Using Ice to Boil Water?
Thanks to Terry Sprott
Curriculum Connections:

C11-1-06: Operationally define vapour pressure in terms of observable and measurable properties.
C11-1-07: Operationally define normal boiling point in terms of vapour pressure.
Materials Needed:

· Round-bottomed flask

· Stopper (If you wish place a 10 cm section of glass tubing in the stopper. Add a further 10 cm section of rubber hose to the tubing so that the tubing can be pinched to seal the container after the water has boiled. As well after the ‘boiling with ice or cold water, the pressure can be equalized by releasing the clamp).
· Ring stand

· Clamp

· Ice pack / bag with crushed ice or snow
· Water (enough to fill 1/3 the flask)

· Heat source (Hot plate or Bunsen Burner)

· Heat resistant gloves

How to Present Activity:
1. Start the demo by 1/3 filling a round bottom flask with water. Place a stopper on the top of the flask to imitate a closed system. 
2. Have students draw the flask in their books and to illustrate at the molecular level the composition of the liquid and air at their interface.


3. Discuss their illustration emphasizing the nature of the activity of the motion of the water molecules in the water and the fact that there are surface water molecules moving into the air (evaporating) and back into the water (condensing) and that a dynamic equilibrium exits at this temperature. Get students to consider the random motion of particles (nitrogen, oxygen, etc. and now some water). If appropriate discuss waters low volatility (tendency not to evaporate or boil easily like some solvents) because of the strength of the intermolecular forces and thus that the internal pressure of any water vaporizing (vapour pressure) is very low.
4. Remove the stopper (or the clamp on the pinched tubing) and begin to heat the flask of water on the ring stand.

5. As the water is being heated, discuss the effect of the addition of heat energy on the water molecules and the increase in the evaporation rate of surface molecules as more surface molecules have enough energy to overcome intermolecular attractions and move into the vapour state.

6. Bring the water to a boil. Let it boil as you continue to discuss what is currently occurring. Illustrate and discuss at a molecular level at the point of boiling point the pressure exerted by the vaporizing liquid now exceeds the pressure exerted by the atmosphere causing the water to boil. Emphasize that when the pressure exerted by the vaporized water equals atmospheric pressure, boiling occurs.
7. Emphasize that the temperature at this point is about 100 degrees-a measure of the average kinetic energy of the particles.

8. Remove the water from the stand and place a stopper securely in the top of the bottle (or pinch the clamp on the tubing).

9. Does the boiling stop? Again ask students to consider what is happening at the molecular level in the liquid as a reason for the boiling end. Again, ask them to consider temperature and the kinetic energy of particles.
10. Carefully invert the flask and place it in the ring clamp. Tell students you are going to place a cloth with ice or snow in it on the top of the flask (or simply place the flask under cold running tap water). Ask them to consider what is going to happen at the molecular level to the air and vapour above the water in the flask. Students should be able to consider that the air with the water vapour will begin to contract reducing the atmospheric pressure allowing the water to boil again because the internal vapour pressure exceeds the atmospheric pressure.

11. Affirm their suggestions by demonstrating the impact of putting the cold pack on the flask.

12. Get students to consider what the boiling point of the water is now. Emphasize normal boiling point in reference to relationship between internal vapour pressure and atmospheric pressure and lowered boiling point as a result of changes in atmospheric pressure.
Summary Questions:

1) How does the temperature of the water compare between (1) when it is boiling and (2) shortly after the stopper was put in? In both cases, what does this temperature difference represent at the molecular level?

2) What is happening at the molecular level at the interface between liquid water and the air when water is boiling in the open flask? Make reference to vapour and atmospheric pressure in your description.
3) What effect does the ice pack have on liquid water in the flask?  Explain this process with reference to what is happening at the molecular level to the air above the water inside of the flask? 
4) What does this tell us about the boiling point of water? Can it be changed? If so, why? Target response: There are different boiling points of water depending on the surrounding atmospheric pressure?

5) Using this knowledge, if you lived on a mountaintop, do you think it would be easy or hard to hard-boil an egg? Target response: The pressure on a mountaintop is lower, thus the boiling point of water is lower. The water might boil easier but it could be hard to hard-boil an egg because the water won’t get hot enough.

6) If I stoppered the flask before putting it on the heat source, would the water boil before, on, or over 100°C? Consider what is in the air above the water in a system closed prior to heating. Target response: The pressure inside the flask would increase, so the boiling point would also increase. Thus, it wouldn’t begin to boil until the temperature was higher than 100°C.

7) Use this understanding to explain how a pressure cooker works.

8) Is it possible for water to boil at only at say 40°C? In what kind of environment could this exist? Target response: It is possible, as long as the atmospheric pressure was low enough. In an environment where there is little atmospheric pressure.
9) Define normal boiling point in terms of vapour pressure.

10) What relationship that exits between vapour pressure and boiling temperature. Explain at a molecular level why this relationship exists?

Explaining the Event

When the flask is stoppered, after it has reached its boiling point and is removed from the heat source, the evaporating steam is trapped in the air in the flask. When the ice pack is applied, however, the cooling effect causes the gaseous water and air molecules to cool and contract causing a region of lower pressure (less energy and frequency of collision on the water surface). The water boils because the boiling point is reduced. At the same time the internal vapour pressure exceeds that of the gaseous pressure above the water. 
Why is This Event Discrepant for Students?

This event will cause disequilibrium in students due to the fact that boiling events are usually related to the heating of the substance to be boiled. Many students may see the application of ice as a cooling of the water, when in fact, it is the air in the flask being cooled creating a decrease in the pressure of the gas in the flask. It will seem very discrepant that as the temperature of the overall system is decreased slightly, the water will be brought to a more vigorous boil than after it was removed from the heat source.

Equipment & Safety Considerations

Students should always exercise caution around flame usage in the lab. If the teacher is presenting this demonstration, have the students stand back a few feet from the flame, and ensure that long hair and loose clothing is tied back. The flask should not be thin-walled, and should be scratch free. Also, you must wait until the flask is removed from the heat source, and has ceased boiling, before you insert the stopper – otherwise the pressure can increase so rapidly that the stopper pops out and hot water may follow. Additionally, it is important that gloves are worn when the flask is being inverted, as it will be very hot. Note: in this demo it is not necessary to invert the flask after boiling. Secure the stopper in the flask after boiling and after slight cooling run the flask under cold water as an alternative to the more dramatic sequence listed below.
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