
Measurement of Specific Heat 

Heat Flow 
It can be observed from everyday experience that when an object is warmed the temperature of the object will 
increase and when an object is cooled the temperature of the object will decrease.  When an object is warmed, it 
absorbs heat, that is, heat is transferred into the object.  Similarly, when an object is cooled, heat is transferred out of 
the object, or in other words it releases heat. 
 
As stated above, the transfer of heat (heating or cooling of an object) is accompanied by a change in temperature of 
the object.  The change in temperature (∆T) of the object is defined as the final temperature of the object (Tfinal) 
minus the initial temperature of the object (Tinitial) as shown in Eq. 1. 

 
                                                                                ∆T = Tfinal - Tinitial                                                                        (1) 
 
Specific heat capacity (specific heat) (Cp) is the amount of heat required to raise the temperature of one gram of a 
substance by one degree Celsius.  The value of the specific heat of water is 4.184 J/g⋅oC (the unit is read as Joules 
per gram per degree Celsius).  The following table contains the specific heat of several substances. 
 

Substance Specific Heat 
(J/g·°C) 

Air 1.05 
Aluminum 0.899 
Carbon dioxide 0.841 
Copper 0.385 
Iron 0.448 
Lead 0.129 
Nickel 0.444 
Tin 0.222 
Water 4.184 
Zinc 0.385 

 
If the mass and specific heat of a substance are known, then the change in the substance’s temperature (∆T) will 
reflect the amount of heat (q) absorbed or released in a particular process.   The equation describing the relationship 
between heat, mass, specific heat, and the change in temperature of a sample of a substance is indicated in Eq. 2. 
 
                                                                q = (mass of the substance)(Cp)(∆T)                                                         (2) 
 
For Eq. 2, the sign associated with q will depend on ∆T.  When the final temperature is higher than the initial 
temperature, the value of ∆T will have a positive sign (+).  Thus, the sign of the value of q is positive (+q).  This is 
consistent with the sign convention for an endothermic process wherein heat flows into a substance.  When the final 
temperature is lower than the initial temperature, the value of ∆T will have a negative sign (-).  In this case, the sign 
of the value of q is negative (-q).  This is consistent with the sign convention for an exothermic process wherein heat 
flows out of a substance. 
 
Example 
A 25.0 g sample of water is heated from 27.0oC to 53.0oC.  Calculate the amount of heat absorbed by the water. 
 
 q = (mass)(specific heat)(∆T)  = (25.0 g)( 4.184 J/g⋅oC)( 53.0oC - 27.0oC) = 2720 J = 2.720 kJ 
 
Calorimeter 
To make accurate measurements of heat transfer and to prevent heat loss to the surroundings, an insulating device 
called a calorimeter is used.  A calorimeter is an apparatus designed to experimentally measure heat changes that 
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accompany physical or chemical transformations.   Such transformations, which occur inside a calorimeter, result 
with heat flowing either into or out of the calorimeter.  Therefore, exothermic processes cause the temperature of the 
calorimeter to increase, while endothermic processes result in a decrease in the temperature of the calorimeter. 
 
Polystyrene Cup Calorimeters 
A simple, yet effective, calorimeter can be made from a polystyrene coffee cup and water.  When a warmer sample 
of a material is placed into the coffee cup, the temperature of the colder water inside the cup will increase while the 
temperature of the warmer material will decrease.  The heat gained by the water in the cup (qwater) will be equal in 
magnitude but opposite in sign to the heat lost by the sample (qmetal).   This relationship can be indicated in Eq. 3. 
 
                                                                                 -qmetal = qwater                                                                              (3) 
 
As previously shown in Eq. 2, the heat change of a sample of metal or water can be calculated from the mass, 
specific heat, and temperature change of the substance.  This is indicated in Eq. 4 and Eq. 5. 

 
                                                                qmetal = (mass of metal)(Cp)(∆T)                                                                 (4) 
 
                                                                qwater = (mass of water)(Cp)(∆T)                                                                (5) 
 
Substituting these equations into Eq. 3 gives Eq. 6.  This equation can be used to calculate the specific heat of a 
metal. 
 
            -[(mass of metal)(specific heat of metal)(∆T)] = (mass of water)(specific heat of water)(∆T)                 (6) 
  

OBJECTIVES 
In this experiment, you will 

• Use a coffee cup calorimeter to determine the specific heat of a metal. 
• Compare your measured specific heat enthalpy change with accepted values. 

 
Figure 1 
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MATERIALS 
Vernier computer interface Metal sample 
Computer Tongs 
Temperature Probe Hot pot 
Styrofoam cup calorimeter  
250 mL beaker ring stand 
50 mL or 100 mL graduated cylinders utility clamp 
glass stirring rod balance 

PROCEDURE 
 1. Put on your chemical splash-proof safety goggles. 

  2. Add water to a hot pot or hot water bath and heat the water to boiling. 

 3. Connect a Temperature Probe to Channel 1 of the Vernier computer interface. Connect the interface to the 
computer with the proper cable. Use a utility clamp to suspend the Temperature Probe from a ring stand, as 
shown in Figure 1.  Situate the probe so that it is off center of the cup. 

 4. Start the Logger Pro program on your computer.  

 5. Nest a Styrofoam cup in a 250 mL beaker (see Figure 1). Measure approximately 100.0 mL of water into the 
cup. Weigh and record the mass the water to + 0.01 g.  Lower the tip of the Temperature Probe into the water in 
the cup and allow the temperature to come to a constant measured value.  

 6. Weigh and record the mass of your metal sample to + 0.01 g.  Be sure to record the identity of your metal 
sample also. 

  7. Using tongs, place the metal sample into the boiling water for approximately 10 minutes.  This will insure that 
the temperature of the metal is the same as the temperature of the boiling water. 

 8. Making the temperature measurements.  

a. Click  to begin the data collection and obtain the initial temperature of the water in the cup. 
b. After three or four readings have been recorded at the same temperature, using the tongs, remove the metal 

sample from the boiling water and carefully place it in the cup of water.  Make sure that the hot metal 
sample is as far away from the temperature probe as possible.  Stir the water throughout the data collection 
time. 

c. Data collection will end after three minutes.  If the temperature readings are no longer changing, you may 
terminate the trial early by clicking . 

d. Click the Statistics button, . The minimum and maximum temperatures are listed in the statistics box on 
the graph. If the lowest temperature is not a suitable initial temperature, examine the graph and determine 
the initial temperature. 

e. Record the initial and maximum temperatures in your data table. 

 9. Repeat steps 5-8 for a second run on the same metal sample. 

 10. Dry the Temperature Probe, Styrofoam cup, stirring rod, and the metal sample.  
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Name: 
 
 

Group Members: 

 
DATA TABLE 

 Analysis #1 Analysis #2 

Identity of metal   

Accepted specific heat value (J/g·°C)   

Mass of metal (g)   

Initial temperature (°C)   

Final temperature (°C)   

Temperature change (∆T)   

Measured specific heat (J/g·°C)   

% Error   

Show all calculations! 
 


