The equilibrium law

DYNAMIC EQUILIBRIUM
forward reaction
Al e G
reverse reaction

Most chemical reactions do not go to completion. Once some
products are formed the reverse reaction can take place to reform
the reactants. In a closed system the concentrations of all the vaporization
reactants and products will eventually become constant. Such a
system is said to be in a state of dynamic equilibrium. The forward
and reverse reactions continue to occur, but at equilibrium the rate
of the forward reaction is equal to the rate of the reverse reaction.
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Dynamic equilibrium also occurs when physical changes

P ?Z_ % fz take place. In a closed flask, containing some water,

5 164 N,O,(g) == 2NO,(g 2 16| 2NOAE==2N008) equilibrium will be reached between the liquid water and
E il ; £l the water vapour. The faster moving molecules in the

é 1.24 | g 154 liquid will escape from the surface to become vapour and
204 2104 the slower moving molecules in the vapour will condense
R S £ 0o back into liquid. Equilibrium will be established when the
" o0 S rate of vaporization equals the rate of condensation.
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Graph (i) shows the decomposition of CLOSED SYSTEM .

N,O,. Graph (i) shiws the reverse A closed system is one in which neither matter nor
reaction starting with NO,. Once . .
equilibrium is reached (shown by the energy can be lost or gained from the system, that is,
dotted line), the composition of the the macroscopic properties remain constant. If the

mixture remains constant and is

independent of the starting materials. system is open some of the products from the reaction

could escape and equilibrium would never be reached.

THE EQUILIBRIUM CONSTANT Examples Formation of sulfur trioxide in the Contact process
Consider the following general reversible reaction in which w N
moles of A react with x moles of B to form y moles of C and z 2RO + (?82((39)2‘— S04(9)
moles of D. K = [SO4 egqm
¢ [SOZ]Zeqm X [02]eqm

wA + xB == yC +zD ) o
Formation of an ester from ethanol and ethanoic acid

At equilibrium the concentrations of A, B, C, and D can be

written as (Al gy, [Blogry (Clegry and [Dleg, respectively. The C,H5OH()) + CHyCOOH(l) == CHCO0C,Hg(l) + H,0())
equilibrium law states that for this reaction at a particular i [CH3COOCZH5]eqm X [Hzo]eqm
temperature ¢ [CoH5OHIgqm x [CHyCOOH] -,
B [C]yeqm X [D]Zeqm where K_ is known as In both of these examples all the reactants and products are in
°” A x[BF the equilibrium constant.  the same phase. In the first example they are all in the gaseous
egqm egm . ; Bl
phase and in the second example they are all in the liquid
phase. Such reactions are known as homogeneous reactions.
Another example of a homogeneous system would be where
all the reactants and products are in the aqueous phase.
MAGNITUDE OF THE EQUILIBRIUM LE CHATELIER’S PRINCIPLE
CONSTANT ’ Provided the temperature remains constant the value for K
Since the equilibrium expression has the concentration of must remain constant. If the concentration of the reactants
products on the top and the concentration of reactants on is increased, or one of the products is removed from the
the bottom it follows that the magnitude of the equilibrium equilibrium mixture then more of the reactants must react in
constant is related to the position of equilibrium. When the order to keep K. constant, i.e the position of gqui!ibrium will
reaction goes nearly to completion K, >> 1. If the reaction shift to the right (towards more products). This is the
hardly proceeds then K << 1. If the value for K_ lies explanation for Le Chatelier’s principle, which states that if
between about 102 and 102 then both reactants and a system at equilibrium is subjected to a small change the
products will be present in the system in noticeable equilibrium tends to shift so as to minimize the effect of the
amounts. The value for K_ in the esterification reaction change. 2. eqllibrium shifts
above is 4 at 100 °C. From this it can be inferred that the —====f),  to minimize effect
concentration of the products present in the equilibrium A+B = C+D
mixture is roughly twice that of the reactants. T frr;‘g:;
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