Equilibrium Calculation Lab


Name:  





CHM 1046L

1. For each of the following equilibria, write the equilibrium constant expression for Kc:

a) 2 C2H4(g)  +  O2(g)  (  2 CH3CHO(g)
b) 2 NO(g)  (  N2(g)  +  O2(g)
c) 4 NH3(g)  +  5 O2(g)  (  4 NO(g)  +  6 H2O(g)
d) WO3(s)  +  3 H2(g)  (  W(s)  +  3 H2O(g)
e) Ag+(aq)  +  Cl-(aq)  (  AgCl(s)
f) 2 FeCl3(s)  +  3 H2O(g)  (  Fe2O3(s)  +  6 HCl(g)
g) MgCO3(s)  (  MgO(s)  +  CO2(g)
h) HCl(aq)  +  NaOH(aq)  (  NaCl(aq)  +  H2O(l)
2. At 400 K, Kp = 50.2 for the reaction

N2O4(g)  (  2 NO2(g)

What is Kp at 400 K for the reaction

2 NO2(g)   (  N2O4(g)
3. a)  Write the equilibrium equation for the following reaction

N2(g)  +  3 H2(g)  (  2 NH3(g)
b) An equilibrium mixture at 500 K has the following concentrations:  [N2] = 3.0 x 10-2 M  [H2] = 3.7 x 10-2 M  [NH3] = 1.6 x 10-2 M, calculate the equilibrium constant, Kc
c) Calculate the Kp for this reaction 

d) Is the equilibrium mixture mostly reactants or products?

e) Does this reaction go to nearly 100% completion?  Explain

f) If Qc = 2.5 x 10-3 which direction is the reaction proceeding?  Explain

g) If Qc = 2.5 x 105 which direction is the reaction proceeding?  Explain

4. Why do we leave pure liquids and solids out of equilibrium expressions?

5.
Using the general chemical reaction: (14 pt)

2 A3D(g)  +  3 CB(g)  (  3 A2B(g)  +  C3D2(g)


(H(= -879 kJ










Kc = 6.9 x 10-5

In which direction does the reaction proceed to equilibrium when:

a) The temperature is increased?






b) CB is added to the equilibrium mixture?





c) The pressure is increased by decreasing the volume?



d) The pressure is increased by adding argon gas?




e) A catalyst is added?







f) Qc = 1.6 x 10-7








g) C3D2 is taken away from the equilibrium mixture?



MC Questions

1.
“If a stress is applied to a reaction mixture at equilibrium, the reaction occurs in 

the direction that will relieve the stress.”  This statement is called


a)  The 1st Law of Thermodynamics


b)  The Law of Mass Action


c)  The Law of Combining Volumes


d)  Le Chateliers Principle

2.
Iron oxide ores are reduced to iron metal by exothermic reaction with carbon 
monoxide:

FeO(s)  +  CO(g)  (  Fe(s)  +  CO2(g)

Which of the following changes in condition will cause the equilibrium to shift to 
the right?


a)  Raise the temperature


b)  Add FeO


c)  Add CO2




d)  Add CO

3.
Which of the following changes in reaction conditions will alter the composition 
of an equilibrium mixture of gases?


a)  Increase the temperature


b)  Decrease the pressure or volume


c)  Addition of reactants or products

d)  All of the above

4.
Given the reaction at a certain temperature:  2 HI(g)  (  H2(g)  +  I2(g).  At 
equilibrium, the partial pressure of HI is 1.8 x 10-3 atm, and the partial pressures 
for H2 and I2 
are 0.10 atm each.  Find Kp at that temperature


a)  3.1 x103

b)  3.1 x 104

c)  3.2 x 10-4

d)  5.6 x 101
5.
Which of the following statements about a catalyst is true?

a) A catalyst provides a lower energy pathway for a reaction

b) A catalyst is consumed in a chemical reaction

c) A catalyst changes the position of the equilibrium in a reaction

d) A catalyst increases the temperature of a reaction

6.
If Kc is the equilibrium constant for a forward reaction what si K’c for the reverse 
reaction?


a)  -Kc

b)  1/Kc

c)  Kc


d)  none

7.
The dissolution of calcium hydroxide is exothermic.

Ca(OH)2(s)  (  Ca2+(aq)  +  2 OH-(aq)  


What happens when the solution of Ca(OH)2 is heated?

a) The amount of Ca(OH)2 remains unchanged

b) The amount of Ca(OH)2 decreases

c) The Ca(OH)2 completely dissolves

d) The amount of Ca(OH)2 increases

8.
Nitric oxide reacts with oxygen to form nitrogen dioxide:

2 NO(g)  + O2(g)  (  2 NO2(g)

What is K’c for the reverse reaction if the equilibrium concentration of NO is 
0.300 M, O2 is 0.200 M, and NO2 is 0.530 M at 25(C?


a)  0.0641

b)  15.6

c)  0.624

d)  0.0340

9.
As a rule, which of the following phases are not included in the equilibrium 
constant expression?

I.  Pure liquids

II.  Pure solids

III.  Aqueous solutions
IV. Gases


a)  I, II

b)  I, IV

c)  II, III

d)  III, IV

10.
For which of the following reactions will Kc = Kp
a) ZnO(s)  +  CO(g)  (  Zn(s)  +  CO2(g)
b) COCl2(g)  (  CO(g)  +  Cl2(g)
c) CO(g)  +  2 H2(g)  (  CH3OH(g)
d) 2 O3(g)  (  3 O2(g)
11.
Which of the following changes in reaction conditions will NOT alter the 
equilibrium concentrations?

a) Decreasing the pressure or volume

b) Addition of an inert gas to the reaction mixture

c) Addition of reactants or products

d) Increasing the temperature

12.
Which of the following changes in reaction conditions will not alter the 
composition of a homogeneous equilibrium mixture of gases?

a) Addition of reactants or products

b) Addition of a catalyst

c) Decreasing the temperature

d) Increasing the pressure or volume

13.
For the reaction,  A(g)  + 2 B(g)  (  2 C(g),  Kc = 1 x 10-10 @ 25(C.  Which of the 
following statements is true?

a) The reaction is favored in the reverse direction

b) The concentration of the products is greater that the concentration of the reactants

c) The value of Kp will be larger than the values of Kc
d) (n = +1

14.
Given the reaction:  2 HI  (  H2  +  I2.  If K’c for the reverse reaction is 


1.85 x 10-2 at 425(C, what is Kc for the forward reaction at the same temperature?


a)  3.70 x 10-2

b)  1.85 x 10-2

c)  -1.85 x 10-2

d)  54.1

15.
The overall reaction for photosynthesis can be represented by the following 
equation:

6 CO2(g)  +  6 H2O(l)  (  C6H12O6(s)  +  6 O2(g)

The enthalpy change for this reaction is 2802 kJ.  Which of the following changes 
in condition will shift the equilibrium to the right?


a)  Remove CO2



b)  Increase temperature


c)  Remove C6H12O6



d)  Increase the pressure of O2
16.
Which of the following statements does not describe the equilibrium state?

a) The concentration of the reactants and products reach a constant level

b) Equilibrium is dynamic and there is no net conversion to reactants and products

c) The concentration of the reactants is equal to the concentration of the products

d) The rate of the forward reaction is equal to the rate of the reverse reaction

17.
Which of the following statements about the equilibrium constant, Kp, is false?

a) Total pressures are used in the equilibrium equation in place of molar concentrations

b) The relationship between Kp and Kc is:  Kp = Kc (RT)(n
c) The units for Kp are usually omitted

d) (n is equal to the sum of the coefficients of the gaseous products minus the sum of the coefficients of the gaseous reactants

18.
A crude type of disappearing ink is based on the following endothermic 
equilibrium:

[Co(H2O)6]Cl2(aq)  (  [CoCl2(H2O)4](aq)  +  2 H2O(g)



Colorless

Blue


If the reactant solution is used to write on a piece of paper and the paper is 
allowed to partially dry, what can be done to bring out the colored handwriting?


a)  Add water



b)  Put paper in the oven


c)  Put paper in the freezer

d)  Decrease the volume

19.
Which of the following statements is false regarding the equilibrium constant Kc?

a) When quoting Kc it is customary to omit units

b) The numerical value of Kc depends on the form of the balanced equation

c) Kc for the reverse reaction is the negative of Kc for the forward direction

d) Kc for a reaction at a particular temperature always has the same value

20.
Which equilibrium below is homogeneous?

a) 2 CO(g)  +  O2(g)  (  2 CO2(g)
b) BaSO4(s)  (  Ba2+(aq)  +  SO42-(aq)
c) NH4NO3(s)  (  N2O(g)  +  2 H2O(g)
d) 2 H2O(l)  (  2 H2O2(l)  +  O2(g)
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