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Chemical Kinetics:

A ClocK Reaction

Purpose

1. To verify that temperature affects reaction
rate

2. To verify that reactant concentration affects
reaction rate

INntroduction

The rate at which a chemical reaction occurs
is a very important aspect of chemistry. If TNT
reacted too slowly, it would not be useful in re-
moving heavy objects; if metal rusted too quickly,
the family automobile would fall apart on the
way home from the showroom. This lab involves
chemical kinetics—the study of rates of chemical
reactions.

The collision theory, developed from the ki-
netic theory of matter, states that the greater the
frequency and the greater the energy of collision
between reactant particles, the greater the rate
of reaction. In this lab you will investigate two
conditions that affect the rate of reaction: tem-
perature and concentration.

According to the collision theory, an increase
in the temperature of the reactants will increase
the kinetic energy of the system. This causes
more collisions per unit time and higher-energy
collisions. These result in an increase in reaction
rate, approximately a doubling for each 10°C rise.

According to the collision theory, by increas-
ing reactant concentrations, more collisions are
likely per unit time because more molecules of
the reactants are present in the same volume.

In this experiment, the reactions involved
(showing only ions and molecules that react) are
as follows:

HCHO + HSO,” — CH,0S0, 1)

formaldehyde bisulfite methyl lsu]ﬁ(g

HCHO + H,0 + SO, > — CH,080,” + OH~ (2)

formaldehyde sulfite mexhvlsulﬁlc

OH- + HSO,~ —>SO >+ H,0 3)

bisulfite sulfire3
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As long as HSO," is present, the OH- pro-
duced in reaction 2 is converted to water in re-
action 3. When reaction 3 cannot occur because
the HSO, is used up, the solution becomes basic
due to the formation of excess OH-. Once basic,
a phenolphthalein indicator will turn the solu-
tion from colorless to red. Thus, the sooner the
solution turns red, the sooner reactions 1 and 2
are completed, and therefore the greater the rate
of reaction.

€quipment

e 10 mL, 25 mL, and 250 mL (or 100 mL)
graduated cylinders

Six 400 mL beakers, labeled “1”-“6”
Pneumatic trough (for ice)

Bunsen burner and lighter

Ring stand and support ring

Wire gauze with ceramic center
Thermometer

Stopwatch

Beaker tongs

Supplies

Part I: Preparing temperature experiment

* Sodium sulfite (Na,SO,) and sodium bisul-
fite (NaHSO,) solution (Solution A; dissolve
20 g NaHSO, and 3 g Na,SO, per liter of
solution), 150 mL

¢ Dilute formaldehyde solution (Solution B;
dissolve 90 mL 37%-40% formaldehyde
solution [formalin] per liter of solution),
100 mL

¢ Phenolphthalein indicator solution (Solu-
tion C; dissolve 1 g of phenolphthalein with
50 mL ethanol and 50 mL water), 6 mL
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Procedure

Part I: Preparing temperature experiment

A.

Using your graduated cylinder, meas-

ure and pour the following substances

into the beakers labeled “1,” “2,” and

“3.” Rinse the cylinder well between

substances.

1. Pour 210 mL of water into each
beaker.

2. Pour 25 mL of solution A into each
beaker.

3. Pour 1 mL (about 20 drops) of
solution C into each beaker.

Using your graduated cylinder, meas-

ure and pour 15 mL of solution B into

each of the beakers labeled “4,” “5,”

and “6.”

Bring the soltitions of the beakers to

the temperatures described below.

1. Place beakers 1 and 4 on ice.

2. Keep beakers 2 and 5 at room tem-
perature.

3. Heat beaker 3 gently to a tempera-
ture of 40-45°C.

Part II: Performing temperature experiment

A.

While beakers 1, 3, and 4 are reaching
their proper temperatures, measure
and record the temperature of beakers
2 and 5 (room temperature).

Mix the solutions in beakers 2 and

5 thoroughly by pouring the liquids
back and forth between beakers twice.
Start timing the reaction as soon as
mixing begins. Good lab partner team-
work is required.

As soon as the solution flashes red,
stop the timer. Record the time taken
for the solution to flash red and other
observations.

Repeat steps A-C with beakers 1 and

4 (chilled) while beaker 3 continues
heating; then repeat those steps with
beakers 3 and 6 (40-45°C). (Use beaker
tongs to lift beaker 3.) Record the tem-
peratures and times as you measure
them.

The reaction rate is inversely propor-
tional to the time taken for the solu-
tion to flash red. To obtain relative
reaction rates, divide 100 by the time
(in seconds); compare the rates at dif-
ferent temperatures.
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Part III: Concentration experiment

A

Thoroughly rinse beakers 1-6 used
previously and fill the beakers as
indicated in the following data table.
(Measure the volumes with a gradu-
ated cylinder.) To follow the proper
scientific method, the volumes and the
temperatures will be kept constant in
this part of the experiment. Only the
concentration of formaldehyde, con-
tained in solution B, will be allowed to
vary.

Beaker

Data Table

Solution Solution Solution

Water A c B

o U1 B W N

200 mL
210 mL
215mL

25 mL 1mL
25 mL 1 mL
25 mL

1mL

— 25mL

15mL
10 mL

When the six beakers are prepared,
mix beakers 1 and 4, 2 and 5, and

3 and 6, as before. As soon as each
solution is mixed, begin your timing
and observations. Record the time
for each solution to flash red. Record
your data and observations.

Relative concentrations may be ob-
tained by letting the mixture with

10 mL of solution B be 7 and using
ratios for the other solutions. The
mixture with 15 mL of B has a relative
concentration of 1.5 and the mixture
with 25 mL of B has a relative concen-
tration of 2.5.

Calculate the relative rate for each
mixture by dividing 100 by the elapsed
time in seconds and record.
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Prelab Assignment

Prior to your lab time, answer the follow-
ing questions on a separate sheet of paper to be
turned in at the start of the laboratory period.

1. Give the term for the study of the rates of
chemical reactions.

2. Would you expect the rate of reaction to
increase or decrease when the temperature
of a solution is increased by 15°C?

3. Would you expect a metal to react more
quickly with 0.1 M HCl or 6.0 M HCI?
Why?

4. Photographic developing chemicals are
often stored in a refrigerator. Explain why
this is done.
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Part II: Performing temperature experiment

. Elapsed Relative rate .
Mixture | Temperature #lme ) (100/time) Observations
1 and 4
2 and 5
3and 6
Part I'V: Concentration experiment
@ Relative Elapsed Relative rate s
AT concentration time (s) (100/time) ChseEsRios
1and 4 2.5
2 and 5 1:5
3and 6 1

1. Which mixture in Part II flashed red fastest? Explain why this happened.

Lab
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2. From a molecular viewpoint, how do you account for the observed effect of temperature on
the relative rate of this reaction?

3. Which mixture in Part III flashed red fastest? Explain why this happened.

4. From a molecular viewpoint, how do you account for the observed effect of concentration on
the relative rate of this reaction?
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