Thinking about Liquid Nitrogen
1. What is the chemical formula for liquid nitrogen?
N2
2. What state of matter is nitrogen normally in at room temperature?



Liquid
3. Is nitrogen dangerous to humans in any way at room temperature?



Yes
4. Why is liquid nitrogen dangerous?

Can cause “burns”; Can displace oxygen in an enclosed room or space; Evaporated N2 gas can reach high pressures very quickly if confined.
5. What can we do to protect ourselves against it?

Wear protective gloves and goggles; always make sure there is adequate ventilation; never put liquid nitrogen in a sealed container or confined space.
6. What temperature is the liquid nitrogen I brought in? (hint: what is the boiling temperature of liquid nitrogen?)



Boiling point = 77 K = -320(F =  -196(C
7. How much colder would I have to make the liquid nitrogen to freeze it into a solid?



Freezing point = 63 K = -346(F =  -210(C
8. Which is colder, liquid nitrogen or dry ice? How much colder?



N2’s boiling point (-320(F) is colder than CO2’s sublimation point (-109(F) by 211(F.
9. To turn a liquid into a solid we must cool it down to a lower temperature until it freezes. Therefore the solid is colder than it was when it was a liquid. If this is true, how do you explain the fact that liquid nitrogen (a liquid) is colder than dry ice (a solid)?

Different materials (with different chemical formulas) have different freezing, boiling, and sublimation points.
10. What happens to the particles (atoms and molecules) that make up an object when you cool the object down? (Hint: how does their motion change?)
The atoms and molecules slow down. In a solid, the oscillations of atoms and molecules becomes very small.
11. Can you use your answer to the last question to explain why rubber bands and flowers shatter after being dunked in liquid nitrogen?


Flexibility is linked to the freedom of motion of atoms and molecules.
12. Explain the behavior of the ping pong balls after being dunked in liquid nitrogen. Why to they act this way?
Ping Pong ball used in demonstration had a “tangential” pin hole in its shell. When dunked, some liquid N2 got inside, evaporated, expanded, escaped through the hole and caused the ball to spin rapidly.
13. Why does liquid nitrogen not evaporate immediately when poured onto a “hot” surface such as the floor of the classroom?

The liquid N2 that hits the warm floor “flash boils” (i.e. evaporates instantly) and creates a cushion of gaseous N2 that insulates the remaining liquid N2 from the warm floor, allowing it to last longer (and glide across the floor).
14. Web search: Name two common uses for liquid nitrogen in business and industry. Name two common uses for dry ice.
N2: “flash” freeze fresh foods for shipping; freezing blood and vaccinations for storage in hospitals; removing warts and other skin defects; scientific experiments requiring very cold conditions; freezing and solidifying soft earth in construction projects (example: tunnel construction); curing concrete; removing jagged edges from cast metals and plastics during manufacturing.
CO2: fire extinguishing systems; refrigeration during transportation of food products to market; refrigeration of pharmaceuticals and medial products during transportation; create “fog” in movies and plays.
15. Web search: How is liquid nitrogen made? How is dry ice made?

Lowering the pressure on an object will cause its temperature to drop. Because N2 and CO2 are present in air, liquid N2 and dry ice can be created by “sucking” on a volume of air with a powerful vacuum pump, thus lowering their temperatures until the CO2 “freezes out” and the N2 “condenses out.”
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