Unit 10
Equilibrium & Kinetics




Reaction Kinetics

* Kinetics is the study of reaction rates.

- Several factors affect reaction rates including:
temperature, concentration, surface area, and
the presence of a

+ Reaction rates/kinetics are affected by
activation energy, , and the degree of
randomness (entropy).

decrease the amount of activation
energy heeded.



Temperature & Reaction Rates

- Increasing the temperature increases the rate
of a reaction because it produces more kinetic
energy and increases rate of collisions.

]

Temperatures at which
reaction takes place

Volume of gas produced

Time of reaction



Concentration & Reaction Rates

» Increasing the concentration of reactants will
increase the rate of reaction because more
molecules form more collisions.
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B Because it has the most particles.



Surface Area & Reaction Rates

Increasing the surface area of the reactants
increases the rate of a reaction because there
are more opportunities to create new bonds.

Hydrogen ions can hit the outer layer of atoms...
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Catalysts & Reaction Rates

A lowers the activation energy of a
reaction by bringing the reactants together.

A is NOT a reactant or product,
because it is chemically unchanged at the end
of the reaction.
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Catalysts & Reaction Rates
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Activation Energy=

the amount of energy
required to break the
bonds between atoms

AH = Heat of
Reaction; called
Enthalpy: equal to
Product’'s PE minus
Reactant’'s PE



Entropy & Reaction Rates

- Entropy (AS) is a measure of the randomness
or disorder of a substance.

Gases and Aqueous ions have the most entropy.

Entropy and Temperature
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Endothermic Reactions

* Endothermic reactions absorb heat energy.
-+ Reactants + Energy (kJ)  Products
- Energy is considered a reactant.

-+ AH is positive
ENDOTHERMIC

° - tivated
AH =P - R St
* Large Ea 1
Potentia
° energy activation
Feels cold w | "o

+ AH = Enthalpy

reaction pathway



Exothermic Reactions

- Exothermic reactions release heat energy.
+ Reactants  Products + Energy (kJ)
+ Energy is considered a product.

+ AH is negative

- AH=P -R
- Small Ea
- Feels hot

+ AH = Enthalpy
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Chemical Equilibrium

Reversible Reactions:

A chemical reaction in which the products
can react to re-form the reactants

Chemical Equilibrium:

When the rate of the forward reaction
equals the rate of the reverse reaction
and the of products and
reactants remains unchanged

2HgO(s) = 2Hg(l) + O2(g)

Arrows going both directions ( S ) indicates equilibrium in a chemical equation



Equilibrium Constant

+ The Equilibrium Constant (Keq) shows whether
the reaction favors products or reactants.

aA+bB s=— cC+dD
[C]¢[D]d

Req =TT BT

Temperature, Pressure, and Concentration can effect Keq.

+ If Keq > 1, then reaction favors products
+ If Keq = 1, then reaction is at equilibrium
- If Keq < 1, then reaction favors reactants



Le Chatelier's Principle

Henry Le Chatelier

When a system at equilibrium is
placed under stress, the system
will undergo a change in such

a way as to relieve that stress.

When you take something away
from a system at equilibrium, the
system shifts in such a way as to
replace what you've taken away.

When you add something to a system at equilibrium,
the system shifts in such a way as to use up what
you've added.



Le Chatelier's
Principle for an

Endothermic
Reaction

Adding heat
shifts towards
products

Removing heat
shifts towards
reactants

Heat + Co(l |1(}j“: ) {mq) + 4Cl (ng) — CH‘C]E (ng) + 6 H:'J“]
k Blue

Heat

Add heat: reaction shifts right to
increase blue Colll |:" concentration
and decrease pink Co(H;0),*
cerCeniralion

Cool J
— ,‘ _—1
= -

At equilibrium, significant amounts
of both pink CofH;0)** and blue
CoCly are present; solution appears
violet

Remove heat: reaction shifts left 1o
decrease blue Col If concentration
and increase pink Co(Ha0),"
concentration

“IFIGURE 15.12 Temperature and Le Chatelier's principle.



Le Chatelier Example #1

A closed container of ice and water at
equilibrium. The temperature is raised.

f ——
Ice + Energy S Water

The equilibrium of the system shifts to
the _ right to use up the added energy.

(Favors products and forward reaction)



Le Chatelier Example #?2

A closed container of N2O4+ and NO: at
equilibrium. NO: is added to the container.

—  t
N20s4 (g) + Energy s 2 NO: (g)

The equilibrium of the system shifts to
the _ left  to use up the added NO-.

(Favors reactants and reverse reaction)



Le Chatelier Example #3

A closed container of water and its vapor at
equilibrium. Vapor is removed from the system.

water + Energy S vapor
— |

The equilibrium of the system shifts to the
right  to replace the vapor.

(Favors products and forward reaction)



Le Chatelier Example #4

A closed container of N2O4 and NO: at
equilibrium. The pressure is increased.

e
1 N204(g) + Energy S 2 NO: (g)

The equilibrium of the system shifts to the
left  to lower the pressure, because
there are fewer moles of gas on that side

of the equation.

(Favors reactants and reverse reaction)



High pressure favors fewer moles
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1 Nz2(g) +3H2(g) 2 NHs(g)



Pure Liquids and Solids
don't effect equilibrium

- "E

or liqui Is present

Write the equilibrium expression for
the reaction:
PCl5(s) S PCIs(l) + Clx(g)

Pule Pl.]r'e K= [Clz]
solid liquid

... Kp :Pclz
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