Science Express
Liquid Nitrogen Cryogenic Demonstration

Liquid nitrogen is a dangerous material. The following is an excerpt from the Air Products Nitrogen Material Safety Data Sheet:
The entire contents of a 10 Liter dewar being spilled in a unventilated 274 square foot room with an 8 foot ceiling would reduce oxygen levels below the 19.5% level where Air Products recommends the use of a respirator. Since most classrooms are larger than this, suffocation does not represent a major danger. The possibility of freeze burns represents a much more serious danger and is therefore our first concern. This does not mean that the demonstration itself is dangerous, but it does mean you must be careful. Dangers include:

· Nitrogen can spatter (possibly in eyes) while being poured.

· Flying chunks of frozen objects could cause eye injury.

· Students (being children) will want to reach out and touch nitrogen or other cold objects. As mentioned above, contact with nitrogen can cause tissue damage, and this must be prevented.

Therefore specific safety precautions should include:

· Teachers must stress to their students the importance of not touching frozen objects or nitrogen.

· Wear goggles whenever pouring or dumping nitrogen. Nitrogen can spatter into the eyes, and potentially blinding pieces of frozen things can fly around when we drop it.

· Use a glove and / or tongs to handle any object going into or out of nitrogen and to carry the nitrogen dewar.

Liquid nitrogen’s boiling point is -320F, -196C and 77K

One liter of LN2 will expand to 694 liters of gaseous N2
List of supplies
1. Large 4L glass table top Dewar for the demonstrations

2. Tongs for immersion of objects in the LN2
3. Ladle for pulling out objects of the LN2
4. Red rubber hose 
5. Wood block to hammer nails into

6. Hammer
7. Thermometer

8. Balloons- large and small
9. Book for dipping

10. Racquet balls 

11. Rubber bouncing balls

12. Glow Sticks

13. Rubber bands
14. Frying pan

15. Tea Kettle
16. Pringles can
17. Petri dishes

18. Cotton balls

19. Ping pong balls with tangential holes
20. Superconductor

Demonstrations

1. Simply filling the table top Dewar’s from the 10 L Dewar is an interesting event to watch. Pour somewhat slowly to prevent over boiling and wasting N2. You can fill to the brim by pouring very slowly when nearly full. Simply filling the Dewar’s will cause massive boiling due to the fact that they are initially “hot” relative to the LN2’s temperature. 
2. Explain the characteristics of LN2 . Boiling pt. % of atmosphere etc.
3. Take an inflated balloon and immerse it in the larger glass Dewar. It will deflate down to near zero volume! Take the balloon out and it will re-inflate to original volume. Because the air we breathe is almost 80% N2 the balloon responds accordingly. Make sure the balloon is inflated to a point were it will still fit in the Dewar.

4. The “cannon”(Pringles Can) should be filled with a few ml of N2 from the 250 ml dipping beaker. Rapidly place the top on.   It will blow the top off a couple of feet. Do not aim it at your bad kid! Obviously due to the enormous expansion of the LN2 (1 to 694) the pressure will blow the top off.

5. Ping pong ball showing gas expansion will demonstrate Newton’s third law of motion. The ping pong balls have had a tangential hole poked into them. Take a ball and fully immerse into the large glass Dewar until boiling stops. The gas in the ball contracts thus drawing LN2 into the ball. Take the ball out and set on the table. As the LN2 inside the ball expands the jet action will cause the ball to spin. Repeat placing the cooled ball into the 500ml beaker filled with hot water. The LN2 will expand at a much higher rate so the ball will spin faster and possibly get airborne! (There are three ping pong balls- with one, two and three holes so have fun experimenting)
6. Cotton balls can be dipped into LN2 to make little poof balls when thrown down on a table or floor. The LN2 in the balls will instantly be turned into a gas causing a small report when striking a surface. A ball can be thrown down many times poofing until no more LN2 is left in the ball. Let the kids do this. 
7. Time for the fire hose. Take the 18” half inch dia. surgical tubing and dip one end down to the bottom of the Dewar. The opposite end will spray out a mixture of LN2 and N2 up to about 5 feet. When it settles down take the hose out and lightly tap it on the table. The tube will be rock solid. Explain to the students how the properties of substances change at cryogenic temps. As temperature drops, brittleness increases as well as hardness.

8. Hammering rubber nails can be done by cutting red rubber pieces at acute angles and then freezing them by dipping them into the LN2 with the tongs. Take the hammer and you can beat the nails into the wood block! 
9. Now it is time to read a really hot steamy romance novel to your audience! Immerse the book into the large glass Dewar. Pull it out and fan through the pages. A prodigious amount of vapor will be produced. You can really ham this one up. What is going on is LN2 will make things wet including the low paper quality of a cheap book. The rapid evaporation of the LN2 and the interaction of the moisture in the air will produce the fog.
10. Freezing racquet balls is rather dramatic. Immerse a blue racquet ball deep into the LN2 to the point where the boiling quits. Not only is the ball rock hard but also has a vacuum inside due to the gas inside liquefying. Now throw the ball (wearing gloves) hard against the side wall. Not only will the ball shatter into many fragments, there will be a loud report due to the vacuum in the ball (like breaking a light bulb).
11. Stretch the rubber band with the tongs and immerse. Remove and watch it thaw!
12.  Tea Kettle with LN2 will whistle just like it would with boiling water.  
13.  Fill a small balloon with water then place in LN2.  When frozen take out and take off balloon and poke a hole in the ice ball.  The center is not frozen.

14.  Take a large balloon and blow it up.  Put one end down in the Dewar and let it deflate.  Pull it out and see the liquid air in the bottom of the balloon.  Let it re-inflate and see no liquid in the balloon. 

15. Rubber balls will bounce well then put in LN2 and freeze then see how they bounce.
16.  Crack an egg in the frying pan then pour LN2 in the pan and see the egg fry.  Let all the LN2 boil off and see what happens to the egg.

17.  Pour some water in the plastic dish and add soap.  Pour LN2 in the soap water and make many frozen bubbles.

18.  Take a glow stick and start the reaction by bending it.  Put it half way down in the LN2 and then pull out and see that the cold has slowed down the reaction on one half of the glow stick.

19.  Superconductor.  Follow the directions in the box.  

20. Now it is time to get your heart broken(. Take a fresh flower and immerse into the LN2. Pull the flower out after boiling and shatter it on the table. Very dramatic! (sorry but you need to supply the flower)
