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Goal:   To investigate the properties of substances at extremely cold temperatures (referred to as cryogenic temperatures).  To illustrate that changes in phases of matter are physical changes.
TN Curriculum Alignment: 

GLE 0507.9.2 Design and conduct an experiment to demonstrate how various types of matter freeze, melt, or evaporate.

GLE 0507.9.3 Investigate factors that affect the rate at which various material freeze, melt, or evaporate.
VSVSer
Lesson Outline
_______
I.  Introduction
Discuss the meaning of the word cryogenics and the properties of nitrogen.  Also discuss physical and chemical changes.




Discussion of the Cold Temperature of Boiling Nitrogen
Give each pair of students one of the diagrams (in binder) of a thermometer and use this to help students understand how cold liquid nitrogen is by comparing the markings for the boiling point of water, freezing point of water, the sublimation temperature of dry ice, and the boiling point of liquid nitrogen.

_______
II. Demonstration of Liquid Nitrogen
Put on gloves and goggles.  Pour some liquid nitrogen into a clear 10 oz cup.  Use a glove to hold the cup high enough for students to see.  Ask them to write down their observations on the observation sheet.  Draw a picture of the cup on the board and discuss the students’ observations. 
_______
III. Demonstration - Hammering a Nail with a Banana
Note:  Never place any objects in the liquid nitrogen dewar since it is going to be used to make ice cream.  There is a small dewar (one made from two clear plastic bottles with packing peanuts for insulation.)  Pour liquid nitrogen from the large dewar into the smaller insulated container.  Even if you are wearing gloves, the temperature is too cold for these to protect you.  Attempt to hammer a nail into a piece of wood with a banana.  Then cool the bottom half of the banana in the small dewar that has been filled with liquid nitrogen.  After the banana has been in the liquid nitrogen for several minutes, use the banana to pound a nail into the piece of wood.

_______
IV. Demonstration - Rubber Tubing in Liquid Nitrogen


 Demonstrate the loss of elasticity of rubber by bending the middle of two pieces of split rubber tubing and putting the bent middle portion in the small dewar used for the banana.  After removing the pieces of rubber tubing from liquid nitrogen, take one piece and quickly and forcefully hit the cold end against the top of the table.  This should shatter the tubing.   Allow the other piece of rubber tubing to warm up to show the flexibility of the rubber returns.

_______
V.  Demonstration - Shrinking a Balloon and Whistling Tea Kettle
Blow up a balloon, place it in the bowl, and pour liquid nitrogen over it.  Do not use an excessive amount of liquid nitrogen in order to have about one-third of the liquid nitrogen left for making ice cream.
Put a small amount of  liquid nitrogen into a tea kettle and explain the whistling.
_______VI. Demonstration - Making Ice Cream
_______VII. Review
LOOK AT THE VIDEO BEFORE YOU GO OUT TO YOUR CLASSROOM https://studentorg.vanderbilt.edu/vsvs/lessons/

USE THE PPT AND VIDEO TO VISUALIZE THE MATERIALS USED IN EACH SECTION.
1. Before the lesson:

In the car ride, read through this quiz together as a team. Make sure each team member has read the lesson and has a fundamental understanding of the material.
1. What is Cryogenics?
2. What happens to liquid nitrogen when placed in a cup?
3. What is a physical change?
4. What is a chemical change?
2. During the Lesson:
Here are some Fun Facts
Liquid Nitrogen:

· Liquid nitrogen boils at 77 K (−195.8°C or −320.4°F).

· Nitrogen is non-toxic, odorless, and colorless.

· It can be used for freezing and transporting food products.

· Used for preservation of biological samples

· Gaseous nitrogen makes up about 78% of air. 

· Your body is about 3% nitrogen by weight. 

· Liquid nitrogen is used in medicine. (Dermatologists use liquid nitrogen to remove warts and moles.)
Unpacking the Kit– What you will need for each section:

For Part I – Introduction:

17
Thermometer diagrams in sheet protectors (one for VSVS team)

For Part II. Demonstration #1: Liquid Nitrogen
1 10 oz. clear plastic cup, 1 large dewar of liquid nitrogen, 1 pair of gloves 

32
Observation Sheets

For Part III. Demonstration #2: Hammering with a Banana
1 piece of wood, 1 nail, 1 banana, liquid nitrogen, 1 small dewar  (small plastic insulated bottle, 1 pair of gloves  
For Part IV. Demonstration #3: Rubber Tubing in Liquid Nitrogen

2 pieces bicycle inner-tube, 1 pair of gloves, 1 pair of tongs, 1 pair of safety goggles for VSVS team member doing rubber tubing demonstration


From Part III: 1 small dewar (made from plastic bottles) of liquid nitrogen

For Part V. Demonstration #4: Whistling Tea Kettle and Shrinking a Balloon
1 inflated balloon (tied off), 1 large stainless steel bowl, 1 whistling tea kettle, 1 ladle

From Part IV: 1 dewar of liquid nitrogen, 1 pair of gloves   (Put On!)

For Part VI. Demonstration: Making Ice Cream with Liquid Nitrogen
1 stirring spoon or spatula, 1 quart of whole milk, 1 box of ice cream mix

32
small paper cups for ice cream, 32 taster spoons for ice cream

2
pairs of gloves  
1 large dewar of liquid nitrogen (from Part V1), 1 large stainless steel bowl
For Part VII. Review  

[image: image1.wmf]1 newspaper article on cryogenics - "Company puts freeze on metals to extend use”
I.  Introduction
One VSVS team member should write the following vocabulary words on the board while another member leads the introduction:


Cryogenics, chemical change, dry ice, condensation, physical change, liquid nitrogen
Ask students if they have ever heard of cryogenics.
· If they have, ask them to share what they know.

· If they haven’t, share some of the following information with them:

· Cryogenics is a branch of physics that deals with the production and effects of very low temperatures.   

· Substances such as liquid nitrogen that are used for cooling things to very low temperatures are called cryogens.

· The derivation of the word cryogen is from the Greek "kryos”, meaning "icy cold”.

· Cryogens represent special hazards since contact with cryogens produces instantaneous frostbite, and structural materials such as plastics, rubber gaskets, and some metals become brittle and fracture easily at these low temperatures.

· Cryogenics is used by companies to make some metal tools more durable and less likely to break under stress.

Ask students:  What do you know about nitrogen?
Include the following points in the discussion:









· Nitrogen is a gas that makes up 78% of the air. Oxygen makes up 21%, and the rest is made up of other gases such as argon, carbon dioxide, water vapor, and trace amounts of neon and krypton.
· Nitrogen liquefies at -196° C or -320° F.

· Liquid nitrogen is used in medicine. (Dermatologists use liquid nitrogen to remove warts and moles.)

· Since nitrogen is not reactive, liquid nitrogen has found wide use in frozen food preparation and preservation during transit to grocery stores.
Ask students:  What are some examples of physical and chemical changes?  
Include the following points in the discussion:

· Physical changes involve changes in the phase of a substance.  Examples:  Liquid water freezes to form ice or boils to change to water vapor gas.  All three forms are chemically the same and have the same formula. H2O.  
· Chemical changes involve the reaction of two substances to create a new substance with a different formula and may be evidenced by a color change, the formation of a gas or precipitate.   
DISCUSSION OF THE COLD TEMPERATURE OF BOILING NITROGEN
Give each pair of students one of the thermometer diagrams and use this diagram to help students understand how cold liquid nitrogen is by comparing the markings for the boiling point of water, freezing point of water, the sublimation temperature of dry ice, and the boiling point of liquid nitrogen.

II. Demonstration #1: Liquid Nitrogen

Materials:
1
10 oz. clear plastic cup

1
large dewar of liquid nitrogen

1 
pair of gloves 

32
Observation Sheets

· Give each student one of the observation sheets.


· Pour liquid nitrogen into the 10 oz. clear plastic cup so that it is half full. 
· Use a glove to hold the cup up high enough so students can see the liquid nitrogen.  Then set the cup on the front desk (well away from any students to avoid skin contact).

· Have the students look at the liquid nitrogen, but do not allow them to touch it. Liquid nitrogen is not toxic, but the temperature is so cold that it will hurt the skin.

· Ask the students to draw a cup on their observation sheet and write down what they see happening in and around it.

· Draw a picture of the cup on the board and ask the students to tell you what happened.  Write these observations around the drawing.  Students may not have observed all of the following. If not, point them out.

1. Liquid nitrogen boils.

2. Fog is formed which goes down when it gets to the air outside the cup.

3. Frost is formed on the side of the cup
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Ask students:  What is happening to liquid nitrogen and is this a physical or chemical change?
Include the following points in the discussion:  

1. Liquid nitrogen boils (changes from a liquid to a gas) because the temperature of the room (about 25 oC) is much higher than the boiling point of liquid nitrogen (–196oC). This is a physical change.

2.  Fog forms above the liquid nitrogen.  This is a physical change.  
· The fog is not liquid nitrogen but solid water (ice particles) suspended in the cold nitrogen gas above the liquid nitrogen.  

· Gaseous nitrogen is colorless as evidenced by the fact that we can’t see air, which is 78% nitrogen.
· The fog goes down after it leaves the cup because the cold nitrogen gas contains crystals of water, which makes the fog heavier than air.  Remind students that this is why regular fog is close to the ground – fog contains air mixed with small drops of water.
3.  Condensation on the outside of the plastic cup is water vapor (gas) from the air, changing to liquid water. 
· The water droplets are quickly frozen by the low temperature of the liquid nitrogen to form solid water (frost or ice).  These changes are also physical changes.  
· Most students will report only seeing the frost since the water droplets are only observable for a brief time before they turn to solid water (frost). 


III. Demonstration #2: Hammering with a Banana

Materials

1
piece of wood

1
nail
1 banana

1 large dewar of liquid nitrogen
2 
small dewar - small plastic insulated bottle 

1
pair of gloves  
· Show students the nail and piece of wood.

· Tell them that you forgot your hammer so you think you’ll just use the banana. 

· Ask students if they think you can hammer the nail into the piece of wood with the banana.

· Attempt to hammer the nail into the board with the banana.  Watch out! This can be messy.
· Tell the students that you think the banana needs a little help.

· Fill the small dewar about two-thirds full with liquid nitrogen.

· Put the banana in the small dewar.








· Wait 2-3 minutes for the liquid nitrogen to cool the banana. Ask the next two questions while you wait.

· Ask students to predict what the banana will look like when it comes out of the liquid nitrogen.  Ask the students if they think you will be able to hammer a nail into the board this time.

· When 2-3 minutes have passed, use a glove to pull the banana out of the liquid nitrogen and hammer the nail into the board.

IV. Demonstration #3: Rubber Tubing in Liquid Nitrogen

Materials:
2
pieces of rubber tubing or bicycle inner-tube (tubing must be slit down the middle to avoid 



the possibility of liquid oxygen collecting)


1
small dewar (made from plastic bottles) of liquid nitrogen

1
pair of gloves
1
pair of tongs


· Use the small dewar of liquid nitrogen from Demonstration #2.
· Hold up a piece of split rubber tubing and demonstrate how flexible it is by bending it back and forth.
· Take the two pieces of split rubber tubing and bend in half at the middle (not kinked but a little rounded) and while holding the pieces of tubing together at the open ends, immerse the bent middle portions into the small dewar containing the liquid nitrogen for about one minute.

· While the middle of the rubber tubing is in the liquid nitrogen, ask students what they think the cooling in liquid nitrogen will do to the rubber tubing.  Accept logical responses.
· Take the pieces of rubber tubing out of the liquid nitrogen, and put one piece aside to warm up to room temperature.  Caution: Have safety goggles on for this part.  Take the other piece and quickly and forcefully hit the cold end against the top of the table.  This should shatter the tubing.
Explanation:   Rubber is made up of long chains of molecules that are loosely coiled.  The elasticity of rubber is caused by coiling and uncoiling of these long chains.  At liquid nitrogen temperatures the molecular motion is slowed down enough that the coils are locked into one position.  

· Pick up the rubber tubing that was allowed to warm to room temperature and show the students that it is flexible again.
Explanation:  When the temperature of the rubber becomes warmer, the elasticity of the rubber returns because the molecular motion increases again and allows the coiling and uncoiling of the polymer chains.

· Ask the students:  Are the changes in elasticity with temperature a physical or chemical change?  Physical because the rubber recovers its elasticity when it warms up.
V. Demonstration #4: Whistling Tea Kettle and Shrinking a Balloon
Materials:
1
inflated balloon (tied off)
1
dewar of liquid nitrogen

1
large stainless steel bowl

1
pair of gloves   (Put On!)

1
whistling tea kettle
1      ladle
A. Whistling Tea Kettle

Ask the students if they know what happens when water is boiled in a whistling tea kettle.  The whistle makes a loud whistling noise when water boils.

Ask – what causes the whistle?  The boiling water (liquid) creates steam (a gas).  

Pressure builds up and the steam has nowhere to go, except through a hole in the lid. (Show the students the hole.)
When enough steam has been created so that it rushes through the hole, vibrations are set up, causing the kettle to whistle.

Use the ladle to put some liquid nitrogen into the kettle.  Ask the students to explain why the kettle is whistling.

The liquid nitrogen is boiling, producing nitrogen gas, which is forced out through the hole, setting up vibrations, in the same way the steam from the boiling water was.

B. Shrinking a Balloon

· Show an inflated balloon to the class.
· Ask students to predict what will happen to the balloon when you pour liquid nitrogen over it.  Accept logical responses.
· Put the bowl in a spot where students can see it.



    
· Place the inflated balloon in the bowl.
· Tell students to watch and to be very quiet so they can hear what happens.
· Pour a small amount of liquid nitrogen over the balloon.
· The balloon will shrink and crackle as it gets cold.
· Ask students to predict what will happen when you pull the balloon out of the bowl. Accept logical responses.
· Use a glove and remove the deflated balloon from the bowl.
· As you hold the balloon in the air, the students will be able to observe the balloon inflate and return to its original state.




Explanation
Gases contract when cooled and expand when heated.  The volume of a gas is directly related to the temperature.   Therefore, the balloon was larger in the warmer air of the room and smaller in the coldness of the liquid nitrogen.  This can be explained by the molecular motion of the gas molecules.  They move faster at higher temperatures and as a result, take up more room (volume).  When the molecules of gas are cooled, they slow down and take up less room (volume).

Ask students:  Are these chemical or physical changes?  Physical
VI. Demonstration: Making Ice Cream with Liquid Nitrogen
Materials:
1
stirring spoon or spatula

1 
quart of whole milk

1
box of ice cream mix

1
large dewar of liquid nitrogen

1
large stainless steel bowl

32
small paper cups for ice cream






32
taster spoons for ice cream

2
pairs of gloves   (have handy in case they are needed)

· Make sure you have goggles and gloves on.
· Tell students that liquid nitrogen is great for making a quick batch of ice cream.
· Pour all (1 quart) of the whole milk into the bowl.
· Open the ice cream mix and sprinkle it on top of the milk.  Stir to mix.
· Have one VSVS volunteer slowly pour about 1 pint of liquid nitrogen into the bowl while another volunteer holds the bowl still and stirs the mixture. 


· Slowly add more liquid nitrogen.

· Stop if any of the liquid turns solid.  If ice cream becomes too hard, wait a few minutes for it to soften.
· Put a small amount in enough cups to serve everyone.  Pass these out with the taster spoons.

VIII. Review  
Chemical and Physical Changes:
· Review the physical and chemical change responses on the students’ observation sheets.  See answer sheet.
Cryogenics
· Cryogenics is a branch of physics that deals with the production and effects of very low temperatures.   
· Substances such as liquid nitrogen that are used for cooling things to very low temperatures are called cryogens.
· The derivation of the word cryogen is from the Greek "kryos”, meaning "icy cold”.
· Containers used to hold cryogens are large vacuum-walled bottles much like the thermos used to carry hot soup or coffee. 
Liquid Nitrogen: 
· Nitrogen is a gas that makes up 78% of the air. (Oxygen makes up 21%, argon 0.9%, and the rest is made up of other gases such as carbon dioxide, water vapor, and trace amounts of neon and krypton.)
· Nitrogen liquefies at -196° C or -320° F.
· Liquid nitrogen is used in medicine.  (Dermatologists use liquid nitrogen to cool a localized area of skin prior to removal of a wart or mole.)
· Since nitrogen is not reactive, liquid nitrogen has found wide use in frozen food preparation and preservation during transit to grocery stores.
Hazards Associated with Cryogenics:
Cryogens represent special hazards since contact produces instantaneous frostbite, and structural materials such as plastics, rubber gaskets, and some metals become brittle and fracture easily at these low temperatures.
Share this information about the Challenger Explosion
The tragic explosion of the space shuttle Challenger in January, 1986 was caused by the effect

of cold temperatures on a rubber gasket.  The rubber gasket was used to seal joints in the booster

rockets to prevent contact with the hydrogen fuel tanks.  The cold launch temperature on that

January day made the rubber gasket lose some of its elasticity.   This allowed flames from the

booster rocket to burn through the hydrogen fuel tank and cause the explosion that killed the

astronauts and the teacher-in-space, Christa McAuliffe.
Share this information about the news article “Company puts freeze on metals to extend use” (in binder).
Read the article before going to the class so you can share the information with students. 

Highlights from the article are listed below:

· Cryo-Processing of Tennessee freezes metal items - drill bits, saw chains, punch tools, musical instruments, guitar strings - at temperatures hundreds of degrees below zero, and then quickly reheats them, to strengthen their molecular structure.
· This process makes these items more durable and less likely to break under stress.

· This means less cost for the company or individual forced to spend precious time replacing or repairing the items.  A company has increased production due to decreased downtime to replace the tools.
· The company in the article cryo-processes twice a week for 48 hours each time.  They also do some quick heat processing - called "sweetening” - before they put it in the "fridge”.
· This technique was developed by a Decatur, Illinois firm called 300 Below.  It uses a chest-freezer-sized piece of equipment to hold parts while liquid nitrogen gradually cools the air surrounding them.
· Cryo-Processing can treat golf clubs and golf balls to give an increased driving distance. Tennis rackets and aluminum baseball or softball bats can be treated cryogenically.
· The cost of cryo-processing varies according to volume.  One to five pounds cost $49.50 per pound.  10 pounds drops to $9.75 per pound. A ton of cryo-processed equipment will cost $2.54 a pound.
Old tires can be frozen in liquid nitrogen to make them so brittle that they can be ground to a fine powder and then used in paints, coatings and sealants. These products then take on some of the qualities of rubber – they are more elastic and impact resistant.  (Time, March 3 2008).
If time permits, use the insert in the article ("Just pop it in the fridge”) and draw the molecules 

on the board. Share the explanation in the article with the students to show what happens to 

the molecules before, during, and after cryogenic treatment. 

Lesson written by  
Dr. Melvin Joesten, Chemistry Department, Vanderbilt University






Pat Tellinghuisen, Director of VSVS, Vanderbilt University





Dr. Todd Gary, former Coordinator of VSVS, Vanderbilt University






Susan Clendenon, Teacher Consultant, Vanderbilt University

ANSWER SHEET
OBSERVATION SHEET – Cryogenics

Name _____________________________________
Demonstration #1 – Liquid Nitrogen – The VSVS team adds liquid nitrogen to a clear cup.

Draw a cup like the one being used and write down everything you see happening in and around the cup.  (List of possible observations and labeled cup given on page 5 of lesson.)

[image: image2.wmf]
Are the following physical or chemical changes?  Circle your response.

Boiling liquid nitrogen:  



Chemical
Physical

Formation of fog:





Chemical
Physical
Condensation:






Chemical
Physical

Freezing and thawing of banana:


Chemical  or
Physical
(You may get both responses here.  Since the banana skin turns brown, this would indicate a chemical change.  However, the banana still tastes like a banana, although the part that was frozen is mushy.) 

Cooling and warming rubber tubing 


Chemical
Physical
Shrinking and inflating balloon:


Chemical
Physical
Making ice cream:





Chemical
Physical 
(The ice cream mix contains flavor and sugar; mixing and freezing this with milk is a physical change.)

OBSERVATION SHEET - Cryogenics
Name _____________________________________
Vocabulary words:  
cryogenics







dry ice








physical change







chemical change







condensation






liquid nitrogen

Demonstration #1 – Liquid Nitrogen – The VSVS team adds liquid nitrogen to a clear cup.

Draw a cup like the one being used and write down everything you see happening in and around the cup.

Are the following physical or chemical changes?  Underline your response.

Boiling liquid nitrogen:  



Chemical
Physical

Formation of fog:





Chemical
Physical

Condensation:






Chemical
Physical

Freezing and thawing of banana:


Chemical
Physical

Cooling and warming of rubber tubing

Chemical
Physical 

Shrinking and inflating balloon:


Chemical
Physical

Making ice cream:





Chemical
Physical
Safety Precautions:  Team members pouring liquid nitrogen and doing experiments with liquid nitrogen need to wear safety goggles.  Always pour from the large nitrogen dewar to small containers.  Never try to fill a small container by dipping it in the large dewar.  You risk frostbite if your skin is exposed to liquid nitrogen.  The cotton gloves are provided only for use when pouring and will not provide protection.








Learning Goals: 


Students understand that different materials have different freezing and melting points.


Students identify physical and chemical changes, and make observations about how they change the properties of matter.  











Learning Goals: Students identify physical and chemical changes, and make observations about how they change the properties of matter





Note: Tell students that the next few experiments will show some of the things that can be done with liquid nitrogen.  Ask them to decide whether each experiment involves a chemical or physical change and to underline their choice on their Observation Sheet.





Learning Goals: 


Students identify physical and chemical changes, and make observations about how they change the properties of matter.


Students observe, describe, and explain physical changes that occur at cryogenic temperatures





Note:  Do not place any objects in the large liquid nitrogen dewar since it is going to be used to make ice cream.  There is a small dewar (one made from two clear plastic bottles with packing peanuts for insulation) for freezing the banana and rubber tubing.





Note: Please dispose of banana at the school, before the box is returned to the VSVS lab. 





Learning Goals: 


Students identify physical and chemical changes, and make observations about how they change the properties of matter.


Students observe, describe, and explain physical changes that occur at cryogenic temperatures





Important Safety Note: The VSVS team member performing this demonstration must wear safety goggles.





Learning Goals: 


Students identify physical and chemical changes, and make observations about how they change the properties of matter.


Students observe, describe, and explain physical changes that occur at cryogenic temperatures





Clean-Up:  Throw away the banana and the milk carton.  Empty the water/dry ice bottle – make sure there is no cap on it.  Discard pieces of broken balloon and small pieces of rubber tubing.  Put the bowl and spoon back in the trash bag and place it in the kit.  Be sure to return both the liquid nitrogen dewar and the kit to the VSVS lab.


Note:  		If there is any liquid nitrogen left at the END of the lesson you can pour some on


			the floor to allow students to watch it roll around. 





			 BE SURE TO ASK THE TEACHER BEFORE YOU DO THIS!





Note:  The slower the liquid nitrogen is added, the better the consistency of the ice cream.  Pour the liquid nitrogen at about the rate of a drip coffee machine for about 20 to 30 seconds.  Then stop and look.  Continue pouring the liquid nitrogen at a slow rate.  Have the stirrer check every 20-30 seconds for the consistency of soft serve ice cream.










Your Notes:

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

