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Introduction: This simulation exposes you to what occurs at the particle level when substances such as water are heated and cooled. It provides a visual and graphical representation of the consequence of energy gain and loss. You will gain a better understanding of the nature of the states of matter (solids, liquids and gases) as well as the influence of factors such as energy gain and loss on changes of state. Follow the sequence below. Have one person read the commentary and the other perform the manipulations requested.
Top of Form

Bottom of Form

In Kurt Vonnegut's novel Cat's Cradle, a scientist invents a new form of ice, called Ice-Nine, with a very high melting temperature. If a single crystal of Ice-Nine came into contact with a body of water, the crystal would grow until the entire body of water was frozen. If it were dropped into the ocean, Ice-Nine could freeze the entire Earth! 

The freezing of water is one example of a phase change, in which a substance changes its physical state but does not change its chemical composition. Melting, boiling, and condensation are other examples. But what causes a substance to transform from a freely-flowing liquid to a crystalline solid, or boil away into a gas? 

Temperature, Phase, and Particle Motion

1. In this activity, you will observe molecules in different phases and at different temperatures. 

2. In the default settings of the Gizmo™, a beaker of water contains 200 cc of water at 0°C. Set the Ice volume to 50 cc, and select the Micro view to see representations of the molecules. Click Play (
1. What is the phase of the ice molecules: solid, liquid, or gas? 

2. What is the phase of the other molecules in the beaker? 

3. Notice the gas molecules above the beaker. The green molecules represent nitrogen, which makes up almost 80% of our atmosphere. Blue molecules represent oxygen. Observe the motion of the solid, liquid, and gas molecules. 

1. What is the motion of molecules in the solid state? What do you think would happen if these motions increased as the solid was heated? 

2. What is the difference in the motion and spacing of molecules in the liquid and gas phases? 
4. Click Reset ([image: image1.png]


), and set the Water temperature to 90°C. Click Play, and observe the molecular motion. 

1. How is the motion of liquid molecules different from their motion at 0°? 
2. How does the frequency of molecular collisions compare to the frequency at 0°? Do you think the collisions are harder at 90°C or 0°C? 
3. At the molecular level, what does temperature really measure? If possible, discuss your answer with your classmates and teacher. 
Phase Changes

In this activity, you will investigate phase changes. 

1. Click Reset, and set the Water temperature to 0°C. Set the Ice volume to 50 cc, and check that the Altitude slider is still set to 0 m and that Micro view is selected. Now, set the Add/remove heat energy slider to 200 J/s. The burner will add 200 joules of heat energy to the beaker every second. Click Play. 

1. Watch the ice cube until it is about halfway melted, and click Pause ([image: image2.png]


). On a molecular level, what causes the H2O molecules to be jarred loose from their bonds? 

2. The water temp. is displayed below the beaker. Has the water heated up very much from its initial temperature? 

3. Click Play, and then Pause when the ice block has nearly finished melting (about 100 total seconds). What is the water temp. now? 
4. Click Play, and Pause the simulation at 200 seconds of simulated time. What is the water temperature now? 
5. What is the effect of the ice cube on the rate at which water heats up? 
6. The burner contributes heat energy to the beaker of water. What happened to most of the input heat energy from the burner while the ice was melting? What happened to most of the input heat energy after the ice cube was gone? 
2. Click Play, and continue the simulation until the water is boiling. 

1. Describe what you see. How do you know the water is boiling? The temperature at which boiling occurs is called the boiling point. At sea-level, the boiling point is 100°C. 
2. What do you notice at the surface of the water when it is heated to a high temperature? 
3. When molecules in the liquid state gain enough energy, they can travel fast enough to break through the surface of the liquid and enter the gas phase. This phase change is called vaporization. How is vaporization portrayed in the Gizmo? 
4. Let the water continue to boil for several minutes of simulated time, and click Pause. Has the water temperature changed? Why do you think this is? If possible, discuss your response with your teacher and classmates. 
5. Increase the Add/remove heat energy to 400 J/s, and press Play. Does this affect the temperature of the water? 
6. What happens to the volume of water as it boils? Why is this? 
3. Click Pause before 1,000 seconds, and select the GRAPH tab. Click on the - zoom tool to the right of the graph until the entire graph is in view. 

1. Locate the portion of the graph that corresponds to ice melting. How does the slope of the graph there compare to the slope after the ice had finished melting?

2. Which part of the graph represents boiling? On the graph, how is boiling similar to melting? 
3. Explain why this is in terms of heat energy and particle motion. 
4. Click Reset. In your notes, make a sketch of what you think the temperature graph would look like if you cooled and froze water. On the CONTROLS pane, set the Water temperature to 100°C, the Ice volume to 0 cc, and the Add/remove heat energy slider to -400 J/s. In this simulation, 400 joules of heat energy will be removed from the beaker every second. Click Play. 

1. What happens to the velocity of water molecules as the water is cooled? 
2. Water molecules have a slight electromagnetic attraction to one another. Based on what you have seen so far, when are they most likely to link together and form ice crystals? Why? (Hint: Think about the motion of the molecules.) 
3. At what temperature does the water begin to freeze? This temperature is called the freezing point. Does the water temperature continue to go down while freezing is taking place? How is this similar to the temperature curve during boiling and melting? 
4. When the water has frozen solid, click Pause. How much ice is formed from 200 cc of water? How does this explain why ice floats? 
5. Click Play, and then Pause the simulation at around 400 seconds. 

1. What happened to the temperature of the ice after the water had finished freezing? 
2. Select the GRAPH tab. Compare the graph to the sketch you made in step 4. How is the graph similar to your sketch? How is it different? 
3. In general, what does a phase change look like on a temperature vs. time graph? 

Altitude and Boiling Point

At higher elevations, there is lower air pressure because the atmosphere is thinner. How will this affect the boiling point of the water? 

1. Click Reset and select the CONTROLS tab. Set the Water temperature to 50°C, the Ice volume to 0 cc, the Altitude to 1,000 m, and the Add/remove heat energy to 400 J/s. Click Play, and wait until the water is boiling. 

1. What is the boiling point when the altitude is 1,000 m? 

2. You should have seen that the boiling point at 1,000 m is lower than at sea level. Why do you think this is? (Hint: Think about the air pressure.) Discuss your answer with your classmates and teacher. 
3. Some food products, like pasta, have labels stating that more cooking time is needed at higher altitudes. Why? Explain your answer. 
2. Using the same method, record the boiling point for altitudes of 2,000 m, 3,000 m, and so on up to 10,000 m. 

1. What is the relationship between the altitude and the boiling point? 
2. Is this relationship linear? Test your answer by creating a graph of altitude vs. boiling point. 
3. Use your data to create an equation to find boiling point based on altitude. 

4. Suppose you were cooking pasta on top of Mt. Everest (elevation 8,850 m). What problems might you have? 
3. How do you think altitude will affect the freezing point of water? Explain your reasoning, and then use the Gizmo to test your hypothesis. 

