Chemical Equilibrium

In systems that are in equilibrium, opposing process occur at the same time and at the same rate.

Give an example that has been discussed this year that establishes a state of equilibrium.

Reversible reactions

Most reactions go to completion, that is, they proceed from reactants to products until all of one of the reactants is used completely. The reaction stops at this point. 

Example: H2 + I2 
Sometimes, the products of a reaction will react with each other causing the reaction to reverse its direction. 

Example: H2 + I2 [image: image1.jpg]


2HI

Reversible reactions can reach equilibrium with the reaction continuing at the same rate in both directions. 

Example: H2 + I2 [image: image2.jpg]


2HI
The rate expression for the forward reaction is: 

rate = kf [H2] [I2] 


The rate expression for the reverse reaction is: 

rate = kr [HI]2 

At equilibrium, the rates of these two reactions are equal: 

kf [H2] [I2] = kr [HI]2
Since both kf and kr are constants, the ratio kf/kr is also a constant. 

This new constant is the equilibrium constant, Keq 
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Equilibrium constant expression: 
	[image: image4.png][ Products ]

K =
¢4 [Reactants ]






· In the hypothetical balanced equation, 

aA + bB [image: image5.jpg]


cC + dD,

coefficients are represented by small letters and chemical symbols are represented by capital letters. 

The equilibrium constant expression for the equation is: 

	Keq 
	[image: image6.png]





The exponents are the same as the coefficients in the balanced equation. 

· Interpreting Keq 

· If Keq is much greater than 1, the reaction will approach completion. 

· If Keq is much less than 1, equilibrium is established before much product is formed. 

· Each chemical reaction has a unique Keq for every temperature. 

Example: Ammonia vapor combines with oxygen to produce water vapor and nitrogen. 

a. Write a balanced equation for this reaction at equilibrium. 

b. Write the expression for the equilibrium constant. 

