Introduction to Equilibrium (Chapter 15 of Brown and LeMay)

Lesson 1: Introduction to Dynamic Equilibrium 

Some reactions are reversible, meaning after so much product is formed, the product will actually break back down into reactant. Equilibrium is looking at the ratio of product to reactant when it reaches that point. “Dynamic” means that reactant still forms product, but product reforms reactant at the same rate, so no net change in ratio.





A + B  ↔  AB    K = [prod]/[rxt]

	Time
	[A]
	[B]
	[AB]

	 Initial
	10
	10
	0

	10 sec
	8
	
	

	20 sec
	7
	
	

	40 sec
	6
	
	

	60 sec
	6
	
	


Scenario I

Graph each scenario time vs concentration of each

What are the concentrations at equilibrium?

Write the equilibrium expression for the reaction

Calculate the equilibrium constant, K, for the reaction

Is the reaction product or reactant favored?

Scenario 2

	Time
	[A]
	[B]
	[AB]

	 Initial
	10
	10
	0

	10 sec
	7
	
	

	20 sec
	5
	
	

	40 sec
	4
	
	

	60 sec
	4
	
	


Graph each scenario time vs concentration of each             

What are the concentrations at equilibrium?

Write the equilibrium expression for the reaction

Calculate the equilibrium constant, K, for the reaction

Is the reaction product or reactant favored?





A2  + B2  ↔  2AB  

Scenario 3

	Time
	[A2]
	[B2]
	[AB]

	 Initial
	10
	10
	0

	10 sec
	8
	
	

	20 sec
	7
	
	

	40 sec
	6
	
	

	60 sec
	6
	
	


Graph each scenario time vs concentration of each             

What are the concentrations at equilibrium?

Write the equilibrium expression for the reaction

Calculate the equilibrium constant, K, for the reaction

Is the reaction product or reactant favored?




3A2   +  B2    ↔   2BA3
Scenario 4








	Time
	[A2]
	[B2]
	[BA3]

	 Initial
	12
	4
	0

	10 sec
	6
	
	

	20 sec
	3
	
	

	40 sec
	3
	
	


Graph each scenario time vs concentration of each             

What are the concentrations at equilibrium?

Write the equilibrium expression for the reaction

Calculate the equilibrium constant, K, for the reaction

Is the reaction product or reactant favored?

Lesson 2:  Correctly writing an equilibrium expression and calculating and Keq or equilibrium concentrations/partial pressures)
What types of species are included in an expression?  What types are not?  Explain.

Refer to problem 5 on previous page 1B, and write the expression for those reactions

Calculating equilibrium constant:  Fill in appropriate values into your expression (always write the expression first!!!!!)  do problem 7 on page 1B

For more practice assume all concentrations are 2.0 M on problem 5, and calculate Keq

Kp and Kc
A majority of reversible reactions happen in the gas phase.  We can look at partial pressures of gases to determine equilibrium constants.  They are written a little differently than when we write concentration expressions.  Look at problem 5 on page 1b and write the Kp expression instead of Kc.
We can also calculate []e given Kp or Kc


N2O4(g) ↔  2NO2(g)
N2O4(g) was placed in a flask and allowed to reach equilibrium at 298K where Kp =0.133.  At equilibrium, the pressure of N2O4 was found to be 2.71 atm. Caclulate the equilibrium pressure of NO2(g)

K does not change (at least for now) and how to calculate

The following results were collected for two experiments involving the reaction at 600oC between gaseous sulfur dioxide and oxygen to form gaseous sulfur trioxide:
	Experiment 1
	Experiment 2

	Initital
	Equilibrium
	Initial 
	equilibrium

	[SO2]o= 2.00 M
	[SO2]= 1.50 M
	[SO2]o= 0.500 M
	[SO2]= 0.590 M

	[O2]o = 1.50 M
	[O2] = 1.25 M
	[O2]o = 0
	[O2] = 0.0450 M

	[SO3]o = 3.00 M
	[SO3] = 3.50 M
	[SO3]o = 0.350 M
	[SO3] = 0.260 M


Show that the equilibrium constant is the same in both cases  start with writing the reaction and the expression
One last note on the value of K what it tells us what it doesn’t tell us
Lesson #3:  Effect of changing the Equation and with equilibrium
What happens to K if we change the reaction?  3H2 + N2 ↔ 2NH3   K= 8.7 at 25oC

a. write the expression for the reaction

b. calculate equilibrium constant if:


3/2H2 + 1/2N2 ↔ NH3

2NH3 ↔ 3H2 + N2
Summary:
Double the coefficients 

Half the coefficients

Reverse the reaction

Add reactions

Examples:

2NOBr(g) ↔ 2NO(g) + Br2(g)   Kc= 0.014

Br2(g) + Cl2(g) ↔ 2BrCl
(g)
   Kc = 7.2

2NOBr + Cl2 ↔ 2NO + 2BrCl   K = 

HF(aq) ↔ H+(aq) + F-(aq)   Kc = 6.8 x 10-4
H2C2O4(aq) ↔ 2H+ + C2O42- Kc = 3.8 x 10-6
Determine value of Kc for the reaction:


2HF(aq) + C2O42-(aq) ↔ 2F-(aq) + H2C2O4(aq)
Let’s take a look at problem one on page 1b.

Lesson 4: ICE Tables  (are your life!!!!!!!!! Know them)
Fill out and explain the components of an ICE Table for the following reaction:



H2(g)          +      I2(g) 

 ↔   
2HI(g)

	Initial


	
	
	

	Change


	
	
	

	Equil


	
	
	


How you use them to solve equilibrium problems

[H2]o = 1.000 x 10-3M  [I2]o  = 2.000 x 10-3M       [HI]e = 1.87 x 10-3M
Sulfur trioxide decomposes at high temperature in a sealed container: 

2SO3(g) ↔ 2SO2(g) + O2(g).Initially, the vessel is charged at 1000K with SO3(g) at a partial pressure of 0.500 atm.  At equilibrium the SO3 partial pressure is 0.200 atm.  Calculate the value of Kp at 1000K. What is the total pressure in the vessel at equilibrium?
Sulfur trioxide decomposes at high temperature in a sealed container: 

2SO3(g) ↔ 2SO2(g) + O2(g).  Initially, the vessel is charged at 1000K with SO3(g) at a partial pressure of 0.500 atm.  At equilibrium the SO3 partial pressure is  changed by 0.300 atm.  Calculate the value of Kp at 1000K. 

Lesson 5:  Determining Direction of Reaction and “Q”

We always assume that the reaction initially starts with just reactant:

How a zero amount determines the direction of a reaction
2SO3(g) ↔ 2SO2(g) + O2(g)  
.500

0

0

2SO3(g) ↔ 2SO2(g) + O2(g)

0

.500

.500

2SO3(g) ↔ 2SO2(g) + O2(g).  

.500

0

.500

2SO3(g) ↔ 2SO2(g) + O2(g).    

.500

.500

0

What if we are given amounts of every species?  How do we determine direction of reaction?

A + B  ↔  C          K= 12

[2]  [2]    [2]

We have this reaction, we do NOT know if it is at equilibrium.  However we DO know that [prod]/rxt] at equilibrium will be 12.  so to determine which way the reaction will go:

1. getting a quotient (Q) of the amounts and comparing them to K

2. What to do with the value of “Q”:

a. Is it less than K?

b. Is it greater than K?

c. Is it equal to K?
Now a real example:
N2 + 3H2 ↔  2NH3     Kp = 4.51 x 10-5 at 450oC

For each of the mixtures listed here, indicate whether the mixture is at equilibrium.  If it is not at equilibrium, indicate the direction in which the mix must shift to achieve equilibrium.

	Experiment
	P of NH3 (atm)
	P of N2 (atm)
	P of H2 (atm)

	1
	98
	45
	55

	2
	57
	143
	10

	3
	13
	27
	82


Let’s look at problem 8,9,6,3 and finally 4 on page 1b
Lesson #6: Le Chatelier’s Principle

Le Chatelier looked at what happened when you applied a stress to a system at equilibrium.  He found that the system will react to re-establish the equilibrium.  The stresses: 1. concentration change 2. change in pressure 3. change in temperature

1. Change in concentration

2. Change in Pressure (only affects gases—if no gases in reaction, pressure changes do nothing)

Two ways of changing pressure:

Change volume of vessel


Add inert gas (noble gas)

· If we decrease the volume we increase the pressure  } remember M = mol/liters

· If we increase the volume we decrease the pressure

· If we add an inert gas, we increase pressure, however we do not change anything mathematically

Examples

I.  H2 + I2 ↔ 2HI
           II.  3H2 + N2 ↔ 2NH3               III.  2C(s) + O2(g) ↔ 2CO(g)
To determine the effect of pressure change we must first look at total moles of gas on reactant and product side

I. 2 reactant / 2 product

II 4 rxt / 2 prod

III 1 rxt / 2 prod 
If we decrease volume to increase pressure we compensate by decreasing the number of gas molecules

I. no shift



II. Shift to right


III. Shift to left

If we increase volume to decrease pressure, we compensate by increasing the number of gas molecules.

I. no shift



II. Shift to left


III. Shift to right

If we increase pressure by adding an inert gas—we change nothing mathematically, so no shift in any situation.

What happens to K any of the above scenarios? NOTHING.  New concentrations, same ratio.
3. change in temperature

This stress is different than the others in that we have a shift, however since we are not redistributing anything, we actually change the [pro]/[rxt] ratio.  K is changed, this is why K is temperature dependent and we see temperature stated in the problems.
Endothermic rxn:

Treat energy as a reactant   energy + A ↔ B

If we lower temp, it’s as if we are removing reactant and the shift will be to the left

Affect on K?  lower; because ↓[B] and ↑[A]

If we raise the temp, it’s as if we are adding reactant and the shift will be to the right

Affect on K? higher; because ↓[A] and ↑[B]

Exothermic rxn:

Treat energy as a product  A ↔ B + energy
If we lower temp, it’s as if we are removing product and the shift will be to the right

Affect on K?  higher; because ↓[A] and ↑[B]

If we raise the temp, it’s as if we are adding product and the shift will be to the left

Affect on K? lower; because ↓[B] and ↑[A]

4. Note on catalyst: catalyst speeds up the reaction, has no affect on equilibrium, just the time it takes to reach equilibrium.
Consider the reaction:  CaCO3(s) ↔ CaO(s) + CO2(g)  ∆Ho = 175 kJ/mol

How will the equilibrium be affected by each of the following? How will K be affected?

a. adding CaCO3
b. removing CO2
c. halving the volume of the reaction vessel

d. adding helium gas to the reaction vessel

e. heating the reaction vessel

f. adding a catalyst to the reaction vessel
problem 10 on page 1b
Putting it all together:

Consider the following reaction with a Kc = 55.6 at 698K:  H2 + I2 ↔ 2HI   ∆Ho = -34kJ/mol
a. write the equilibrium expression, Kc, for this reaction

b. Suppose that the reaction was set up at 698K with initial concentrations as follows: [H2]= 0.12M, [I2]= 0.041M, and [HI]= 2.6M. Is the system at equilibrium? If not, in what direction will the system shift to reach equilibrium?

c. Starting with 0.50 mol of H2 and 0.88 mol of I2 in a closed 3.0L vessel at 698K. Calculate the concentrations of all species present once equilibrium is reached.

d. Would the equilibrium mixture in part  c) be described as reactant or product favored?

e. Describe the observed effect on the above system at equilibrium caused by making the following changes:

i) addition of HI

ii) addition of a catalyst

iii) decreasing the volume of the container to 1.5L

iv) selective removal of I2
v) addition of 0.50 mol of argon gas
vi) heating the vessel
f. calculate the value of the equilibrium constant, Kc, for the following reactions:

i) 2H2 + 2I2 ↔ 4HI

ii) HI ↔ ½H2 + 1/2 I2 

Throw A LOT of concepts into one question

A 40.0g sample of solid ammonium carbonate is placed in a closed, evacuated 3.00L flask and heated to 400oC.  It decomposes to produce (could you have written the products from memory??) ammonia, water vapor, and carbon dioxide.  (NH4)2CO3(s) ↔H2O(g) + CO2(g) + 2NH3(g)   The Kp at 400oC is 0.295.

a. write the Kp equilibrium constant expression 

b. calculate the Kc at 400oC

c. calculate the partial pressure of NH3 at equilibrium 

d. calculate the total pressure inside the flask at equilibrium

e. Calculate the number of grams of solid ammonium carbonate in the flask at equilibrium.

f. what is the minimum amount in grams of solid ammonium carbonate that is necessary to be placed in the flask in order for the system to come to equilibrium
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