
238  Chapter 9 Chemical Reactions

Initially, no HI is present, so the only reaction that can occur is that between H2 and I2. 
However, as the HI concentration increases, some HI molecules collide with one another in 
a way that causes a reverse reaction to occur:

2HI ¡ H2 ! I2

The initially low concentration of HI makes this reverse reaction slow at fi rst, but as 
the concentration of HI increases, the reaction rate also increases. At the same time 
that the reverse-reaction rate is increasing, the forward-reaction rate (production of HI) 
is decreasing as the reactants are used up. Eventually, the concentrations of H2, I2, and 
HI in the reaction mixture reach a level at which the rates of the forward and reverse 
reactions become equal. At this point, a state of chemical equilibrium has been 
reached.

Figure 9.10a illustrates the behavior of reaction rates over time for both the forward 
and reverse reactions in the H2–I2–HI system. Figure 9.10b illustrates the important point 
that the reactant and product concentrations are usually not equal at the point at which 
equilibrium is reached.

The equilibrium involving H2, I2, and HI could have been established just as easily 
by starting with pure HI and allowing it to change into H2 and I2 (the reverse reaction). 
The fi nal position of equilibrium does not depend on the direction from which equilibrium 
is approached.

It is normal procedure to represent an equilibrium by using a single equation and 
two half-headed arrows pointing in opposite directions. Thus the reaction between H2 
and I2 at equilibrium is written as

 H2 ! I2 EF 2HI
   The half-headed arrows 

 denote a chemical system 
 at equilibrium.

The term reversible is often used to describe a reaction like the one we have just 
discussed. A reversible reaction is a chemical reaction in which the conversion of 
reactants to products (the forward reaction) and the conversion of products to reactants 
(the reverse reaction) occur simultaneously. When the half-headed arrow notation is used 
in an equation, it means that a reaction is reversible.
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At chemical equilibrium, forward 
and reverse reaction rates are equal. 
Reactant and product concentrations, 
although constant, do not have to be 
equal.
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Theoretically, all reactions are 
 reversible (can go in either direction). 
Sometimes, the reverse reaction is so 
slight, however, that we say the 
 reaction has “gone to completion” be-
cause no detectable reactants  remain.

2880T_ch09_223-252.indd Page 238  9/10/08  11:07:52 AM user2880T_ch09_223-252.indd Page 238  9/10/08  11:07:52 AM user /Volumes/107/MHBR022/ch04/Volumes/107/MHBR022/ch04

Copyright 2010 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.


