Chapters from Chemistry 6

Dynamic equilibrium. Reaction kinetics. Chemical eqilibrium. Guldberg-Waage
Law. Le Chatelier’s principle.

6.1.Dynamic equilibrium
When a dynamic process reaches a steady statech ofiposing changes occur at
identical rates and no further net changes tal@&sepglynamic equilibrium exists for the
system.
Some times we include heat in an equilibrium exgoEs. For example, the certain
amount of heat of vaporization is needed to chanlgguid into its vapor. The same
amount of heat is released when the vapor condenses

water () + heat> water (g)

Any change that consumes heat, like evaporaticsgidendothermic. The opposite
term isexothermic. The condensation of steam to liquid water, orciredensation of
any vapor, is an exothermic change.

Forward and reverse reaction in dynamic equilibtium

Dynamic equilibrium can be shifted. When an equiliim is established, no net change
occurs spontaneously, but this doesn’t mean thatweot cause a change.

We add heat to the water in an equilibrium systiéya rate of evaporation increases. For
a time the system will not be in a equilibrium besaforvard rate is now greater than the
reverse. The equilibrium was upset. When we stop aading of heat but yet we
maintain the temperature of the closed systencahatant but higher value, the rate at
which vapor molecules return to the liquid will rease. The two opposing rates of
evaporation and condensation will become the sayamaBoth will be faster than at the
lower temperature, but when both are equally faestet is no other net change

dynamic equilibrium.

A disturbance to an equilibrium is calledtaess

Shifts in equilibria can be predicted bg Chatelier’s Principle : If a system in
equilibrium is upset by a stress, the system skiftghichever direction most directly
absorbs the stress and restores equilibrium.

Provided that the applied stress hasn’t been owmihg, equilibrium will be restored.

A change of reaction conditions (concentration,derature, pressure) cause stress -
upsets the equilibrium of a system (viz given ahove

An equilibrium law exists for every chemical eqoiium.

One of the major facts about our Word is that laéiraici systems tend toward
equilibrium. We have spoken about equilibria iruldyvapor system, and heterogeneous
systems. Now we speak about equilibria in homogesisgstems. Guldburg and Waage
discovered a relationship concerning the molar entrations of the species in a
chemical equilibrium equilibrium law for the system.



A change of concentration : Increasing of conceiatnaof reactants will cause the shift to
the right (products)

A change of pressure : (in the gaseous statesgdsing of pressure will cause the shift
in direction of smaller amount of particles.

A change of temperature : Increasing of temperatulteeause the shift in direction of
endothermic reaction.

CO + 2Hy> CH3OH (Qms> 0)

An equilibrium is shifted to the right when we irese concentration of reactants, or
decrease concentration of products, increase tatyseror increase of pressure.

6.2. Le Chateliers’ principle

Equilibrium . In a chemical equilibrium, the opposing reactitaie place at identical
rates. Not all weak acids are equally weak. ftegsessary to find number for each weak
acid for comparison of acid strengths. It will be equilibrium constant . Guldburg and
Waage discovered how the molar concentrationsexisp at equilibrium interact. When
the reaction can be described by equation :

aA + bB—->cC + dD

We know that at equilibrium the rates of the fordvand reverse reactions are equal.
They (G-W) ensured the relation of the molar com@gions of reactants and products to
equilibrium law :

Keq= [CI° D]/ [A]* [B]°
Keq = equilibrium constant

Shifting of equilibrium . Generally, any equilibrium can be shifted in @ to a
disturbance, like the addition or removal of heatltange of pressure (gases) or change
of concentrations substrates or products. A distuch to an equilibrium is called a stress,
which causes that one of the opposing changestisrfaat least for a while. Shifts in
equilibrium can be predicted by Le Chateliers’ pijphe.: If a system in equilibrium is
upset by a stress, the system shifts in whicheveirelction most directly absorbs the
stress and restores equilibrium.

The rate of the unfavored reaction will eventuallych up to the opposing reaction and
both rates again become equal. It is not the idahslystem that existed before the stress
because the actual quantities of reactants ardupt® have changed but the equilibrium
constant remains the same.

Consider the reaction :

CO + 2t heat> CH;OH  [Qy> 0 orA H> 0 or endothermic reaction]



Change of concentration : the increase of concemraf reactants cause the shift in
direction the formation of products.

Change of pressure : (is applied only in gaseostr)s) the increase of pressure shifts
the equilibrium in the direction of smaller numiaéparticles (molecules) and in reverse.
Change of temperature : causes the shift in theetiin of endothermic reaction

In given reaction the equilibrium will be shiftealthe right when we increase the
concentrations of reactants or decrease concemtsatif products, increase the pressure
or increase of temperature.

Detailed explanation of the Le Chatelier’s principé :

A) Change in reactant or product concentration

If a chemical system is at equilibrium and we addilastance (either a reactant or a
product), the reaction will shift so as to reessbequilibrium by consuming part of the
added substance. Conversely, removal of a substelicesult in the reaction moving in
the direction that forms more of the substance. &sher that this is a change in
concentration so changing the amount of a puré solliquid which is already in
equilibrium should not make the reaction consuneesiiiditional solid or liquid.
Example, if solid NaCl is already in equilibriumtivia saturated solution of NaCl, adding
more pure NaCl solid will not cause additional dlgsig. Conversely, removal of some
of the solid NaCl which is in equilibrium with atasated solution of NaCl will not cause
further crystallization of NaCl from the saturatlution.

B) Effects of volume and pressure changes

These effects are present when the two opposimgioaa are of different molecularity.
In solution, volume changes can be achieved bytiaddf solvent. Changing the
volume effectively changes concentration. Addingergplvent is essentially a dilution.
If the number of solute species on the reactamtisithot the same as on the product side,
then volume changes can cause a shift in equitibrincreasing the volume favors the
process with lower molecularity. Increasing thewoé then will cause the system to
shift in the direction that increases the numbesabfite species. This is the same for
reactions involving gases. Decreasing the voluméetontainer causes an equilibrium
mixture of gases to shift in the direction thatuees the number of moles of gas. For
gases, increasing the pressure by adding one gfites participating in the reaction,
will also disturb equilibrium (This is essentiallychange in reactant or product
concentration). Increasing the total pressurerebation vessel by adding a spectator
gas does not affect equilibrium.

Remember that volume changes can only have efféet number of solute species or
gas species in the reactant side is not equaktd the number of solute species or gas
species in the product side.

C) Effect of Temperature



One can treat heat as a reactant (for an endoth@nmtess) or a product (for an
exothermic process) and the same principle usechfmnges in concentration of reactants
or products can be used to deduce the effect afdmean equilibrium reaction.

6.3. Reaction Kinetics
Reaction rate: is change in concentration (substrate or prgdadtme.
A + B — products

Reaction rate is directly proportional to the pradof immediate concentrations of
reactants. The proportional constlns called theate constant.

va = - d[A]/ dt = K[A][B]

From the Collision theory : the rate of reactiopisportional to the number of collisions
occuring each second between reacting moleculetheAtoment of collisions molecules
must have

a) suitable orientation of both molecules

b) sufficient kinetic energy to overcome repulsion cEs and to enable

interpenetration of electron clouds

The only way to increase the collision frequencthaiit changing the temperature of the
reacting mixture is to increase the concentratiofisthe reactants. If the molar
concentration is doubled, the frequency of allismhs must double.
Increase in temperature also increase collisicquizacy.

where k is the Rate constant, ik Activation energy, R - universal gass constgardt T is
temperature

The rate constant's dependence on temperatureeaaxplained by collision theory. This
theory assumes that, for a reaction to occur, a@acholecules must collide with an
energy greater than some minimum value and witlptbper orientation. This minimum
energy of collision required for two reactant maoles to react is called ttaetivation
energy, E,.(Activation energy is the energy required to start a chemical reaction.)

Raising the temperature increases the fractionadéonles having very high kinetic
energies. These are the ones most likely to reaehwhey collide. The higher the
temperature, the larger the fraction of molecuted tan provide the activation energy
needed for reactionThe rate constant, k, becomes larger as the temperature
increases.
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6.4. Chemical Equilibrium. Guldberg-Waage Law.

The majority of reactions areversible ones.
Irreversible reactions:
a) The product is immediately removed (formatiomgas$, precipitate, etc.)
b) The rate of the backward reaction is so slowodse negligible
2KCIO; - 2KClI +30
Equilibrium in reversible reactions
A+Be C+D

rate forward = k[A][B]
rate backward =3{C][D]

ki [A][B] = k2 [C][D]

kilkz = [C][DJ[A]B] = K



K < 1 shift to the left
K [ 1 shift to the right
This law is calledsuldberg-Waage Law.

1) The value oK depends on temeperature (both rate constants elaulgfferent way)

2) The catalyst cannot affect the valu&kospeeds up both reactions the same way)

3) General validity of this equilibrium law (ionizan of weak acids, hydrolysis of esters,
solubility product equilibria, etc.)

For the generally stated reversible reaction

aA+bB+cC... 45 pP+qQ+rR...

the equilibrium constant is given by

[PIPLQIRT" ...
Ke= a [
[Al” [BI'[C] ™ - -

where a is the number of molecules of A taking part in the reaction, b the
number of molecules of B, and so on.

As an example take the 280,(g) + 0;(9) + 2505(g)
reaction
[50;]?
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