Demonstration: Vacuum Pump & Water
Credit to Craig Desautels & Tim Stearns

Introduction


This discrepant event demonstrates the effect of external pressure on the boiling point of a liquid, in this case water. 
Curricular Objectives

Senior 3 Chemistry: 

2.4.2 – State the normal boiling temperature of water (ie. Boiling temperature at standard pressure)

2.5.5 – Describe vapour pressure at the molecular level
2.5.8 – Operationally define normal boiling temperature and boiling temperature in terms of vapour pressure

Materials
· Vacuum pump

· Bunsen burner

· 2 – 400 ml beakers

· thermometer

· tap water

· matches

· 2 – raw eggs

Procedure
1. Light Bunsen burner.

2. Fill both 400 ml beakers with lukewarm tapwater.

3. Ask students if they can identify apparatus (vacuum pump), and whether they think it can boil water faster than Bunsen burner.

4. Boil water with both apparatuses and ask students what they observe. A student may come and touch the vacuum pump if they think it is a “super heater”.
5. Ask the students to predict, and then read the temperature of the water in both beakers with a thermometer.

6. Ask the students to predict what will happen in each beaker if a raw egg is cracked into each. (Does it really matter if the water is boiled?)
7. Ask students to explain what happened if possible. (What does the vacuum pump do? Affect of pressure on boiling temperature? What is important when cooking an egg?) 
At this stage it is best for students to draw a diagram of the two water containers and the nature of the water particles. Then get students to consider the nature of the air particles above the water and how they exert pressure in all directions including against the water. Get the students to consider that in the vacuum pump the air is removed and how that affects the nature of the particles in the air above the water and the pressure in exerts.

Theory


As the external pressure on the liquid is reduced there are fewer air particles present to inhibit the escape of sufficiently energetic water molecules from the liquid phase. Since there is less inhibition to water molecules entering the gas phase under reduced external pressure less kinetic energy is needed to overcome this force and water will boil at a lower temperature. 

The relationship between temperature and pressure can be described visually by a phase diagram. A liquid can change phase and become a gas when the external (not necessarily atmospheric) pressure applied upon it is less than or equal to the liquid’s vapour pressure. Vapour pressure is a measure of the tendency of a material to form a vapour. The higher the vapour pressure, the higher the potential vapour concentration. At one atmosphere of pressure water will boil at 100 C, at higher altitudes it boils at lesser temperatures, and vice versa at lower altitudes. The phenomenological definition of boiling is the existence of sustained bubbles that break free of the surface.

Egg whites will begin to coagulate at 62 C, and egg yolks at 65 C. Therefore, the egg will not cook in the beaker that was boiled in the vacuum pump. The water that was heated by the Bunsen burner is much hotter due to thermal energy, and this has the necessary energy to cook the egg. It is temperature that does the cooking. It has nothing to do with whether the water is boiling. That is only a physical phenomenon that you can see.

Conclusion


This discrepant event is useful for a  Senior 3 or Senior 4 chemistry or perhaps even physics classroom.  The setup is relatively easy given that there is access to a vacuum pump. This demonstration is also quite safe with only the Bunsen burner being a cause for concern.  There is good opportunity to use the POE model of instruction when using this event, students are able to predict what they think will happen, and then easily observe the phenomenon. The explanation may difficult for some students to understand, but the analogy using the chair can be helpful. 

The discrepancy of this event is the fact that most students have been taught that water always boils at 100 C. This is only true at 1 atmosphere of pressure. Students may have heard that water boils faster when on Mount Everest, but probably did not understand the science behind the fact. Also, most students would probably associate boiling water with heat, and this discrepant event does a good job at showing that boiling water is not necessarily hot water. 

The logical and evidential levels of learning are investigated well in this demonstration.  By understanding the relationship between pressure, temperature and boiling point the students learn at the logical level, and this is reinforced through the visual proof of the experiential level.  Students may have some difficulty understanding this discrepant event at the psychological level because of the need to understand it at the molecular level. Analogies may be useful if appropriate, and the use of a computer visuals or simulations could be very helpful. 
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