
Title of Lesson: How Specific is Your Heat?
UFTeach Students’ Names: Amber Pettit
Teaching Date and Time: April 2 and 3/8:30-9:30 AM
Length of Lesson: 100 min (Two 50 min classes)
Grade / Topic: High School/Chemistry Honors
Source of the Lesson: Adapted from Aleksza, Mary Ellen. “Quantifying Heat.” http://www.nhvweb.net/nhhs/science/maleksza/files/2013/01/Inquiry-Lab-Quantifying-Heat.doc
Concepts
Thermochemistry is the study of the transfers of energy as heat that accompany chemical reactions and physical changes. It is significant to define heat as the energy transferred between samples of matter because of a difference in their temperature, where temperature is a measure of the average kinetic energy of the particles in the sample of matter.

Thermochemistry highly deals with the second law of thermodynamics that states that heat will spontaneously flow from a warmer body to a colder body. Then, it is not possible for heat to flow from a colder body to a warmer body spontaneously. In order for this to occur, work must be done to accomplish this flow. Energy will not flow spontaneously from a low temperature object to a higher temperature object.
It becomes obvious that certain substances have different capacities to absorb heat. This is shown by the specific heat capacity. The specific heat is the amount of heat per unit mass required to raise the temperature by one degree Celsius. The relationship between heat and temperature change is usually expressed in the form shown below where c is the specific heat. The relationship does not apply if a phase change is encountered, because the heat added or removed during a phase change does not change the temperature.
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/seclaw.html
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/spht.html
Florida State Standards (NGSSS): 

· Grade 912, SC.912.P.10.4, Big Idea 10: Energy - Describe heat as the energy transferred by convection, conduction, and radiation, and explain the connection of heat to change in temperature or states of matter. Cognitive Complexity: Level 3: Strategic Thinking & Complex Reasoning
· Grade 912, SC.912.P.10.2, Big Idea 10: Energy -Explore the Law of Conservation of Energy by differentiating among open, closed, and isolated systems and explain that the total energy in an isolated system is a conserved quantity. Cognitive Complexity: Level 3: Strategic Thinking & Complex Reasoning
Performance Objectives
Students will be able to:

· Explain the relationship between heat and change in temperature
· Calculate specific heats using this relationship

· Demonstrate that total energy in a system does not change
Materials List and Student Handouts


· Two unknown metal samples (I’ll find out what these are)
· Electronic Balance

· Eight 500 mL beakers
· Eight Hot plates
· Glass stirring rod

· Eight beaker tongs

· Eight Celsius thermometer

· 2 Styrofoam coffee cups

· Water 

· 25 Lab worksheets
Advance Preparations
· All materials for the lab will have to be prepared and set up at the lab tables before class.
· Print out 25 copies of the lab sheet
Safety 

· Use tongs, gloves, or hot hands when handling the hot items since hot metal items and water can (and will) burn.

· Do not drop metal samples into the beaker!  It can crack and possibly result in spilling boiling water on someone.
· Glass thermometers are heavy enough to tip the Styrofoam cups (and break the thermometer in the fall) if left unsupported.  Be sure to make sure someone holds the thermometer at all times.
· Safety goggles must be worn
· Closed toed shoes must be worn.
	ENGAGEMENT                                                                                              Time:_10 minutes___

	What the Teacher Will Do
	Teacher Directions and Probing Questions
	Student Responses and Potential Misconceptions

	Go over temperature and its relationship to heat and kinetic energy and show temperature/particle motion gizmo. 
Slide the temperature to a higher temperature.

Slide the temperature to a lower temperature.
	What happens when you increase the temperature of an object like coffee?
How does it feel?

Let’s take a look at a simulation.

When I increase the temperature of this gas, what happens to the motion of the particles?

Has the object’s kinetic energy increased, decreased or stayed the same? How do you know?

If we were doing this in the lab, how could I increase the temperature of something?

Has heat been absorbed by or released from the object? How do you know?
What if I decrease the temperature of an object like a cup of iced coffee?
How does it feel?

What happens to the motion of the particles?

Has the object’s kinetic energy increased, decreased or stayed the same? Why?

How would we lower the temperature in the lab if I have the substance on a hot plate/over a Bunsen burner?
How would putting ice in it make the temperature go down?

What is the relationship between heat and temperature?
	[Warm/hot]

Cold

[Increases/moves faster]

Slows down, decreases, stays the same

[Increased because temperature increased and speed of particles increased]
Decreased because the particles slowed down, stayed the same

[Heat it up/place it over a Bunsen burner/place it on a hot plate]

[Absorbed by the object/increases as temperature increases]

Released from

[Cooler/Cold]
Hot

[Slow down]

Speed up

[Decreased due to slower speeds of particles]
Increased since the particles sped up, stayed the same

[Take it off the hot plate/remove the heat/put ice in it]
[The ice would absorb heat and the object would release heat
[heat increases as temperature increases/direct relationship]

No relationship, inversely related

	Transition into the exploration.
	In relation to temperature and heat:
Have you ever noticed on a hot, sunny day the rubber tires on a car feel warm, but the metal on the car is too hot to touch?
Why do you think that is?

Why does the same amount of energy, in this case the sun’s energy, only increase the temperature of some substance’s a little bit, but raises the temperature of other substance’s a lot?  
	[Specific heat] (Not expecting this answer though I could get it, just putting the correct response)

I don’t know


	EXPLORATION
                                                                                    Time: _40 minutes___

	What the Teacher Will Do
	Teacher Directions and Probing/Eliciting Questions
	Student Responses and Misconceptions

	Introduce the lab and hand out the lab sheets. Demonstrate the procedure and set up as explaining the procedures.
	Today, we are going to explore this idea through a lab experiment. In this lab, you will have two unknown metal samples. You are going to heat the samples one at a time in a hot water bath. You will have a calorimeter and will fill this about halfway full of tap water. After checking the temperature of both the boiling water and the water in the calorimeter, you will carefully take the metal from the boiling water and place it in the calorimeter and cover with the lid. You will record the highest temperature reached and then remove the metal and water from inside the calorimeter. You will repeat this for the other metal.
	

	Go over safety procedures. Demonstrate/show what students should and should not do during the lab.
	Hot metal items and water can (and will) burn you, so use tongs, gloves, or hot hands when handling the hot items.

Do not drop metal samples into the beaker with the water bath!  It can crack and possibly result in spilling boiling water on someone. Instead, lower the metal sample into the water gently.
There are reminders in the lab procedure of these safety issues.

What else do we always need to have when we do experiments?
	[Safety goggles and closed toed shoes]

	Break students up into groups by having each student say one number in order from 1 to 8 and begin experiment.
	Okay, so let’s begin. Let’s count off 1 through 8. If you are in a group of three, one student will be in charge of getting and heating the water bath and filling the calorimeter with water for both samples, another student will get and weigh the metals and take care of transferring the metal samples when needed, and another student will insert the thermometer and watch the temperature on it. Alright, let’s get started.
	

	Circulate and ask probing questions. Also make see which students are fulfilling each role.
	What is the temperature of the metal? How do you know?
What happened to the temperature of the water when the metal was added?

Is the water absorbing heat or releasing heat? Why?

What happened to the temperature of the metal when it was added to the water?

Is the metal absorbing heat or releasing heat?
	[Same as the water because it’s being heated the same/receiving the same amount of heat]
[increased]

[Absorbing because temperature increased]

[decreased]

[Releasing because it decreases as temperature decreases]

	3-2-1 Formative Assessment
Pose three questions that students have to answer.
	What are three things that you measured in this lab?
List two instances where heat was added to an object.
What is one difference between the metals?
	


How Specific is Your Heat?
In this experiment, you will have the opportunity to explore how heat flows from one object to another; investigate how heat affects the temperature of an object; calculate the specific heat of metals; and identify the metals based on your calculations.
SAFETY
Hot metal items and water can (and will) burn you – use tongs or hot mitts when handling any hot items.
MATERIALS

· Two unknown metal samples

· Electronic Balance

· 500 mL beaker

· Hot plate

· Glass stirring rod

· Two large test tubes
· Two Celsius thermometers
· Calorimeter
· Water
· Hot hands or gloves

PROCEDURE
1. Prepare a boiling water bath in a 500 mL beaker.  The beaker should be about two-thirds full. 
2. Obtain and record the mass of each of the two metal samples. Place each sample separately into the two test tubes. Label as sample 1 and sample 2.
3. Add both test tubes to the beaker and let the water come to a boil. Continue to boil vigorously for at least 5 minutes before proceeding with the experiment.
4. Fill the calorimeter with 70 grams of room temperature water from the tap (use the balance). Record the exact mass of the water.
5. Insert a thermometer into the boiling water bath and record the exact temperature.  Be sure the bulb of the thermometer is not in contact with the glass of the beaker. Keep this thermometer in the beaker.
6. Insert the other thermometer into the water in your calorimeter and record the temperature.
7. Remove the test tube containing sample 1 from the boiling water and carefully pour the sample into the calorimeter. Cover the calorimeter with a cover.

8. Carefully insert the thermometer through the small hole in the cover. Use a glass rod to gently stir the water in the calorimeter.  Watch the thermometer closely.  Record the highest temperature reached by the thermometer.  Be sure that the thermometer bulb is not in contact with the metal sample.
9. Remove the calorimeter cover and remove the metal sample from the calorimeter.

10. Repeat steps 3-10 for sample 2.

DATA
Create a neat data table and record all of your values.  You are on your own on this one.

POST-LAB ANALYSIS

1. What happened to the temperature of the water in the calorimeter when you added the metal sample 1? Sample 2?
Would heat be added to the water or taken away?

2. Using what you know about the Law of Conservation of Matter, state a possible “Law of Conservation of Energy.”
3. Describe the path of heat in this experiment. Where did it originate? What objects or substances was it transferred to? You may draw a chart is needed.

After Second Day (given at the end of the second day),

4. From the data you recorded:

a. Determine the quantity of heat transferred from the metal to the water in each trial.

b. Determine the specific heats of each of the metals.  

c. Use the provided table of specific heat capacities to identify the two metals.

Day Two will start with the Explanation Portion:
	EXPLANATION









Time: _30 minutes_

	What the Teacher Will Do
	Teacher Directions and Probing/Eliciting Questions
	Student Responses and Misconceptions

	Go over lab work. Discuss the set-up of the experiment.
	Have out your lab sheets.

Before we take a look at our questions, let’s look at the set-up of our reaction. What was our set-up?

Alright, so in Latin, where our language came from, the word calor means heat and meter is a measure, what do you think a calorimeter is/does?
	[Water in a calorimeter with a lid and a thermometer inserted through a small hole]
Measures heat/measures the absorption or release of heat

	Discuss questions.
	Let’s discuss the questions.

What happened to the temperature of the water in the calorimeter when you added the metal?

If the temperature increased, explain the path of the heat in relation to the water.
Using the same idea of the Law of Conservation of Matter, what is the law of the Conservation of Energy?

If this is true, where did the heat come from in order to raise the temperature of the water in the calorimeter?
Describe the relationship between the heat lost by the metal and the heat gained by the water.
So then what must be happening to the temperature of the metal?

How do you know?
What is the temperature of the metal after it has decreased? How do you know?
Making a generalization from this, how does heat transfer or move?

Which had a higher temperature?

Lower?

Which lost heat?

Gained?

How does heat transfer?
	[It increased]

It decreased

[heat was added to the water]
Heat was removed from the water, I don’t know

[Energy cannot be created or destroyed]

[Metal]

[Amounts are equal]

[Decreases]

I don’t know, increases

[Heat was lost]
[Same as the final temperature of water because they are in the same container
[higher temperature to lower temperature] I don’t know

[metal]
[water]

[metal]

[water]

[higher temperature to lower temperature]

	Begin discussion on specific heat portion of lab.
Write equation on board.

Write specific heat of water on the board.

Write data on the board.

Rearrange equation on the board and ask students to find heat gained by water.
Ask students to find the specific heat of the metal.
	For this lab, we looked at two different unknown metals.

What are some things that we measured and recorded?

What did we notice about the change in temperature of the different metal samples?
What do you think was happening here? Any ideas what caused the difference?
Does this relate to anything else we have discussed today or yesterday?

This difference depends on the substances’ differing capacities for absorbing energy.
These capacities can be compared using specific heat, which is the amount of energy required to raise the temperature of one gram of a substance by one Celsius degree or Kelvin degree.

We can quantify this concept with an equation.

At constant pressure, specific heat is represented by Cp. It is equal to:

Cp = (q/m∆T)

Where q is heat, m is mass, and ∆T is change is temperature.

As we mentioned, this will depend on the substance that we have. Specific heats have been calculated at room temperature and recorded in tables.
For example, the specific heat capacity of water is 4.184 J/g•K. You will have to know this specific heat. All other ones we can either calculate or look up in a table.
So let’s take some data that I got when I did this experiment.

After adding my metal to the water, I got a change in temperature of 1.30 K for the water. I got a change in temperature of 63.7 K for the metal. The mass of my metal sample was 46.4 g and the mass of my water was 70.0 g.
So we want to find the specific heat of the metal. How can we do this?

Let’s look at the equation. What do we know and what do we need to find?

What do we know about the heat transferred by the metal?
Using the Law of Conservation of Energy?
How can we calculate heat gained by water?

If don’t know,
Let’s look at our specific heat equation. We’re looking for heat. What do we know?

Great! So let’s calculate the heat gained by water then!
q = mcpΔT
What was my mass?

Change in temperature?

The specific heat of water?

And the heat gained by water for my data was?

Now that we know the heat gained by water, what else do we know?

Now can we calculate the specific heat? How do you know?

Let’s plug in and calculate.
What do I get for my data?

Would this specific heat be the same for another metal? Why?
So for your own data, you will have to calculate the specific heats of the metals.

How can I determine what the metals are?

Remember that these values have been calculated for different substances and recorded in tables.

After you calculate the specific heat of each metal, you will have to determine what they metals are. This will also go with your lab write up. 
	[Temperature of water before and after adding metal, mass of metal samples, mass of water, temperature of metal before and after adding to room temperature water]

[Not the same] 
[Type of metal/substance] Not sure

[Rubber tires and metal on a car]
[Know mass of metal and change in temperature of the metal. Need to know heat]

[Equal to heat gained by water]

[Rearrange specific heat equation]

[Mass of water, temperature change of water, and cp of water]

[70.0 g]

[1.30 K]

[4.184 J/g•K]

[381 J]

[Heat lost by the metal]

[Yes, we have all the pieces]

[0.129 J/g•K]

[No because it depends on the type of metal/substance] Yes, the same metal

[Look up the specific heats in a table]


(I may not get to the elaboration in class, but they will still have a homework assignment).
	ELABORATION








Time: _10 minutes___

	What the Teacher Will Do
	Probing/Eliciting Questions
	Student Responses and Misconceptions

	Practice calculating changes in energy and specific heat with other types of metals.
Have students copy problem and work on the problem with a partner for 5 minutes. Then come together to discuss and solve.
	Let’s look at some more examples of specific heat with other metals and also calculate changes in energy.
A piece of copper alloy with a mass of 85.0 g is heated from 30. °C to 45 °C. In the process, it absorbs 523 J of energy as heat.
a)What is the specific heat of this copper alloy?
b) How much energy will the same sample lose if it is cooled from 45°C to 25°C?

How can we find the energy (heat)? What do we know if the equation?
	[0.41 J/g•K]

[7.0x102 J]

[mass, change in temperature, and now specific heat]

	Discuss how everything has a specific heat.
	So how does this relate to our project?
Well, everything has a specific heat.

What do you think we would need to know the specific heat of for the project?
So we can look up the specific heats of the foods for our three course meal, and this will help us find the heat needed for the food to be considered edible.
	[Foods in three course meal]


	EVALUATION









Time: _10 minutes__

	What the Teacher Will Do
	Assessment
	Student Responses

	Give students assessment question.
	Sandy went to the beach with her family on a sunny summer day. She noticed that when she walked barefoot on the sand, it was extremely hot and burned her feet. So she ran to the water, which was much cooler on her feet. She wondered why the water would be so much cooler than the sand when the sun was hitting both of them, so she asked her family. This is what they said:

Mom: Neither is warmer. Your feet are just more sensitive to the hardness of the sand.

Lyle: The water has a greater ability to hold heat than sand.

Sierra: The sun is shining more on the sand.

Dad: The water is a liquid and is just cooler from being a liquid.

Which person do you most agree with and why? How does the person’s response relate to a cooler feeling? Explain your thinking.
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