Chemical Equilibrium
Chemical Reactions
e We often assume that chemical reactions:
o proceed in only one direction (from reactants to products)
o have a constant rate of reaction

¢ But chemical reactions are not always like this!

* Reactions can be _{ENEY S\b\c !  Forward reaction
Reactants combine to form products while the Reactants Products
. Backward reaction
products turn back into reactants.

Example: Write the reversible reaction for hydrogen iodide gas decomposing into its
elements (be sure to balance your equation and include physical states.
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Chemical Equilibrium
¢ Another assumption we make is that chemlcal reactlons always go to completion. Many
do not; but instead attain chemical _C{3Wt % D L&

e Chemical equilibrium: A state in which the rates of the forward and reverse reactions

are CUUQA\ and the concentrations of the reactants and products
remain
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Example: Write the reversible reaction for nitrogen dioxide gas changing into dinitrogen
tetroxide gas (be sure to balance your equation and include physical states).
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When this reaction is placed into a sealed tube, the following is observed:
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Notice:
o At equilibrium, there are no )N (macroscopic) changes.
¢ This does not mean the reaction has stopped! Equilibrium is d&}\ @m%@ - both

forward and reverse reactions take place but their rates are equa?so there are no
measurable changes in concentrations of reactants or products.

* For a closed chemical system in constant environmental conditions, the same equilibrium
concentrations are reached regardless of the  (\\(€.C1 0 by which equilibrium

was reached.  faple 1 Changes in Concentrations of NO,{g} and N,0,(g) by the Forward or Reverse Reactions

( Initiat concentrations (mol/lL) | Final concentrations (mel/l)
L MOd) | NOjg N0 ' Nog)
| Experiment 1 0750 0 0.721 0.0580
“ Experiment2 | 0 150 0.721 | 00580
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e In order to establish equilibrium, several conditions must be met:
o reversible reaction

o closed system (@.S@ﬁiﬁi’é& mﬁm) ‘
o temperature must remain the samelg\’{mwm‘%ﬁ



The Equilibrium Constant, Keq
e When equilibrium is reached, it is important to recognize that not all of the reactants
will be converted into products (or products into reactants).

e There is a mathematical ratio, known as the equilibrium constant (Keq), which represents
the proportion of products to reactants.

For any general reaction: aA+bB= cD+dD

The equilibrium expression can be written as:
[C]° x [D]*

Ke%: > Keq = .
[A]° x [B]®
where:
e the products are placed in the numerator; reactants in the denominator

® concentrat|ons are listed in \'1']_,\ 1T L N0 LY raised to the
DO 0 A of the coefficients frofn the balanced equation.

e Keqis unitless!

Example: Write the equilibrium expression for the following reaction:
4HClg + O2(9 = 2H0(y + 2Chy

( - [H,01°1C, >
- Do 105)

Example: In an experiment conducted at 74°C, the equilibrium concentrations of reactants and
products for the equation shown below were [CO] = 1.2x102 M, [Cl>] = 0.054 M and [COCl,] =
0.14 M.

CO(g)+Cly(g) <> COClx(g)

a) What is the equilibrium expression for this
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b) Calculate the value of the equilibrium constant.



Example: Write the equilibrium expression and calculate Keq for the following reaction:
503() + HaOp - H2504(aq)

Given: At equilibrium [SOs] = 0.400M [H:0] = 0.480M [H2S04] = 0.600M
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