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Problem Solving in Chemistry
Prelab Assignment 5

L

The Specific Heat of a Metal
1. Define specific hear.

-

2. List the three factors that determine the amount of heat energy involved in changing the temperature of a
substance.

-

|-

3. What happens to the heat stored in the lead shot when the shot is poured into the styrofoam cup full of water?

4. How will you remove the test tube of lead shot from the boiling water?

- -

-

5. State the three recordings of temperature that you are to make.
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The Specific Heat of a Metal
Introduction

The amount of heat energy that is required to raise the temperature
of one gram of a substance by one degree Celsius is called the specific
heat capacity, or simply the specific heat, of that substance. The
specific heats of some common substances are given in Table 5-1.
water, for instance, has a specific heat of 1.0 calorie per gram
degree Celsius (1.0 cal/g;X °c). You will note that this value is
high in comparison with the specific heats given for the other materials
in the table. <

The amount of heat energy involved in changing the temperature
of a sample of a particular substance depends on three parameters--
the specific heat of the substance, the mass of the sample, and the
magnitude of the temperature change. The Greek letter delta (&)

is used to indicate a change.

temperature,

AT = temperature initial

final

The amount of heat energy that is transferred in the process of
producing a temperature change can be calculated from this information,

according to the following equation:

change in = mass X specific heat X AT
heat energy of sample of sample of sample
of sample

In this experiment, you will determine the specific heat of
lead. A heated sample of this metal will be poured into a crude
calorimeter, consisting of cool water contained in a plastic foam
cup. Shortly after mixing, the water and the lead will have come
to the same temperature. Because Plastic foam is a good insulator,
heat cannot easily escape from the calorimeter to the surroundings.
Therefore, the heat lost by the lead can be said, for the purposes
of this experiment, to be egqual to the heat gained by the water.
The amount of heat energy gained by the water will be calculated
in the following manner. .

ma. X specific heat

(1) heat galnedwater= SS_oter eitar X AT ter

The heat lost by the lead is givefi by a similar equation.
(2) heat lost; _g4= mass;_.g X specific heat; 4 X ATy oag

Because the heat gained must egual the heat lost, a third eguation
can be written.

(3) mass X specific heatwater X ATwater =

water

masslead

— 4

X specific heat1ead X ATy aag

- gt ‘ ;





[image: image3.jpg]The specific heat of water is known. The temperature cahnges
of the water, and of the lead, can be measured, as can the mass of
the water and the mass of the lead. Using this data, the specific
heat of lead can be calculated using Equation (3). The specific
heat of an unknown metal can also be determined by application of

this method.

Table 54 Specific Heat Capacities of Common Substances ’
Substance Specific Heat Capacity (cal/(g X °C)) i
Water 1.00 ’ S
Grainalcohol . 0.58 :
lce 0.50
‘Wood 0.42
Steam 0.40 .
Chloroform 0.23
Aluminum 0.21
Glass 0.12
Iron 0.11
Silver 0.057
Mercury 0.033
Copper 0.0092
Zinc 0.0092
Objectives
1. To determine the specific heat of lead.
2. To determine the specific heat of an unknown metal.
Equipment
safety goggles 1 ring stand
1 50-mL beaker 1 ring support
1 250-mL beaker s 1 wire gauze
1 400-mL beaker ik 1 gas burner
1 100-mL graduated cylinder - 6 balances/class
1 large test tube 1 plastic foam cup
1 glass stirring rod 1 thermometer
1 utility clamp
Materials
lead shot, Pb distilled water Q(

unknown metal
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1. Wear safety goggles.

2. Lead is a toxic metal. Wash your hands thoroughly after use.

Procedure

As you perform the experiment, record your data in Table 5-2.

1. Add 250 mL of tap water to a 400-mL beaker. Place the beaker
on a wire gauze on a ring support clamped to a ring stand. Use a
gas burner to bring the water to a slow boil. While the water is

heating, proceed to step 2.

0

2. Determine the mass of a clean, dry 50 mL beaker to the nearest .1
Add between 80 and 120 grams of lead shot, Pb, to the beaker, and
measure the combined mass of the peaker and lead to the nearest .1 g.

Record these masses in Table 5-2.

3. Construct a paper funnel. By means of the funnel, carefully
transfer the lead shot to a large, dry test tube. Be careful to

pour the lead shot into the tube slowly so that the bottom of the

test tube is not broken in this process. Suspend the test tube in

the boiling water with a utility clamp. Position the test tube so
that the lead is below the level of water in the beaker. (See figure
5-1.) Allow the test tube to remain in the boiling water bath for

at least 10 minutes. Proceed to Step 4 while the lead shot is heating.

4. carefully measure out 100 mL of distilled water in a graduated
cylinder, and pour the water into a plastic cup. Place the cup in
a 250-mL beaker for support. (See Figure 5-2.)
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record the temperature of both the water in the plastic foam cup
and the water in the boiling bath. (Assume that the temperature
of the lead shot is the same as that of the boiling water.)

6. Remove the test tube from the bath, using the clamp as a holder.
Carefully, but quickly, pour the lead shot into the water in the
plastic foam Cup. Place the thermometer and a stiring rod in the

cup. Use the stirring rod to gently stir the lead shot. Do not

Stir the shot with the thermometer. Note the temperatue freguently.
As the temperature,begins to change more slowly, watch the thermometer
continuously so as not to miss the maximum temperature reached.
Record this maximum"temperature.

7. Pour the water off. the lead shot and Teturn the metal to your
teacher to be dried.

8. If time permits, repeat the experiment. Use dry lead shot and
replace the water in the plastic foam cup.

9. Optional. Follow the same procedure to determine the specific
heat of an unknown metal. ¢

Table 5-2 Data

Trial 1 Irial 2

mass of 50-mL beaker

mass of 50-mL beaker + lead shot

mass of lead shot

initial temperature of water in cup

initial temperature of lead shot
(temperature of boiling water)

maximum temperature of lead + water
2

mass of water

(«
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1. Calculate the changes in temperature of the water (AT

)
and of the lead shot mTlead) for each trial. wHECE

2. Calculate the heat gained by the water in each trial. (See
the Introduction to this experiment for an explanation of .this
calculation.)

——





[image: image7.jpg]3. You assumed that the initial temperature of the lead shot was
the same as that of the boiling water. This assumption may not have
been correct, and may account for some experimental error. What
other assumptions were made that may be sources of error?

your value for the specific heat of lead to the values

4. Compare
Can this property be used to identify

obtained by your classmates.
substances?
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