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CHM 116 E & G Ch.17
O*][CN~

1. HCN (ag) + HO(I) = Hs0" (ag) + CN™ (aq) K, = Ol ]
[ECN]

2. HClO,isastrong acid. HC,H;0, and HCN are both weak acids. Of the two weak acids, HCN
has the smaller ionization constant. Therefore HCN is the weakest of the 3acids.

4. Asthe concentration of aweak acid increases, its degree of dissociation decreases.

5. & = 147 Thisiswell below the value of 380 required to insure that the acid be

68x107*
less than 5% dissociated. The x in the denominator cannot be neglected and the quadratic
equation must be solved.
. _ [H;0*][H,POq ]
6. HsPO4(aq) + HO(l) ~ HyO"(ag) + H,PO; () K, = = =
[E:P0]
. [H,0*][HPO;"]
HPOs (ag) + H,0(1) = Hy0*(aq) + HPO,? (aq) R, = 20 205
[E,PO; ]

7. For the doubly deprotonated anion of a diprotic acid, the concentration is approximately equal to
K . For H,C,0,thisis5.1x 105 s0 [C,0,2] =5.1 x 10°° M. This approximation only holds if
theyield of H;O™ is essentidly al from the first ionization so that [H;0*] = [HC,O,]. If thisisthe
case, then:

L 2- -+ 2-
[H,0*1[C,0;"]1 [H;0"]IC,0; ] >
= - a " = |:(:2C)4 ]
[EC,0, ] [E;0°]
R [OE"][CeHNEy]
8. Ce¢HsNH;(ag) + HO () = OH" (ag) + CeHsNH;" (aq) K =
[CeHNE,]
9. According to Table 16.2, methylamine, CH;NH,, has the largest value of K, of the three bases,

making it the strongest base among the three.
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A solution of anilinium chloride will be acidic due to hydrolysis of the anilinium ion.

CeHsNH;" (ag) + H,O (I) = CgHsNH, (ag) + H;0™ (aq) X, - [H,0*][CHNH,]
[CeHNES]

K ,iscaculated from K, for anilineand K, since K K, = K, for a conjugate acid-base pair.

stronger acid than acetic acid.

The common-in effect is the shift in an ionic equilibrium that is caused by the addition of a
substance that is a source of an ion that is one of the speciesin equilibrium. For example, nitrous
acid isaweak acid that undergoes dissociation in water according to the following equation:

HNO,(ag) + H,0(l) - H40*(aqg) + NO, (&)

Addition of NaNO,, a source of the nitrite ion, NO,", to a solution of nitrous acid would cause a
shift to the left in the equilibrium shown.

The addition of CH;NH;"CI™ to a 0.10 M solution of CH;NH, causes a decrease in the pH by the
common ion effect. The dissociation equilibrium for CH;NH, is:

CH3NH, (aq) + HO (I) = CH3NH;" (ag) + OH" (aq)

CH;NH;*CI™ is asource of the CH;NH;* ion which shifts the above equilibrium to the left,
decreasing the OH" concentration and decreasing the pH.

A buffer is a solution containing aweak acid and its conjugate base (or aweak base and its
conjugate acid). The buffer is able to resist large changes in pH when acids or bases are added.
The weak acid (or conjugate acid of the weak base) is able to neutralize H;O* from any added
acid, while the conjugate base of the weak acid (or the weak base) is able to neutralize OH™ from
any added base.

The capacity of a buffer refers to the maximum amount of acid or base it can neutralize before
undergoing a significant change in pH. An example of a buffer with arelatively large capacity
would be 1 M HF/1 M NaF, while 0.1 M HF/0.1 M NaF would be a buffer with the same pH but
asmaller capacity.



15.

16.

18.

20.

22.

24,

21.

17.3

Before any acid is added, the pH is determined by the dissociation of the weak base. After the
addition of acid is started, the pH gradually decreases. At half neutralization, the solution
corresponds to a buffer containing equimolar amounts of aweak base and its conjugate acid. The
pH at this point is 14.00 - pK,,. At the equivalence point, the pH is determined by the hydrolysis
of the conjugate acid of the weak base (K ,= K, /K,). After the equivalence point, the pH is
determined by the amount of excess strong acid which has been added. The equivalence point is
the point in the titration when exactly enough acid has been added to react quantitatively with the
base. We approximate the equivalence point by observing the endpoint of the titration, the point at
which the chosen indicator changes color.

Of the indicators in Figure 15.8, phenolphthalein or thymol blue would be most suitable. For this
titration, it would be most desirable to use an indicator whose color transition range is centered
around 8.0.

a HX isleast ionized in solution, because it has the highest pH and therefore the smallest
hydronium ion concentration.

b. HZ hasthe largest K , because it is the most ionized under identical conditions.

KBr isthe salt of a strong acid (HBr) and strong base (NaOH). Neither cation nor anion is
subject to hydrolysis. The solution is therefore neutral, itspH =7 and [OH'] =1 x 107 M.
HBr is a strong acid with a pH much lessthan 7. CH;NH, is aweak base which will react with
water toyield [OH] > 1x 10" M. NH,Cl isthe salt of aweak base and a strong acid and is
subject to cation hydrolysis leading to apH < 7, but not as low as that of a solution of HBr of
equal concentration.

Interms of [OH]: HBr < NH,Cl < KBr < CH3;NH,

NH;isaweak base. NH,Br isthe salt of aweak base and strong acid and subject to cation
hydrolysis, yielding adightly acidic solution. NaF is the salt of a strong base and weak acid and
subject to anion hydrolysis, yielding a dightly basic solution. NaCl is the salt of a strong base and
strong acid. Neither ionis subject to hydrolysis, so the solution is neutral.

In terms of pH: NH; > NaF > NaCl > NH,Br

The most obvious feature to look for isthe pH at the equivalence point.
strong acid/strong base: pH =7
weak acid/strong base: pH > 7
strong acid/weak base: pH <7

HBrO (aqg) + H,O(l) = H;0"(aqg) + BrO (aq)

HCIO, (ag) + HO(l) = H30"(aq) + ClO, (aq)
HNO, (ag) + H,O(I) = H30"(aqg) + NO, (aq)
HCN (ag) + H,O(I) = H3;0"(ag) + CN"(aq)

o0 o



29. HAcr (ag) + HO() ~ Hs0%(aq) + Acr(aqg)

pH=263  [HO"]=[Acr]=102%=23x10°M

-3\2
[HAC]=0.10- 23x10°=0.098M K, = @3X100Y _ 540 155

0.008
31, B(OH),(aq) +2H,0() = B(OH), (aq) H,0*(a) K =5.9x 101
B(OH);(ag) +2H0() = B(OH), (aq) H;O" (aq)
Al] -X +X +X
[ leg 0.021 - x X X
0 *|[B(OH; 2
K=5%5x101°-= [O°IBOM] = Assume X << 5.9 x 10
[B(OD)] 0.021 - x
2
5ox10°0. X
0.021
-6
z = {0021y 55 £ 101 = 35 x 10°8 % z 100 = 0.017%

The % ionization is 0.017% and the degree of ionization is 0.00017

[Hs0] = 3.5% 105 M pH = -log (3.5 x 10°%) = 5.46

33. C4H,NH,CO,H (ag) + H,0 (I) = C;H,NH,CO, (ag) + HO" (ag) K,=22x10°5

CeH,NH,COH(aqg) +H,O0() = CgH,NH,CO, (ag) H;0" (aq)
[ 0.055 0 -0
Al] -X +X +X
[ e 0.055 - x X X

s EOCICENLCO;] g2
L=z 00 s — e Nmco.m | 0055 - x

17.4
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Assume x << 0.055

2
22 1075 = =
0.055

-3
x= (0055 22 10° = 1.1 £ 10°° L1107 . 100 = 2.0%

0.055
The % ionization is 2.0% and the degree of ionization is 0.020
[CeHMNH,CO, 1 =[Hs0" = 1.1x103*M  pH = -log(1.1x 10°3) = 2.96
35. CH4CO,H (ag) + H,O (I) = CH,CO, (ag) + H,O" (aq) K=17x10%

[H,0*] = 10268 = 2,09 X 103 M = [CH,CO, ]

CH,CO;H (aq) +H,O() = CH,CO, (aq) H;0" (aq)
[i X 0 ~0
Al -2.09x 10°3 +2.09x 10°3 +2.09x 10°3
[ ]eq X-2.09x 103 2.09x 102 2.09x 102
0*][CH.CO; : 10732 4, 1076
K‘= 1.7!10-S= [HS ][ H3 2] - (2Q9= 5 - 37!

[CECOHE]  @-200210% (x- 206z 1009
1.7x10°%x - 35x108=4.37x10°

X = [CH,CO,H] = 0.26 M

37. HF(ag)+HO() = H0" (ag) +F (ag) K,=6.8x10"*

HF (aq) + HO() = F(ag) + H3;0" (ag)
[] 0.040 0 ~0
ATl] -X +X +X

[ leg 0.040 - x X X
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Assume x << 0.040.

_ . @@
R =68z 107 B

x2=27x10°°

X =5.2x 103 32x10°° 10-3
0

x 100 = 13%, 13% > 5%, so the approximation is
invaid!
Now we need to solve the quadratic equation.

X2 +6.8x10%x - 2.72x10°=0

_ —68x 1074 /(5.8 x 1074) - 4(1)(-272 x 10°%)

= -0.00556 or 0.004
200 x 25 or a8

x =[H0*] = 49x10°M
pH = -log [H;0*] = -log (49x103%)=2.31

39. HDnb (ag) + H,O () = H;O" (ag) + Dnb™ (aq) K,=7.94x107?

HDnb (ag) + H,0 (1) = Dnb™ (aq) + H;O" (aq)
L] 2.00 0 ~0
Al] -X +X +X
[ leg 2.00 - x X X

(EOTIDS ] | @® | g4 102
. [EDsb] o0 - B

(>
o200 25.2 * 380 sowe'll have to solve a quadratic

K, 17%4x102



X*+7.94x102x - 0.159 =0

_ -0.0794 & 4/ (0.0794) - 4(1)(-0.15%)
2(1)

X =[H;0"] =0.361 M

pH = -log [H;0*] = -log (0.361) = 0442

41. H,Ph(ag) + H,0 (1) = H,0" (ag) + HPh (ag) Ko=12x1073
HPh (ag) + H,0 (I) = H:O* (aq) + P* (ag) K,o=3.9x10°

Since K 4 > 20 K ,, we can treat the two ionizations separately.

x = -0440 or 0.3561

17.7

H,Ph (aq) + HO() = HPh (ag) + H30" (ag)
L] 0.015 0 ~0
ATl -X +X +X
[ leg 0.015 - x X X

g, - BOIER T @® 5,100
o [E,Ph] (0.015 - =)

Cc
« 0015 12.5 ¢ 380 sowe'll haveto solve a quadratic

X, 12z10°

x2+12x103%x-18x10°=0

_ -0.0012 &/ (0.0012)? - 4(1(-18 = 10°5)
2(1)

x = [Hs0*] =0.0037 M = [HPH]

x = -0.0045 or 0.0037
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HPh™ (aqg) + HO() = P (aq) + H;0" (ag)
[] 0.0037 0 0.0037
AT] -y +y +y
[1eq 0.0037 - y y 0.0037 +y
O*][Ph2
g - BOIPATT_ogcips . QOO+ 98 | o
[HPh"] (0.0037 - y)
-6
35z 1077 100 = 0.11%
0.0037
[PP]~y=39x10°M
[OH" ][CE,NE;]
CH;3NH, (ag) + H,O(I) = OH™ (ag) + CH NH;™ (ag) K =
[CE.NH,]
HOC;H,NH, (ag) + H,O (I) = HOC,H,NH;" (ag) + OH" (aq)
pH=11.34 pOH = 14.00 - 11.34 = 2.66
[OH] =102%=22x 102 M = [HOC,H,NH5"]
[HOC,H,NH,] = 0.15 - 0.0022 = 0.1478 M
_ [OH"IMHOCHNES]  (0.0022)(0.0022) _ 33— 45
[HOC,H,NH,] 0.1478 ‘
CH.NH, (ag) + H,O(l) = OH (ag) + CHsNH," (aqg) K, =4.4x 10
CH3NH, (ag) + H,0 (1) = OH" (ag) + CH;3NH;™ (ag)
[] 0.060 0 ~0
Al] -X +X +X

[Teq 0.060 - X X X
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C. _ 0060 _ o . _
— = —————— = 136 ¢ 380 0 we cannot make the simplifying assumption. We will
K, 44x10*

have to solve a quadratic equation.

- -4 . ®®
K, =44z 10 0563

X2 +44x10%x - 264x10°=0

_ 44«x 1074 + \/(4.4 x 1074)2 - 4(1)(-2.64 £ 107%)
2(h

x = -0.0054 or 0.0045

x = [OH] = [CH;NH; ] =4.9x 10°M [CHsNH,] = 0.060 - 0.0049 = 0.055 M

POH = -log [OH] = -log (49x 103) = 2.31 pH = 14.00 - 2.31 = 11.69

49. a. NOj istheanion of astrong acid and does not undergo hydrolyss.

b. OCI" (ag) + H,0 (I) = HOCI (ag) + OH" (aq) g, = [OF J[HOC
[OCI"]
c. NHNHs" (ag) + H,O () = NH,NH, (ag) + H;0" (aq) K, = 50 ]m]
[NE,NE, ]

d. Br isthe anion of a strong acid and does not undergo hydrolysis.

51. Zn(H,0)¢** (aq) + H,0 (I) = Zn(H,0)s(OH)* (ag) + Hy0* (a0)

z - E0*1Za,0(0m"]
[Za(E, 0]

53. a acidic dueto hydrolysis of Fe(H,0)s*"
b. basic due to hydrolysis of COz*
c. basic dueto hydrolysis of CN-
d. acidic due to hydrolysis of NH,*

55. a. K for acetic acid is essentially identical to K, for anmonia, so the solution will be neutral (To 3
sgnificant figures, K,= K, = 1.75x 10°°) .



17.10

b. K,=1.7x10°and K, = 4.2 x 10 %°, The cation will be hydrolyzed to a greater extent than
the anion, so the solution will be acidic.

K, 10z 10714

= =22z 1071
K, @NOy 45x 104

57.aK‘=

K, _1ox1oM

- =71x10°°¢
%, CHEN) 14z 10° *

b. B,

59.  CHsCH,COO" (ag) + H,0(l) = CH,CH,COOH (ag) + OH" (ag)

CH,CH,COO (ag) + H,0() <=  CH,CH,COOH (aq) + OH" {ad)
[]i 0.025 0 "
Al] -X . "
[ e 0.025 - X ) .
K‘h = K“ = 10 x 10 14 =77z 10° 10
X, CH,CE,COH) 13z 10°°
R =772100 = [CH,CE,COOHJ[OH"] _ 4

[CE,CH,CO0"]  (0.025-3)

Because of the very small size of K, we will assume that x << 0.025.

x = (1.7 £ 10719(0.025) = 4.4 x106°6 M=[OH] = [CH,CH,COOH]

44 x 1078

x 100 = 0.018% pOH =-log(4.4x10° =5.36
0.025

pH =14.00 - 5.36 = 8.64
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61. CsHsNH™ (ag) + H,O (I) = CsHsN (ag) + H30™ (aq)

CsHsNH™ (aq) + HO(I) = CsHsN (aq) (ag) + Hs;0" (aq)
[ 0.15 0 -0
Al] -X +X +X
[ leg 0.15 - x X X
K, 10z 100M

K, = = =71z 10°°
K, CHN) 14z10°

g _ [CsESNIMH,0"] x>
E =71x10°= =
* § [C;HNH*] (0.15-3)

We will assume that x << 0.15.

x = /(7.1 £ 100%(0.15) = 1.0 1073 M=[H,0 *] = [CsHsN]

10 x 1073

015 x 100 = 0.67% pH = -log (1.0 x 10°3) = 3.00

63. a HF (ag) + H,O = H;0%(ag) + F (aq)

HF (aq) + HO() = F(aq) + H30" (ag)
[]; 0.75 0 ~0
A] -X +X +X
[ e 0.75 - x X X

g, - B0 @0 g0
[HF] 0.75 - »n

WEe' |l make an assumption which might smplify the calculation. Assume x << 0.75.

_ 4 @@
B =62z10¢x S5
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x?2=5.44x10*

-2
X ~ 2.25x 10°2 225z 1077 z 100 = 3.0%. 3.0% < 5%, so the

0.75
approximation isvalid

The degree of ionization istherefore 0.030 or 3.0%. Solving the quadratic would give us x =
2.22x10°2. Thereis practicaly no difference within the allowed precision.

b.
HF (aq) + HO() = F(ag) + H;0" (aq)
[1i 0.75 0 0.12
A] -X +X +X
[ e 0.75 - X X 0.12 + x

g = EOTIF] 012 + 9@ _ g5 0 14
. THF] ©75 - 3

WE'll again make an assumption. Assume x << 0.12.

-2z 10t O120
Lo odx (©.75)

425 ¢ 1073
X ~ 4.25x 103 % x 100 = 3.5%, 3.5% < 5%, <o the

approximation isvalid

Solving the quadratic would give usx = 4.08 x 10°3,

408 x 1073
0.75

x 100 = 0.54%

adegree of ionization of 0.0054 or 0.54%

The point is that the % ionization decreases with the presence of HCI, a source of the common ion
H;O".
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65. HNO, (ag) + H,O (I) = NO, (aq) + H;0" (aq) K,=45x10* pK .= 3.35
HNO, (aqg) + HO() = NO, (ag) + H,O0" (aq)
[] 0.15 0.10 ~0
A] -X +X +X
[ e 0.15 - x 0.10 + x X

_ [EOING, ] @10 +» _

-4
N o153 45 x 10

X,

WE' Il assume that the common ion, NO,", suppresses the ionization sufficiently so that x << 0.10.

®O10) | 454 1574

(0.15)
675 x 1074

X=~6.75x10* o0 x 100 = 0.68%  soassumptionisvalid

[Hy0]=6.75x10*M  pH = -log(6.75x 1074 = 3.17
We get the same result using the Henderson-Hasselbalch equation:

(0.10)
(0.15)

- [base] _ - -
pH = pX, + log ——= = 3.35 + log =335 + -0.18 = 3.17
% [acd]

67. Again we could use the tabular approach of the previous problem or use the Henderson-
Hasselbalch equation:

For CH;NH;"

14

g =— —m  _ L0x10B . 4 pK, = 10.64
K, CENH,) 44z 104

pH = pE, + log % = 10.64 + log % = 10.64 + -0.18 = 1046
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For HF K,=6.8x 10 % so pK .= 3.17

] 45.0 ml

=015 M = 0.0843 M
] @50 + 35.0) ml
[HF] = 010 M — 320 = _ goaz7

45.0 + 35.0) mL

- ['bagg] - (00827)
pH = pK, + log _[anid] 3.17 + leg ©0.0437)

For NH; K, =1.8x 10°°, so for NH," K=

10 z 10° 14

17.14

= 3.17 + 0.28 = 345

= §.6 21010 and pK,= 9.26.

18x 10°°

_ [base] _ 0.10) _
pH = pK, + log _[aoid] 9.26 + log —( .10)

In 125 mL of this buffer we have;

9.26 + 0.00 = 9.26

mol of NHy = 0.10 M x 0.125 L = 0.0125 mel
mol of NH,” = 0.10 M =z 0.125 L = 0.0125 mol

In the added acid we have:

mol of H,O* = 0.20 M x 0.012 L = 0.0024 mol

New number of moles of NH; and NH,":

mol of NHy = 0.0125 mol - 0.0024 mol = 0.0101 mol
mol ofNH; = 0.0125 mol + 0.0024 mol = 0.0145 mol

0.0101 mel
[NH)] = ———— = 00737 M
] 0.137 L B

0.0149 mol _

[NH] = ——— = 0.108 M
] 0.137 L B

- [baze] _ (0.0737)
pH = pK_ + log —[anicl] 9.26 + log 0.108)

= 9.26 + (-0.17) = 9.0
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K, =18x 1075 =

Or using the systematic approach:
NH3 (a.q) + Hzo (l) = OH7 (aq) + NH4+ (aq)
[1i 0.0737 0.108
Al] X + X + X
[eq 0.0737 -x X 0.108 + x

[NH, JIOH"] _ ®@.108 +1 _ 0.108x

x~12x105=[OH] pOH=4.91 pH

[NEL] 00737 - ©  0.0727

=14.00 -4.91 = 9.09

For CH,CICOOH K,=1.3x 1073 s0 pK,=2.89

_ [base] _ (0.10)
pH = pK, + log _[auid] 2.89 + log —(0-15)

For CsHsN, K, = 1.4 x 10°°, so for CsHs NHY K,

and pK ,=5.15.

- [base] _ (0.15)
pH = pK, + log _[aoid] 5.15 + log 0.10)

For CH,COOH K,=1.7x 105 s0 pK,=4.77

_ [base]
pH = pK, + log [ocid]

[CH,CO0"]

5.00= 477 + log o1

5.00 = 477 + log [CH,COO"] - log (0.10)
-0.77 = log [CH,CO0"]

[CH,CO0] =10%7 = 0.17 M

0.17 M x 2.0 L = 0.34 mol NaC,H,0,

=289 + -0.18 = 271

- 14
=10z 100 _ 54 p1006

14z 10°°

=515 +0.18 = 533
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0.015L x 0.10 M OH™ = 0.0015 mol OH"
0.025L x 0.10 M H;O* = 0.0025 mol H,0*
This leaves an excess of 0.0010 mol H;O™" in 40 mL

_ 0.0010 mol _

25x 102 M HO*
0.040 L x =

0]

pH = -log (2.5 x 102 = 1.60

1 mol
1.24 g CH,COOH x —221_ = 0,0102 mo
s *1212g2 e

To reach the equivalence point, we must add 0.0102 mole OH". The corresponding volume of
the NaOH solution is given by:

0.0102 moel OH"

0.180 2ol
L

=567x10°2L = 567 mL

total volume at equivalence point = 50.0 + 56.7 mL = 106.7 mL = 0.1067 L

At equivalence point, al of the C¢HsCOOH initialy present has been converted to
CgHsCOO™. The concentration of CgHsCOO™ is.

[CH,CO0"] =% = 956 1002 M The CgHsCOO" will undergo anion

hydrolysis.

- 14
For CeH.COOH, K ,=6.3x 10550 K, for CeH,COO = 20 F 1077 _ 4 ¢ r1p10

63 x 1075
CegHsCOO (ag) + H,O(l) = OH (ag) + CgHsCOOH (aq)
[i 0.0956 ~0 0
Al] -X + X +X

[ e 0.0956 -x X X



83.

17.17

C H COOH]OH" 2 2
Eb=1.6:10'1°=[‘H5 H][ ]= b 4 - b 4
[C,H,LCO0™ ] (0.0956 - ¥y  0.0956
x=39x10°=[OH] pOH = -log (3.9x 10°%) = 5.41

pH = 14.00 - 5.41 = 8.59

0.087 mel C
0.032 L x N g r 1672 mel C,HNH,

1L

To reach the equivalence point, we must add 0.0028 mole H;O*. The corresponding volume
of the HCI solution is given by:

0.0028 mel H,O*

0.15 Ml
L

=19x102L = 19 L

total volume at equivalence point=32+19mL =51 mL =0.051 L

At equivaence point, al of the C,HsNH, initialy present has been converted to C,HsNH;".
The concentration of C,H:NH;" is:

[C2H5NH3 1 -% 551002 M The C,HsNH;" will undergo cation

hydrolysis.

For C,HNH,, K,=4.7x 10450 K, for C,HsNH," = ﬁ =21 x10° 1

47 £ 1074
CHsNH;" (ag) +  HO() = H;0"(ag) + C,HsNH, (aq)
[] 0.055 ~0 0
Al ] -X + X + X
[ e 0.055 -x X X

E =21¢ 10—11 - [C2HSNH2][H30*] - !2 - 22
. 7 [C,HNH,)] (0.055 - ®  0.055

x~11x10°M=[Hs0"] pH=-log(L1x10°)=5096
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0.5000 L x 0.10 M NH; = 0.050 mol NH,
0.2000 L x 0.15 M H50" = 0.030 mol H,O*

S0 0.030 mol of NH; is converted to NH," and 0.020 mol NH; remain. Thetotal volume is
0.7000 L

6.020 mol -,
INE,] = 2020 mol _ 5 ¢ 1072 M NE,
1= S7000 L *
+ 0.030 msol ) +
INE;] = 2030 mel _ 43¢ 1072 M NE;
+1= 37000 L x

Thisisabuffer solution :

i [base] _ ©.029) _ )
H=pR +log L= = 926 + 108 L2 _ 996 + -0.17) = 9.09
PR TP TR g °8 "0.043) -0.17

1 mol HSal

— 138128 _ 5016 M HSA

22 g HSal x

Since pH =2.43, [H;0'] =102 =37x 10 M =[Sal']

HSal (aq) + HO() = HO"(ag) + Sal” (ag)
[] 0.016 ~0 0
[ 0.016 -0.0037 0.0037 0.0037

_ [SETIH0]  (0.0037y

- -3
[ESa1] (0.016 - 0.0037) Mxio

SincepH = 1.73,[H;0'] =10 1®=19x 102M =[SO

HSO, (ag)+  H,0() = Hs0*(ag) + SO, (aq)

[]; 0.050 ~0 0
[ e 0.050 -0.019 0.019 0.019
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SO JH.0* 2
(B0 IEOT o1’ oy,
[HSO, ] (0.050 - 0.015)
- 14
91. ForHCN, K,=49x10 ©s0K,forCN = 28 E 1077 _ 4 905

49 x 10710

- 14

For HCO,, K,=4.8x 10 150K, for COz = 20X 107" _ 54 pqg4
48 x 1071

CO,? isthe stronger base since it has the larger value of K,

93
Al(H0)¢" (ag) + HO0() = H;0"(ag) + Al(H,0)s(OH)*" (aq)
[]i 0.15 ~0 0
Al -X + X + X
[ e 0.15 -x X X
AlH,0).(OH)**[H,0* 2 2
K, =14z105 = WEOR 501 __ =2 | x
X~ 1.4x103M=[H;0"] pH = -log (1.4x 103 =2.85
11.0 g HTar x L ol Hlar
95, 150098 _ o733 M BTar
1L
20.0 g Tar~ x L ol Tar”
— 188188 _ 0106 A Tar-

For HTar K; = 1.0 x 10 3so0 pK ,; = 3.00

pH = pK, + og 22 = 300 + 10 210D _ 300 + 0.16 = 3.16
[acid] 0.0733)



97.

99.

101.

17.20

For H,CO5 K, =4.3x 107 so pK , = 6.37

] [base]
pH = pK, + log [acid]

[HCO; ]
[E,C0;]

7.40= 6.37 + log

[HCO; ]
E,C0,]

1.03= log

[HCO; ]

= 1019 = 107
[H,C0,]

0.456 L x 0.10 M H;O* = 0.0456 mol H,0*
0.285L x 0.15 M OH™ = 0.0428 mol OH"
This leaves an excess of 0.0028 mol H;O" in 741 mL or 0.741 L

_ 0.0028 mol _

38x 103 M H.O*
0741 L x =

[B0°]
pH = -log (3.8 x 10°%) = 2.42

0.065 mel C;H,NH,
0.025L x T = 1.6 x 10" mel C;HNE,

To reach the equivalence point, we must add 0.0016 mole H;O*. The corresponding volume
of the HCl solution is given by:

0.0016 mel H,O*

0.050 2ol
L

=32x102L = 32 mlL

total volume at equivalence point =32 + 25 mL =57 mL =0.057 L

At equivalence point, al of the C,H;NH, initially present has been converted to C;H,NH;".
The concentration of C;H,NH;" is:



0.0016 mol

17.21

[C1E1NHs] =2V so 1072 N The C,H,NH;*" will undergo cation
0.057 L
hydrolysis.
-14
For CHNH,, K= 4.7x 10050 K, for CHeNHy = L0 Z 1077 _ 54 21075
47z 1071°
CHNH;"(ag)+  H,O0() = HO"(ag) + C;H;,NH, (aq)
[i 0.028 ~0 0
Al] -X + X + X
[ e 0.028 -x X X
C,HNH J[H,O* 2 2
R, =21x10°5 | B __=x - =
[C;HNH,] (0.028 -z 0028
-4
x=77x10%  TTEI077 100 = 28%
0.028
X~ 77x10*M=[H;0" pH=-log(7.7x10%)=3.11
103. a Ignoring the second ionization, [H;O*] = 0.100 M.

b. Following the first ionization, [H;0*] = [HSO,] = 0.100 M, and we use thisas a
garting point for an equilibrium calculation.

HSO, (ag) + HO() <= HO"(ag) + S02 (aq)
[ 0.100 0.100 0
A[ ] -X + X + X
[leg 0.100 -x 0.100 + X X
i} [SO; IE,0°] _ @010+ oo

[ES0; |

(0.100 - ®
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107.
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Even with the relatively large [H;O*] from the first ionization, the second ionization is still
likely to proceed to an appreciable extent.

x*+0.100x=1.1x10°%-1.1x102x
x2+0.111x - 1.1x10%=0
X =-0.12 or 0.0092

[H;0"] = 0.100 + 0.0092 = 0.109 M

a
CH3NH;™ (ag) + HO (1) =  H0" (ag) + CH;3NH; (aq)
[] 0.10 ~0 0
[ 0.10-1.5x10°® 15x 10°® 1.5x 10°®
0+ -6\2
K. = [CHSN%]ES ] = (15 x10 ) = 23 z 10—11
[CH,NH; ] (0.10 - 1.5 x 107%
pK .= -log (2.3 x 10" = 10.64
- 14
b. K, = 1lox100™ _ 43 21074
23z 1071

c. pH=pE, +log % = 10.64 + log % = 10.64 + (-0.26) = 10.38

a Thisis generaly true because most weak acids have values of K , such that the degree of
dissociation is very small and the concentration of the undissociated acid is close to the
initid concentration of the acid.

b. Thisis generaly true for the reason givenin a.

C. Thisisfase [OH] = [H;0] for neutral solutions. UnlessK ,isvery smal (= 1.0 x
10 4 [OH] << [H;07].

d. Thisisfase. It would be true only if HA were a strong acid.

e. Thisisfase. It would be true only if HA were a strong acid.



1009.

111.

f.

17.23

Thisis generally true. We can assume that the only source of H;O" isthe ionization of
HA, giving equal concentrations of H;O" and A".

The moles of acid will be equal to the moles of NaOH added at the equivalence point.

a

0.03383 L x 0.115 M OH" = 0.00389 mol OH"

molar mass of acid = — 0255 B = 740 &
mol

0.00389 mol

16.92 mL is the half equivalence point at which pH = pK, Thiswould have greatly
smplified the determination of pK , and therefore K .,

0.01754 L x 0.115 M OH"™ = 0.00202 mol OH".

So we have 0.00202 mol A~ and 0.00187 mol HA

pH = pK, + log _[Eba::il

Here we can use the mole ratio because the volume will just cancel out

0.00202 _

492 = pK_ +1 = pK + 0.034
P T8 Goo1zr e

pK,=4.92 - 0.034 = 4.89 K,=10%%=13x10"°

Thetitration curve appears at the end of the problem. At 0% titration, we have a
solution of weak base:

NH; (aq) + HO() =  OH (ag) + NH," (aq)
[]; 0.10 ~0 0
Al] -X + X + X
[ e 0.10 -x X X

_ NEJJOET] gy r2

-l

[NH,] 0.10 - 0.10

K, =18z 105
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x=~13x103M=[OH] pOH =-log(L3x103)=2.89
pH =14.00 -2.89=11.11
At 30% titration we have added 15.0 mL of HCI
0.0500 L x 0.10 M NH3 =0.0050 mol NH;
0.0150 L x 0.10 M H;0O" = 0.0015 mol H;O*

So 0.0015 mol of NH; is converted to NH," and 0.0035 mol NH; remain. The total volume is
0.0650 L

0.0035 mol

NH] = ———— =54z 10> M NE,
1= 50650 L *
+ 0.0015 mol ) +
mE;] = 2015 mel _ 53¢ 1072 i NE;
41 = 5050 L x

Thisisabuffer solution :

_ [base] _ 0.054) _ _
H=pK +log =926+ 1log ~—~——2 =926 + (0.37) = 9.63
p pK, g [acid] 08 0.023) (0.3

At 50% titration, we have a buffer in which we have equal concentrations of the base and
conjugate acid.

H=pE +log 0% - 996 + 162 (1) = 626 + 0 = 9.26
p pK, z[auid] g (1)

At 100% titration, we are at the equivalence point

[NH,'] = % = 5.0 x 10"? M NH, which undergoes hydrolysis

- 14
For NHs, K,=1.8x10°soK for NH,* = 10z 1077 _ g5 41000

122105
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NH,* (ag) + HO() = HO"(ag) + NH; (aq)
[]i 0.050 ~0 0
Al] -X + X + X
[ e 0.050 -x X X

 =56z1010 = [NH, [H,0°1 = x’ - x’
L INE; ] (0.050 - ®  0.050

X = 53x10°%M=[H;0"] pH = - log (5.3x10°¢) =5.28

b. Asindicated by the pH, the solution will
be acidic at the equivalence point. This

is the general case for the titration of a '3
weak base with a strong acid. )
C ™
& E“H.\
gl L ulbiyl -ad
B “olow
Fewl G ™ Eyuivs wrcw 2 ui |
1
|
\
2 e
0 1C 0 Az 40 [ 0 ll iz EITE ||

wald=e aof B2l adeec (ml)

113. a We should select the pair whose acid has a pK , closest to 2.88

H,C,0, K,=5.6x 1072 pK .= 1.25
HsPO, K,=6.9x10°3 PK .= 2.16
HCOOH K,=17x10% pK .= 3.77

The best candidate is H;PO,/H,PO,".

- - [base] _ [base]
b. H = 2.88 Io 2.16 + log
e PK, g T [20id]

[bace]l _ 470

©8 Fauid]
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[base] _ 1007 525
[acid]

Since the concentrations of H;PO, (A) and H,PO, (B) are both 0.10, the volume
ratio can be substituted for the concentration ratio.

\V/
S0, V, + Vg =50mL and =22 = 5.25
vtei
V,+5.25V, =50 mL

Vo=6mL
Vg =42mL

VA M, = Vg Mg, since we have a monoprotic acid and a monoprotic base.

v
My=Mx—2=0150 Mz 28=L _ 215
v 25.0 =L

b

At the equivalence point we have a solution of NH;OH™ whose concentration is:

_250mL x0215 M

[NH,OH* = 0.0884 M
] {25.0 + 35.8) mL
- 14
For NH,OH, K, =1.1x 10 8s0 K, for NH;OH* = 10=10°7 9.1 21077
1110
NHOH" (ag) +  H,O() = H;O"(aqg) + NH,OH (aq)
[] 0.0884 ~0 0
Al] -X + X + X
[leg 0.08840 -x X X
[NH,O o* 2 2
K, =91x107 = 0] = =

INEOH"] (00824 - %  0.0884
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X = 2.8x10*M=[H;0"] pH = -log (2.8 x 10 %) = 3.55
C. See Figure 15.8. Since the pH at the equivalence point will be about 3.55, we need an
indicator that has a transition range around 3-4. Of those given, bromphenol blue isthe
only suitable indicator. The other two will turn well past the equivalence point.
117. a NH; + H;O" - NH," + H,0
b. NH,"+ OH" - NH;+H,0O

C. Note that the concentrations of NH; and NH,* will be equal (there are two moles of
NH,* per one mole (NH,),SO,, s0 0.50 M (NH,),SO, isactualy 1.0 M in NH,".

1.0 mol
0.1000 L x TNHS = 0.100 mole NH,

ol NH,

1.0
0.1000 L x = 0.100 mole NH,

1.00 mel HO*
0.0100 L = 5

= 0.0100 mole H,O*

The H;0™ will react with NH; changing the moles of NH; to 0.090 mol and NH," to 0.110.
The total volume of the solution isnow 0.110 L

0.090 mol
[NH] = ————— = 0.818 M NH
] 0110 L

+ 0110 ﬂ.'l.bl +
[NH,] = ————— = 1.00 M NH,
! 0.110 L

[base] _ 9.26 + log 0318 _ 9.26 + (-0.087) = 9.17

H- - 1o
d pE, - bz 1.00

d. Thisis abuffer, and the addition of acid causes only a dight change in the ratio of [NH;]
to [NH,"], causing only avery dight change in the pH.

119. a  ForH,PO, K,=6.2x108and pK,=7.21
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[EPO,1 _ 14

= 0.59
Epoy] 17

b.  Assume[HPO,*] = 1.7 M and therefore [H,PO, ] = 1.0 M. If 25% of the HPO,> is
converted to H,PO,, [HPO,?*] becomes0.75x 1.7 M = 1.275 M and [H,PO, ]
becomes1.0M+0.25x 1.7M =1.425 M

or 1.275
pH = 721 + log EBO 1 0ot s bg% = 7.21 + (-0.048) = 7.16

[E,P0; ] 425

C. Again assume [HPO,*] = 1.7 M and therefore [H,PO, ] = 1.0 M. If 15% of the
H,PO, is converted to HPO,#, [HPO,*] becomes 1.7 + 0.15x 1.0 M = 1.85 M and
[H,PO, ] becomes0.85x 1.0 M =0.85 M

2-
pH = 7.21 + log % =721 + hgﬁ =721 + (0.34) = 7.55
[E:20; 083
) . [HE,0*][HA"]
. 2 L0() = 3 =
121. a H,A (ag) + H,O (I) = HA" (ag) + H;0™ (aq) K, A
O*][A%
HA™ (ag) + H,0 (I) = A* (aq) + H30" (aq) K- &

[HA"]
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The equation whose K isK; x K, is given by the sum of these two equations:

HoA (ag) + 2 H,0 () = A (ag) + 2 H0" (ac) E rE, -

[HoA] >> [H50'] = [HAT] >> [A%]
[H,A] will be closeto 0.50 M sinceK ; << 1.

[H;0*] = {HA] sincevirtudly al of the hydronium ion comes from the first ionization.

[AZ] = K,
H-A (ag) + HO() = HA™ (aq) + H3;0" (aq)
[] 0.0250 0 ~0
ATl -X +X +X
[l 0.0250 - x X X
g, - O] @@ 5

[EA] (0.0250 - B

X*+1.0x103x-25x10°=0 x = 0.0045 or -0.0055 (reject negative
root)

[H0'] = [HA] = 0.0045 M

[H,A] = 0.0250 - 0.0045 = 0.0205 M

Now use this as the starting point of the K ,, calculation:

HA™ (aq) + HO() = A% (ag) + H30" (ag)
[ 0.0045 0 0.0045
ATl -y +y +y

[ leg 0.0045 -y y 0.0045 +y
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o - EOTMAT] | 46 z1s = 0005 +y&)

y
[HA"] (0.0045 - y)
y=46x10°M=[A%]
[Hs0%] = 0.0045M +4.6x10°M = 0.0045 M pH = -log (0.0045) = 2.35

[HA] =0.0045M - 4.6 x 10°M =~ 0.0045 M

123.  Thissolution will be abuffer withpH =4.45 K,=1.7x10° pK,=4.77

[CH,CO; ]

445 = ATT + log ——2—
[CE,COH]

[CH,CO; ]

log —————=— = -0.32
[CE,CO,H]

[CH,CO; ]
[CE:COH]

In this solution therefore the ratio of moles of acetate to acetic acid will be 0.479to 1

= 107932 = p 479

YOO 4t = —F  x=0.0486mole
ncﬂ’cogn 015 - X

0.04R6 mol
0375 L

[CH,CO; ] = =013 M

b. To get 0.0486 mol CH;CO, we needed to add 0.0486 mol OH".

0.0486 msl
Vior = —————— = 0194 L =19z 107 ul

525 mel
L

c. Theorigina volume of the acetic acid solutionis375mL - 194 mL =181 mL =0.181 L

0.15 mol
CH,COH] = ———— =083 M
[ 0.121L



