
Practice
 Determining A Rate Law: The Method of Initial Rates

One common experimental method of evaluating reaction order is called the method of initial 
rates which determines reaction order by comparing the initial rates of a reaction carried out 
with varying initial reactant concentrations.

1. i. Use the data below to determine the rate law for the reaction aA + bB---> products

ii.   What is the order of the reaction with respect to A?!!  B?! !

iii.   What is the overall order of the reaction? ! ! !

iv. !  Calculate the value for the rate constant, k (including correct units).

2.  i. Use the data below to determine the rate law for the reaction aA + bB---> products

ii.   What is the order of the reaction with respect to A?!!  B?! !

iii.   What is the overall order of the reaction? ! ! !

iv. !  Calculate the value for the rate constant, k (including correct units).

3.  i. Use the data below to determine the rate law for the reaction 
! ! CH3CHO(g) ---> CH4(g)  +  CO(g).

ii.   What is the order of the reaction with respect to CH3CHO?! !

iii.   What is the overall order of the reaction? ! ! !

iv. !  Calculate the value for the rate constant, k (including correct units).

For example, the reaction between nitrogen monoxide (NO) and hydrogen
(H2) is described by the following equation.

2NO(g) ! 2H2(g) 0 N2(g) ! 2H2O(g)

This reaction, which occurs in more than one step, has the following rate law.

Rate " k[NO]2[H2]

This rate law was determined experimentally. The data tell that the rate
depends on the concentration of the reactants as follows. If [NO] doubles, the
rate quadruples; if [H2] doubles, the rate doubles. The reaction is described
as second order in NO, first order in H2, and third order overall because the
sum of the orders for the individual reactants (the sum of the exponents) is
(2 ! 1), or 3.

Determining Reaction Order
One common experimental method of evaluating reaction order is called the
method of initial rates. The method of initial rates determines reaction
order by comparing the initial rates of a reaction carried out with varying
reactant concentrations. To understand how this method works, let’s use the
general reaction aA ! bB 0 products. Suppose that this reaction is carried
out with varying concentrations of A and B and yields the initial reaction
rates shown in Table 17-3.

Recall that the general rate law for this type of reaction is 

Rate " k[A]m[B]n

To determine m, the concentrations and reaction rates in Trials 1 and 2 are
compared. As you can see from the data, while the concentration of B
remains constant, the concentration of A in Trial 2 is twice that of Trial 1.
Note that the initial rate in Trial 2 is twice that of Trial 1. Because doubling
[A] doubles the rate, the reaction must be first order in A. That is, because
2m " 2, m must equal 1. The same method is used to determine n, only this
time Trials 2 and 3 are compared. Doubling the concentration of B causes the
rate to increase by four times. Because 2n " 4, n must equal 2. This infor-
mation suggests that the reaction is second order in B, giving the following
overall rate law.

Rate " k[A]1[B]2

The overall reaction order is third order (sum of exponents 2 ! 1 " 3). 
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Experimental Initial Rates for 
aA ! bB 0 products

Trial Initial [A] Initial [B] Initial Rate
(M) (M) (mol/(L·s))

1 0.100 0.100 2.00 # 10$3

2 0.200 0.100 4.00 # 10$3

3 0.200 0.200 16.0 # 10$3

Table 17-3

The time it takes for bonds to
form and break during a chem-

ical reaction is measured in fem-
toseconds. A femtosecond is one
thousandth of a trillionth of a
second. Until recently, scientists
could only calculate and imagine
the actual atomic activity of
chemical bonding. In 1999, Dr.
Ahmed Zewail of the California
Institute of Technology won a
Nobel Prize for his achievements
in the field of femtochemistry.
Zewail has developed an ultrafast
laser device that can monitor and
record chemical reactions in real
time. Zewail’s laser "flashes"
every ten femtoseconds, allowing
chemists to record changes in the
wavelengths (colors) that vibrat-
ing molecules emitted during the
course of a reaction. The changes
correspond to bond formation
and breakage and are mapped to
the various intermediates and
products that are formed during
a reaction and that were previ-
ously impossible to witness. 
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PRACTICE PROBLEMS

Section 17.3 Assessment

19. What does the rate law for a chemical reaction tell
you about the reaction?

20. Use the rate law equations to show the difference
between a first-order reaction having a single reac-
tant and a second-order reaction having a single
reactant.

21. What relationship is expressed by the specific rate
constant for a chemical reaction?

22. Thinking Critically When giving the rate of a
chemical reaction, explain why it is significant to
know that the reaction rate is an average reaction
rate.

23. Designing an Experiment Explain how you
would design an experiment to determine the rate
law for the general reaction aA ! bB 0 products
using the method of initial rates.

16. Write the rate law for the reaction aA 0 bB if the reaction is third
order in A. [B] is not part of the rate law.

17. Given the following experimental data, use the method of initial
rates to determine the rate law for the reaction aA ! bB 0 products.
Hint: Any number to the zero power equals one. For example, 
(0.22)0 " 1 and (55.6)0 " 1.

18. Given the following experimental data, use the method of initial
rates to determine the rate law for the reaction CH3CHO(g) 0
CH4(g) ! CO(g).

Practice Problem 17 Experimental Data

Trial Initial [A] Initial [B] Initial Rate
(M) (M) (mol/(L·s))

1 0.100 0.100 2.00 # 10$3

2 0.200 0.100 2.00 # 10$3

3 0.200 0.200 4.00 # 10$3

Practice Problem 18 Experimental Data

Trial Initial [CH3CHO] Initial rate
(M) (mol/(L·s)).

1 2.00 # 10$3 2.70 # 10$11

2 4.00 # 10$3 10.8 # 10$11

3 8.00 # 10$3 43.2 # 10$11

In summary, the rate law for a reaction relates reaction rate, the rate con-
stant k, and the concentration of the reactants. Although the equation for a
reaction conveys a great deal of information, it is important to remember that
the actual rate law and order of a complex reaction can be determined only
by experiment.

For more practice 
determining reaction
orders, go to
Supplemental Practice

Problems in Appendix A.

Practice
!

 

 

 


