Vapour Pressure with Pop

Modified from p.23 (appendices) of the Manitoba Chemistry Grade 11 Curriculum
Curriculum Connection: C11-1-06: Operationally define vapour pressure in terms of observable and measurable properties.

Introduction: The concept of vapour pressure is a difficult one for students to grasp. The concept is a good example of one in which we can observe and thus explain it molecularly. It needs to be examined at the molecular level to really understand the abstract connections between what we see, what is happening molecularly and, finally, how it is defined theoretically. Students equate atmospheric pressure to vapour pressure not realizing that the vapour produced by a liquid exerts a pressure. The greater the pressure it exerts, the weaker the intermolecular forces between molecules in its liquid state; the more volatile the liquid; the lower the boiling point and the faster its evaporation rate. Vapor pressure is an indication of a liquid's evaporation rate. It relates to the tendency of molecules and atoms to escape from a liquid or a solid. A substance with a high vapor pressure at normal temperatures is often referred to as volatile. The higher the vapor pressure of a material at a given temperature, the lower the boiling point.

Equipment needed:
Two or three film, coffee or tennis ball canisters with tight fitting lids. Metallic canisters seem to work best because students can feel the cooling of the canisters as the liquids draw heat from the environment as the liquids evaporate (vaporize).

Two or three clear liquids (water, ethanol, pentane). Ensure one is quite volatile.

Eyedroppers.

Overhead projector.

Sequence for Demonstration:

Part A:
1. Turn on the overhead projector and clean the screen thoroughly.

2. Drop three or four drops of the water on the screen so students can see the droplet. Immediately students should see that the droplet holds its shape because of the strong intermolecular forces between water molecules.
3. Ask students to consider the molecular composition of the water and what is happening molecularly at the interface between liquid and air to the water keeping in mind there is heat energy being generated by the projector. Students should be able to understand that evaporation is occurring. Make reference as it evaporates to increase in kinetic energy and intermolecular forces being overcome. Simulate by counting slowly the number of molecules evaporating.
4. Repeat with a more volatile liquid such as alcohol. Immediately students should see this liquid is less viscous and has less surface tension because of lower intermolecular forces. Students should be able to understand that again evaporation is occurring. Make reference again as it evaporates to increase in kinetic energy but the nature of the weaker intermolecular forces causing the liquid to evaporate faster. Repeat the count but at a faster pace recognizing that the rate of evaporation is faster. 
5. Finally, repeat with an even more volatile liquid such as pentane. Immediately it is recognizable this is the least viscous and has the lowest surface tension. Students should be able to understand that again evaporation is occurring but rapidly. Make reference again as it evaporates to increase in kinetic energy but the nature of the weaker intermolecular forces causing the liquid to evaporate faster. Repeat the count but at the most accelerated rate.
6. Discuss vapor pressure. Vapor pressure is an indication of a liquid's evaporation rate. It relates to the tendency of molecules and atoms to escape from a liquid or a solid. That is the internal pressure created by the vapour of the liquid. A substance with a high vapor pressure at normal temperatures is often referred to as volatile. The higher the vapour pressure of a material at a given temperature, the lower the boiling point. In this demonstration emphasize that the water molecules in the liquid have the lowest tendency to escape and thus has exert the lowest vapor pressure; the pentane has the highest tendency to escape and thus has the highest vapour pressure. You may even pretend a glass plate is above the liquids and the fact that the number of collisions above the water is the lowest but highest above the pentane.
Part B:

7. Continue the demonstration by taking out three canisters. Tell students that you are going to place 3 or 4 mL of these liquids in a canister and applying the lid tightly. Ask students to consider what is going to happen with reference to the previous demonstration on the overhead. Get students to articulate their predictions and reasons for their predictions on the handout that follows.

8. Start with the water. Get students to consider the ‘inactivity” and the reason for this inactivity with reference to the molecular level. 

9. Discuss what could be happening to hasten the evaporation and the vapor pressure. An addition of heat energy is necessary either from your hands or the overhead.

10. Repeat with the alcohol noting the quicker time and absence of energy input necessary. Get students to feel the tin after lid pops emphasizing that this evaporation process draws energy from the environment quickly–an endothermic process. Include discussions with reference to weaker intermolecular forces, volatility, increased vapor pressure within the liquid, faster evaporation rate and increased exerted pressure within the container against the lid because of the increased pressure by the air and alcohol vapour.
11. Repeat with the pentane noting the even quicker time and absence of energy input necessary. Get students to feel the tin after lid pops again emphasizing the drawing of energy from the environment – an endothermic process. Include discussions with reference to weaker intermolecular forces, volatility, increased vapor pressure within the liquid, faster evaporation rate and increased exerted pressure within the container against the lid because of the increased pressure by the air and alcohol vapour.

12. Summarize the demonstration using the handout that follows.
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Demonstration:
Prediction: In the space below draw the three canisters. Under each canister suggest what will happen to each canister when the liquids are placed in them and the lid secured. Suggest why this will happen.

Canister 1 __________             Canister 2 __________            Canister 3 _________

Observation: Were you observations as predicted? Explain.

Explanation: Place the following descriptive terms and phrases under or beside the correct canister above which describe the liquids comparatively.

*highly volatile liquid
 

*non-volatile liquid       *low vapour pressure


*high vapour pressure        *strong intermolecular liquid forces


*low intermolecular liquid forces       *evaporates easily       *evaporates slowly

*vapor pressure 11 mm Hg
*vapor pressure 35 mm Hg
*vapor pressure 74 mm Hg

*canister cools quickly

*canister cools slowly    * fast rate of vaporization

* slow rate of vaporization
Finally, using at least 5 of the phrases or terms above explain what is happening in one of the canisters to cause the lid to pop.

