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image0.bmp
- 1Al - Al a1 _ 1
pH = pK, +log [HA] pKa—1 = pKy + log [HA] = [HA] ~ 10

A L .
If the ratio %I:I—ij is to be % , then ﬁ of the initial HA must remain as HA.

At this point,[A)/[HA] = (1/11)/(10/11) = 1/10. So pH = pKy — | when V=
Ve/ll.

In a similar manner, pH = pK, +1 when Vp = 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

+ -
@m L OH @NHZ + Hy0 and Ve = 100 mL.
OmL: @'NH3 = @—NH7+H*

0.100 —x
x2
0.100 -x —
Ve/l1=9.09mL: pH = pKy~1 = 3.60
Ve/2=50.0mL: pH = pK, = 4.60
10Ve/11 =90.91 mL: pH = pK;+1 = 5.60
Ve =100.0 mL: BH™" has been converted to B.

Ka=10460 = x=157x103 = pH=2.80

B + HyO = BH*+ OH™  Kp = [f(w -
i . * (Go)0.100) -
K.
= x=446x 106 M pH = -log —* = 8.65

1.2V, =120.0 mL: There are 20.0 mL of excess NaOH.




image9.bmp
. 4,
Grams of cleaner titrated = (W%)(IO.BI g) = 0.9003 g

mol HCl used = mol NH3 present = (0.01422 L)(0.1063 M) = 1.512 mmol
1.512 mmol NH3 = 25.74 mg NHj3

2.574 < 102 ¢
0.9003 ¢

wt% NH3 = x 100 = 2.859%
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5.00 mL 0f 0.0336 M HCI = 0.1680 mmol. 6.34 mL of 0.0100 M NaOH
= 0.0634 mmol. HCI consumed by NH; = 0.1680 - 0.0634 =0.104 6 mmol =

1.465 mg of nitrogen. 256 uL of protein solution contains 9.702 mg protein.
1.465 mg of N/9.702 mg protein = 15.1 wt%.
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Titration reaction: KTHP™ + NatOH™ — K*Na*P>" + H>O

Begin with C3/; moles of K*HP™ and add Cp /4, moles of NaOH

Cv W
Fraction of titration = ¢ = .7,
ara

Charge balance: [H*]+ [Na*]+[K*] = [[P7] + 2[[’2'] + [OH7]
PP o CaVa P Cop
Substitutions:  [K*] = Vat Vo [Na*] = Vat Vo
, CaVa _GiVa
[HP™] = ayp- Vat Ve [P*] = ap- Vot Ve

Putting these expressions into the charge balance gives
CoVp CaVa CaVa CaVa
[H* ] + Vot Vo + Vat Vo = OLyp- Vat Vo + 2(}.1):— 7 "V + [OH]

Multiply by ¥, + ¥} and collect terms:
[H* Vo + [H¥ IV + CoFp + CaVa = oygp-CaVa + 2ap2-Ca¥y + [OHIV, + [OHTV,
Va ([H*] + Co = aygp-Ca = 20p2-Cy ~ [OH']) = Vp([OH"] = [H*] - Cy)

Vp  app-Ca + 2ap2-Cy— Cy—[H*] + [OH7]

Va Cp +[H*]—[OH']

. . 1/Cy
Multiply both sides by /Gy

[H*]-[OH]
5o CoVe B Cyp- +20Lp"-— | -~ Ca
Cata H*]-[OH"

I+ Co
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O.11s
604 = 2in- [I7] (1.00) = [In'] = 7507 = 237 % 106 M

Since the indicator was diluted with KOH solution, the formal concentration of
indicator is 0.700 x 10-5 M.
[HIn] = 7.00 x 106 —2.37 x 10-6 = 4,63 x 10-6 M

In” . 2.37
pH = pKiy + log [[Hh]] = 795 + logm = 7.66

Call benzene-1,2,3-tricarboxylic acid H3A, with pK| = 2.88, pKy = 4.75, and pK3
=7.13. Since the pH is 7.66, the main species is A3~ and the second main species
is HAZ". Enough KOH to react with H3A and H3A™ must have been added, and

there is enough KOH to react with part of the HAZ",

HA2- + OHW — A3- +  Ha0
Initial mmol: 1.00 x e
Final mmol:  1.00 ~x — X
- A%
pH = pK3+log [HAZ]

7.66 = 7.13 + log Ty~ = x = 0.77 mmol of OH"

. i . 277 mmol
The total KOH added is 2.77; mmol. The molarity is 300mL = 0.139 M.
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- 20
[OH] = ($35)(0.100) = 9.09x 103M = pH = 11.96
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The titration reaction is HA + OH™ — A" + Hz0. A volume of ¥ mL of HA will

require 2V mL of KOH to reach the equivalence point, because [HA] = 0.100 M

and [KOH] =0.0500 M. The formal concentration of A” at the equivalence point
Vv

will be [m)((). 100) = 0.0333 M. The pH is found by writing

.1'2 K Kw 1.0 x ]O'M
0.0333-x ~ b T K, T 148« (04

= x=150%x106M = pH =8.18

A" + HoO = HA + OH
0.0333-x x X
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HA + OHW - AT + H0

Initial mmol: 5.857 X —

Final mmol: 5.857 —x e X

pH = 9.24 = pK, + log ‘[%_[A;\]j = 939+ logW-\/‘_\_ = x = 2.4>¢ mmol
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2.42g mmol
[OH'] = 53 mL = 0-107M
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(a) HA = A™ + H* Ky
B + H* = BH* K = Kp/Ky
B + HA & BH* + A~ K = KKp/Ky

= 10-2.86 10-3.36 / 10-14.00 = [7.78
3. . .
(b) In the upper curve, 3¥; is halfway between the first and second equivalence
points. The pH is simply pK?, since there is a 1:1 mixture of HA™ and AT
In the lower curve, pK> (= pKpp+) oceurs when there is a 1:1 mixture of B

and BH*. To achieve this condition, all of B is {irst transformed into BH*
by reaction with HA until ¥ is reached. Then, at 2, one more equivalent of
B has been added. giving a 1:1 mole ratio B:BH*, so pH = pKpjy+.
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Titration reactions:

/ \ + +/ \
HN NH + H —>  H,N NH V., = 40.0 mL
\_/ _/
+/ \ ) + /7 \+
H,N NH + H - H;N NH, V, = 80.0 mL
__/ _/

2 K= Kw LOx10-14
0.100 —x ~ “bIT K T 186+ 1010

=x=229%103M = pH =11.36

0 mL: B + H,0 & BH*+ OH"
0.100 - x x X
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10.0 mL: pH = pKj = 9.731 +log% =10.21

+ logé%]ﬁ
20.0mL: pH = pK> = 9.73
300mL: pH = pKy+ logt = 925

40.0 mL: B has been converted to BH* at a formal concentration of

40.0
F= [m](o.loo) =0.0500 M

KiKoF + K1 Kw
M) =N/ &k +F

_ \/(4.65 x 10-6)(1.86 x 10-10Y(0.050 0) + (4.65 = 10-0)(1.0 x 10-14)

4.65 x 10-6 +0.0500
= pH = 7.53
B -+
50.0mL: pH = pK| + log‘[%”}%;l]‘ = 5333+ logs = 581
2

il

60.0 mL: pH = pK; = 5.33
70.0 mL: pH = pK; + 1og% = 486

80.0 mL: B has been converted to BI-I'-Z’+ at a formal concentration of

[ﬁzod%j(O-lOO) =0.0333M

BH3" & BH* + H*

x2 i !
00333 - —Ki1=465x100 =
0.0333 —x x .

71300—‘0—)(0.100) = pH = 2.11

100,0 mL: [H*] = (723%3](0.100) = pH = 1.85

x =391 x104M = pH = 341
90.0mL: [H*] =

i

S o
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(a) C¥ + H" — HC. V. = 20.0mL. At the equivalence point, the formal
concentration of HC™ is (3:0)(0.0300) = 0.0200 M.

. KoK3F + KoKy
[H7] =/ T KGR

(4.4 x10°9)(1.82 x 10-11)(0.020 0) + (4.4 < 10-9)(1.0 x 10-14)
N (4.4 %109 +0.0200

286 x 10-10M = pH =954

5
- — ] e e L — L —_
(b) H3C* & HoC + H 00500 —x = K1 = 0.02
0.0500 - x x x = x =0.023M = pH=1.64
5
pH = pK3 + lovl‘c-‘l
[HCT]

1.64 = 10.74 + lo&i—]‘ e = 7.9 % 10-10
[HCT]  [HCT]




