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	CHAPTER 5

Developing Ideas

ACTIVITY 2 HW: Density and the Small Particle Theory


Chapter 5

Activity 2 Homework 

Name:________________________________   Date:_______________  Group: ______

Purpose

In Activity 1 you determined the densities of various solids, liquids, and gases. In this activity, you will use the Small Particle Theory to account for differences in densities of different materials.
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	How does the SPT explain density of gases, liquids and solids?


Collecting and Interpreting Evidence

Simulator Exploration #1: What do we observe about the densities of equal volumes of different gases at the same temperature and pressure?

STEP 1. Go to the simulator index page and open Chapter 5 Activity 2 Homework Setup 1.
You should see a container that contains nitrogen gas at 20 °C, or 293 K. The container has a movable wall, providing for a constant pressure. The volume meter measures volume in units of liters (1 L = 1000 mL = 1000 cm3). The pressure meter measures the pressure inside the container in units of atmospheres (atm). The density meter measures density in units of grams per liter (g/L). 

[image: image2.emf]
You will also see the Ultrascope Viewer which corresponds to the blue square in the container. The #particles meter is attached to the Ultrascope. Recall that this meter counts the number of particles in the Ultrascope volume about ten times each second. The volume seen through the Ultrascope window is fixed in size, and is a very, very tiny fraction of the total volume of the container.

STEP 2. Run the simulator for about 10 seconds, and then Pause. 
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 Sketch the #particles vs time graph from the simulator.  From the graph, estimate the average #particles.
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Record the density, volume and your estimated average #particles values in Table 1. Follow the instructions given in Steps 3-8 for completing the rest of the table.
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Table 1: Density, Volume, and Microscopic Quantities for Different Gases

	Gas


	Density

(g/L)
	Volume

(L)
	Mass (g) =

Density x

Volume
	avg #particles in Ultrascope Volume

	Nitrogen
	
	
	
	

	Oxygen
	
	
	
	

	Helium
	
	
	
	

	Carbon Dioxide
	
	
	
	

	Chlorine
	
	
	
	


	STEP 3.  Double-click on the gas container to open its property box.  Select Oxygen as the type of gas.  
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 On the graph labeled ‘oxygen gas’ below, sketch the #particles vs time graph from the simulator. 
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Record the density, volume, and your estimated average #particles values for oxygen gas in Table 1. 

	[image: image9.png]1200 s





	[image: image10.png]1200 s






	oxygen gas


	helium gas
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	carbon dioxide gas
	chlorine gas


STEP 4. Repeat for carbon dioxide gas.

STEP 5. Repeat for helium gas.

STEP 6. Repeat for chlorine gas.
Consider these questions for equal volumes of the five gases at the same temperature and pressure:
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How do the densities compare—are they about the same, or are they different?
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How do the #particles in the Ultrascope volume compare —are they about the same, or are they different?    

STEP 7. Use the density and volume data to determine the mass of each gas. Record the mass for each gas in the data table.

Since the #particles in the Ultrascope volume is the same for each gas, and since the total volume of the container is the same for each gas, we can assume that the total number of particles in the container is also the same for each gas, regardless of its density.  Therefore, differences in masses (and densities) of the five gases must be due to differences in the masses of individual particles. 
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 Which of the five gases has the most massive particles?  How do you know?
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 Which of the five gases has the least massive particles?  

Simulator Exploration #2: How does the SPT describe density of liquids and solids?

Let’s investigate how the strength of the electrostatic attractive force relates to density.  We can use the simulator and the SPT to develop two relationships:

1) How does the #particles in the Ultrascope volume relate to the strength of attraction (i.e. the electrostatic attractive force) between particles?

2) How does the #particles in the Ultrascope volume of the liquid relate to the #particles in the Ultrascope volume of the solid for a material with a particular strength of attraction?  

STEP 1. Go to the simulator index page and open Chapter 5 Activity 2 Setup 2.
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The setup is similar to Setup 1 except that a #particles meter has been added to the Ultrascope. Remember that this meter measures the number of particles in the Ultrascope volume, and that the size of the Ultrascope volume is constant.  Since the volume of the liquid in the container is also constant, then the reading on the # particles meter is also a constant fraction of the total #particles in the liquid. The container contains a liquid with Low strength of attraction.

STEP 2.   Run the simulator for about 10 seconds, and then Pause. 
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On the graph labeled ‘low’, sketch the # particles vs time graph from the simulator.  From the graph, estimate the average # particles and write that number on the graph.
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 Suppose the particles of the liquid were more strongly attracted to each other.  Would you expect the # particles in the Ultrascope volume to be a higher number, a lower number, or about the same number?  Why do you think so?

SPT and attractive forces of liquids
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	Low
	Low/Medium
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	High
	Water/Ice


[image: image1.wmf]STEP 3. Activate the Select tool, and then double click on the container to open its property box.  Select Low/Med Strength of Attraction, and click OK.  Repeat step 2 and sketch the graph.

STEP 4.  Repeat Steps 2 and 3 again, collecting data for the High and Water/Ice Strength of Attraction.
STEP 5. Go to the simulator index page and open Chapter 5 Activity 2 Setup 3. 
The setup is similar to Setup 2 except that the container contains a solid with Low strength of attraction.

You should now see:
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STEP 6.   Run the simulator for about 10 seconds, and then Pause. 
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On the graph labeled ‘low’, sketch the # particles vs time graph from the simulator.  From the graph, estimate the average # particles, and write that number on the graph.

SPT and attractive forces of solids
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	Low
	Low/Medium



	[image: image28.png]



	[image: image29.png]




	High
	Water/Ice


[image: image36.jpg]STEP 7. Activate the Select tool, and then double click on the container to open its property box. Select Low/Med Strength of Attraction, and click OK.  Repeat steps 6 and 7 for solids with Low/Medium, High, and Water/Ice strengths of attraction.  On the graphs, sketch the #particles vs time graph from the simulator. From each graph, estimate the average #particles.
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Consider the data collected for the Low, Low/Med, and High strength of attraction only. As the strength of attraction increases, does the #particles in the Ultrascope volume decrease, increase, or stay relatively constant for liquids?  What about for solids?
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Why is the #particles in the Ultrascope volume alone not enough to accurately predict the relationship between density and the strength of attraction (i.e. what other property or properties of the particles, not considered here, also contributes to density)?
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Consider the data collected for the Low, Low/Med, and High strength of attraction only. How does the #particles in the Ultrascope volume of the liquid compare to the #particles in the Ultrascope volume of the solid for a material with a particular strength of attraction? (i.e. compare the liquid and the solid that both have Low strength, etc.)
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Consider the data collected for the Low, Low/Med, and High strength of attraction only. How will the density of the liquid compare to the density of the solid for a material with a particular strength of attraction? How do you know? (You could test your prediction by adding a density meter to the container!)
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Now consider the data collected for the Water/Ice. Will Water/Ice follow the density trend that you noticed for the Low, Low/Med, and High strengths of attraction? How do you know?

Because water is so abundant it is often regarded as “typical”. In reality, water is atypical compared to most materials.  Most materials are denser as solids than as liquids. Microscopically, this is because the particles are more closely packed in a solid than in the liquid. However, ice is less dense than liquid water. Ice forms extensive networks consisting of particles in a hexagon-like organization. This hexagon-like organization of ice has significantly more void (empty) space between particles than is observed in liquid water. Thus, the same number of particles will occupy a greater volume as ice than as liquid water. This is why water pipes burst when they freeze in the winter!  

From the simulator data you collected, you may have decided that water is most appropriately described as having low to low/medium attractive forces between particles. But in comparison to other materials of similar particle mass, water has extremely strong attractive forces between particles. These extremely strong forces are responsible for much of water’s atypical behaviors. Scientists have discovered that water has about 60 properties/behaviors that are atypical in comparison to most other materials. 

Summarizing Questions

· Complete these questions on your own. Leave space to add any different ideas that may emerge when the whole class discusses their thinking.

S1. Equal volumes of gases at the same temperature and pressure have equal numbers of particles.  Why do they have different masses (and densities)?

S2. What two properties of particles contribute to different densities for different materials?

S3. In terms of particles, why is the solid state of a material denser than the liquid state of the same material? Assume a typical material, not water.

S4. In terms of particles, why does ice float in water?  Briefly explain in terms of particles.

S5.  Why does an unopened bottle of water (or any water-containing beverage, like a can or bottle of soda) burst when left in the freezer overnight?  Briefly explain in terms of particles.
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