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Mahopac High School

SAT Chemistry 

Specific Heat of a Metal

Chemists identify substances on the basis of their chemical and physical properties.  One physical property of a substance is the amount of energy it will absorb per unit mass.  This property can be measured quite accurately and is called specific Heat (c).  Specific heat is the amount of energy, measured in Joules, needed to raise the temperature of one gram of a substance 1oC (from 13.5oC to 14.5oC).  Often applied to metallic elements, specific heat can be used as a basis for comparing energy absorption and transfer.

To measure specific heat in the lab, a calorimeter is used.  A calorimeter is a well insulated container (similar to a thermos) used in measuring energy changes.  The calorimeter is insulated to reduce the loss or gain of energy to or from the surroundings.  Energy always flows from an object at a higher temperature to an object at a lower temperature.  The heat gained by the cooler substance equals the heat lost by the warmer substance, assuming no loss of heat to the surroundings or environment.
Heat gained  =  Heat lost

In this experiment, you will determine the specific heat of a metal sample. The metal sample will be heated to 100oC in a water bath, then placed into a calorimeter containing a known quantity of water at a lower temperature.  Having measured the mass of water in the calorimeter, the temperature change of the water (T), and knowing the specific heat of the water (4.184 J / g oC), the heat gained by the water (lost by the metal) can be calculated as follows:

Heat gained by the water = (mass of water) (change in temp) (specific heat)

Q = m c T

Heat Gained (water)   =   Heat Lost (metal)
     m c T  =  m c T

Procedure:

1) Prepare a data table to include ,ass of the water, mass of the metal, initial temperature of the water and metal, final temperature of the mixture, change in temperature.  These values must be recalculated for each trial since they will change each time.

2) Prepare a water bath.  Fill a 400 ml beaker ½ to 2/3 full of water.  Heat the beaker on a ring stand and keep it at a constant boil throughout the experiment (replace water as needed from evaporation).

3) Mass all the dry metal samples.

4) Place the metal sample in the water bath for at least 5 minutes so that it heats up to 100oC.

5) Fill the Styrofoam cup from inside the calorimeter approximately 1/3 full with tap water and record its mass and initial temperature.

6) Transfer a metal sample from the water bath to the calorimeter.  Re-cover the calorimeter and record the temperature after it equilibrates.

7) Repeat this procedure for each metal.  Be sure to use fresh water for each trial and record its temperature.

Calculations:  Calculate the specific heat of each metal.  Be sure to show all work!

Conclusions:

1) What physical properties, other than specific heat, could you use to identify the samples in the experiment?

2) Why is water an excellent material to use in a calorimeter?

3) Propose a method for determining the specific heat for a metal like sodium which reacts violently with water.

4) Place the metals tested in order of increasing specific heat.  Which of these metals would experience the greatest change in temperature if each were given the same amount of heat and why?

5) Why is copper used on the bottom of quality cookware?

6) Calculate the specific heat of a metallic element if 314 Joules of energy are needed to raise the temperature of a 50 g sample from 25oC to 50oC.

7) If a 400g block of zinc and a 400g block of lead were heated to 200oC, which would you be able to pick up first after cooling?  Specific heat of Pb = 0.0305 cal / g oC and Zn=0.0922 cal / g oC.  (1 cal = 4.184 J).

