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Chemical Equilibrium

Hydrogen and iodine gases react to form hydrogen iodide according to the

following reaction:

H2(g)+12(9)=2H1(g)(
H2(g )+12(g )=2HI( g )
Forward reaction:
H2(g)+12(9)—2H1(g)

Reverse reaction:

2HI1(g)—H2(g)+12(g)

Forward reaction:H2(g)+12(g)—>2HI(g)

Reverse reaction:2HI(g)>H2(g)+12(g)

Initially, only the forward reaction occurs because no HI is present. As soon as
some HI has formed, it begins to decompose back into H2 and 12. Gradually, the rate
of the forward reaction decreases while the rate of the reverse reaction increases.
Eventually the rate of combination of H2 and 12 to produce HI becomes equal to the
rate of decomposition of HI into H2 and 12. When the rates of the forward and

reverse reactions have become equal to one another, the reaction has achieved a state

of balance. Chemical equilibrium is the state of a system in which the rate of the

forward reaction is equal to the rate of the reverse reaction.
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Figure 1: Equilibrium in reaction: H2(g)+12(g)=2HI(g)H2(g)+I2(g)=2HI(g).

Chemical equilibrium can be attained whether the reaction begins with all
reactants and no products, all products and no reactants, or some of both. The figure
below shows changes in concentration of H2, 12, and HI for two different reactions.
In the reaction depicted by the graph on the left (A), the reaction begins with

only H2 and 12 present. There is no HI initially. As the reaction proceeds towards

equilibrium, the concentrations of the H2 and 12 gradually decrease, while the
concentration of the HI gradually increases. When the curve levels out and the
concentrations all become constant, equilibrium has been reached. At equilibrium,

concentrations of all substances are constant.
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In reaction B, the process begins with only HI and no H2 or 12. In this case, the
concentration of HI gradually decreases while the concentrations
of H2 and 12 gradually increase until equilibrium is again reached. Notice that in both
cases, the relative position of equilibrium is the same, as shown by the relative
concentrations of reactants and products. The concentration of HI at equilibrium is
significantly higher than the concentrations of H2 and 12. This is true whether the
reaction began with all reactants or all products. The position of equilibrium is a
property of the particular reversible reaction and does not depend upon how

equilibrium was achieved.
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Figure 8.2.28.2.2: Equilibrium between reactants and products is achieved

regardless of whether the reaction starts with the reactants or products.

Conditions for Equilibrium and Types of Equilibrium

It may be tempting to think that once equilibrium has been reached, the
reaction stops. Chemical equilibrium is a dynamic process. The forward and reverse
reactions continue to occur even after equilibrium has been reached. However,

because the rates of the reactions are the same, there is no change in the relative
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concentrations of reactants and products for a reaction that is at equilibrium. The

conditions and properties of a system at equilibrium are summarized below.

1. The system must be closed, meaning no substances can enter or

leave the system.

2. Equilibrium is a dynamic process. Even though we don't

necessarily see the reactions, both forward and reverse are taking place.
3. The rates of the forward and reverse reactions must be equal.

4, The amount of reactants and products do not have to be equal.
However, after equilibrium is attained, the amounts of reactants and products

will be constant.

The description of equilibrium in this concept refers primarily to equilibrium
between reactants and products in a chemical reaction. Other types of equilibrium
include phase equilibrium and solution equilibrium. A phase equilibrium occurs when
a substance is in equilibrium between two states. For example, a stoppered flask of
water attains equilibrium when the rate of evaporation is equal to the rate of
condensation. A solution equilibrium occurs when a solid substance is in a saturated

solution. At this point, the rate of dissolution is equal to the rate of recrystallization.

Although these are all different types of transformations, most of the rules regarding

equilibrium apply to any situation in which a process occurs reversibly.

Red blood cells transport oxygen to the tissues so they can function. In the
absence of oxygen, cells cannot carry out their biochemical responsibilities. Oxygen
moves to the cells attached to hemoglobin, a protein found in the red cells. In cases of

carbon monoxide poisoning, COCO binds_much more strongly to the hemoglobin,
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blockin oxygen attachment and lowering the amount of oxygen reaching the cells.
Treatment involves the patient breathing pure oxygen to displace the carbon
monoxide. The equilibrium reaction shown below illustrates the shift toward the right

when excess oxygen is added to the system:
Hb(CO)4(aq)+402(g)=Hb(02)4(aq)+4CO(g)(

Hb(CO)4()+402(g)=Hb(02)4(g)+4CO(g)

Equilibrium Constant

Consider the hypothetical reversible reaction in which reactants A and B react
to form products Cand D. This equilibrium can be shown below, where the

lowercase letters represent the coefficients of each substance.

aA+bB=cC+dD

aA+bB=cC+dD

As we have established, the rates of the forward and reverse reactions are the
same at equilibrium, and so the concentrations of all of the substances are constant.
Since that is the case, it stands to reason that a ratio of the concentration for any given
reaction at equilibrium maintains a constant value. The equilibrium constant (Keq)(
eq) is the ratio of the mathematical product of the products of a reaction to the
mathematical product of the concentrations of the reactants of the reaction. Each
concentration is raised to the power of its coefficient in the balanced chemical

equation. For the general reaction above, the equilibrium constant expression is

D

written as follows:
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Keq=[C]c[D]d[A]a[B]b
eq=[C]+[D]+[A]+[B]

The concentrations of each substance, indicated by the square brackets around

the formula, are measured in molarity units (mol/L)(mol/L).

The value of the equilibrium constant for any reaction is only determined by
experiment. As detailed in the above section, the position of equilibrium for a given
reaction does not depend on the starting concentrations and so the value of the
equilibrium constant is truly constant. It does, however, depend on the temperature of
the reaction. This is because equilibrium is defined as a condition resulting from the
rates of forward and reverse reactions being equal. If the temperature changes, the
corresponding change in those reaction rates will alter the equilibrium constant. For

any reaction in which a Keq is given, the temperature should be specified.

When Keq is greater than 1, the numerator is larger than the denominator so
the products are favored, meaning the concentration of its products are greater than

that of the reactants.

If Keq is less than 1, then the reactants are favored because the denominator
(reactants) is larger than the numerator (products).

When Keq is equal to 1, then the concentration of reactants and products are

approximately equal.
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Reaction Quotient

The reaction quotient, Q, is used when questioning if we are at equilibrium.

The calculation for Q is exactly the same as for K but we can only use K when we

know we are at equilibrium. Comparing Q and K allows the direction of the reaction

to be predicted.

«Q =K equilibrium
«Q < Kreaction proceeds to the right to form more products and

decrease amount of reactants so value of Q will increase

«Q > Kreaction proceeds to the left to form more reactants and

decrease amount of products so value of Q will decrease




