Specific Heat of a Metal

NAME:__________________________________________ PERIOD:_________

Prelab


1. 40.0g of an unknown metal at 100.0oC are added to 50.0g of water at 30.0 oC. When the system reaches equilibrium, the temperature is 34.5 oC. What is the specific heat of the metal? Show your calculations.
2. A 55.0g sample of nickel (specific heat = 0.443J/goC) at 100.0oC is added to 65.0g of water at 25.0 oC. What is the final temperature of the water and the metal? Show your calculations.
3. 45.0g of water at 75.5oC are added to 75.0g of water at 15.0oC. What is the final temperature of the mixture? Show your calculations.
Specific Heat of a Metal

Calorimetry is the process of measuring the loss or gain of energy from a system in the form of heat. A system does not possess heat but instead possesses a total amount of internal energy in various forms such as the kinetic energy of its molecules or the potential energy contained in its physical state or chemical bonds. When the system undergoes a change in internal energy, energy is absorbed or released. This energy appears in many forms such heat, light, electrical, or mechanical energy. The transfer of energy occurs during the process of the system changing from one energy state to another. If the system absorbs energy and goes to a higher state of internal energy, the process is referred to as an endothermic process. An endothermic process has a positive sign for the energy change since the energy of the system has increased by absorbing energy. If the system releases energy and goes to a lower state of internal energy, the process is referred to as an exothermic process. An exothermic process has a negative sign for the energy change since the energy of the system has decreased by releasing energy.


Temperature is a measure of the average kinetic energy of the molecules in a substance and is used to compare the average kinetic energies of different systems. As the average kinetic energy of a system increases, the temperature of the system increases. If two systems are at the same temperature, the molecules in the two systems have the same average kinetic energy. This does not mean that every molecule in the sample has the same kinetic energy or the same speed since the molecules in any substance have a range of kinetic energies. Only the average of the kinetic energies of the large number of molecules in the two systems will be the same. The Celsius temperature scale assigns a value of 0oC to a mixture of ice and water at the freezing point of water and a value of 100oC to a mixture of steam and water at the boiling point of water with both systems at one atmosphere pressure. If a sample has a temperature greater than 0oC, then the average kinetic energy of the molecules in the sample is greater than the average kinetic energy of the molecules of water in the mixture of ice and water at its freezing point. Temperature measures average kinetic energy and not the heat content or the total internal energy of the system. If a system absorbs energy, which results in an increase in the average kinetic energy of the molecules in the system, the temperature of the system will increase. If a system releases energy, which results in a decrease in the average kinetic energy of the molecules in the system, the temperature of the system will decrease. If a system absorbs energy, which results in an increase in the potential energy of the molecules in the system and not in their kinetic energy, the temperature of the system will stay the same. This is observed in the phase change from a solid to a liquid or from a liquid to a gas where the temperature remains constant while the substance melts or boils. 


If two systems at different temperatures are placed in contact with each other, they will exchange energy and reach thermal equilibrium where the temperature will be the same throughout both systems. The First Law of Thermodynamics, the Law of Conservation of Energy, states that the energy lost or gained by a system must equal the energy lost or gained by its surroundings. This principle is the basis for the calculations used in calorimetry.


If a single physical state (phase) is heated, the energy absorbed increases the average kinetic energy of the molecules and the temperature increases. The amount of energy required to produce a given change in temperature depends on product of the mass of the substance, the specific heat of the substance, and the change in temperature. This is expressed mathematical in the formula:

Heat = (mass of the substance)(specific heat of the substance)(change in temperature)

q = mc∆T

The heat, q, absorbed or released is measured in joules. The mass, m, is measured in grams. The specific heat, c, is the amount of energy required to raise the temperature of one gram of the substance one Celsius degree. It is an intensive property that is characteristic of the substance and is measured in Joules/goC. The specific heat of a substance is usually a different value for each physical state. The specific heat for liquid water is 4.184 J/goC and the specific heats for ice and steam are 2.1 J/goC. The magnitude of the specific heat depends on the strength of the attraction between the particles in the substance. Metals tend to have low specific heats while molecular compounds tend to have higher specific heats. The change in temperature, (T, is measured in degrees Celsius.


To determine the specific heat of a metal, a sample of the metal is heated to a known temperature and placed in a known mass of water at a known initial temperature. The metal will lose energy to the water and decrease in temperature while the water will gain energy and increase in temperature. Eventually a uniform temperature will be reached throughout the system, which is the final temperature of the system. The heat lost by the metal equals the heat gained by the water. Since the metal is losing heat, qmetal will be negative. Since the water is gaining heat, qwater will be positive. This can be expressed as:

Heat lost by the metal = Heat gained by the water

-qmetal = qwater
The change in temperature is expressed as: (T = TFinal - Tinitial
Since the metal is losing heat, TInitial metal  >  TFinal metal and (Tmetal will be negative.

Since the water is gaining heat, TFinal water  >  TInitial water and (Twater will be positive.

-(mmetal)(smetal)(∆Tmetal) = (mwater)(swater)(∆Twater)

Note: 

1. TFinal metal = TFinal water



T Initial metal = TBoiling water

If one knows the initial masses and temperatures of the water and the metal and the final temperature of the system, the specific heat of the metal can be calculated.

Procedure:

A foam cup and cover will be used as the calorimeter since it does not absorb very much heat itself and acts a good insulator to prevent transfer of heat between the contents of the calorimeter and the surroundings.

Part 1: Sample Preparation
1. Heat 250 ml of water to boiling in a 400mL on a hotplate or Bunsen burner.

2. Mass a metal cylinder to the nearest 0.01g and tie a short length of thread to the cylinder. The thread will allow you to handle the cylinder as you transfer it from the boiling water to the calorimeter.

3. Mass a foam cup calorimeter and cover to the nearest 0.01g. Add 50mL of distilled water and mass the cup, cover, and water to the nearest 0.01g. Place the calorimeter in a 400mL beaker for support.

4. Once the water has come to boiling, place the cylinder in the boiling water and wait five minutes to allow it to reach thermal equilibrium. Be sure you keep some of the thread outside the beaker.

5. Record the temperature of the boiling water to the nearest 0.1oC with a thermometer. This is the initial temperature of the metal.

Part 2: Preparing the Calculator and CBL and Collecting Data
(Do not write the CBL instructions in your lab notebook.)

1. Attach the CBL temperature probe to the CBL in Channel 1.

2. Attach the CBL to the calculator using the unit to unit link cable. Attach the voltage adapter to the CBL.

3. Turn on the calculator and CBL.

4. Press [PRGM] on the calculator.

5. Use the down arrow to select the program HEAT. Press [ENTER].

6. The “PRGM HEAT” will appear. Press [ENTER]. 

(On the TI-83, “Heat V1.2” appears. Press [ENTER]. “Turn on the CBL” appears. Press [ENTER]. “ Now checking the Calculator-CBL Link. Please wait.” appears. If the CBL is on, “Status OK” appears. Press [ENTER].)
7. For the seconds between points, type in 5. Press [ENTER].
8. “Press enter to start collecting data” appears. Do Not press [ENTER] at this time.

9. Place the temperature probe through the lid of the calorimeter and into the water.

10. Press [ENTER] on the calculator. Wait for about 4-5 points to appear on the calculator screen. These temperatures should be relatively constant.

11. Quickly remove the metal from the boiling water. Quickly shake off any water on the metal and place it in the calorimeter. Replace the cover and gently but continuously swirl the beaker and calorimeter. It is important that the calorimeter be swirled through the entire time data is collected to be sure the heat is transferred evenly throughout the system. Be sure to keep the probe in the water. The temperature displayed on the calculator should increase and then level off at a constant temperature (it may drop slightly at the end of the data collection time since the water may lose some heat to the air and to the cup).

12. The CBL will show DONE at the end of the data collection. The graph is displayed on the calculator.

13. Press [ZOOM]. Select ZoomStat. Press [ENTER].

14. Press [TRACE]. Use the arrow keys to find the initial constant temperature rather than the first temperature value and the highest constant temperature. Record these values to the nearest 0.1oC in the data table. The initial value is the initial temperature of the water. The maximum temperature is the final temperature of the water and the metal 

15. To see the data, press [STAT]. EDIT should be highlighted. Press [ENTER].

The Time should be in L3 and the Temperature in L4.

16. Empty and dry the calorimeter for a second trial for the metal.

17. Repeat the procedure for the second trial.

18. Calculate the specific heat of the metal for each trial. Average the values and calculate the percent error.
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DATA TABLE

	
	Trial 1
	Trial 2

	Name of metal
	
	

	Mass of metal
	g
	g

	Mass of calorimeter and water
	g
	g

	Mass of calorimeter
	g
	g

	Mass of water
	g
	g

	Initial temperature of metal
	oC
	oC

	Initial temperature of water
	oC
	oC

	Final temperature of metal and water
	oC
	oC

	Change in temperature of the water
	oC
	oC

	Change in temperature of the metal
	oC
	oC

	Experimental specific heat of the metal
	J/goC
	J/goC

	Average specific heat of the metal
	
	J/goC

	Accepted specific heat of the metal
	
	J/goC

	Percent error in the specific heat
	
	%


Calculations:

1
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