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What we will cover

1 | Rate equations & orders

2 | Order graphs

3 | Half-life & rate constant < e

4 | Reaction mechanisms effm i)

5 | Catalysts measures gas made over time

equations
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Rate equations and orders

rate = k[A]™[B]"

Worked example

doubling [A] doubles the rate (order 1);
doubling [B] quadruples it (order 2) =
rate = k[A][B]?, overall order 3

The order 7 [Vl %#] and rate constant {HEZE 4] k

are found by experiment, not from the equation. Catalyst pellets
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Order graphs

first order . .
Rate against concentration:
m zero order — a flat line
oA second . . .
e arder - yero order m first order — a straight line

through the origin

m second order — an upward
curve

concentration [A]
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Half-life and the rate constant

A first-order reaction has a constant
half-life [EE£5H t) /5.
_0.693

ty/2

0.693 .
— 2 R -3 A.fl
=120 5.8 x107°s

k




Reaction Kinetics

L Rate equations

Half-life and the rate constant

For a first-order reaction the half-life 2% Hf is constant:
In2 0.693

tip = ~
1/2 P k

A constant half-life on a concentration—time graph proves first order. Zero-order

half-life gets shorter as concentration falls; second-order half-life gets longer.

Mechanisms and catalysts
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Reaction mechanisms

rate-determining The slowest step is the
step (slow, big barrier) second step rate-determining step jfiFE1E
(faster) — it controls the overall rate.
Only species up to & includ-
ing it appear in the rate
equation. An intermedi-
ate 1 |8]{ft is made then used
up — not in the overall equa-
> tion.

energy

reactants intermediate

reaction progress
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Catalysts

A heterogeneous

catalyst Z iH (L5 works in
three stages:

oo o
| oo m adsorption i [ff onto the
| | surface
1. adsorb 2. react 3. desorb m weakened bonds react
(stick on) (bonds weakened) (product leaves)

m desorption [ii[fi of the

catalyst surface
product

A homogeneous 4#f one is
reformed unchanged.
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Topic 26 — key takeaways

o Rate equation o Orders

rate = k[A]"[B]"; found by 0 flat, 1 straight, 2 curved
experiment

e Half-life o Mechanism

first order: constant t,9; k = the rate-determining step controls
0.693/ty /2 the rate
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Check yourself

How is a rate equation found?

What graph shape is a first-order rate-
conc plot?

What is special about a first-order half-
life?

Which step controls the overall rate?

Answers 1. by experiment 2. a straight line through the origin 3. it is constant
4. the rate-determining step




