3.091 Fall Term 2004

Homework #11

solution outlines

SOL-4. (a) Ky = [Ba®*] [CrO,*] (b) Ky = [Ca®*] [COs™]
() Ky = [PO*][FT° (d) Ky = [AgT[S™]

SOL-8. If [Hg,*'] = Csthen[CIT] = 2 Cs
K = [Ha"1[CIT? = [C][2C)* = 4C¢°
Answer (c)

SOL-10. LetC, = [Pb*]

04 mol

for PhSO, 1.6x 107 = ¢ Cs

13x1

03 mol

for Pbl, 71x10° = 4C3 C,

12x1
Lead (I1) iodide is more soluble.

SOL-16. the lithium carbonate dissolves according to
Li,CO; = 2 Li* + COs* which by stoichiometry gives [Li+] = 2 [CO5*] = 2 ¢,
where cs means the concentration of solute or solubility of lithium carbonate
for this reaction Ky, = [Li"]* [COs*] = 4¢
1.36 g Li,CO, y 1 mol Li,CO, 1000 mL

_ = = 0.184 M = c,
100 mL water 73.89 g Li,CO, 1L

Ksp = 2.49 x 107

NOTE: By definition, molarity means moles of solute per liter of solution. In this
instance we have taken 100 mL water to be 100 mL of solution. Stricly speaking, this
is not correct, but the difference between the two is small enough to allow the
approximation.

SOL-26. (b). The presence of fluoride ion from NaF represses the solubility of MgF,. This is an
example of the common ion effect in action.

SOL-29. The concentration of Ag" is given by the solubility product for Agl
Ks = [Ag’] [I7], but the presence of dissolved Kl sets [I7] according to
KI = K* + I” which gives for the concentration of iodide ion

3.21 g Kl y 1 mol Kl _ 1000mL 552%102 M
350 mL water 166.00 g KI 1L

now return to the K, for Agl to solve for [Ag’]:
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[AgT] = K /[I'] = 83x 1077 /552%x 102 = 1.50 x 10°° M

11.5 (a) and (b) are Arrhenius acids.
11.6 Only (a) is an Arrhenius base.
11.13 In each reaction, let a represent Bransted acid and b represent Brgnsted base.
(@a+b—a+hb
(b)a+b—b+a
(c)b+a—b+a
(d) a+ b— NH;NOs(aq)
(e)b+a—a+hb
11.35 [H30"] = 10"
o pH = 3.72, - [Hs0] = 1.9x10* M
.+ pH +pOH = 14, .. pOH = 10.28 and [OH] = 5.3 x 10™ M.
11.50 The weakest Brgnsted acid is the one with the smallest acid dissociation constant. Of the

acids listed, (d) phenol has the smallest K, value.

11.52 The strongest base will result from the weakest acid. By this metric, (a) CH3;COO" is the
strongest base of those listed.

11.64 The leveling effect makes all strong acids of the same concentration (molarity) have the same
hydronium concentration. Since both nitric acid and hydrobromic acid are strong acids, 0.10
M solutions of each will have the same hydronium concentration. In contrast, hydrofluoric
acid (HF(aq)) is not a strong acid, so a 0.10 M solution of it will have a lower hydronium
concentration owing to incomplete dissociation.

11.85 For a weak acid we can write [Hs0"] = (KaCna)”, Where cua is the initial concentration of
HA.

- [H30] = V(1.8 x 10%)(0.10) = 4.2x 10°M = [HCOO]
.. [HCOOH] = 0.10 - 42x10°% = 9.6 x 102 M

11.89 Assume that the dissociation of the second proton on ascorbic acid does not contribute to the
species in solution.

CsHeOHz H30+(3.C]) CsHeOH
initially 0.10 M 0 0
at equilibrium ~ 0.10 M - 2.8%(0.10 M) 2.8%(0.10 M) 2.8%(0.10 M)
_ + 2
_ [CHOHIHO'T _  (0.0028) _ g1x10°

: [C.H.OH,] (0.100 — 0.0028)
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]
HI (ag) + H0 (I) — HsO" (ag) + I (aq)
1. @ () |
I I
CH,COOH (aq) + OH™ (aq) — CH,COO (aq) + H,O(l)
(i)
I I
NH,(aq) + H,O(l) —» NH," (aq) + OH" (aq)
(i) | |

(b) H30", AICI,, and SiH,. SiH4 and AICI,~ cannot accept a proton due to lack of unpaired
electrons. While H;O" does have a pair of nonbonding electrons and so, in principle,
could accept another proton, H,0?* is not observed.

(c) Hlisastrong acid = complete dissociation
. 0.03091 M Hi(ag) = 0.03091 M = [H'] = [I7]
- pH = —logio[H'] = -logir 0.03091 = 1.51
pOH +pH = 14 = pOH = 12.49

2. (a) BixS; = 2Bi**(aq) + 3 S*(aq)
. [Bi*] = 2Csand [S*] = 3 C;
Ksp = (2Cs)*(3Cs)° = 4C2e27C = 108 Cy°

K 1/5
- Co = (ﬁ} = 1.715 x 107*°* mol/L

- in3.091 x 10° L = 5.3 x 10° mol Bi,S;

(b) [Bi*] = 2C; = 1.06 x 107 mol
Nav ions/mol = 6.38 x 10" Bi** ions in the 3.091 x 10° liters of water of part (a)

3. 2 Nal(aq) + Hg(NOs)2(aq) — Hgla(s) + NaNOgz(aq)
0.10 mol Hg(NO,),
1L

x 0.045L = 4.5 x 10° mol Hg(NO,),

45 x 107 mol Hy(NO, ), x —=mNal_—_ 905 . 10 mol Nal
1 mol Hg(NO,),
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-3
9.00 x 10~ mol Nal _ 36 x 102 L x 1000 mL _ 36 mL Nal
0.95 mol Nal 1L
4.(a) SrF, = Sr** + 2F Ks = [SIIF T2, but [F] = 2[Sr**] = 2¢s
KV
" Kgp = Cs(2¢s)* = 4cs® S G :[ 45"} =8.49x10* M
(b) NaF = Na" + F
. [F] = 0.03 M, which dominates the other equilibrium
N .. Ky 245x10° y
LKy =[SITF T = [Sr]= == =2.72x10°M

[F ' (0.03)?
" [Sr*]=c, =2.72x10°M



