AP Chemistry
Craddock
Fall 2007

Chapter 16 AP Problems: Solutions (Actually most are gases)!

1) 1995

a) two points

mole fraction for CO = moles CO ÷ moles (CO + CO2 + H2O + H2)

= 0.55 ÷ (0.55 + 0.55 + 0.20 + 0.30) = 0.55 ÷ 1.60 = 0.34 (or 34%)

Either mole fraction for CO definition above or numerator or denominator correct: one pt.
Numerator, denomiator and calculation correct or fraction 11/32: one pt.
One pt. deducted if units included with answer. 


b) two points

Kc = ([H2O] [ CO]) ÷ ([H2] [CO2]) = [ (0.55) (0.55) ] ÷ [ (0.20) (0.30) ] = 5.0

Correct set up and/or correct substitution: one pt.
Calculated answer: one pt.
One pt. deducted if expression(s) inverted but otherwise correct.
One pt. deducted if H2O missing. 


c) one point

Kp = Kc (RT)[delta]n ; [delta]n = 0 therefore Kp = Kc (or, Kp = 5.0)

The above earns one pt. Note: consistent [delta]n calculation is allowed. Numerical value same as part (b) allowed.


d) two points

moles CO reacting = moles H2O reacting = moles CO2 formed = 0.16 moles

equilibrium [ ]'s at lower T:

[H2] = 0.36 mol/L
[CO2] = 0.46 mol/L
[H2O] = [CO] = 0.39 mol/L 

Kc = (0.39)2 ÷ [ (0.46)(0.36) ] = 0.92

e) two points 

x = number of moles that react 

	
	[H2] 
	[CO2] 
	[H2O] 
	[CO] 

	Initial 
	0.50/3.0 
	0.50/3.0 
	0 
	0 

	Change 
	-x/3.0 
	-x/3.0 
	x/3.0 
	x/3.0 

	Equilibrium 
	(0.50-x)/3.0 
	(0.50-x)/3.0 
	x/3.0 
	x/3.0 


[x2 / 9] ÷ [(0.50-x) / 3.0]2 = 5.0

x ÷ (0.50 - x) = 2.2

x = 0.34 mol

[CO] = 0.34 mol ÷ 3.0 L = 0.11 mol/L

Note: without final correct [CO], one point awarded if:

all 3.0's in denominators missing, or
all four [ ]'s substituted correctly, or
any two [ ]'s and proper K substituted correctly 

2) 1961

Don’t have any answers.  Sorry!
3) 1962

Don’t have any answers.  Sorry!
4) 1992

1) average points = 3.9
a) three points
mole fraction is 50:50 from equation

therefore 7.76 atm ÷ 2 = 3.88 atm (contribution by H2O)

PV = nRT; rearrange to get n = (PV) ÷ (RT)

n = [(3.88 atm) (5.00 L)] ÷ [(0.0821 L atm mol¯1 K¯1) (433 K)]

= 0.545 mol

Side note: the actual AP standard uses 7.76 atm in its PV = nRT calculation and then applies the 50:50 criterion to the value for n (1.09 mol) calculated. I prefer the above explanation.


b) two points

from equation, the ratio of NaHCO3 to H2O is 2:1

x / 0.545 = 2 / 1

x = 1.09 mol of NaHCO3 decomposed

1.09 mole x 84.01 g/mol = 91.6 g of NaHCO3 decomposed

100. g - 91.6 g = 8.4 g of NaHCO3 remaining



c) two points

Kp = (PH2O) (PCO2)

= (3.88 atm) (3.88 atm) = 15.1 atm2


d) two points

The total pressure would remain at 7.76 atm. Since some solid remained when 100. g was used (and there had been no temperature change), then using 110 g would not affect the equilibrium.

5.) 1988 

1) 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 = 0.200 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

6.) 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.

7) 1981 
a) 5 points 

Kp = (PNH3) (PH2S)

PNH3 = PH2S = (0.659 atm / 2) = 0.330 atm

Kp = (0.330 atm) (0.330 atm) = 0.109 atm2


b) 5 points

PNH3 = 2 PH2S
(2x) (x) = 0.109

x = 0.233 atm = PH2S
2x = 0.466 atm = PNH3


c) 5 points

equilibrium pressure of NH3 = equilibrium pressure of H2S = 0.330 atm

PNH3 that has reacted = PH2S
= 0.500 - 0.330 = 0.170 atm

n = PV / RT = (0.170 x 1.00) / (0.08205 x 298) = 6.95 x 10¯3
If a student calculated Kc rather than Kp, one point was deducted.

