Melt Away
[image: ]  Science Institute
Melt Away| 2

Introduction
The heat of fusion of water is the energy required to melt one gram of ice. In this activity you will use experimental evidence to approximate the heat of fusion of water. You’ll also compare the energy needed to cause a change of state to the energy needed to change temperature with no change of state. This activity provides valuable opportunities to reflect upon and account for challenges encountered during scientific experiments.
Essential Question
How much energy is needed to cause a change in state from solid water (ice) to liquid water?
Materials
Ideal group size = 3-4, with 1 set of materials per group
	· (1) Digital balance
· (1) Large insulated cup of ice cubes
· (1) Large insulated cup of ice and water (cold water source)	
· (1) Hot plate
	· (1) 100 mL graduated cylinder
· (1) 600 mL beaker
· (1) Calorimeter (covered foam cup)
· (1) Temperature probe
· (1) Mantis sensor wand
· (1) iOS or Android Tablet w/ Mantis Platform app



Test One – Adding Ice to Hot Water
Data Collection 
1. Prepare a hot water bath by heating 500 mL of water in a 600 mL beaker on the hot plate until it is approx. 
60 °C.
1. Find the mass of an empty calorimeter (Styrofoam cup) and enter in Table 1 on the next page.
1. Use a 100 mL graduated cylinder to obtain 90.0 mL of water at about 60 °C from your hot water bath on the hotplate. Pour the hot water into the calorimeter, find the combined mass, and enter it as the initial total mass in Table 1. 
1. Obtain a cup of ice cubes. Note: The ice cubes will be approximately 0.0 °C. Record this value as the initial ice temp in Table 1. 
1. Place the temperature probe into the hot water in the calorimeter about 1 cm from the bottom. 
1. Wait 10 s for the cold probe to reach the temperature of the hot water, then begin data collection. This maximum will determine the initial temperature, ti, of the water. Record the maximum temperature of the water in the Initial row of Table 1. 
1. As soon as the maximum temperature is reached, add an ice cube to the calorimeter and use the temperature probe to stir the mixture until the ice cube fully melts. Important: Dry each ice cube with a paper towel to remove excess water before adding it.
1. Continue adding and melting ice cubes one at a time until the water temperature approaches 4 °C. Important: All ice cubes in the calorimeter need to be fully melted, so be sure not to add too many to the calorimeter.
1. Continue stirring until the water reaches a minimum temperature and begins to rise. Record this minimum temperature, tf, in the Final row of Table 1. 
1. Remove the temperature probe and find the combined mass of the calorimeter, original water, and melted ice, and enter as the final total mass in Table 1. 
	Table 1. Test One – Adding Ice to Hot Water Measurements
	Measurement
	Total 
Mass 
(g)
	Hot water mass
 (g)
	Ice 
mass
(g)
	Hot water temp.
( °C)
	Ice 
temp.
( °C)

	Empty calorimeter
	
	n/a
	 n/a
	n/a
	 n/a

	Initial 
(calorimeter + hot water)
	
	
	
	
	

	Final 
(calorimeter + hot water + melted ice)
	
	 n/a 
	 n/a
	
	





Data Analysis and Conclusions
10. Calculate the initial hot water mass by subtracting the calorimeter mass from the initial total mass and enter in the hot water mass column of Table 1.
11. What was the change in temperature of the hot water? ∆thot water = ______ °C
12. Use the equation Q = mc∆thot water to calculate the energy (in calories) released by the hot water as it cooled. The specific heat capacity (c) of water is 1.00 cal/g °C, and m represents the mass of the hot water.


13. Calculate the initial ice mass by subtracting the initial mass from the final mass and enter in the ice mass column of Table 1.
14. The law of conservation of energy allows us to assume that the heat energy released by the 90 mL of warm water as it cooled is equal to the energy used to melt the ice. Determine the heat of fusion of water, the energy required to change the state of one gram of water from solid to liquid (in cal/g H2O). 
Formula: Hf = Q / mmelted ice 
Test Two – Adding Cold Water to Hot Water
Data Collection
15. Find the mass of an empty calorimeter (Styrofoam cup) and enter in Table 2.
16. Obtain an insulated cup of cold water and ice. Note: The water inside this insulated cup full of ice will be approximately 1.0 °C as long as there is a large amount of ice in the cup.
17. Use a 100 mL graduated cylinder to obtain 90.0 mL of water at about 60 °C from your hot water bath on the hotplate. Pour the water into the calorimeter, find the combined mass, and enter in Table 2. 
18. Place the temperature probe into the hot water in the calorimeter about 1 cm from the bottom. Wait 10-15 s then begin data collection. Record the maximum temperature of the water in the Initial row of Table 2. 
19. As the maximum temperature is reached, quickly use a graduated cylinder to obtain a volume of cold water equal to the mass of melted ice from #12 above. Important: Be sure that there are no ice cubes or ice pieces in this cold water sample.
20. Quickly pour the cold water into the hot water and stir with the probe until the water reaches a minimum temperature and begins to rise. Record this minimum temperature in the final row of Table 2. 
21. Remove the temperature probe and find the combined mass of the calorimeter, original water, and melted ice, and enter in Table 2. 
	Table 2. Test Two – Adding Cold Water to Hot Water Measurements
	Measurement
	Total 
Mass 
(g)
	Hot water mass
 (g)
	Cold water 
mass
(g)
	Hot water temp.
( °C)
	Cold water 
temp.
( °C)

	Empty calorimeter
	
	n/a
	 n/a
	n/a
	 n/a

	Initial 
(calorimeter + hot water)
	
	
	
	
	

	Final 
(calorimeter + hot water + cold water)
	
	 n/a 
	 n/a
	
	








Data Analysis and Conclusions
22. Calculate the initial hot water mass by subtracting the calorimeter mass from the initial total mass and enter in the hot water mass column of Table 2.
23.  What was the change in temperature of the hot water? ∆thot water = ______ °C
24. Use the equation Q = mc∆thot water to calculate the energy (in calories) released by the hot water as it cooled.
 
25. Calculate the initial cold water mass by subtracting the initial mass from the final mass and enter in the ice mass column of Table 1.
26. Use the formula: H = Q / mcold water to determine the heat used to raise each gram of cold water one degree Celsius.


Comparing Both Tests and Drawing Conclusions
27. In both tests, nearly equal masses of water at approximately 0 °C were added to 90 mL of hot water; however, in test one the water was solid (ice) and in test two the water was liquid. Let’s compare the two tests by focusing on the ice and cold water that was added.
28. In test one, what was the change in temperature of the ice, assuming that it started at 0 °C? 
∆tice = ______ °C (see Table 1)
29. In test one, how much heat flowed from the hot water to the ice? 
Qtest one = ___________ cal (see #12 above)
30. In test two, what was the change in temperature of the cold water, assuming that it started at 0 °C? 
∆tcold water = ______ °C (see Table 2)
31. In test two, how much heat flowed from the hot water to the cold water? 
Qtest two = ___________ cal (see #24 above)



32. How does the temp. change of the ice in test one compare to the temp. change of the cold water in test two? ____________________________________________________________________________________________________________________________________________
33. How does the amount of heat that flowed into the ice in test one (Qtest one) compare to the amount of heat that flowed into the cold water test two (Qtest two)? _____________________________________ ____________________________________________________________________________________________________________________________________________
34. What can you conclude from these results about the energy needed to cause a change of state compared to the energy needed to change temperature without a change of state? Support your claim with evidence form the tests. _______________________________________________________________ ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
35. The theoretical value for the heat of fusion for water (Hf ) = 80 cal/g. How does your experimentally determined value in #14 above compare with this accepted value? Include the percent error in your answer. ______________________________________________________________________ ____________________________________________________________________________________________________________________________________________
36. When compared to the accepted value, how would the following experimental errors affect the value for the heat of fusion of ice—too low, too high, or no effect? Explain your answer. 
· When ice was added to the warm water at the beginning of the experiment there was excess water on the ice. _________________________________________________________ _________________________________________________________________
· Some of the heat from the warm water transferred to the surroundings, that is, the calorimeter was not 100% insulated. ___________________________________________________ _________________________________________________________________
· When measuring the final volume of the water, some of the water is spilled when transferring to the graduated cylinder. ____________________________________________________ _________________________________________________________________
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