AP Chemistry – Chapter 14, Chemical Equilibrium Study Guide & Ch. 16b Ksp
Students should be able to... 

· Describe a system in equilibrium 
· Find the reaction quotient, Q, (Keq) for a reaction equation 
· Solve for Q given initial concentrations or pressures 
· Using LeChatlier's principle, determine the direction of shift in an equilibrium when conditions are changed (concentration, pressure, phase change)
· Setup a Ksp expression for a slightly soluble product. 

· Calculate the ion concentrations when given a Ksp. 
· Determine is a slightly soluble product will precipitate or not. 

Sample Multiple Choice AP Questions (Copyright College Board)

(1989) 29. In which of the following systems would the number of moles of the substances present at equilibrium NOT be shifted by a change in the volume of the system at constant temperature?

(A) CO(g) + NO(g) <===> CO2(g) + 1/2 N2(g)
(B) N2(g) + 3 H2(g) <===> 2 NH3(g)
(C) N2(g) + 2 O2(g) <===> 2 NO2(g)
(D) N2O4(g) <===> 2 NO2(g)
(E) NO(g) + O3(g) <===> NO2(g) + O2(g) 

(1994) 73. 2 SO2(g) + O2(g) <===> 2 SO3(g)

When 0.40 mole of SO2 and 0.60 mole of O2 are placed in an evacuated 1.00-liter flask, the reaction represented above occurs. After the reactants and the product reach equilibrium and the initial temperature is restored, the flask is found to contain 0.30 mole of SO3. Based on these results, the equilibrium constant, Kc for the reaction is

(A) 20.
(B) 10.
(C) 6.7
(D) 2.0
(E) 1.2 

65. The solubility of CuI is 2 x 10¯6 molar. What is the solubility product constant, Ksp, for CuI?

(A) 1.4 x 10¯3
(B) 2 x 10¯6
(C) 4 x 10¯12
(D) 2 x 10¯12
(E) 8 x 10¯18 

66. MnS(s) + 2 H+ <===> Mn2+ + H2S(g)

At 25 °C the solubility product constant, Ksp, for MnS in 5 x 10¯15 and the acid dissociation constants K1 and K2 for H2S are 1 x 10¯7 and 1 x 10¯13, respectively. What is the equilibrium constant for the reaction represented by the equation above at 25 °C?

(A) 1 x 10¯13 / 5 x 10¯15
(B) 5 x 10¯15 / 1 x 10¯7
(C) 1 x 10¯7 / 5 x 10¯20
(D) 5 x 10¯15 / 1 x 10¯20
(E) 1 x 10¯20 / 5 x 10¯15 

Answers to multiple choice:  
29. E
73. A   65. C
66. D
Free Response (1994) 

MgF2(s) <===> Mg2+(aq) + 2 F¯(aq) 

In a saturated solution of MgF2 at 18° C, the concentration of Mg2+ is 1.21 x 10¯3 molar. The equilibrium is represented by the equation above.

(a) Write the expression for the solubility-product constant, Ksp, and calculate its value at 18° C.

(b) Calculate the equilibrium concentration of Mg2+ in 1.000 liter of saturated MgF2 solution at 18°C to which 0.100 mole of solid KF has been added. The KF dissolves completely. Assume the volume change is negligible.

(c) Predict whether a precipitate of MgF2 will form when 100.0 milliliters of a 3.00 x 10¯3 molar Mg(NO3)2 solution is mixed with 200.0 milliliters of a 2.00 x 10¯3 molar NaF solution at 18°C. Calculations to support your prediction must be shown.

(d) At 27°C the concentration of Mg2+ in a saturated solution of MgF2 is 1.17 x 10¯3 molar. Is the dissolving of MgF2 in water an endothermic or an exothermic process? Give an explanation to support your conclusion.

[image: image1.png]2H,8() 2 2Hy(@) +S,(8)

1. When heated, hydrogen sulfide gas decomposes according to the equation above. A 3.40 g sample of H,S(g) is
introduced into an evacuated rigid 1.25 L container. The sealed container is heated to 483 K. and 3.72 x 102 mol
of S,(g) is present at equilibrium.

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

(b) Calculate the equilibrium concentration, in mol L+, o the following gases in the container at 483 K.
@ Hye)
(i) HyS(g)

(¢) Caleulate the value of the equilibrium constant, K., for the decomposition reaction at 483 K.

(@ Caleulate the partal pressure of $(g) i the container at equilibrium at 483 K.

(€) For the reaction Hy(s)+ 5 S,(8) 2 HS(e) at483 K, caleulate the value of the equilibrium constant, K,



Free Response (2000)
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1994) 
a) two points

Ksp = [Mg2+][F¯]2
= (1.21 x 10¯3) (2 x 1.21 x 10¯3)2
= 7.09 x 10¯9
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1. When heated, hydrogen sulfide gas decomposes according to the equation above. A 3.40 g sample of H,S(g) is
introduced into an evacuated rigid 1.25 L container. The sealed container is heated to 483 K. and 3.72 x 102 mol
of S,(g) is present at equilibrium.

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

(b) Calculate the equilibrium concentration, in mol L+, o the following gases in the container at 483 K.
@ Hye)
(i) HyS(g)

(¢) Caleulate the value of the equilibrium constant, K., for the decomposition reaction at 483 K.

(@ Caleulate the partal pressure of $(g) i the container at equilibrium at 483 K.

(€) For the reaction Hy(s)+ 5 S,(8) 2 HS(e) at483 K, caleulate the value of the equilibrium constant, K,




b) two points

Ksp = [Mg2+] (2x + 0.100)2
since 2x is much less than 0.100

= 7.09 x 10¯9 = [Mg2+] (0.010)2
[Mg2+] = (7.09 x 10¯9) / (10¯2)

= 7.09 x 10¯7 M

Note: OK if 0.102 is used for [F¯], then Ksp = 6.76 x 10¯7
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c) three points (first point earned if both concentrations are correct; correct substitution and calculation of the wrong concentration values earns the second point [calc. of Q], but not the first

[Mg2+]:
100.0 x 3.00 x 10¯3 = 300.0 x [Mg2+]
[Mg2+] = 1.00 x 10¯3 M

[F¯]:
200.0 x 2.00 x 10¯3 = 300.0 x [F¯]
[F¯] = 1.33 x 10¯3 M

Q = Ion Product = [Mg2+] [F¯]2
= (1.00 x 10¯3) (1.33 x 10¯3)2
= 1.77 x 10¯9
Since Q < Ksp, no precipitate will form.

Note: conclusion must be consistent with Q value.


d) two points

Solubility of MgF2 decreases with the increasing temperature, thus dissolution process is exothermic.

MgF2 ---> Mg2+ + 2F¯ + Q (or H)

Reason:

i) Increased temperature puts a stree on the system (LeChâtelier). The system will reduce the stree by shifting the equilibrium in the endothermic (left) direction.

OR

ii) A data supported argument such as comparing ion concentrations, calculating second Ksp and giving proper interpretations
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‘When heated, hydrogen sulfide gas decomposes according o the equation above. A 3.40 & sample of H,S(g) is
id 1.25 L container. The sealed container is heated to 483 K. and 3.72 x 10 mol
of S,(g) is present at equilibrium.

introduced into an evacuated

() Write the expression for the equilibrium constant, K, ,for the decomposition reaction represented above.
(b) Calculate the equilibrium concentration, in mol L, o the following gases in the container at 483 K.
@) Hyte)
i) HS(e)
(©) Calculate the value of the equilibrium constant, K, , for the decomposition reaction at 483 K.
(d) Calculate the partial pressure of Sy(g) in the container at equilibrium at 483 K.

() For the reaction Hy(g) + 4 S,(e) 2 H,S(¢) at 483 K. calculate the value of the equilibrium constant, K,
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AP* Chemistry 2000 — Scoring Standards

Question 1
{10 poents)

1FIS; 2F(S;
PSS

- —— . - 1 pt.
©HSP © WSy -
¢ No point camed for a &, expeession or if an exposest is incomrectly used
G My - 2(s) - (LO)3.7M2x10 mol) 5,08 x 10204 1p.
‘ L25L
-2 2x107°
Gy (M) - 21omel “}01‘::""0 mab) . 208x 1024 2 pes,
or
[H,S]) = 0080048 — 0039301 ~ 0020504
Noggss One poant is carnad for getting the correct sumber of moles of H,S @ second
point is camed for dividing by 1.25 L and getting a consistent answer. Althoagh not
cormect, ane point may be camed for calculating the instial [H,S] (see below) and using
that value s the equiliboum H.S concestmtzon.
34D g
-1
(H,s) - dLemol g4
L2351
(5.95x10-=)1w= 2
K - 128 |} (3.93%1077)°(0.0298) 0.2% 2 p.

<

(205x107°) (2.08%107%)°

Notes: One poent is carnad for correctly using the molanty of the S,
(daviding the number of moles by the volume ). The second poeat is carned
by correctly using the numbers penceated in (b) in the expresson shows in
(a) and geeting the sppropriste answer.

aRT  (3.72107% mol)(0.0821 L atm mol ™! K~'}483K)
VvV TI5L
or 2 pts.

P =[S,)RT = (0.02976 mol L~'}0.0821 L atm mol™ K™! ) (483 K) = 1.18 atm

=1.18 atm

p=

Note: The first point is earned for correctly setting up either of these expressions.

The second point is carned for the correct answer (or an answer consistent with the
numbers used). Also, combining PV = e RT with Pg = Xg Py . where
Xs, is the mole fraction of S, , can eam the points.

K = = = = 2.00 2ps.

Notes: One point is carned for recognizing that K must be an inverse related

to K, . A second point is carned for recognizing that the square root of K is involved.
Only one point can be eamed for the expression below, or for correctly calculating just
the inverse of K, or just JE .

K - H:S]
’ lﬂzllszli:







