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 Experiment 9 
Specific Heat Capacities of Metals 

 

The purpose of this experiment is to identify two unknown metal samples based on physical 

properties.   
 

9.1   Introduction 
 

Heat is a form of energy that is transferred between objects with different temperatures.  Heat 

always flows from high temperature to low temperature.  (When you touch a cold window, it feels 

cold because heat is flowing from your hand to the window.) 
 

The amount of heat released or gained by an object (q) depends on the mass of the object 

(m) and the change in temperature of the object (∆T ). 

q = mCs∆T (9.1) 

In this equation, the proportionality constant Cs is called the specific heat capacity and 

every substance has a characteristic value.  For example, the specific heat capacity of water 

is 4.184  J g−1  ◦C−1.  This value means that 4.184 J of heat is required to raise the temperature of 

1 g of water by 1 ◦C. 
 

In a calorimetry experiment, heat is transferred from one object to another inside an insulated 

container called a calorimeter.  For example, when a hot piece of metal (the system) is 

submerged in water (the surroundings), the metal cools down while the water heats up.  

However, because the calorimeter is insulated, the heat is transferred completely from the 

system to the surroundings.  Therefore, 
 

qsys = −qsurr   ...or for our case...  qmetal  = −qH2 O  (9.2) 

 

The negative sign in the equation is to indicate that heat is being lost by the metal and gained by 
the water. 

 

In this experiment, you will determine the specific heat capacities of two different unknown 

metals by observing the transfer of heat from a heated piece of metal to a sample of water at 
room temperature.  To calculate q for the metal and the water, you would use Equation 9.1, 

where each variable (m, Cs, and ∆T ) corresponds to either the metal or the water.  By 

comparing the experimental specific heat capacity to a table of known values, you should be 

able to identify the metal. 
 

9.2 Precautionary Measures 
 

• Use caution when handling any hot glassware or the hot metal. 
 

• Be sure that the cord for the hot plate does not touch the surface of the hot plate. 
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9.3 Experimental 

 
Set up your notebook as usual, recording the title, objective and procedure. 

 
1. Using a hot plate, heat about 400 mL of water to a rolling  boil in a 600 mL or 

800 mL beaker.  Keep an eye on the level of the water bath, and add more water if the 

level gets too low.   

 

2. Obtain an unknown metal and weigh it.  Record its mass and appearance in your 

notebook. 

 

3. Use the ruler provided to measure the length, width and height (in cm) of the metal bar.  

Record these measurements in your notebook. 

 

4. While you’re waiting for the water to boil, set up the calorimeter apparatus (Styrofoam cup, 

lid and thermometer) as demonstrated by your instructor.  
 

5. Weigh the empty cup, add enough room temperature water (about 50 mL) to completely 

submerge your metal sample, and then weigh the cup again.  Record these values in your 

notebook, and determine the mass of water by difference.  Then, record a baseline 

temperature for the water in the cup every thirty seconds for approximately two minutes.  

The last temperature reading is the initial water temperature. 
 

6. Once the water bath on the hot plate is at a rolling boil, carefully add the metal to the hot 

water using tongs.  After the metal has been heated for about 3 minutes, use tongs to 

remove it from the hot water bath.  Gently shake off the drops of hot water that are clinging 

to the metal, and quickly place the metal in the Styrofoam cup, making sure the metal is 

completely submerged.  (Be careful not to touch the thermometer with the metal!)  Observe 

the temperature display on the thermometer.  The temperature will increase quickly and 

then begin to drop back down.  Once the temperature starts to decrease you can stop the 

trial.  Use the Max Temperature function on the thermometer to determine the equilibrium 

temperature of system (metal) and surroundings (water). 

 

NOTE:  After you have recorded the equilibrium temperature, reset the thermometer by 

turning it off and then back on. 

 
 

7. Use tongs to remove the metal from the cup and then return it back to the boiling water 

bath. While you wait for the metal to reheat, empty your Styrofoam cup, and dry it 

thoroughly. 
 

Repeat Steps 4-6 for the same metal. Then, perform the entire procedure two more times for a 

second unknown metal. 
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9.4   Calculations 
 

Table 1:  Sample Data Table 

 

 Organize your data and calculations into a 

table such as the one to the right.  Show a 

sample calculation for each of the calculations.   

 

 

 

 

 

 

 

 

9.4.1  Change in Temperature (∆T) 
 

∆T = Tf - Ti 

 Water:  Initial and final temperature were recorded directly. 

 Metal:  Initial temperature of the metal was the same as the boiling water (use the  

standard BP for water).  Final temperature of the metal was the temperature at 

thermal equilibrium.  This value will be negative! 

 

9.4.2  Determining Cs for the metal 
 

Equation 9.1 gives the formula to calculate heat (q = mCs∆T ). This formula could be used 

to calculate the heat lost by the metal (qmetal  = mmetalCs,metal∆Tmetal) or the heat gained by 

the water (qH2O  = mH2OCs, H2O∆TH2O).   

 

Equation 9.2 states that qmetal  = −q H2O. 
 

 

Equations 9.1 and 9.2 can be combined to give equation 9.3 
 

mmetalCs, metal∆Tmetal  = −mH2OCs,H2O∆TH2O  (9.3) 
 

Use algebra to solve equation 9.3 for the specific heat capacity of the metal, Cs,metal  

Then, use your experimental values and the specific heat capacity for water (4.184  J g−1  ◦C−1) 
to calculate the specific heat capacity for each of your metals.   
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9.4.3  Density  
 Calculate the volume (in cm3) of each metal rod.  𝑽 = 𝒍 × 𝒘 × 𝒉 
 Use this volume and the mass of the rod to calculate density in g/cm3. 
 

9.4.2  Identify your Unknowns 
 Use the literature values in Table 2, the physical appearance and any other factors to 
determine the identity of each of your metals.   
 

Table 2:  Literature Values of Specific Heat Capacity 

Metal 

Specific heat capacity 

(
J

g℃
) 

Density 

(
g

cm3
) 

Metal 

Specific heat capacity 

(
J

g℃
) 

Density 

(
g

cm3
) 

Gold 0.13 19.3 Zinc 0.39 7.14 

Lead 0.13 11.4 Iron 0.45 7.86 

Silver 0.24 10.49 Aluminum 0.90 2.70 

Copper 0.39 8.96 Magnesium 1.02 7.44 

 
 

9.4.5  Calculate Percent Difference 
 
 Calculate the percent difference between your experimental value of specific heat capacity 

and the literature value. 

 

9.5   Wrap Up 
 
9.5.1   Hazardous Waste 

 

There is no hazardous waste generated in this lab. Simply pour the water down the drain. 
 
 

9.5.2   Clean-up 
 

Dry your glassware (including your cup - don’t throw  it away!) and return it to your station.  

Then, wipe down your bench top with a wet paper towel and dry it.  Have your instructor check 

your station before your leave. 

 
BEFORE YOU LEAVE LAB: Tear out the carbon-copy pages of your notebook. Make sure your 

name, your partner’s name and your section number are on each page. Staple these pages 

together and turn them in to your instructor. 
 

9.5.3   Work Assignment 
 

Enter all of your data, calculations and answers to questions in the Experiment 9 Assignment in 

Chem21.  You will need to refer to your notebook for this.  The Assignment is due 48 hours after 

your lab ends.   
  


