In Class Exercise for Chapter 17

1. Determine the pH for each of the following.

a.) 0.500 M H2S03 with Ka1 = 1.5 x 102 and Ka2 = 6.3 x 108
H,50, ) = Hi\, + HSO;

(aq) 3(aq)
H 2803(&‘1) H(+aq) HSO?:_(aq)
I 0.500 0 0
C -X +X +X
E 0.500 - x +X +X

_ [Hflq—: ]S[:SOTJ ~15x10° :ﬁ;x > 2 +0.015x~0.0075 = 0
2°Y3a0) hanel

[Hp |=7.94x10°M =[ HSO,,) |
Since this is a polyprotic acid we are not done yet.

al

HSOy4q) = Hzg) + 505
HSOsy  Hiw S
I 0.0794 0.0794 0
C -X +X +X
E 0.0794-x 0.0794 + x +X
H: || SOZ
= [ (aq)][ s(aq)] =6.3x10°8 :m ~ X since 1078 << 1072
[HSO;(aq):' 0.0794 —x

[Hg |=7.94x107M . pH =-log(7.94x10?) =1.10

Therefore, the second deprotonation does not significantly contribute to our pH.

b.) 0.300 M Na;SO3

SO3) +H,0,) = OH ,,, +HSO; .,
2— — —
S03(aq) OH(aq) HSO3(aq)
| 0.300 0 0
C -X +X +X
E 0.300-x +X +X
-14
K, = fw _ 1.0x10 —=159x10"
K,, 6.3x10°
OH,,, || HSO; 2 2
) = [OHi ] 15O | —159x107 =— =~ since 107 <<10~
503 | 0.300-x 0.300

[OH(;q)] =2.18x10"M .. pH =14+10g(2.18x10*M) =10.34



c.) 0.300 L solution containing 0.500 M NaHSOs and 0.300 M Na2SOs

HSO5 04 = Hiag) + SO51ag
SOZ
pH = pKa+I09( [ S(E‘q& J
[ HSOy ]
pH =—10g(6.3x10°°) + Iog[0 288)

pH =6.98

2. Determine the molar solubility for each of the following:

a.) 0.500 M Pblz with Ksp = 1.4 x 108

2+ -
Pblz(s) = Pb(aq) + 2I(aq)
2+ -
Pb(aq) I(fz\q)
| 0 0
C +s +2s
E +s +2s

K,, =1.4x107° = 5(2s)" =45

_ 2+ | _ - _
5=0.0015M [Ph%, [=00015M & [, |=00030M
b.) 0.300 M HI
HI = Hiiy + 1) hience | He |=[ 17, [=0.300 M
c.) 1 L solution containing 0.500 M Pbl2 and 0.300 M HI
2+ -
Pb(aq) I(fz\q)
I 0 0.300
C +S +2s
E +S 0.300+2s

K., =1.4x10® = 5(0.300+ 25)’

since 10% <<10™* —»1.4x1078

. 1.56x10"
ck assumption: ————

~0.0900s ors=1.56x10"M

x100% =5x10"° %

| PO, [=16x107M & |1, ]=0300M

(aq)

3. . Calculate the pOH and the concentrations of all species in a solution prepared by
mixing equal volumes of 0.2 M HCl and 0.6 M H2S04 (Ka2 = 1.2 x 1072).



we have two strong acids which completely dissociate:
HCl > H" +Cl" and H,SO, > H" + HSO,
1L %027 +1Lx0.67

2L
since is a polyprotic acid we use the equation below to determine eq:

HSO; = H* +S0Z

1Lx0.6mt
2L

Initially: [ H" ] =0.4m and [ HSO; |= =0.3m

HSO; H* SO,
Initial 0.30 0.4 0
Change -X +X +X
Eq 0.30 - x 0.4+x +X

+ 2—-
K, = [H[ js[goj ) = X(OO; +XX) =1.2x10" — x* +0.412x - 0.0036 = 0
4 3

0412 i\/0.41222 — 4(1)(-0.0036)
| HSO, |=0.3—x=0.29IM — 0.3M
[H"]=0.4+x=0.409M — 0.4M
S0 |=0.009M

POH =14— pH =14+log| H" |=13.60

— Xx=0.0085M or x=-0.420M

4. What is the pH at the endpoint for titration of 0.20 M solutions of the following:

a.) CsHuiN (piperidine — Kb = 1.3 x 10°) & HNO3

When we add equal amounts of acid and base they react completely to produce
salt and water: C;H,;;N + HNO, - C,H,,NH"NO; or CH,,N+H" - C,H,,NH"
Furthermore, addition of equal amounts will cut our concentrations in half. So,
we start with the 0.10 M _C,H,,NH" in water.

C,H,NH™ +H,0 = C,H, N +H,0"

CHuNH™  Hi C.H,N
| 0.10 0 0
C -X +X +X
E 0.10 - x +X +X
-14
K, =K _10x107 =7.7x102
K, 1.3x10
x? N
K,=7.7x10"% = ~ since 10 <<10™*
0.10-x 0.10

[H"]=88x10"M .. pH =6.06



b.) NaHSO3 (Ka = 6.3 x 10®) & NaOH
Similar to the last problem in which our acid HSO, has been completely

neutralized by the hydroxide. So we have 0.10 M SO in water.
SO +H,0 = HSO; +OH "~

SO,j’ OH" HSO,
I 0.10 0 0
C -X +X +X
E 0.10-x +X +X
~14
=Ko L0 g
K, 6.3x10
. X2 x> . . »
K,=1.6x10" = ~ since 107" <<10
0.10-x 0.10

[OH™[=1.26x10"M .. pH =14 +l0g(1.26x10*) =10.10

c.) Ba(OH)2& HBr

2+ -
Ba(OH), - B, + 20H,
HBr(aq) - H(aq) * BI’(;q)
the rxn is really btwn H ;, and OH_

H(aq) +OH(;1q) - Hzo(|) pH =7.00



