26.2 Determining the order of reaction
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3 Calculate the gradient of the line of best fit. This gives the rate constant k for the hydrolysis of methyl
ethanoate.

ndvorder reacti()n')
’ yation where the reaction is second order for a given reactant is:

e
rateeq
The rate = k[A)*

A jsagiven reactant.

nd-order reactions are relatively common, Examples include dimerisation

where two monomers add together to form a dimer, and the decomposition of
xide to give nitrogen monoxide and oxygen:

2NO,(g) — 2NO(g) + O, (g)

where
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econd-order reactions can also be identified by:

I, Measuring the concentration of reactant over time

2, Plotting this data

3, Calculating the rate of reaction at given concentrations
4, Plotting rate against concentration.

The patterns shown in Figure 26.6 will be seen for any second-order reaction.
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Figure 26,6 (3) The pattern for concentration against time for a second-order reaction. (b) The pattern for rate
#ainst concentration,

You cannot assume that, just because a curve is produced when rate is plotted against
ncentration, the reaction is indeed second order. You can only be certain it is nof zero
O first order (Table 26.3). To determine whether the curve is second order, you could
Pota furger graph of rate against [A]*. In this case a straight line is produced for a
Second-order reaction,
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26 Reaction kinetics

- Order of reaction Concentration against time graph Rate against concentration grap),
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Table 26.3 These sketches summarise the expected patterns for diferent o ‘_:L-/(_ ction for diferent graphs
3. Which statement is true?
A For a first-orderTeaction, a graph of concentration against time is 2 siraight line
B The gradient of a concentration-time gradient is always constant.
C There is no need to draw a rate against concentration graph to determine a seconé-
order reaction.
D The gradient of the tangent to the curve of a concentration against time graph

r
gives the rate of reaction.

Key ideas

=» An order of reaction can be determined by monitoring the concentration of 2

reactant over time. Plot a graph of concentration against time and then rate against
concentration.

=» The gradient of a concentration against time graph gives the rate of reaction.

FINDING ORDERS OF REACTIONS USING THE HALF-LIFE
METHOD

Itis difficult to tell apart the curves of concentration against time for first-order and secon
order reactions. However, we can use the half-life to prove that a reaction is first order. The
half-life is the time it takes for the concentration of a substance to fall by half. In all first-
order reactions the half-life is always constant, irrespective of the starting concentration.
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