10-2.

10-3,

10-5.

10-6.

10-7.

10-8.

(a) pH = -log [H*] = -log (1.0x 10-3) = 3.00

(b) [H*] = Ky /[OH] = (1.0x 10-19)/(1.0 x 10-2) = 1.0x 10-12 M.
pH = —log [H*] = 12.00

[H*] = [OH] +[ClO;] = [OH] = [H*]-5.0x 108

[H*] [OH'] = Ky

[H*] ([H*] -5.0x 108) = 1.0x 10-14 = [H*] = 1.28x 10-7TM

pH = -log [H*] = 6.89
[OH] = Ky/[H*] = 7.8x 108 M = [H*] from HyO = 7.8 x 108 M

. 7.8 x 108 M
Fracti + = =
on of total [H*] from H,O 128 < 107 M 0.61
(a) @—COEH - @—CD; +H* K,
(b) @-CDE +H,0 = @—CDEH + OH K,
+
© @—NHz +H,0 = @—NH3 + OH K
+
o Qfn - Qruer x

Letx=[H*] = [A"] and 0.100 —x = [HA].

2
00— = 100x 105 = x = 995x 104 M = pH = -logx = 3.00

_ A7 _ 995 x 104 _ .
+ Ka +
BH - B +H K3 = Kw/Ky, = 1.00 % 10-10
0.100 - x x x
x2

0100 =% = 100x 1010 = x = [B]=[H*]= 3.16x 106 M = pH =5.50

(CH3)sNH* = (CHz)3N + H* Ky, = 1.58 x 10-10

F-x X x

2
X
0060 —x = Ki= x = 3.0gx 106 = pH = 5.51

[(CH3)3N] = x = 3.1x 106 M, [(CH3)sNH*] =F-x = 0.060 M



K - _ [HY[AT7 X2
10-10. HA _* H*+ A Ka= “HAT =T o3
F-x x x
_ K, x2 N . _x _ 0.092K
10~ *
x2 ) x 27K
For F = 10 K, 10K, —x =Ky = x=27K;; a=F = _]ﬂK: = 27%
2
For 99% dissociation, x=0.99F = K, = ;2—5&% = F =(0.0102)K,
10-11. COH = @cu;+ H*
F— H}—?.,'?E -]Dvl.'?ﬂ 10—2.?3
= U022 6410 = pKy = 4.19
Ka = 50450 - 10278 = 04~ Pha = 2.
10-12. HA = H* + A" o = 0.0060 = 1%
F-x X x
2
Since F= 0.0450 M, x=27x 104M = Ky=g—— =16x10% =
pKa=5aTg

10-19. (CH3)3N + Ho0O = (CH3)3NH* + OH- Ky = Kyl/Ky = 6.33 x 10-5
F-=x x

X

Iz K
0060 - = Ko= x = 19x103 = pH = ~log =¥ = 11.28

[(CH3)3NH*] = x = 1.99x 10-3M, [(CH3)3N] =F-x = 0.058 M

10-20, CN™ + HpO = HCN + OH Kp = Kw/Ky = 1.6x 105

F-x X X

x2 K
0050 —x = Kp= x = 89x104 = pH = _103—;”- = 10.95



10-21. CH3CO; + H0 = CH3COzH + OH Kb = Kw/Ky = 5.71x 10710
F-x x x
x2 = K = 7.56 x 10-6 =%
(1.00x 101)—x ~ b= x = 7.56 x :>a—F=0.ﬂl}'?56%
X = K = 2.39x 106 =z
1.00x 102 —x - b= x = 239x 10 =}Dt—l—;=0.'3239%
For 1.00 x 10-12 M sodium acetate, pH = 7.00 and we can say
HA] = XA _ 5915 1037A7
[OH]
__[HA]  _  571x103[A7]
[I- -_— S = = A
[HA] + [A]  (5.71 x 103 + 1)[A"] 0.-568%
The more dilute the solution, the greater is o.
10-22. B + H,O =+ BH* + OH
F - (Kw”ﬂ-‘?.lg} _;:w”(]—i?ﬁ Kw“ﬂ—g,ﬁﬂ
-9.2842 -9.28y2
Ky = —(Kw/109282 _ (Ky/10-925) - 36x 109

10-25.

10-26.

10-27.

10-28.

10-29.

T F - (Kw/10928) ~ 0.10 — (K,/10-9-28)

1 would weigh out 0.020 0 mol of acetic acid (= 1.201 g) and place it in a beaker
with ~75 mL of water., While monitoring the pH with a pH electrode, I would add
3 M NaOH (~4 mL is required) until the pH is exactly 5.00. I would then pour the
solution into a 100 mL volumetric flask and wash the beaker several times with a
few milliliters of distilled water. Each washing would be added to the volumetric
flask, to ensure quantitative transfer from the beaker to the flask. After swirling the
volumetric flask to mix the solution, I would carefully add water up to the 100 mL
mark, insert the cap, and invert 20 times to ensure complete mixing.

The pH of a buffer depends on the ratio of the concentrations of HA and A”
(pH = pK, + log [A")/[HA]). When the volume of solution 1s changed, both
concentrations are affected equally and their ratio does not change.

Buffer capacity measures the ability to maintain the original [A}/[HA] ratio when
acid or base is added. A more concentrated buffer has more molecules of A™ and
HA, so a smaller fraction of A~ or HA is consumed by the added acid or base and
there is a smaller change in the ratio [ATJ/[HA].

At very low or very high pH, there is so much acid or base in the solution already,
that small additions of acid or base will hardly have any effect. Atlow pH the
buffer is H3O+/H20 and at high pH the buffer is HoO/OH".

When pH = pKj, the ratio of concentrations [A"J/[HA] is unity. A given increment
of added acid or base has the least effect on the ratio [A")/[HA] when the
concentrations of A” and HA are initially equal.



10-32. pH = pKa + log f[t%kl] = 500 + log 0933 = 470
[HCO;]
10-33, pH = 3.745 + log m
pH: 3000 3745  4.000
[HCOy V[HCO-H]: 0.180  1.00  1.80

0
10-34. pH = pK, + log %,whﬁe pKa = 14,00 - pKy = 3.15
(a) IfpH = 2.00, [HNO}/[NO;] = 14

(b) If pH = 10.00, [HNO2}/[NO;] = 1.4x 1077

10-35. 1. Weigh out (0.250 L)(0.0500 M) = 0.012 5 mol of HEPES and dissolve in
~200 mL.
2. Adjust the pH to 7.45 with NaOH (HEPES is an acid).
3. Dilute to 250 mL.

10-38. (a) pH = 2.865 + log tmg = 2.56

(b) Using Eqgns. (10-20) and (10-21), and neglecting [OH"], we can write

_ 3 _ [H*](0.0400 + [H*]) o 3
Ka 1.36 x 10- 0.0800 — [H+] = [H*] = 248x10°M =

pH = 2.61

(¢) 0.080 mol of HNO3 + 0.080 mol of Ca(OH); react completely, leaving an
excess of 0.080 mol of OH™. This much OH™ converts 0.080 mol of
CICH2CO2H into 0.080 mol of CICH2CO,. The final concentrations are
[CICH,CO5] = 0.020 + 0.080 = 0.100 M and [CICH2CO2H] = 0.180 -
0.080 =0.100 M. SopH = pK,; = 2.86.

10-39. HA + OH —- A + H»xO
Initial moles: 0.0210 X —
Final moles: 0.0210-x - x

pH =740 = pK, + log % =7.56 + log m = x=28.59x 103 mol.

-3
volume = 8'53 E;gmmo' = 13.7mL




