Pre-labs for the Specific Heat Metal Lab

Name______________________ 

When energy, in the form of heat, is added to a material, the temperature of the material rises. Note that temperature, in units of degrees Celsius (°C) or Kelvin (K), is a measure of how hot or cold a substance is, while heat, in units of joules (J) or calories (cal), is a measure of its thermal energy (kinetic energy). 

1cal = 4.184J

Specific Heat

A measure of the efficiency with which a substance can store this heat energy is known as specific heat capacity, or simply the specific heat. The greater the material's specific heat, the more energy must be added to change its temperature.


In conduction, heat is transferred from a hot temperature location to a cold temperature location. The transfer of heat will continue as long as there is a difference in temperature between the two locations. Once the two locations have reached the same temperature, thermal equilibrium is established and the heat transfer stops.








Complete the pre-lab assignment before the wet lab.  To complete this assignment you will need a computer with Internet and Microsoft Excel. Some of the questions in the pre-lab can be answered by thinking logically but I would like you to carry out the simulation to determine if you were correct.  This will allow you to have a better understanding of specific heat.  Show your work for all calculations and apply significant figure rules and units. 

Exercise 1: Heat transfer between Metal and Water Simulation

Go to the website listed below or go to CH 2 webpage, see Click here view finding the specific heat of a metal lab simulation:

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/thermochem/heat_metal_ice.swf
Carry out the following simulations and complete the data table below.  Make a prediction as to what you think the equilibrium temperature will be before you start the reaction.  With each simulation one variable is being manipulated the rest are staying the same.  Make a prediction how each manipulation (variable) effects equilibrium temperature. For example how will changing to a metal with a higher specific heat effect equilibrium temperature, how will increasing the mass of the metal effect equilibrium temperature, how will decreasing the initial temperature of the metal effect equilibrium temperature. 

	
	Identity of Metal and it’s specific heat
	Mass Metal
	Initial Temperature

Metal 
	Mass

Water
	Initial Temperature 

Water
	Equilibrium Temperature

TF for metal and water

	Simulation #1
	Silver

Cp=
	20.00g
	105.00 (C
	30.00g
	20.00(C
	

	Simulation #2
	Iron

Cp=
	20.00g
	105.00 (C
	30.00g
	20.00(C
	

	Simulation #3
	Iron

Cp=
	50.00g
	105.00 (C
	30.00g
	20.00(C
	

	Simulation #4
	Iron

Cp=
	50.00g
	55.00 (C
	30.00g
	20.00(C
	


Complete a specific heat equation for each simulation by solving for equilibrium temperature.  TF is your unknown (x).  (Tmetal (TI-TF), (Twater (TF-TI)
Heat lost = Heat Gained

qmetal=qwater
mmetal Cpmetal(Tmetal = mwater Cpwater(Twater
Simulation #1 equation:

Simulation #2 equation:

Simulation #3 equation:

Simulation #4 equation:

Read the specific heat of a metal lab procedure, and determine how the simulation differs from the experiment you will carry out in the chemistry lab.  

.

Exercise 2:  Variable being tested Different Liquids in Calorimeter

1. Calculate the equilibrium temperature when 30 grams of copper at 90oC is added to 80 grams of water at 10oC. Use the following equation to solve below.   Keep in mind that (T can be (TF-TI) or the opposite depending on if the substance is increasing or decreasing in temperature.  (T needs to be a positive value.   Equilibrium temperature is when the metal and water have the same temperature.  

Heat lost = Heat Gained

mmetal Cpmetal(Tmetal = mwater Cpwater(Twater
Water





Copper

Mass = ___________



mass = _____________

Initial temp. = __________


Initial temp. = ____________

Specific heat = __________


Specific heat =  .385 J/g.oC

To access the Microsoft Excel graphs go to: chapter 2 webpage, homework, click on specific heat graph, click on the first tab located in the bottom left hand corner labeled solid to liquid graph.  You will be using this graph to complete several lab simulations.  The nice thing about this graph is you can manipulate the variables for liquid or solid and determine how it changes the graph and equilibrium temperature.  If you are on the correct graph the title of the graph will read, Solid to Liquid Heat Transfer.  Answer the following questions.

Adjust the slider bars with the same data given in question 1. 


a. Describe the two curves of each of the substances.

b. Why does the graph change rapidly at the start and then change slowly as the equilibrium temperature is approached? Explain. 

c. Move to the right of the graph, you will find the equilibrium temperature, record below. Does this match what you worked out above? Explain.

d. Why does the water temperature change much less than the temperature of the copper? Explain.

Now we will work with different liquids. Use the same mass of liquid as you did for water.

2. Ethanol: Specific heat for ethanol = 2.44J/g x C

Change the slider bar for liquid specific heat using ethanol specific heat.

a. Describe how the graph has changed. 

b. Look at the equilibrium temperature, describe how it has changed and explain. 

3. Ammonia: Specific heat for Ammonia = 4.70 J/g x C

Change the slider bar for liquid specific heat using ammonia specific heat

a. Describe how the graph has changed

b. Look at the equilibrium temperature, describe how it has changed and explain. 

Exercise 3: Variable being tested is Different solids

Now we will work with different solids other than copper. Use the same mass of solid as you did for copper.  Change the liquid to water with a specific heat of 4.184 J/g x C 

1. Gold:  Specific heat for Gold = 0.129 J/g x C
Record the equilibrium temperature _______________________

What happens to the shape of the graph? 

2. Iron:  Specific Heat for Iron = 0.450 J/g x C

Record the equilibrium temperature _______________________

What happens to the shape of the graph? 

3.  Lead:  Specific Heat for Lead = 0.127 J/g x C
Record the equilibrium temperature _______________________

What happens to the shape of the graph? 

Explain the differences in equilibrium temperatures for Au, Fe, and Pb. 

Exercise 4: Variable being tested Different Mass of Metal in #1 and different mass of the liquid in #2

Now let’s change the mass of the metal.

1. For each metal, experiment with the change in mass. Do not change the mass of liquid.

a. What happens to the equilibrium temperature if you INCREASE the mass of the metal?

b. What happens to the equilibrium temperature if you DECREASE the mass of the metal?

2. For each liquid, experiment with a change in mass. Do not change the mass of the metal. 

a. What happens to the equilibrium temperature if you INCREASE the mass of the liquid?

b. What happens to the equilibrium temperature if you DECREASE the mass of the liquid?

Summarize what you learned from completing the lab simulations on the Solid to Liquid Heat Transfer Excel Graph:

