Lab:  Specific Heat Capacity
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Lab Partners:

Objectives:  1.  To identify metals by determining their specific heat capacities.

2. Relate measurements of temperature to changes in energy.

3. Demonstrate proficiency in using calorimetry techniques.

Background:


Energy is defined as the capacity to do work.  Energy is often measured in calories (cal), and calorimetry is the science of measuring calories.  One calorie equals 4.184 joules and is defined as the amount of energy required to raise the temperature of 1 gram of water by 1 Celsius degree.  The amount of heat energy necessary to raise the temperature of 1 gram of any material by 1 Celsius degree is defined as the material’s specific heat capacity (c).  The specific heat capacity of water is 1 cal/g x oC or 4.184 J/g x oC in SI.


Energy is involved in all physical and chemical changes.  A change that absorbs energy from the surroundings is called endothermic and a change that releases energy to the surroundings is called exothermic.  The law of conservation of energy states that energy cannot be created or destroyed – it can be transferred from one object to another.  When all the energy is transferred and none lost to the surroundings, the amount of energy released by one object must always equal the amount of energy absorbed by the other (that is, heat energy lost = heat energy gained).


The amount of energy transferred as heat cannot be measured directly, but can be determined by measuring changes in temperature.  The temperature increase of one object will not necessarily equal the temperature decrease of the other object since temperature is a measure of kinetic energy of particles and NOT heat energy. The amount of energy involved in heating or cooling a sample can be calculated with the formula:
                                    Heat energy (Q or q) = m x c x ΔT

                



m= mass of the sample

              




c = specific heat capacity in cal/g x oC or J/g x oC
                 



ΔT = change in temperature of the sample


You will use a simple calorimeter to determine the specific heat capacity of metals.  You will heat metal samples of known masses (m) to 100oC, and then place each metal in styrofoam cups containing a known mass of water, so heat is transferred from a warmer object (the metal) to a cooler one (the water).  If the temperature of the water is taken before and after the heat is transferred, the following formulas can be used to determine the specific heat capacity of the metal (cm):

              Heat energy lost by metal      =    heat energy gained by water

                                 mm x cm x ΔTm       =   mw x cw x ΔTw   or, stated another way,  Qm = Qw                            to solve for the specific heat of metal, rearrange the equation: cm = mw x cw x ΔTw                
                                                                                                              mm x ΔTm                                    
or, stated another way,    _Qw_​​​
                                      mm x ΔTm
Metals with higher specific heat values (like stainless steel) tend to heat up and cool down slowly because it takes more energy to raise their temperature.  Metals with lower specific heat values Like silver), take less energy to raise the object’s temperature.  Water, by comparison to most other materials, has a very high specific heat value, 4.18J/g x oC or  1 calorie/g x oC.

Materials:
BB and related equipment

600ml beaker





Electronic balance
           
2 styrofoam cups (small and large)




100 mLgraduated cylinder
thermometer




beaker tongs


metals (brass, Cu, & Al) 




safety goggles


flint striker

                         
heat resistant gripper

stop watch                     calculator

Procedures:

1. Add 250 ml of water to one of the 600 ml beakers, and heat the water to 100oC using the Bunsen burner and related equipment, or hot plate.  Complete steps 2-5 while you are waiting for the water to boil.

2. Determine the mass of the small styrofoam cup.  Record mass in data table.

3. Fill the small cup halfway with tap water.  Determine and record the mass of the small cup plus water.  Subtract out the cup to get the mass of the water.  Record all values in your data tables.

4. Measure and record the temperature of the water inside the small cup (starting temperature of cool water = Ts, or “Temperature starting”).

5. Find the mass of one of the metals (brass).  Record the mass for the appropriate metal in your data table.

6. With the tongs, carefully place the brass sample in the beaker of boiling water for 5 minutes to allow it to heat up to the same temperature as the water.

7. Measure and record the temperature of the boiling water.  This will also be the starting temperature (Ts) of the brass sample.  Record the temperature in your data table.

8. Using heat resistant gripper to steady the beaker, remove the brass with the tongs and place it sample in the small cup with water.  Take the small styrofoam cup and immediately cover it with the large cup.  Stick the thermometer through the base of the top large cup.  Record the highest temperature attained (when the thermometer stops rising) in your data table – this is the final temperature of the water AND of the brass sample (they are one and the same = Tf).

9. Calculate the change in temperature of the brass and the change in temperature of the water (in the second data table – calculations).

10. Carefully remove the brass sample from the small cup, without removing any water from the cup (if water spills from the cup, you must repeat steps 2 and 3).  Let the water inside the cup cool back down to the starting temperature.

11. Repeat steps 4-10 for the remaining two metal samples (Cu & Al) – you will have to reheat the water to boiling again.  
12. Determine which piece of “silverware” in your lab box, #1 or #2, has the higher specific heat value.

13. Clean up your lab area and organize all materials.  Place the styrofoam cups, & all materials, in your lab boxes.   Obtain teacher’s initials:          _________________
Data and Calculations:

Data Table

	
	Brass
	Copper
	Aluminum

	Mass of small cup


	
	
	

	Mass of small cup and water
	
	
	

	Mass of metal

mm
	
	
	

	Starting temp. of cool water (Ts)
	
	
	

	Starting temp. of metal (Ts)
	
	
	

	Final temp. of water (Tf)
	
	
	

	Final temp. of metal (Tf)
	
	
	


Calculations

	
	Brass
	Copper
	Aluminum

	Mass of Water

mw

	
	
	

	Temperature change of water

Tf – Ts = (Tw 


	
	
	

	Temperature change of metal

Tf – Ts = (Tm


	
	
	


· Calculate the heat gained by the cool water for each metal block.  Use the formula                                              

                                            heat energy (Q) = mw x cw x ΔTw. 

The specific heat of water is 1 cal/g ( (C. (this is cw)                       SHOW YOUR WORK!
                                                                  The units in your answer will be calories 
water with brass = 

water with copper = 

water with aluminum =

· Because the heat gained by the water is equal to the heat lost by the metal, the specific heat of the metal is calculated by solving for c in the Q = m ( c ( (T equation.  Use the equation below to solve for the specific heat (cm) of each metal:

Cm = mw x cw x ΔTw   or     Qw         Qw is the value you calculated above for each metal
  mm x ΔTm                  mm x ΔTm                           Units for the specific heat are cal/g x oC




          SHOW YOUR WORK!

brass = 

copper =

aluminum =

Conclusions (answer in complete thoughts):

1. Which metal, brass, copper or aluminum, had the lowest specific heat capacity?  Which of these three metals had the highest?

2. Metal samples tend to change temperature much more rapidly than the water.  Does this indicate that the specific heat capacity of metals is higher than that of water or lower?

3.  Calculate the percent error in the specific heat values that you determined for copper and aluminum. The accepted values are 0.0920 cal/g x oC for copper and 0.215 cal/g x oC for aluminum.

