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General Equilibrium Problems
1983
a) two points
n = 3.509 g ÷ 135.0 g/mol
P = (nRT) / V
= [(0.02600 mol) (0.08205 L atm mol¯1 K¯1) (375 K)] / 1.00 L
P = 0.800 atm
b) three points
PSO2Cl2 = 0.800 atm - y atm
PSO2 = PCl2 = y atm
Ptot = PSO2Cl2 + PSO2 + PCl2
1.43 atm = 0.800 atm - y + y + y (by substitution)
PSO2 = PCl2 = y = 0.63 atm
PSO2Cl2 = 0.800 - 0.63 = 0.17 atm
c) three points
Kp = (PSO2 x PCl2) / PSO2Cl2
Kp = (0.63 atm)2 / 0.17 atm
Kp = 2.3 atm
Alternative approach in (b) and (c) is to determine the number of moles of each species,
then molarity, and finally Kc.
nSO2Cl2 = 0.0260 - z
nSO2 = nCl2 = z mol
ntot = nSO2Cl2 + nSO2 + nCl2
ntot = PV / RT = (1.43 atm x 1.00 L) / (0.08205 L atm mol¯1 K¯1 x 375 K)
ntot = 0.0465 mol = 0.0260 - z + z + z
nCl2 = nSO2 = z = 0.0205 mol
nSO2Cl2 = 0.0260 - 0.0205 = 0.00550 mol
Kc = ([SO2] [Cl2] ) / [SO2Cl2]
Kc = [0.0205]2 / [0.0055]
Kc = 0.076 M
d) one point
An endothermic process absorbs heat during dissociation so K500 > K375 or a stress is
placed upon the system and K increases in order to remove the stress.
A maximum of 1 point was deducted for math for unit errors or for reporting an
unreasonable number of significant figures. This same procedure was also used for
Problems 2 and 3.
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1988
Average score = 4.95
a) four points
(1) 89.7 g SbCl5 / 299.0 g mole = 0.300 mole SbCl5
[SbCl5] initial = 0.300 mole / 15.0 liter = 0.0200 M
(2) T = 182 °C + 273 = 455 K
P = nRT / V = [(0.300 mole) (0.0821 L atm) (455 K)] / [(15.0 L) (mole K)] = 0.747 atm
OR
(15.0 L / 0.300 mol) x (273 K / 455 K) = 30.0 L / mol (at std. temperature)
1 atm x [(22.4 L / mol) ÷ (30.0 L / mol)] = 0.747 atm
b) three points
Equilibrium concentrations:
[SbCl3] = [Cl2] = (0.0200 mol / L) x 0.292 = 5.84 x 10¯3 M
[SbCl5] = (0.0200 mol L) x 0.708 L = 1.42 x 10¯2 M
Kc = ([SbCl3][Cl2]) ÷ [SbCl5] = (5.84 x 10¯3)2 ÷ (1.42 x 10¯2) = 2.41 x 10¯3
OR
Equilibrium pressures:
PSbCl3 = PCl2
= 0.747 atm x 0.292 = 0.218 atm
PSbCl5 = 0.747 atm x 0.708 = 0.529 atm
Kp = (PSbCl3 x PCl2) ÷ PSbCl5 = (0.218)2 ÷ 0.529 = 8.98 x 10¯2
c) two points
K = ([SbCl3][Cl2]) / [SbCl5] = 0.117
Equilibrium concentrations:
[SbCl5] = (1.00 - 0.70) mol / 2.00 L = 0.15 M
[SbCl3] = 0.700 mole / 2.00L = 0.350 M
[Cl2] = x
Kc = [(0.350) (x)] ÷ (0.15) = 0.117
x = [Cl2] = 0.50 M
Moles Cl2 at equilibrium = 0.050 mol L x 2.00 L = 0.10 mol
Moles Cl2 needed to make 0.300 mol SbCl3 into SbCl5 = 0.30 mol
Moles Cl2 that must be added = 0.40 mol
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AP® CHEMISTRY
2003 SCORING GUIDELINES (Form B)
Question 1

Total Score 10 points
2 HI(g) ↔ H2(g) + I2(g)
1. After a 1.0 mole sample of HI(g) is placed into an evacuated 1.0 L container at 700. K, the reaction
represented above occurs. The concentration of HI(g) as a function of time is shown below.

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

Kc =

[H2][I2]
[HI]2

1 point for correct expression

(b) What is [HI] at equilibrium?
From the graph, [HI]eq is 0.80 M

1 point for equilibrium [HI]

Copyright © 2003 by College Entrance Examination Board. All rights reserved.
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AP® CHEMISTRY
2003 SCORING GUIDELINES (Form B)
Question 1 (cont’d.)
(c) Determine the equilibrium concentrations of H2(g) and I2(g).
2 HI(g) → H2(g) + I2(g)
I
C
E

1.0 M
−0.20 M
0.80 M

0
+0.10 M
0.10 M

1 point for stoichiometric relationship
between HI reacting and H2(g) or I2(g)
forming

0
+0.10 M
0.10 M

1 point for [H2]eq and [I2]eq

[I2] = [H2] = 0.10 M

(d) On the graph above, make a sketch that shows how the concentration of H2(g) changes as a function
of time.
From the graph, [H2]eq is 0.10 M
The curve should have the following
characteristics:
- start at 0 M;
- increase to 0.1 M;
- reach equilibrium at the same time [HI]
reaches equilibrium

1 point for any two characteristics
2 points for all three characteristics

(e) Calculate the value of the following equilibrium constants for the reaction at 700. K.
(i) Kc
Kc =

[H2][I2]
[0.10][0.10]
=
= 0.016
[0.80]2
[HI]2

1 point for correct substitution (must agree with
parts (b) and (c))

(ii) Kp
Kp = Kc = 0.016
The number of moles on the product side is
equal to the number of moles on the reactant
side
Kp = Kc(RT)∆n
∆n = 2 – 2 = 0
Kp = Kc(RT)0
Kp = Kc

1 point for Kp = Kc (with verification)
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AP® CHEMISTRY
2003 SCORING GUIDELINES (Form B)
Question 1 (cont’d.)
(f) At 1,000 K, the value of Kc for the reaction is 2.6 × 10 −2. In an experiment, 0.75 mole of HI(g),
0.10 mole of H2(g) , and 0.50 mol of I2(g) are placed in a 1.0 L container and allowed to reach
equilibrium at 1,000 K. Determine whether the equilibrium concentration of HI(g) will be
greater than, equal to, or less than the initial concentration of HI(g) . Justify your answer.
[H2][I2]
[0.10][0.50]
=
= 8.9 × 10−2
[0.75]2
[HI]2
Kc = 2.6 × 10−2

1 point for calculating Q and comparing to Kc

Q > Kc

1 point for predicting correct change in [HI]

Q =

To establish equilibrium, the numerator must
decrease and the denominator must increase.
Therefore, [HI] will increase.
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General Equilibrium Essay Questions
1988
Average score = 4.31
a) two points
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) two points
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 Le Chatelier's principle is also acceptable.)
c) two points
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. That decrease realized by the formation of more solid NH4HS.
Kp = (PNH3) (PH2S)
(A complete explanation based on Le Chatelier's principle is also acceptable.)
d) two points
The mass of NH4HS decreases because the endothermic reaction absorbs heat and goes nearer to
completion (to the right) as the temperature increases. (One point was assigned for each correct
prediction and one point for each correct explanation.)
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