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The Concept of Equilibrium 
Chemical equilibrium occurs when a reaction and its reverse reaction proceed at the same rate. Once equilibrium is achieved, the amount of each reactant and product remains constant.

Depicting Equilibrium


In a system at equilibrium, both the forward and reverse reactions are being carried out; as a result, we write its equation with a double arrow

The Equilibrium Constant is derived from the rate constants

Forward reaction:

N2O4 (g)  ( 2 NO2 (g)
“Rate law”

Ratef = kf [N2O4]

Reverse reaction

2 NO2 (g) ( N2O4 (g)  

“Rate law”

Rater = kr [NO2]2
Since, at equilibrium

Ratef = Rater
kf [N2O4] = kr [NO2]2
Rearrange this to:

The Equilibrium Constant

This ratio is a constant called Keq. It is specific to temperature, and is always equal to [products] raised to the coefficients divided by [reactants] raised to their coefficients.

The Equilibrium Constant

To generalize this expression, consider the reaction

Sample Problem:

The Equilibrium Constant


Because pressure is proportional to concentration for gases in a closed system, the equilibrium expression can also be written

Relationship between Kc and Kp

From the ideal gas law we know that

Relationship between Kc and Kp

Plugging this into the expression for Kp for each substance, the relationship between Kc and Kp becomes

Doesn’t matter where you start!


As it turns out, the ratio of [NO2]2 to [N2O4] remains constant at this temperature no matter what the initial concentrations of NO2 and N2O4 are.

Equilibrium Can Be Reached from Either Direction


This is the data from the last two trials from the table on the previous slide.


It does not matter whether we start with N2 and H2 or whether we start with NH3.  We will have the same proportions of all three substances at equilibrium.

What Does the Value of K Mean?

If K >> 1, the reaction is product-favored; product predominates at equilibrium.

What Does the Value of K Mean?

If K >> 1, the reaction is product-favored; product predominates at equilibrium.

Manipulating Keq

The Keq of the forward reaction is the reciprocal of the Keq of the reverse reaction at the same temperature.

Manipulating Keq

The Keq of a reaction that has been multiplied by a number is the Keq raised to a power that is equal to that number.

Manipulating Keq
The Keq for a net reaction made up of two or more steps is the product of the Keq for the individual steps.

Omit solids and liquids from Keq

The concentrations of solids and liquids are essentially constant because…

molar mass (g/mol) and density (g/L) are essentially constants at const temp (for s, l)

So density ( molar mass = molarity (constant)
DO NOT INCLUDE solids or liquids in Keq

Therefore, the concentrations of solids and liquids do not appear in the equilibrium expression

Equilibrium Calculations
 


H2 + I2 ( 2 HI
A closed system initially containing 1.0x10−3M H2 and 2.0x10−3M I2 at 448(C is allowed to reach equilibrium.  Analysis of the equilibrium mixture shows that the concentration of HI is 1.87x10−3M.  Calculate Kc at 448(C .
	
	[H2]
	[I2]
	[HI]

	Initial
	1.0x10−3M
	2.0x10−3M
	0

	Change
	
	
	

	Equilibrium
	
	
	1.87x10−3M


	
	[H2]
	[I2]
	[HI]

	Initial
	1.0x10−3M
	2.0x10−3M
	0

	Change
	
	
	

	Equilibrium
	
	
	1.87x10−3M


	
	[H2]
	[I2]
	[HI]

	Initial
	1.0x10−3M
	2.0x10−3M
	0

	Change
	
	
	

	Equilibrium
	
	
	1.87x10−3M


SAMPLE EXERCISE 15.2 Converting Between Kc and Kp
In the synthesis of ammonia from nitrogen and hydrogen,

      N2 + 3 H2 ( 2 NH3       Kc = 9.60 at 300°C. 

Calculate Kp for this reaction at this temperature.

SAMPLE EXERCISE 15.6 Writing Equilibrium-Constant Expressions


[image: image1]
SAMPLE EXERCISE 15.8 Calculating K When All Equilibrium Concentrations Are Known
A mixture of hydrogen and nitrogen in a reaction vessel is allowed to attain equilibrium at 472°C. The equilibrium mixture of gases was analyzed and found to contain 7.38 atm H2 , 2.46 atm N2 , and 0.166 atm NH3. From these data, calculate the equilibrium constant Kp for the reaction

N2 + 3 H2 ( 2 NH3
PRACTICE EXERCISE
Sulfur trioxide decomposes at 1000 K in a sealed container:  
2 SO3 ( 2 SO2 + O2 Initially, the vessel is charged with SO3 at a partial pressure of 0.500 atm. At equilibrium the SO3 partial pressure is 0.200 atm. Calculate the value of Kp at this temperature.

	
	PSO3
	PSO2
	PO2

	Initial
	0.500 atm
	0
	0

	Change
	
	
	

	Equilibrium
	0.200 atm
	
	


[image: image2.jpg](@) COy(g) + Ha(g) == CO(g) + H,0())
(b) SnOx(s) + 2 CO(g) == Sn(s) + 2 COx(g)



