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	CHAPTER 5

Developing Ideas

ACTIVITY 4 HW: Melting and Boiling 


Chapter 5

Activity 4 Homework 

Name:________________________________   Date:_______________  Group: ______

Purpose

In Activities 2 and 3 of this Chapter you made qualitative interpretations about the strength of electrostatic attractive forces between particles. In this exploration, you will investigate these forces using a characteristic property of materials—melting and boiling points. In addition you will consider whether the mass is conserved when a material undergoes a physical change, like a change of state.
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	How do attractive forces between particles affect melting, boiling and physical state at room temperature? Is mass conserved during a physical change?


Collecting and Interpreting Evidence
Simulator Exploration #1: How do melting and boiling temperatures depend on the strength of attractive forces between particles?

STEP 1.  Go to the simulator index page and open Chapter 5 Activity 4 HW Setup 1. The container contains a solid with low strength of attraction between particles. A temperature meter is attached to the container.  The element beneath the container is set to Heater. You should also see the Ultrascope viewer. A snapshot of the simulator is shown below.  
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STEP 2. Run the simulator, pausing when the solid melts to record the melting temperature. Also record the temperature at which the liquid boils. Follow the instructions given in Steps 3-5 for completing the rest of the table.

Table 1: Melting and Boiling Data
	Strength of Attraction
	Melting point (K)
	Boiling point (K)

	Low
	
	

	Low/Medium 
	
	

	High
	
	

	Water/ice
	
	


STEP 3. Stop the simulator to reset it. 
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STEP 4. Activate the Select tool, and then double click on the container to open its property box.  Select Low/Medium Strength of Attraction, and click OK.  Run the simulator, pausing to record melting and boiling temperatures.

STEP 5. Repeat Steps 2-4 for materials with High and Water/Ice Strengths of Attraction. Record their melting and boiling temperatures in Table 1.
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  Beside melting and boiling temperatures, what other difference(s) did you notice about the melting processes of these solids?
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Based on the data, would you consider Water/Ice to have Low, Low/Med, or High attractive forces?  Explain your reasoning.
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As the strength of attraction (i.e. electrostatic attractive forces) between particles increases, what happens to the temperature at which a material will melt?
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As the strength of attraction between particles increases, what happens to the average kinetic energy required for particles to change their spatial configuration from solid to liquid? Explain your reasoning.
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As the strength of attraction between particles increases, what happens to the temperature at which a material will boil?
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As the strength of attraction between particles increases, what happens to the average kinetic energy required for particles to escape the attractive forces of the liquid (and go into the vapor phase)?
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You probably noticed that the higher the strength of attraction between particles, the longer the melting process took. What does this observation suggest about the amount of heat energy added to change states (and hence, the amount of the increase in potential energy of the system)? 
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Use the data in Table 1 to deduce the physical state of the Low, Low/Medium and High strength of attraction materials at room temperature (25 °C, or 298 K).  Record your answers in Table 2. 

For example, ice melts at 273 K but doesn’t boil until 373 K.  At 298 K, ice has melted but water has not yet boiled.  Therefore it is in the liquid state.

Table 2:  Strength of Attraction and Physical State

	Strength of Attraction
	Physical State 

at 298K

	Low
	

	Low/Medium
	

	High
	

	Water/Ice
	liquid


Simulator Exploration #2: Is mass conserved?
Imagine that you placed an ice cube in a beaker and heated the system. 
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 Do you think that the mass will be the same after warming the ice cube, or after a change of state? (That is, do you think the mass is conserved during this physical change?) If not, how do you think the mass will change?

You can use the simulator to test your predictions.

STEP 1.  Go to the simulator index page and open Chapter 5 Activity 4 HW Setup 2.  The container contains ice (solid water) at -50 ºC.  Volume, density, and temperature meters are attached to the container. The element beneath the container is set to Heater.

STEP 2. Run the simulator. Pause at 10 seconds, 30 seconds, 50 seconds, 70 seconds, and 90 seconds to record the volume, density, and temperature. Record this data in the Table 3.



    Table 3. Macro Properties of Ice/Water
	Time
	Volume 

(L)
	Vol x 1000

(cm3)
	Density

(g/cm3)
	Mass 

(= V x D) (g)
	Temp

(K)

	10 sec
	
	
	
	
	

	30 sec 
	
	
	   
	    
	     

	50 sec
	
	
	
	
	

	70 sec
	
	
	
	
	

	90 sec
	
	
	
	
	


Since volume is reported in units of liters (L) and density is reported in units of g/mL, or g/cm3 for liquids and solids, we must convert our volumes to units of mL or cm3 in order to get the mass of the sample in units of grams. Since there are 1000 cm3 in a liter, to convert from L to cm3 we must multiply by 1000.
STEP 3.  Multiple each of the volumes by 1000 and record this new value in the column labeled Vol x 1000.
STEP 4.  Calculate the mass of the ice/water in the system at each time by multiplying the (Vol x 1000) value and the density.
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 Is mass conserved?  Explain your reasoning.
Summarizing Questions

S1. 
For three different materials at room temperature—one is a gas, one is a liquid and the other a solid—how do the average kinetic energies of the particles compare?

S2. 
For three different materials at room temperature—one is a gas, one is a liquid and the other a solid—how would you rank the strength of attractive forces between particles for these materials? Explain your reasoning.

S3. 
Samantha and Amara performed an experiment together. They measured the mass of an empty beaker, added water to the beaker, and measured the mass again. They heated the water until it all boiled away.  They measured the mass of the beaker again. Their data table is shown below:
	Mass of beaker
	46.25 g

	Mass of beaker before heating
	56.25 g

	Calculated mass of water added
	10.00 g

	Mass of beaker after heating
	46.25 g


Consider the conversation between the two students.
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                Samantha



     Amara

Who do you agree with and why?
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I disagree. I believe that mass is conserved. The difference in the masses before and after heating are equal to the mass of the water initially added to the beaker. If the steam had  not been able to escape from the beaker, the mass would have remained constant, 56.25 g. 





Mass is clearly not conserved.  The mass of the beaker after heating is much less than the mass of the beaker before heating.  
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