Answers to Equilibrium Lunch Review
1985 A 

At 25ºC the solubility product constant, Ksp, for strontium sulfate, SrSO4, is 7.6(10-7. The solubility product constant for strontium fluoride, SrF2, is 7.910-10.

(a)
What is the molar solubility of SrSO4 in pure water at 25ºC?

(b)
What is the molar solubility of SrF2 in pure water at 25ºC?

(c)
An aqueous solution of Sr(NO3)2 is added slowly to 1.0 litre of a well-stirred solution containing 0.020 mole F- and 0.10 mole SO42- at 25ºC. (You may assume that the added Sr(NO3)2 solution does not materially affect the total volume of the system.)


1.
Which salt precipitates first?

2.
What is the concentration of strontium ion, Sr2+, in the solution when the first precipitate begins to form?

(d)
As more Sr(NO3)2 is added to the mixture in (c) a second precipitate begins to form. At that stage, what percent of the anion of the first precipitate remains in solution?

Answer:

(a)
SrSO4(s) ( Sr2+(aq) + SO42-(aq)

At equilibrium: [Sr2+] = X M = [SO42-]


X2 = Ksp = 7.610-7

X = 8.710-4 mol/L, solubility of SrSO4
(b)
SrF2(s) ( Sr2+(aq) + 2 F-(aq)

At equilibrium: [Sr2+] = X M = [F-] = 2X M


KSP = [Sr2+][F-]2 = (X)(2X)2 = 7.910-10

X = 5.810-4 mol/L, solubility of SrF2
(c)
Solve for [Sr2+] required for precipitation of each salt.


Ksp = [Sr2+][F-]2 = 7.910-10 = X 
[image: image1.wmf]0.020 mol

1 mol

; X = 2.010-6 M

Ksp = [Sr2+][SO42-] = 7.610-7 = Y 
[image: image2.wmf]0.010 mol

1.0 L

; y = 7.610-6 M



Since 2.010-6 M < 7.610-6 M, SrF2 must precipitate first.


When SrF2 precipitates, [Sr2+] = 2.010-6 M

 (d)
The second precipitate to form is SrSO4, which appears when [Sr2+] = 7.610-6 M (based on calculations in Part c.)


When [Sr2+] = 7.610-6 M, [F-] is determined as follows:


Ksp = [Sr2+][F-]2 = 7.910-10

= (7.610-6)(z)2 = 7.910-10 ; z = 1.010-2 M
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1988 D

NH4HS(s) ( NH3(g) + H2S(g)
(Hº = +93 kilojoules

The equilibrium above is established by placing solid NH4HS in an evacuated container at 25ºC. At equilibrium, some solid NH4HS remains in the container. Predict and explain each of the following.

(a)
The effect on the equilibrium partial pressure of NH3 gas when additional solid NH4HS is introduced into the container

(b)
The effect on the equilibrium partial pressure of NH3 gas when additional solid H2S is introduced into the container

(c)
The effect on the mass of solid NH4HS present when the volume of the container is decreased

(d)
The effect on the mass of solid NH4HS present when the temperature is increased.

Answer:

(a)
The equilibrium pressure of NH3 gas would be unaffected. KP = (PNH3)(PH2S). Thus the amount of solid NH4HS present does not affect the equilibrium.

(b)
The equilibrium pressure of NH3 gas would decrease. In order for the pressure equilibrium constant, KP, to remain constant, the equilibrium pressure of NH3 must decrease when the pressure of H2S is increased. KP = (PNH3)(PH2S). (A complete explanation based on LeChatelier’s principle is also acceptable.)
(c)
The mass of NH4HS increases. A decrease in volume causes the pressure of each gas to increase. To maintain the value of the pressure equilibrium constant, Kp, the pressure of each of the gases must decrease. The decrease is realized by the formation of more solid NH4HS. Kp = (PNH3)(PH2S). (A complete explanation based on LeChatelier’s principle is also acceptable.)
(d)
The mass of NH4HS decreases because the endothermic reaction absorbs heat and goes nearer to completion (to the right) as the temperature increases.

2000 A Required

1.
2 H2S(g) ( 2 H2(g) + S2(g)
When heated, hydrogen sulfide gas decomposes ac​cording to the equation above. A 3.40 g sample of H2S(g) is introduced into an evacuated rigid 1.25 L container. The sealed container is heated to 483 K, and 3.72(10–2 mol of S2(g) is present at equilibrium.

(a)
Write the expression for the equilibrium constant, Kc, for the decomposition reaction represented above.

(b)
Calculate the equilibrium concentration, in mol(L-1, of the following gases in the container at 483 K.

(i)
H2(g)
(ii)
H2S(g)
(c)
Calculate the value of the equilibrium constant, Kc, for the decomposition reaction at 483 K.

(d)
Calculate the partial pressure of S2(g) in the con​tainer at equilibrium at 483 K.

(e)
For the reaction H2(g) + eq \f(1,2) S2(g) ( H2S(g) at 483 K, calculate the value of the equilibrium constant, Kc.

Answer:

(a)
Kc = eq \f([H2]2[S2],[H2S]2)
(b)
(i)  eq \f(3.72(10–2 mol S2,1.25 L)  eq \f(2 mol H2,1 mol S2)  = 5.9510–2 M H2

(ii)  
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(c)
Kc =
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(d)
PV=nRT = 1.18

(e)
K’c = 
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