Thermal Conductivity with Liquid Crystals

Content Expectations
C3.3 Heating Impacts – Heating increases the kinetic energy of the atoms composing elements and the molecules or ions composing compounds. As the kinetic energy of the particles increases, the temperature of the matter increases. Heating a sample of a crystalline solid increases the kinetic energy of the particles. When the kinetic energy becomes great enough, the crystalline structure breaks down, and the solid melts.

C3.3A – Describe how heat is conducted in a solid.

Background
All forms of matter, whether a solid, liquid, or gas, are composed of atoms or molecules in constant motion. Because of this constant motion, all atoms have thermal (heat) energy. Whenever a substance is heated, the atoms move faster and faster. When a substance is cooled, the atoms move slower and slower. The "average motion" of the atoms that we sense is what we call temperature. 

Temperature and heat ARE NOT technically the same thing. Temperature is the average motion of atoms and molecules. Heat is the energy that flows due to temperature differences. Heat is always transferred from warmer to cooler substances. 
 
Conduction. This method of heat transfer is most familiar to people. If you have ever burned yourself on a hot pan because you touched it, you have experienced this first-hand. Conduction is heat transfer through matter. 
Metals (eg. copper, platinum, gold, iron, etc.) are usually the best conductors of thermal energy. This is due to the way that metals are chemically bonded: metallic bonds (as opposed to covalent or ionic bonds) have free-moving electrons which are able to transfer thermal energy rapidly through the metal.
Demo 
Ice Melting Blocks – From Flinn Scientific (and other sources)
** Get the students thinking of conductivity in a solid before you even mention the scientific terms. **
Initial Inquiry
Have the students try to come up with some everyday examples of thermal conductivity. Ex: Hot liquids can make the handle of a metal spoon hot through conduction. Cooking pans get hot because of conduction of heat. Popping popcorn on the stove, not the microwave!!  How does the heat from the stove get through the pan and then again to the food being heated?
Teacher’s Copy of Lab

Activity #1
Introduction
In this activity, we will explore the thermal conductivity of your thumb.

Material
Thermal Crystal per student team (2 to 4 students per team)

Ice Cubes in Plastic Bags

Observation Log

Part 1 – Procedure
Ask one student from each team to place his/her thumb in the middle of the crystal for 10 seconds. Once their thumb has been removed, have them observe and record the changes in the color of light which the crystal reflects over the next 20 – 40 seconds. Please write your observations in Part 1 of your observation log. The temperature of the classroom will affect the time it takes for the crystal to return to its original color. If you have a very warm room, the strip may have a permanent red hew. Use the ice cubes in the plastic baggy to cool them down to obtain a clear (black) crystal.
Explanations – Blue represents the warmest area because that was the area in direct contact with the thumb. The surrounding colors were not directly touched by the thumb but were produced as a result of the thumb’s internal energy. Warmest Color – Blue, Green, Yellow, Orange, Red – Coolest Color. Blue should be the area that was in direct contact with the thumb.
Part 2 – Procedure
Have another student from each team place his/her thumb on the crystal to start. Ten seconds later have him/her place the other thumb on the crystal so that the thumbs are about three centimeters apart. Three seconds later have him/her lift both thumbs and observe the size and color change of the affected area. Ask the students to describe the difference between the patterns produced by each thumb. Please record your observations in Part 2 of your observation log.
Explanation – The 15 second print will behave like the image from Part One. The 3-second thumb print will have very little to no blue color because it did not receive as much heat energy from the thumb.
Part 3 – Procedure
Have another student from each team place one thumb in the ice cube (in the bag) for 15 seconds. Quickly dry this thumb and place both thumbs three centimeters apart on the thermal crystal for 10 seconds. Lift both thumbs and record the observations. Ask the students what happened with the iced thumb and have them explain why. Please record your observations in Part 3 of your observation log.
Explanation – The iced thumb provided no energy to the crystal; in this case the crystal provided thermal energy to the thumb.

To show this flow of thermal energy into the thumb from the crystal, have students place the crystal on their forehead for 20 seconds while also placing one thumb on the bag with the ice cube. Have the students place their thumb on the crystal for five seconds. The thermal energy flow from the crystal flows into the thumb and will show a clear (black) thumb print.

Activity #2

In this activity, we will observe the thermal conductivity of different materials.

Materials for Teacher Demonstration
2 spoons or knives (one plastic, one metal)

1 popsicle stick

1 glass stirring rod (about same height as spoons or knives)

500 ml beaker

500 ml hot water >85C (teacher will explain procedure)

timer or stop watch

1 plastic knife (a separate knife)

4 - 1/4 inch square slice of butter (or margarine) in stick form, very cold or frozen

4 thumbtacks

1 small piece of wax paper

Graph Paper

Procedure
1. Collect the plastic spoon, the metal spoon, the popsicle stick, and the glass stirring rod and 
      lay them  side-by-side.

2. Take the 1/4 inch slice of butter or margarine and place it on a small piece of wax 

     paper.

3. Take the second plastic knife and cut the 1/4 inch square cold slice of butter into 4 

     equal parts.

4. Put the 4 equal parts of butter each on; a) the end of the plastic spoon or knife, b) the  

     end of the metal spoon or knife. c) the end of the popsicle stick and, d) the end of the 

     glass stirring rod.

5. Place the 2 spoons or knives, the popsicle stick, and the glass rod (all with their piece 

     of margarine) into the beaker and angle them so the margarine is placed beyond the  

     rim (outside of ) the beaker.

6. Place a thumbtack into the center of each of the 4 pieces of margarine.

7. Obtain 500 ml of hot water, as the teacher directs, and pour the hot water into the 

     beaker, with the spoons/knives, stirring rod, etc.

8. You need 4 students to help keep time. Have them start the timers measuring how 

     long it takes for each thumbtack to fall from its spoon, knife or stirring rod, etc. There 

     will be 4 readings to enter in a data table.

9. Touch the 4 materials and rate them as to which feels the coolest to hottest, after the 

      thumbtack has fallen off.

10. Develop a graph showing the difference in melting time for the 4 materials (glass, 

      plastic, metal, and wood).
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Student’s Copy of Lab

Activity #1
Introduction
In this activity, we will explore the thermal conductivity of your thumb.

Material
Thermal Crystal per student team 
Ice Cubes in Plastic Bags

Observation Log

Part 1 – Procedure
Ask one student from your team to place his/her thumb in the middle of the crystal for 10 seconds. Once their thumb has been removed, observe and record the changes in the color of light which the crystal reflects over the next 20 – 40 seconds. Please write your observations in Part 1 of your observation log. The temperature of the classroom will affect the time it takes for the crystal to return to its original color. If you have a very warm room, the strip may have a permanent red hew. Use the ice cubes in the plastic baggy to cool them down to obtain a clear (black) crystal. Try this a few times!
Part 2 – Procedure
Have another student from your team place his/her thumb on the crystal to start. Ten seconds later have him/her place the other thumb on the crystal so that the thumbs are about three centimeters apart. Three seconds later have him/her lift both thumbs and observe the size and color change of the affected area. Describe the difference between the patterns produced by each thumb. Please record your observations in Part 2 of your observation log. Try this a few times!
Part 3 – Procedure
Have another student from your team place one thumb in the ice cube (in the bag) for 15 seconds. Quickly dry this thumb and place both thumbs three centimeters apart on the thermal crystal for 10 seconds. Lift both thumbs and record the observations. What happened with the iced thumb? Please record your observations in Part 3 of your observation log. Try this a few times!
To show this flow of thermal energy into the thumb from the crystal, place the crystal on your forehead for 20 seconds while also placing one thumb on the bag with the ice cube. Place your thumb on the crystal for five seconds. The thermal energy flow from the crystal flows into the thumb and will show a clear (black) thumb print.

Activity #2 – Teacher Demonstration
In this activity, we will observe the thermal conductivity of different materials.

Observation Log
Part 1
Observe how the colored area of the crystal was affected by the thermal energy of your thumb. How many different colors do you see? To determine if there is a change in size of the thumb print, try using a tiny corner piece of this paper to mark the starting point of the outer perimeter color. Try this procedure at least twice before you complete the next section.
Draw a sketch of this area and label each section to indicate its color.


[image: image1]
             Immediately after

   ______ Seconds Later

    _____ Seconds Later
                thumb is removed
Which color do you think represents the warmest area of the thumb print? Why did you make this choice? Rank the remaining colors, warmest to coolest.

Did the size of the thumb print increase, decrease or remain the same from the start to the end of your observation of color changes? Why?
Part 2
After lifting both thumbs, observe the change in size and color of the affected areas. Try this procedure twice before you complete the next section. Draw sketches of both thumbs and label each section to indicate its color.


                Both Thumbs After _____ Seconds                     Both Thumbs After _____ Seconds
How do you explain the difference between the color patterns produced by each thumb?
Part 3
Record your observations after at least two trials. Explain why you think you had these results.

What happened when you placed the crystal on your forehead? Explain what you observed.

Activity #2
Using graph paper, draw and completely label a graph that compares the type of material vs. the time it takes for the butter to melt.
What was the method of heat transfer from the water to the butter?

Which material was the greatest conductor? Why?

Which material was the poorest conductor? What is another name for this type of material? 

Why would it be harmful to make a pot/pan completely out of a conducting material? Hint: What type of material would you make the handle out of?

List some additional examples of heat conduction through a solid material.
