pH = pKa + 2]

7.00 = 7.00 + log %Iﬂi — [ATV[HA] = 1.0
6.00 = 7.00 + Jog[[—H‘% = [AV[HA] = 0.10

(a) 4.00 (b) 8.00 (©) HpA (d) HA" (e) AZ

H H —_— —_— [ +] - j— l 5 —
Fraction in form HA = aya “[H+]+ K, ~ 1054104 = 0.091
P - _ Ky _
Fractmn.ln form A = op- = (HH + K, 0.909,

A _ oA 10, which makes sense.
HAT ™ ogpa



