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Collision

Theory

 Reactants must collide

O(g) + O3(g) > 20,(¢g)
d I — DY

— collision brings contact between
reactants

— collision provides energy to break
bonds




Particles are constantly
changing direction and
speeding up or slowing
down.




Endergonic

Change

more stable + energy — less stable system

lesser capacity + energy — greater capacity
to do work to do work

lower PE + energy — higher PE



Exergonic

Change

less stable system — more stable + energy

greater capacity — lesser capacity + energy
to do work to do work

higher PE — lower PE + energy



Bond Breakin |
Potential Energ - e

atoms in bond + separate atoms
more stable + less stable
lower PE + higher PE
O>(g) + energy 20(g)

- Y



Bond Making |
Potential Energ - .

separate atoms —» | atoms in bond + 5@(

less stable —> more stable + ;ﬂ%
higher PE —> lower PE + )ﬁm<

O(g) + Oz —>» Os3(g) + energy

QI I




Bond Breaki

and Making

An oxygen atom collides
with an ozone molecule.

The collision causes an O-O bond

‘ in the ozone to begin breaking as a
new O-O bond begins to form.

9

Bond making, Bond breaking
(supplies some (requires energy)
energy)

Initially, the energy required for bond breaking is greater than the energy
supplied from bond making. The extra energy necessary for the reaction
comes from the kinetic energy of the colliding particles.



Formation ofuss

> 0%

Bond making supplies ene

equal to the energy requirec%)gor bond breaking.



Formation of

Product

Beyond some point in the reaction, bond
making predominates over bond breaking.

J/J """ O " S
Bond making supplies mo\ \
energy than is necessary for bond breaking... so energy is released



Reactions mus k
minimum acti rgy,...'

too little, no Change _

[f a rolling ball does not have JRoN
enough energy to get to the i 0
top of a hill, it stops and

rolls back down.




Collision En

Activation Ener

o o

Q¢
Q¢
€ ¢

Collisions with a net Collisions with a net
kinetic energy greater kinetic energy less
than the activation than the activation
energy can react. energy cannot react.




Reactions mus

minimum actiVe
energy...if enough. &

[f a ball reaches the top of

a hill before its energy is T
depleted, it will continue )
down the other side.

’
f




Activation Energy

Energy Diagram
for O/O5 Reaction

Energy before

Bond breaking
predominates

(energy absorbed). J _____ J@

Activated Complex

171(]4_
S 0+ 0

d I

Opverall energy

released in the | -390 kJ .

reaction — Bond making
predominates

(energy released).

R

Energy after

reaction I i . ]



Endergonie

Reactions

Activated Complex

Bond breaking .
predominates Bond making
(energy absorbed predominates

(energy released)

éﬁtgado . Energy after
” y .

Energy before ° AB + € reaction
reaction

Overall, energy absorbed

in the reaction

AN

A + BC



One favorable orientation

> 3

One unfavorable orientation




Summary

(part 1)

* The reactant particles must
collide.

— The collision brings together the
atoms that will form the new bonds,
and the kinetic energy of the

particles provides energy for the
reaction to proceed.



Summary

(part 2)

* The collision must provide at
least the minimum energy
necessary to produce the
activated complex.

— It takes energy to initiate the reaction
by converting the reactants into the
activated complex. If the collision
does not provide this energy,
products cannot form.



Summary

(part 3)

* The orientation of the colliding particles
must favor the formation of the activated
complex, in which the new bond or
bonds are able to form as the old bond

or bonds break .

— Because the formation of the new bonds
provides some of the energy necessary to break
the old bonds, the making and breaking of
bonds must occur more or less simultaneously.
This is only possible when the particles collide
in such a way that the bond-forming atoms are

close to each other.



Temperature

Rate of Reactio

Increased temperature

Increased average velocity of particles Increased average kinetic energy of particles
Increased number of collisions Increased fraction of collisions between
between reactants per second reactants with the minimum energy to react

N '4

Increased rate of reaction




Increased Con*\ ' ,
of one Reactant™s |

Increased concentration of
oxygen atoms leads

to inceased rate of collision
between oxygen atoms
and ozone molecules.




Concentration

Rates of Reactl

Increased concentration of reactant
(Increased number of particles per unit volume)

Decreased average distance between particles and decreased
volume available in which to move without colliding

Increased number of collisions between reactants per liter per second
v

Increased number of particles fulfilling the requirements for reaction

v

Increased rate of reaction




Catalyzed O/O,
Reaction

Uncatalyzed
activation

Energy,
17 kJ

Note that the catalyst
provides an alternate
pathway with a lower
activation energy.

* Caralyzed activation
O+ O3 (+Ql) energy, 2.1 kJ

Catalyzed reaction Uncatalyzed

reaction

ClO + O, (+0O)

A portion of each curve has
been cut out to maintain the
correct proportion between the
sections of the diagram.

O, + Oy (+Q))



Catalysts an

Rates of React

The catalyst provides an alternate pathway with a lower activation energy.

|

A greater fraction of collisions have the activation energy.

|

A greater fraction of collisions lead to products.

|

Increased rate of reaction
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catalyst.

and the bonds are

weakened.



Production anm

of Hydrogen Gé&

Chemical plants make a mixture of A shift converter converts carbon monoxide
hydrogen ghas and carbon monoxide gas and water into more hydrogen gas and
called synthesis gas. carbon dioxide.
. HCI for cleaning metals
Ammonia for ‘ ‘

-> aciditying oil wells, food
processing, and the manufacture
bV of many other chemicals

fertilizers, explosives, <«  Hydrogen gas
plastics, and fibers ’

Reduction of metal oxides Methanol, used to make
to form pure metals formaldchyde, acetic acid, MTBE,
and many other chemicals



Dynamic
Equilibrium

« Initially, Ri> R,
* Decreased [CO] and [H,O], so decreased R
* Increased [CO,] and [H,], so increased R

* At some point the rates become equal, so
although the forward and reverse reactions
continue, there is no net change in amounts
of reactants and products...dynamic
equilibrium



Rates of Re

Reversible Re

Ra (Cforward

Reaction

Dynamic
Rates

Equilibrium

Ratefurwur{l = Ratel‘t‘-vt'-fsc

1{ atc IrCVCrsc

Time



Changes in

for a Reversipl

Reactants
[COJ = [HO]

Concentrations : .
™ At dynamic equilibrium,

concentrations are constant but not equal.
_/ 9

[CO,] = [Hy]
Products

Time



Ski Shop An

for Equilibrium

Early morning

il
[ XARRR

No skis
on the slope

Initially, there are 0 pairs of skis return per hour

20 skis in the shop.

Later in the day 3 pairs of skis on the slope
(Fewer skis available so fewer (More skis on the slope so
are rented per hour) > more skis are returned)

i

Equilibrium (No change in the number of skis in the shop and on the slope)

TR

3 pairs of skis leave per hour

3 pairs of skis return per hour




Equilibrium

Constant

aA + bB+.. = ek + fF +

Equilibrium constant = K¢

Equilibrium constant = Kp




Equilibrium @

Expression

CHy(g) + HO(g) == CO(g) + 3H>(g)

The coefhicient before H> is 3, so we raise the
concentration or preWird power.
N
. 3
[CO] [H5]? Pco P,
Ke = — Kp =
[CH4] [H,0] Pcu, PH,0




Heterogenee

Equilibrium

P.(s) + 6Cly(g) = 4PCl4(l)

4 '
o [PCl3] K'Pg 1 K,

[P4] [CLI°  [PCl3)*  [Cly°




Concentration of gas

doubles.

mol C12
Double
Double the moles of Concentrations
P4, Clp, and PCl3 of solid and liquid
— remain constant.
Constant volume mol Py
Same
mol PC13
Same ——

Half volume,

with no change
in moles

Concentration of gas H ete rog e n e O u S

doubles.

Double 22 Equilibrium

Concentrations
of solid and liquid

remain constant.

mol Py mol PClj
and —1

Same




Equilibrium Const
Expressions fof

SO,(g) + 2H,S(g) <—— 3S(s) + H,O(g)

The solid does not appear in the K¢ and Kp expressions.

I
H / P
K, - [H,O] K, H,0

[SO,] [H,S]? Pso, Pi1,s




Extent of

Reaction

K> 102 Products favored at equilibrium
K <102 Reactants favored at equilibrium
102 < K <102 Neither reactants nor products

favored



Effect of Increa

Concentration
Equilibrium

Increased concentration of reactant for a system at equilibrium with Ratefiward = Rate cverse

Increased Rateg,rward

Rate forward = Rate reverse

System shifts toward products




Change in Rat
When Reacl

Added

Reaction
Rates

CO(g) + HO(g) = CO,(g) + Ha(g)

Addition of reactant
causes increase in
Ratef, rard rate of forward

reaction New Dynamic Equilibrium

\

Increase in

/

forward reaction
H0(g) leads to increase
added i .

in reverse reaction

Time



Ski Shop
Analogy 2

Before buying more skis
There are 12 skis in the sholz. 3 paits of skis

on the slope
- / / , 3 pairs of skis leave per hour
12 skis in
the shop.
3 pairs of skis return per hour

Equilibrium (No change in the number of skis in the shop and on the slope)

Immediately after buying more skis
There are 22 skis in the shop. (With more skis in the shop, more are rented per hour.)

3 pairs of skis

0335 S

3 pairs of skis return per hour

More skis leave than return, so the equilibrium is disrupted.

Later
There are 18 skis in the shop. (This is more skis than before the purchase
but fewer than immediately after the purchase.).

5 pairs of skis

%%% % on the slope z
4 pairs of skis leave per hour i |

4 pairs of skis return per hour

New equilibrium (No change in the number of skis in the shop and on the slope)



Effect of Decrea

Concentration
Equilibrium

Decreased concentration of one product for a system at equilibrium with Rateq,ryard = Rate eyerse

!

Decreased Rate,cyerse

!

Rate torward = Ratercvcrsc

!

System shifts toward products




Change in

Product Remo

Reaction
Rates

CO(g) + HO(g) = CO,(g) +Hx(9)

Decrease in

reverse reaction
leads to decrease

in forward reaction

Rat Cforward

New

Dynamic
Equilibrium

COs(g)

removed

AN a
Removal of product causes
decrease in rate of reverse reaction

Time



Effect of Incg g~
Temperature ol flum -

H,O(l) + energy = H*(aq) + OH(aq)
Ku = [H*][OH]

Temperature K.

0°C 1.14 x 10715
10 °C 2.92 x 10715
25 °C 1.01 x 10714
30 °C 1.47 x 10714
40 °C 2.92 x 10714
50 °C 5.47 x 10714
60 °C 9.61 x 10714




Le Chatelier

Principle

» |f a system at equilibrium is altered

in a way that disrupts the
equilibrium, the system will shift in
such a way as to counter the

change.



Le Chatelier's Principle

Reaction Cause of Disruption | To Counteract Change | Direction of Shift
All Add reactant(s) Decrease reactant(s) To products
All Add product(s) Decrease product(s) To reactants
All Remove reactant(s) Increase reactant(s) To reactants
All Remove product(s) Increase products(s) To products
Endothermic forward reaction | Increase temperature Decrease temperature | To products

Endothermic forward reaction

Decrease temper ature

Increase temper ature

To reactants

Exothermic forward reaction

Increase temper ature

Decrease temper ature

To reactants

Exothermic forward reaction

Decrease temperature

Increase temperature

To products




