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Rate of reaction
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Rate is how fast product appears

The rate law

Rate |aW rate = k[A]™[B]" 0 order: kin 22!

The orders 7 [\/2i%1 m,n come from data,

not the equation. Ist order: kin

2nd order: k in

Method of initial rates 4% % % T
double [A] - rate x2 (1st), x4 (2nd),

unchanged (0th).




Rate, and the constant in the rate law

Rate against concentration for zero-

The reaction rate is the change in concentration per unit time — and it is divided

Reaction rate by the stoichiometric coefficient so every species gives the same number.

first order
The rate constant k in rate = k[A]™[B]"” depends on temperature and on the
Rate constant B
catalyst — never on concentration.
It it K's units follow from the overall order, which is a useful check on an experimen- % second
Slnits tally determined rate law. 2 arder zero order
Where it comes The orders come from experiment — initial rates or an integrated plot — never
from from the balanced equation.

concentration [A]

Arrhenius: k = Ae 5/RT. Temperature acts on k, which is why a rate law with fixed k de-

Sciibeslonshieperaticlopvi Rate against concentration for zero-, first-, and second-order reactions

Concentration over time

The integrated rate law 147 %E /5772
gives concentration at any time — and a In[A]

Over time straight-line plot that reveals the order:

ch plot near? slope = —k

0: [A]vs t 1st: In[A] vs t 2nd: 1/[A] vs t

First-order half-life 3% £f is con- t g
0.693 irst

stant: ty/5 = T order: In[A] falls linearly.
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L Over time

A first-order reaction has a constant half-life

concentration

time
tin tip tip

I A first-order reaction has a constant half-life




Collision theory

An effective collision 5%{fili{Z needs two
things:
m enough energy — past the activation
energy H{LEE E;
m correct orientation EJ[5]

Higher T shifts the Maxwell-
Boltzmann tail right — far more par-
ticles clear E,.

'> energy
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L Energy profile

Energy profiles and Arrhenius

AH

progress

The transition state 7S is the
peak. Forward E, = reactants to peak.

Arrhenius equation

k= Ae Eo/(R)

Larger E; = smaller k. Products lower =
exothermic Fi#L.

Energy profile

Ki

LEnergy profile

Reading an Energy Profile

€M&lothermic (AH <0) "LRlbothermic (AH >0)

] ,,,,,,,,,,,,,,, - products

SR L

eactants

reactants

AH

products

reaction progress reaction progress

I Exothermic reactions end lower than the reactants; endothermic end higher
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L Energy profile

The Sequence of Steps

In a multi-step mechanism, the steps must
add up to the overall balanced equation
(intermediates cancel).

Each step has its own energy hill; the
tallest hill is the slowest step.

rate-determining
step (slow, big barrier)

second step
N (faster)

energy

intermediate

reaction progress

Mechanisms




Reaction mechanisms

A mechanism [ [/#/]32 is the ordered list
of elementary steps T4 5. E
m an intermediate 1[E]{4 is made, then

used up
m steps must add to the overall equation

intermediate

m for an elementary step, the rate law
comes from its stoichiometry

progress

One

The slow rate-determining
peak per step; a valley is the intermediate.

step j#i#E4 sets the overall rate.
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L Catalysts

Catalysts

A catalyst {#{ 5] opens a new route
with a lower E, — without being used up.
= homogeneous H#8{E {1 7] — same
phase

m heterogeneous JEHEMEL T — a
solid surface

® enzyme i — a biological catalyst

It lowers both barriers equally — so it
does not change AH or the equilib-

rium, only the speed. Catalysts open a lower-energy path

Catalysts

Kinet

Lcatalysts

How Catalysts Speed Things Up

energy

— without catalyst
— with catalyst

7 _
reactants —%' """"""""""""""""

AH

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -products

reaction progress

A catalyst gives a route with lower activation energy; the enthalpy change is un-
changed

Why Collisions Do or Do Not React
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higher concentration
more collisions

lower concentration
fewer collisions

More particles in the same volume collide more often, so the rate rises

effective collision ineffective collision

B — -— B —
e OO 00 -
wrong orientation
= no reaction

reactive ends line up
= reaction

I A collision only reacts with the right orientation and enough energy




Exam tips

Rate rises with concentration, temperature, surface area, and a catalyst —
explain each with collision theory (more, or more energetic, successful coIIisions).

m Temperature works mainly by getting more particles above the activation
energy, not just more collisions.
m Reaction orders come from experiment, not the balanced coefficients — see

how the rate changes when one concentration is varied.

m On an energy profile the hill height is the activation energy and the
reactant—product gap is AH.

A catalyst lowers the activation energy (a new pathway) but leaves AH and the
equilibrium position unchanged.
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L Recap

Unit 5 — key takeaways Check yourself

o Where do the orders in a rate law come

. from?
o Rate law o Over time

Double [A] and the rate quadruples — what

rate = k[A]"[B]"; orders from integrated laws; first-order t; /5 = order in A?

experiment 0.693/k

need?

e Barrier o Catalyst

E, and orientation; k = Ae™E/RT lowers E,; the slow step is rate-
determining

Does a catalyst change AH?

Answers 1. experiment 2. second order 3. enough energy + right orientation 4. no

o What two things does an effective collision




