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used in the later choices of this experiment, we will make use of the conservation of ener-
gy principle: Energy cannot be created or destroyed during a process, but can only be’
transformed from one form to another or transferred from one part of the universe to
another. A measured quantity of cold water; is placed in the calorimeter to be calibrated
and is allowed to come to thermal equilibrium with the calorimeter. Then a measured
quantity of warm water is added to the cold water in the calorimeter. Since the energy
contained in the hot water is conserved, we can make the following accounting of energy:

Quarm water = —[Qcold water + Qcalorimeter] (15-2)

The minus sign in this statement is necessary because the warm water is losing energy,
whereas the cold water and calorimeter are gaining energy (these processes have the op-
posite sense from one another). Since the calorimeter is considered a complete single
unit, the amount of heat absorbed by the calorimeter, Qcalorimeter, can be written as

Qcalorimctcr = Cealorimeter AT (15‘3)

in which AT is the temperature change undergone by the calorimeter, and Cealorimeter is
the calorimeter constant, which represents the number of kilojoules of heat required to
warm the calorimeter by 1°C.

Applying Equations 15-1 and 15-3 to the accounting of the energy transferred in the
system as given in Equation 15-2, we can say the following:

(mCAT)warm water = —[(fTICAT)cold water + (CcalorimctcrAT)] (15'4)

Since the specific heat of water is effectively constant over the range of temperatures in
this experiment (Cwater = 4.18 J/g°C), determination of the calorimeter constant
amounts simply to making two measurements of mass and two measurements of changes
in temperature.

Safety o wear safety glasses at all times while in the laboratory.

Precautions .
e Use tongs or a towel to protect your hands when handling hot glassware.

Apparatus/Reagents Required

plastic foam coffee cups and covers, thermometer, wire for use as a stirrer, one-hole
paper punch
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Procedure

Record all data and observations directly in your notebook in ink. f

Nest two similar-sized plastic foam coffee cups for use as the calorimeter chamber. If the
cups have been rinsed with water, dry them out.

Obtain a plastic lid that tightly fits the coffee cups. Using the paper punch, make two
small holes in the lid. Make one hole near the center of the lid (for the thermometer),
and one hole to the side (for the stirring wire). Assemble the stirring wire and ther-
mometer as indicated in Figure 15-1 (page 184).

Since the density of water over the range of temperatures in this experiment is very near-
ly 1.00 g/mL, the amount of water to be ‘placed in the calorimeter can be more con-
veniently measured by volume.

With a graduated cylinder, place 75.0 + 0.1 mL of cold water into the calorimeter. Cover
the calorimeter with the thermometer/stirrer apparatus.

Measure 75 = 0.1 mL of water into a clean, dry beaker, and heat the water to 70-80°C
Stir the water with a glass rod occasionally during the hcatmg to ensure that lhc
temperature is as uniform as possible.

While the water is heating, monitor the temperature of the cold water in the calorimeter
for 2-3 minutes to make certain that it has become constant, Record the tcmpcraturc of
the cold water in the calorimeter to the neéarest 0.2°C .

When the water being heated has reached 70-80°C, use tongs or a towel to remove the
beaker from the heat. Allow the beaker to stand on the lab bench for 2-3 minutes, stir-
ring the water occasionally during this time period. After the standing period, record the
temperature of the hot water to the nearest 0.2°C

Quickly remove the lid from the calorimeter, and pour the hot water into the cold water
in the calorimeter. Immediately replace the lid of the calorimeter, stir the water with the
stirring wire for 30 seconds to mix, and begin monitoring the temperature of the water in
the calorimeter. Record the highest temperature reached by the water in the calorimeter,
to the nearest 0.2°C.

From the masses (volumes) of cold and hot water used, and from the two temperature
changes, calculate the calorimeter constant for your calorimeter.

Repeat the experiment twice to obtain additional values for the calorimeter constant.
Use the mean value of the three determinations of the calorimeter constant for the other
choices of this experiment.
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PRE-LABORATORY QUESTIONS

CHOICE |. DETERMINATION OF A CALORIMETER CONSTANT

1. What is the definition of the joule in SI units?

2. A calorimeter 1s to be calibrated: 51.203 g of water at 55.2°C is added to a calorimeter containing
49.783 g of water at 23.5°C. After stirring and waiting for the system to equilibrate, the final tempera-
ture reached is 37.6°C. Calculate the calorimeter constant.

CHOICE {l. SPECIFIC HEATS OF METALS AND GLASS

Using a handbook of chemical data, look up the specific heats of the following substances. Give your references.

Substance Specific heat Reference

Al(s)

C(s)

Fe(s)

H20(s)

ZaCOs(s)
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Heat of Formation of Magnesium Oxide

When a reaction can be expressed as the algebraic sum of a sequence of two or more
other reactions, the heat of reaction is the algebraic sum of the heats of these other
reactions. This generalization has been found to be true for every reaction that has been

tested.

In this experiment you will use this generalization to determine the heat for this reaction that
is difficult to measure directly using a Styrofoam calorimeter. Magnesium metal burns
rapidly, releasing light and heat, as you have observed in photo flashbulbs or in burning
magnesium ribbon. The reaction is represented by the equation

Mg(b) + 1/2 Oz(g') 9 MgO(S’) (1)

This equation can be obtained by combining equations (2), (3), and (4):
MeOy, + 2HCl g > MgChp, + HiOp (2)
Mg + 2HCliag > MgClaag + Hag &)

Hygy + % Oyg 2 HaOq

Combine these three equations to obtain equation (1) before doing the experiment. See item

1 under Processing the Data.

Heats of reaction for equations (2) and (3) can easily be determined. The heat of reaction
for equation (4) can be obtained from a table of values for previously measured reactions,

page 1124 in your textbook.

PROCEDURE

For both of these reactions (Reactions 2 and 3) measure the HCI
solution into a Styrofoam calorimeter. Record the temperature of the
solution and add either MgO or Mg to the solution. Stir the mixture and
record the highest temperature reached during each reaction.
Measure temperature to the nearest 0.1°C and mass to the nearest
centigram (2) and milligram (3).
For Reaction 2:
Determine the change in temperature that occurs when about
(1.00 grams) of magnesium oxide is added to 100. mL of 1.00M
HCI.

For Reaction 3:
Determine the change in temperature that occurs as about 0.500

grams of magnesium metal is reacted with 100. ml of 1.00 M HCI
solution.

PROCESSING THE DATA
1) Combine equations (2), (3), and (4) to obtain equation (1).

2) Calculate the change in temperature for each reaction, (2)
and (3).

3) Calculate the kd of energy released for each reaction.
Assume that the HC! solution has the same specific heat as
water . hint: include your calorimerer constant in the calcularions

4) Calculate AH for reaction 2 based on reacting 1 mole of
MgO and AH for reaction 3 based on reacting 1 mole of Mg.

5) Use the method of sequential equations to determined in #1
to determine AH:of MgO.



