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The matter around us is either in solid, liquid, or gas form. These are the three fundamental phases of
matter. For example, ice, water, and steam are the solid, liquid and vapor phases of H2O, respectively.
Today we will try to measure energy associated with going from one phase to another and try to
understand how molecules arrange themselves with respect to each other in these three phases.
Model with pennies: Models can be helpful for us to understand nature. Before you do the experiment,
we want you to build a two dimensional version of a solid, liquid and gas using pennies, which will
represent molecules or atoms in matter. We understand that this will be a pure guess and we will
discuss how atoms are arranged in real materials at the end of this lab.
Warning: Put on thermal gloves before touching containers with hot and cold liquids.
Section 1: Phases of Water
1. Fill the beaker with ice (slightly less then 400 mL) and then add water till you reach the 400
mL line. Place the water on the electric heater and place a thermometer inside the ice water.
What is the temperature of the ice water? Is the temperature uniform within the container?

2. Make a drawing of your ice-water mixture. Does ice float or sink?

3. Now you are ready to heat the ice water. You may not need to touch the beaker throughout the
experiment, if you make sure everything is secure before you start the experiment. Turn on the
electric heater all the way up and start monitoring the temperature and height of the liquid as a
function of time during heating. Record the temperature every minute. Does the height of the
water change as the ice is melting? You can stir the water during the experiment.
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4. In the previous lab you learned that water expands when heated. Did you notice any expansion
of water in today’s experiment? Is this experiment consistent with your previous experiment?

5. At what temperature does the water start boiling? Does the water level change when the water
is boiling?

6. Using your temperature data, make a plot of temperature versus time. Are there plateaus in
your data? How can we understand these features? Based on this plot discuss how much
energy is needed to melt water, heat water from its melting temperature to its boiling
temperature, and to boil water.
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Section 2: Measurement of volume change from liquid to gas
In the water experiment we were not able to capture the vapor. In order to understand what
happens to the transition between liquid and gas phases, we will build a special apparatus that can
capture the gas. Your goal in the experiment will be to measure the volume expansion in the liquid
to gas phase transition.
Discuss, without looking at the instructions given on the next page, how one can build such an
apparatus using a 2 L plastic bottle, a stand for an inverted soda bottle, a large rubber container, a
flexible tube, and water. If you are confident that you can put such an apparatus together, make a
drawing of it and build it.
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Instructions for building a simple apparatus that can capture the gas.
1. Fill the plastic bottle with 2 liters of water and dump into the large rectangular rubber
container. Place the stand for the inverted soda bottle in the container.
2. Fill the plastic bottle completely with water and put its lid on and put it on its stand. The lid
should be facing down and fully immersed in water.
3. Remove the lid in water. Notice the water will remain in the soda bottle.
4. Insert the flexible tube inside the soda bottle.
You have completed the building apparatus that can capture up to 2 L of gas. You will use this
apparatus to capture boiling liquid nitrogen. For this experiment your instructor will fill a
marked glass tube with liquid nitrogen. Note that liquid nitrogen is a cryogenic liquid with
boiling temperature of 77 K (-196 °C), so it will boil off very quickly at room temperature.
When the liquid nitrogen level reaches the marked red line (2 mL) put the lid, attached to the
rubber tube, on. After all the liquid is boiled off, how much nitrogen gas is captured in the soda
bottle? Calculate the ratio of the volume of nitrogen gas to that of a liquid.
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Model with pennies: Discuss, if there are things that you would change in your model with pennies
based on your results?

Group Discussion: We will discuss if one can see individual atoms and how atoms are arranged in
real materials.
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