Connected Chemistry
Kinetics Unit
Lesson 4: Exploring the Rate Law and Rate Order
Student’s Lesson at a Glance
Lesson Summary
This lesson contains three activities. Students will be introduced to the rate law in the
Connecting Activity. Students will learn that the exponent values in the rate law are determined
by the rate order. Students will be given a chart that shows the relationship between rate
order, rate equation, value of k as determined by slope and the graphic relationship. Using
this information, students will determine the rate law and order for three reactions following
a teacher demonstration of how to gather data and create concentration graphs.
SWBAT (Student will be able to)
•

Define the rate law as rate = k[A]m[B]n

•

Explain the difference between a zero, 1st and 2nd order reaction
via calculations and graphic representations.

Essential Vocabulary
Keep a list of all important words from this lesson. This list, in addition to
the lists from other lessons, will make studying easier and improve scientific
communication skills. The essential vocabulary from the unit is in bold.
Additional words that will expand your scientific vocabulary are in italics.
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CCC Reminder
•

Students and teachers from many different schools helped designed CCC so that
the lessons are more helpful and meaningful for all classroom participants.

•

Many questions will ask you “what you think” or “to make predictions.”
The only answer that is wrong is the answer that is left blank.

•

Use the vocabulary section and note section to take good notes so that studying
for tests and quizzes is easier.

•

Supporting claims with evidence is not only a skill that scientists use, but a skill
that will help you in other classes and everyday life.

•

Draw a key when you are sketching. Keys can help you and others decode your
sketches at a later time.

•

Label all graphs so that you can accurately answer analysis questions.

•

For help on calculating slope, look in the Appendix.

Notes

Homework

Upcoming Quizzes/ Tests
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Activity 1: Connecting
Consider the following three scenarios:
•

While buying a sports car a customer asks the salesman, “how fast
does the car run?” The salesperson says it goes “really fast.”

•

A friend calls to say the line to buy tickets for her favorite band is slow.

•

A radio announcer giving the traffic report says commute
times are average for this time of day.

1. Are the descriptions of speed above qualitative or quantitative? Support your claim with evidence.

2. How easy is it to rank these scenarios from slowest to fastest?

By examining the change in concentration over time,
we are able to make general statements about the
“speed” of a reaction. However, chemists, chefs, hair
stylists, doctors, and many others need to be more
specific. For example, a chef must know the rate at
which yeast converts sugars into carbon dioxide to
make a proper loaf of bread and the rate at which
food spoils to prevent illness. Hair stylists must know
how long to leave chemical dyes on hair to produce
long-lasting color, but not cause damage. To prevent
unwanted side effects, doctors must understand how
medications affect the rate of chemical reactions inside
the body so that medicines can be administered long
enough to treat disease without damaging the body.
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4. Name at least two other careers that may be concerned with knowing the specific rate of chemical
reactions. Explain why people working in these careers would find it useful to know about reaction
rates.

5. What are factors that speed up a reaction?

3. What are factors that slow down a reaction?

Chemists have observed that the rate of a reaction can be calculated using the rate law. The
rate law for a chemical reaction is an equation that expresses the reaction rate as a function
of the concentrations of reactants and a constant. The rate law determines a quantitative
value for a reaction that has qualitatively been described as “fast” or “slow”. The equation
below represents a generic rate law which will be explored further in this lesson:
rate = k [A] m [B] n
Recall that the brackets [ ] in the equation stand for concentration of the reactants. In many
cases, the value of the exponents (m or n) are identical to the coefficients in the relevant
chemical equation. The values of exponents (m or n) can only be determined through
experimentation and may not be the values of the coefficients in the balanced chemical equation.
The constant k is a proportional factor that is specific for any given reaction.
A chemical equation may have one or more reactants. The following
simulations will focus on two reactants. For example:
A+B→C+D
In the simulations of the reactions, you will vary the concentration of reactant A while keeping
the concentration of reactant B constant across three trials. In the rate law, the exponent values of
m and n are usually 0, 1, or 2. These numbers come from what rate order the reaction is classified
as.
• A zero order reaction has a rate that is independent of the concentration of the reactants.
•

A 1st order reaction is when the rate is directly proportional to the concentration of only
one reactant.

•

A 2nd order reaction is when the rate is proportional to the square of the concentration of
one reactant or two first-order reactants.

We can discover what order the reaction is by creating three graphs from data.
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Whatever graph shows a linear relationship between concentration and time, determines the order
and thus the exponent for the rate law equation. The table describes units for the rate constant, k.

Rate Equation

Value of k
(See "ppendix for help
on calculating slope)

Graphic Relationship

Unit of Rate

0

rate = k

Negative slope

[A] vs. t

L mol -1 sec-1

1

rate = k [A]

Negative slope

ln [A] vs. t

sec-1

2

rate = k(A]2

Positive slope

1 vs. t
[A]

L mol -1 sec-1

Rate
Order

6. If UIFconcentration of A is doubled in a zero order reaction, how is the rate affected? Support your

claim with evidence.

7. If UIFconcentration of A is doubled in a 1st order reaction how is the rate affected? Support your

claim with evidence.

8. If UIFconcentration of A is doubled in a 2nd order reaction how is rate affected? Support your claim

with evidence.
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Activity 2: Demonstration of Rate Law and Rate Order
Simulation
Use Simulation 4, Set 1
• Your teacher will set up a reaction using the simulation.
•

Create an initial submicroscopic sketch at time 0 seconds and a key. Record concentration of
ammonia.

•

Your teacher will then run the simulation, pausing at 3 specific times between 0 and 15
seconds. You will have a total of five trials. Collect values for ammonia at the 3 unique times
selected as well as 0 and 30 seconds. [A] is Ammonia (NH3).

•

Create a final submicroscopic sketch at 15 seconds and record observations.

•

Calculate ln [A] for the five trials and record in table.

•

Calculate 1/[A] for the five trials and record in table.

Create a Submicroscopic Sketch
of the Reaction at 0 Seconds

Create a Submicroscopic
Sketch of the Reaction at 15
Seconds

Record Your Observations

Record Your Observations

Key
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Trial

Time (s)

1

0s

2

3s

3

5s

4

10 s

5

15 s

[A] mol/L

ln [A]

1_
[A]

9. Write out the balanced equation for the reaction.

10. Create a graph of [A] vs time
using data from the table.

11. Create a graph of ln [A] vs time
using data from the table.

12. Create a graph of 1/[A] vs time
using data from the table.
13. Considering the graphs, what order is the
reaction?

14. What is the rate law equation for the
reaction?
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Activity 3: Determining Rate Law and Rate Order
Simulation: Use Simulation 4, Set 2-3
•

Set up a reaction using the Simulation 1
4et 2.

•

Create a final submicroscopic sketch at
30 seconds and record observations.

•

Create an initial submicroscopic sketch at
time 0 seconds and a key. Record
concentration of H2O2.
[A] is H2O2.

•

Calculate ln [A] for the five trials and
record in table.

•

Run the simulation, pausing at 3 unique
times between 0 and 30 seconds. You will
have a total of five trials. Collect values for
[A] at the 3 unique times selected as well
as 0 and 15 seconds.

Calculate 1 / [A] for the five trials and
record in table.

•

Repeat procedure for Set 3. Record
concentration of NO2. [A] is NO2.

•

Reaction 1

Create a Submicroscopic Sketch
of the Reaction at 0 Seconds

Create a Submicroscopic Sketch
of the Reaction at 15 Seconds

Record Your Observations

Record Your Observations

Key
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Trial

Time (s)

1

0s

2

5s

3

10 s

4

25 s

5

30 s

[A] mol/L

ln [A]

1_
[A]

15. Write out the balanced equation for the reaction.

16. Create a graph of [A] vs time
using data from the table.

17. Create a graph of ln [A] vs time
using data from the table.

18. Create a graph of 1/[A] vs time
using data from the table.
19. Considering the graph, what order is the
reaction?

20. What is the rate law equation for the
reaction?
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Reaction 2

Create a Submicroscopic Sketch
of the Reaction at 0 Seconds

Create a Submicroscopic Sketch
of the Reaction at 15 Seconds

Record Your Observations

Record Your Observations

Key
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Trial

Time (s)

1

0s

2

5s

3

10 s

4

25 s

5

30 s

[A] mol/L

ln [A]

1_
[A]

21. Write out the balanced equation for the reaction.

22. Create a graph of [A] vs time
using data from the table.

24. Create a graph of 1/[A] vs time
using data from the table.

23. Create a graph of ln [A] vs time
using data from the table.

25. Considering the graph, what order is the
reaction?

26. What is the rate law equation for the
reaction?
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