CHEMISTRY

12B: Reaction Rate and Concentration

Key Question: How does a change in reactant aA+bB = cC+dD
concentration affect the reaction rate?

Molarity of D ~
In this investigation students will observe the effect of concentration on reaction rate. The . S [C]C[D]d [Products]
. . S s Molarity of C —
change in the speed of a chemical reaction is often not visible to our eyes. We need to _ K= =
have something we can visually measure. In this chemical reaction, solid sulfur is ~ Molarity of A \/[(A]a[B]b [Reactants]
produced, which is yellow in color. We are able to measure the length of time needed for Molarity of B

the yellow suspension to form by carefully watching the solution and using a stop watch.
Students will notice that the time varies significantly when the concentration of the
reactants is increased or decreased.

Reading Summary Questions and goals

Students read section 12.1 Reaction rates ]
before the investigation Main - How can we study the speed of a chemical reaction?

Questions < How does a change in reactant concentration affect the reaction rate?

Some chemical reactions are fast while others are . . .
* Does a change in reactant concentration always affect the reaction speed?

slow. The rate at which a chemical reaction takes place
is affected by the concentration of reactant chemicals,

. Learning By the end of the Investigation, students will be able to:
temperature, surface area of reacting molecules, and

the addition of a catalyst. The average rate of a Goals . Explain how a change in reactant concentration affects the rate of reaction.
reaction can be determined by measuring the change * Describe one method for measuring the rate of a reaction.

in concentration, of reactant or product, divided by the * Graph and explain the significance of their data.

change in time. Molecules need to collide in order to

react. The speed at which the molecules are moving is Key Vocabulary reaction rate, average rate, insoluble, polyatomic ion, aqueous solution,
dependent upon the temperature. If the molecules colloidal suspension, concentration, kinetics, factors affecting rate, collision
collide with sufficient energy there is a better chance theory

that product will be created. The minimum energy
necessary for a chemical reaction to occur is called the
activation energy, Ea. A reaction profile shows the
energy associated with the progress of a chemical
reaction over time. If the activation energy hill is low,
the chemical change will take place more readily, than
it would if the activation energy were high. The
activation energy acts as a “barrier” to the chemical
reaction.
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Investigation secti

Ideas and Dialog

Thinking about it

Allow students time to answer these
questions in their groups. They will
help students to carefully consider the
observations they made.

4

Is the time you recorded for trials 1 and 6 similar? Explain.
Students will look at the reactants for each trial and realize they are the same. Their trials may or may
not agree but it is good for the students to assess the results. It is likely that their data will raise ques-
tions about reproducibility.

Why do you think it is it important to have the same person time each trial? Explain.
The reaction time for each person is slightly different. Also each individual’s assessment of whether or
not the X has disappeared will be slightly different.

What was different about the trials done in Part 2 and 3?
In part 2 the amount of thiosulfate was changed for each trial, and in part 3 the acid amount was varied
for each trial.

Explain why the X disappeared after mixing the solutions.
As the acid reacts with the thiosulfate, the thiosulfate ion decomposes to yield solid sulfur, sulfur diox-
ide gas, and water. As the solid sulfur is produced it forms a colloidal suspension. The suspension
becomes opaque and slowly clouds over the X.

Making graphs

Have the groups work together to make
their graphs. They can use a spreadsheet
and print out a copy for each member of
the group.

Using your data from Parts 2 and 3, set up a spreadsheet in a graphing program, such as Excel. Graph
time on the x-axis and the concentration on the y-axis. For one graph use the concentration of thiosulfate,
and on the second graph use the concentration of acid.
Students will need access to a computer, one per group is fine. They may also need assistance plotting
their data. It is helpful to have a handout that walks them through the steps, but at this point they have
likely graphed several times already, so they may already be proficient at it.

Give your graph a title and label your axis with units.
Check students graphs to get a sense of their data spread and accuracy. Here the students should find
that as the concentration of thiosulfate increases, their time decreases. The more thiosulfate the faster
the reaction time. For the second graph, when the acid concentration was varied, students should NOT
see too much of a difference in the time it takes for the reaction to occur. This means the best fit line of
the graph is reasonably close to a vertical straight line.
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Investigation sectie

Ideas and Dialog

What did you learn?

Instruct your groups to thoughtfully
answer these questions. Have them

compare their answers with another
group when they are done.

6

Look carefully at your graphs. Explain how they are different.
Students responses here will vary. They will hopefully center around a discussion of how decreasing
the thiosulfate concentration led to a slower reaction time. It may seem odd to them that the acid did not
have the same effect. This reaction is zero order with respect to thiosulfate. So what students should see
is that the time remains relatively the same even though the acid concentration decreases.

Which graph gave a more noticeable change?
The first one where the thiosulfate concentration was changed.

Why should increasing the concentration lead to an increase in the reaction rate?
Based on the collision theory a greater number of reactant molecules should lead to a larger number of
collisions, and therefore create more product.

Were your hypothesis correct?
Likely students did not anticipate the behavior of the acid and that will make half of their hypothesis
incorrect. Because increasing or decreasing the concentration of the acid had essentially no effect.

Do you think that one reactant might influence the reaction rate more than another?
The difference in behavior of the thiosulfate and acid shows that, yes, it is possible. Enzymes work this
way, and are zero order. Increasing the amount of an enzyme generally does not affect the speed of the
reaction they are involved in.

What are two other factors affecting the rate?
Temperature, and surface area (or addition of catalyst).

In your opinion, what is the largest source of experimental error?
Measuring the exact volumes of each solution: thiosulfate, water, and acid.

What are two additional sources of experimental error?
Timing. Being able to judge each trial about the same.
Mixing and maintaining the same approximate total volume.
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Investigation page

Example Answers

6a. For the graph where thiosulfate is plotted against time, there is
an increase in time as the concentration of thiosulfate
decreases. This is shown as a decreasing curve, see graph A, on
opposite page.
For the graph of the acid vs. time, there is not much change in
time as the concentration varies. See graph B, on opposite
page. The best fit line is somewhat vertical, representing that
the time does not vary much, as the concentration changes.

6b. There was not much change in reaction time when the acid was
varied.

6¢. There was a change in time, as the thiosulfate decreased the
reaction time increased.

6d. Thiosulfate variation gave the noticeable change.

6e. Based on the collision theory, at a higher concentration more
reactant molecules will hit each other. Increased collisions will
increase the reaction rate.

6f. Yes, for the thiosulfate, but not for the acid.

6g.Yes, our data shows us that this is indeed possible. Thiosulfate
variation changed the reaction time, but the acid did not have as
much of an effect.

6h.Temperature, and surface area (or addition of catalyst).

6i. Measuring the exact volumes of each solution: thiosulfate,
water, and acid.

6j. Timing. Being able to judge each trial about the same. and
maintaining a fixed total volume.

6k. This graph would give a linear relationship. proving that the

reaction is first order with respect to the thiosulfate.
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