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Basic Ideas

A. Extent of Reaction

Many reactions do not go to completion. Thosethat do
not arereversible with a forward reaction and reverse
reaction. To bereally correct we need to indicatethe
reversibility with a double arrow when we writethe
reaction.

B. Equilibrium

When therates of the forward and reversereactionsare
egual, the concentrationsdo not change. Thisisthe
point of equilibrium. Equilibrium isadynamic
condition, not a static one.
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C. TheReaction Quotient (Q) and the Equilibrium
Constant (K)

We can define a special ratio of reactants and products
called thereaction quotient (Q). For thereaction:

JA +kB « IC +mD
Thereaction quotient Q isdefined as
T
o-lllor
- - - -k
A'lB
The bracketsindicate concentrationsin molarity units.

When the concentrations stop changing and the reaction
IS at equilibrium, then the reaction quotient becomes
the Equilibrium Constant (K).
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Thereareseveral types of equilibrium constantsthat we
will explorein coming chaptersbut in general the
following rules apply for the “practical ” equilibrium
constant talked about in this chapter:

1. Puresolidsand liquidsarenot represented in the
reaction quotient or equilibrium constants because their
concentrations cannot change.

2. Theunitsof the practical equilibrium constant are not
usually given and depend on the reaction.

3. |f gasesare present we can expressthe concentrations
of the gasesin termsof partial pressures. Thisgivesa
sightly different equilibrium constant designated as K.
Using the ideal gas law equation we see arelationship
between pressure and concentration in moled/liter. The
relationship between K and Ky Is:

K, =K (RT)™"
4. Thevalue of the equilibrium constant does not depend

on the concentrations or on thetotal pressurefor gas
phasereactions. It doesdepend on thetemperature.
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Applications

The equilibrium constant allows usto predict:

- thetendency of areaction to occur

- whether or not a set of concentrationsrepresents
equilibrium

- the equilibrium concentrations

- 1In what direction the reaction will occur from a given
set of conditions

A. Tendency to occur
If K>1, then theforward reaction isfavored and thereare
mor e productsthan reactants at equilibrium.

If K<1, then thereversereaction isfavored and thereare
mor e reactants than products at equilibrium.
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B. Isthereaction at equilibrium?
Thisapplication isvery ssimpleto apply. Calculatethe

reaction quotient and see if the value equalsthe
equilibrium constant. If thetwo arenot equal, then
thereaction isnot at equilibrium.

C. What arethe equilibrium concentrations?

Two types of problemsare possible
- Given the equilibrium constant and all equilibrium

concentrations except for one, the missing one can be
solved for.

- Glven the equilibrium constant and the initial
concentrationsit is possible to find the concentrations of

all reactantsand productsat equilibrium. These
problems can be complex.
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D. In what direction isthereaction headed?
- 1T Q <K thereaction will shift totheright forming more
productsto attain equil.

- I Q>K thereaction will shift to the left forming more
reactantsto attain equil.

- If Q=K then thereaction isat equil.

Le Chatelier’s Principle

|f a change (stress) isapplied to a system at equilibrium,
the position of equilibrium will shift to alleviate the
Stress.
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A. Concentrations (K does not change)

|f areactant or product isadded to a system at equil, the
system will shift away from the added component. If
areactant or product isremoved, the system will shift
toward the removed component. Thevalue of K does
not change when this happens. The concentrationsdo
change but in away that restoresthe value of K.

B. Pressure (K doesnot change)

Theincrease or decrease of gas pressure duetothe
addition or removal of a nonreactive (inert) gasfrom
the mixture does not change the point of equilibrium.

When the pressure of a particular reactant or product is
Increased or decreased the effect islikethat for
concentration.
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C. Volume (K does not change)

When the volume is decr eased the reaction shiftsin the
direction of less moles of gaseous volume. If the
volumeisincreased thereaction shiftsin thedirection
of mor e moles of gaseous volume.

D. Temperature (K does change)

|f the temperatureincreases heat isbeing added to the
system. Writethereaction using heat as areactant or
product (For an exothermicreaction, heat isa
product; for an endothermic reaction, heat isa
reactant.) Then an increasein temp will causethe
reaction to shift away from the production of heat. A
decrease in temp will cause the reaction to shift
toward the production of heat.
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