CHEMICAL EQUILIBFUUM

FACTORS AFFECTING CHEMICAL EQUILIBRIUM
Equilibrium can be disturbed when one or more of its characteristics is subjected to
change.
Among the factors affecting equilibrium are
concentration for solution systems
volumes, concentrations or partial pressures for gas phase systems
temperature for any system in general.
Le Chatelier's Principle By the end of the 19th Century, study of equilibrium systems
was sufficiently advanced to allow the establishment of Le Chatelier's Principle, a basis
for the prediction of the effects of changes in systems at equilibrium.
When a system at equilibrium is subjected to a stress,
the system will shift so as to relieve the stress.
AP &tabquestions are often presented so that students are expected to discuss
equilibrium systems and changes in those systems from one or more of three perspectives:
rates of opposing reactions (the forward and reverse reactions)
the equilibrium constant (or reaction quotient)
Le Chatelier's principle

SOLVING EQUILIBRIUM PROBLEMS
Quantitative equilibrium problems
Some questions call for calculations about systems that have achieved equilibrium and
systems that are moving to an equilibrium position. These questions require use of K,,
in a wide variety of calculations. Some commonly encountered types of equilibrium
systems with examples are listed below.
Gas Phase (homogeneous) Equilibrium System

Gas/Solid Phases (heterogeneous) Equilibrium System - Dissociation of a Solid
CaCO,(s)

= CaO(s)+ COz(g)

Kp = pco2

Solid/solution phases (heterogeneous) - Solubility Equilibrium
Ag,CrOqs)

= 2Ag+(,q) + CrOa?;,)

Ksp = [AgSI2[Cr04'-]
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Solution phase (homogeneous) equilibrium - Ionization of a Weak Acid

Ionization of a Weak Base

+

CH3NH2(aq) H20
Instability

= CH3NH3'

(aq)

+ OH-(aq)

Kb = [CH3NH3+ [OH-]
[CH3NH2]

(Dissociation of a Complex Ion)

Ag(NH3)2+(aq) + Ag+ (aq) + 2NH3(aq)
Dissolving/Complex Ion Formation (Complexation)

Gas/Liquid heterogeneous equilibrium (Vapor Pressure)
H2O(e)

* H20(,)

Kp =PH*O

Equilibrium constant expressions include only those terms whose concentrations can
change such as pressures or concentrations of gases and concentrations of ions in solution.

Systems at equilibrium
For systems a t equilibrium, the chemical equation is generally known, a s well as pnough
r.'
components of the reaction quotient to permit calculation of other quantities,. . ,801ution
of these problems calls for writing the equilibrium constant expression (reaction kuotient
or mass action expression), substituting the known quantities, then solving for the other
values.

Systems moving to equilibrium
Some systems move from a previous non-equilibrium condition to a new equilibrium
condition. Solution of such a problem calls for application of the principles of reaction
stoichiometry to solve for concentrations a t equilibrium, then further calculations using
the equilibrium concentrations as determined.
One strategy commonly presented in textbooks recommends the use of a table such as
that in Figure 7.1 to summarize the behavior of the system as it moves to equilibrium.
Sometimes these are called "Rice", "Ice" or "Nice" tables. Especially helpful is the explicit statement of changes in quantities, An, or Am01 due to rxn, as the reaction
proceeds. You should express all amounts in moles rather than moles per liter in order
to avoid losing track of volume effects.
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Figure 7.1 A Problem Solving Format for Equlllbrium Problems
using n,, A n ,
n,, neq [Ieq: an improvement on "RICE" or "ICE"

r'
Use this format when a reaction occurs in a system (apply principles of
stoichiometry )
AND
that system establishes a new equilibrium (apply principles of equilibrium).
Substance

A

B

C

D

nav,mol available

An,

Anrzn,

Am01 due to rxn

neq,mol at equilibrium

[ leg, conc. at equilib.

Solubility equilibrium
Solubility equilibrium can be established by dissolving the solid, usually an ionic solid,
into the solvent, usually water. This is generally regarded as the forward reaction.
Solubility equilibrium can also be established by mixing solutions of ions that form a
precipitate, in the reverse reaction. Refer to the Ag2CrO4 solubility equilibrium equation
above. In a typical problem, the information could be provided as mass (or moles) of the
specified solute dissolved per unit volume of solvent (or solution) with directions to
calculate the value for K,,. Alternatively, the given information may include the K,,,
with the molar or mass solubility as the value to be calculated.
Acid Base equilibrium
In Chapter 9, more attention will be given to the implications of chemical equilibrium for
acid/base systems that include
a.

proton transfer (donation/acceptance); K, and Kb

b.

self-ionization of water; K,

c.

ionization of weak acids and bases; K, and Kb

d.

ionization of polyprotic acids; KI, KII and KIII

e.

hydrolysis of salts; Kh

f.

buffer solutions

g.

titrations/pH curves
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Graphic representations

Figure 7.2 shows a plot of concentration us time (progress of the reaction) as a system
moves from some starting conditions and achieves equilibrium after some reactants have
been consumed and some products formed. Note that an unchanging horizontal line.
indicates the steady state characteristic of equilibrium. An abrupt vertical shift indicates
a "stress" in the form of addition or removal of some portion of one or more of the
reactants or products as shown in questions 21-24 below.
Figure 7.2 Establishing equilibrium
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111. Reactions
C. Equilibrium
1. Concept of dynamic equilibrium, physical and chemical; Le Chatelier's
Principle; equilibrium constants
2. Quantitative treatment

a. Equilibrium constants for gaseous reactions: K,, Kc
b. Equilibrium constants for reactions in solution

(1) Constants for acids and bases; pK; pH
(2) Solubility product constants and their application to
precipitation and the dissolution of slightly soluble
compounds

(3) Common ion effect; buffers; hydrolysis

=

ICIC
IDld
[A]a [B]

where aA + bB 4 cC

+ dD

K, = [H+l[A-I
[HA1
[OH-] [HB+]
Kb =
IBI
K,, = [oH+][H+] = 10-l4 @ 25°C
= K, x Kb

pH = - log[^+], pOH = - log[OH-]
14 = pH pOH

+

p H = pKa +log- [A- I
\HA1
PB+I
pOH = pKb log -

+

PI

pK, = - log Ka , pKb = - log Kb

K, = K,(RT)*", where An = moles product gas - moles reactant gas

