Names____________________________________________Date_______Hr_____

Heating Curve of Water Lab (43 pts)
Problem: What happens to temperature as solid water is heated to boiling?
Materials:

safety glasses



small beaker


Ice

stopwatch or timer


thermometer


hot plate
Procedure:
1. Put on safety goggles and lab coat or apron. Mass a clean, dry, empty beaker.  Record this mass. ____________________  . (1 pt   #, unit)
2. Add 2-3 ice cubes to the beaker and mass the beaker and ice together.  Record this mass_____________________ . (1 pt    #, unit)
3. Use the data chart provided to record temperature. The time column starts with 0. The temperature column is blank. You will record the temperatures every 30 seconds in the temperature column during the investigation.

4. Insert the thermometer into the beaker with ice. Wait 2 minutes. Observe and record the starting temperature (0 time) in the data table.   Place the beaker of ice on the hot plate. 

5. Turn the hot plate to 8 or 400 ̊ C and start the timer.  After 30 seconds, record the thermometer reading without removing the thermometer from the beaker. (DO NOT TOUCH THE HOT PLATE !!!!!!)
6. Continue to record the temperature on the chart every 30 seconds until it is boiling. Be sure to stir the contents of the beaker constantly to get an accurate reading. (Realize that the bottom of the beaker will be warmer than the top because as it begins to melt, the ice will be at the top of the beaker, while the warmer water is at the bottom.)  Also, make sure that the thermometer is not touching the bottom of the beaker.
7. When the water is boiling and the temperature levels off, take 5 more readings at that one temperature.  Then clean up your area.  Turn off the heat and carefully remove the beaker.

8. Make a note (with an *) on your data table as to when the ice has completely melted and when the water begins boiling.

Prediction:  Draw what you think the heating curve will look like here and provide an explanation of your logic.  (2 pts)
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Data:  Write your data in the following table (4 pts- Complete and one past the decimal).
	Time(Min)
	Temperature (C
	Time(Min)
	Temperature (C
	Time (Min)
	Temperature (C

	0
	
	8.5
	
	17.0
	

	.5
	
	9.0
	
	17.5
	

	1.0
	
	9.5
	
	18.0
	

	1.5
	
	10.0
	
	18.5
	

	2.0
	
	10.5
	
	19.0
	

	2.5
	
	11.0
	
	19.5
	

	3.0
	
	11.5
	
	20.0
	

	3.5
	
	12.0
	
	20.5
	

	4.0
	
	12.5
	
	21.0
	

	4.5
	
	13.0
	
	21.5
	

	5.0
	
	13.5
	
	22.0
	

	5.5
	
	14.0
	
	22.5
	

	6.0
	
	14.5
	
	23.0
	

	6.5
	
	15.0
	
	23.5
	

	7.0
	
	15.5
	
	24.0
	

	7.5
	
	16.0
	
	24.5
	

	8.0
	
	16.5
	
	25.0
	


*You may stop before 25.0 minutes if your readings have leveled off.
Group Duties: 

Person 1: Keeps time and records data into the data table.  Be sure to make note (with a *) of when all of the ice is melted and when it begins to boil. 

Person 2: Stir the contents of the beaker and read the thermometer at the 30 second intervals and report it to person 1 and 3. (If your arm gets tired you can switch with another person in your group.)
Person 3: Plot the points on the graph.

All persons in the group will answer the conclusion questions and take part in the practice calculations.  Failure for all to participate may result in a group zero.

Prepare a graph from your data that includes the following information (10 pts total):

1. Label the x-axis with the time (in minutes). This is your independent variable. Label the y-axis as temperature (in degrees Celsius). This is your dependent variable. (2 pts)
2. Plot your points using your recorded data.  Use a ruler to draw in the lines.
3. Label the 5 areas on your graph: solid (s), liquid (l), gas (g), freezing point/melting point (FP/MP) and condensation/boiling point (CP/BP). (5 pts)
4. Trace, with colored pencils, the following parts of the line on your graph: slowest molecular motion (in red), fastest molecular motion (in green). (2 pts)
5. DON’T FORGET TO TITLE YOUR GRAPH!!!!!!!! (1 pt)



Heating Curve Problems: (Your group must work on this together.  Do not let only one person do it!) NO NAKED NUMBERS!
1. Calculate the mass of your ice cubes below.  Show all of your work for full credit. (3 pts: work, ans, unit/s.f)
2. Based on your graph, how many calories of heat are needed to melt your ice from the solid/liquid state to the liquid/gas state?  Show all of your work for full credit. (5 pts: eqn, subs, ans, unit, s.f.)
3. If you had 25.0 g of ice, how many calories of heat are needed to melt your ice from -15 ̊ C to 130 ̊ C? Show all of your work for full credit. (5 pts: eqn, subs, ans, unit, s.f.)
Conclusion Questions:
4. Did your predicted graph look like the graph you actually plotted?  What was different about your predicted graph to the actual graph?  Was there anything that you were surprised about?  Discuss this below.  Sketch what your heating curve actually looks like. (2 pts)
5. Explain what is happening to the water molecules in the flat areas of the line on your graph during the phase changes from solid to liquid and liquid to gas.  In other words, if you were adding heat the entire time, why didn’t the temperature also rise during a phase change? 

(2 pts)
6. When the ice is melting is it releasing heat or absorbing heat (exothermic or endothermic)?  Explain your answer. (2 pts)
7. If you put the liquid water into the freezer and recorded its temperature as it refroze, would it be absorbing heat or releasing heat (exothermic or endothermic)? Explain your answer. (2pts)
8. Extrapolate the lines (and draw them in) on the heating curve below to show what the curve would look like below freezing and above boiling.  (1 pt) 

9. Using the graph on the previous page to answer the following questions (Your group must work on this together.  Do not let only one person do it!): (3 pts)
a. What is the freezing point of this substance? ______________

b. What is the boiling point of this substance? _______________

c. Is this substance water?  Why or why not?  Explain. 

Graphing a Heating Curve for Water

Content Standards:

C3.3B: Describe melting on a molecular level.

C5.4B: Measure, plot, and interpret the graph of the temperature versus time of

         an ice-water mixture, under slow heating, through melting and boiling.

Background:

The first law of thermodynamics basically states that energy can be transformed (changed from one form to another), but cannot be created or destroyed. This leads into the concept of how different substances can change from one phase to another by absorbing or releasing energy. When the system is heated, energy is transferred into it. In response to the energy it receives, the system changes, for example by increasing its temperature. A plot of the temperature versus time is called the heating curve. 

Water is a common substance. Ice is the stable phase below 0oC. Both solids and liquids coexist at 0oC. When heat is put into the system, more solid will melt. Thus, the temperature does not change. The normal boiling point is 100oC. As heat is absorbed, some water will boil off but the temperature is kept at 100oC. This change in temperature may be observed and measured against time in an effort to visualize the heat curve for water.

Draw particle visualizations in the boxes below to review what the particles in each state of matter might look like.


Phase Change WS

 The graph was drawn from data collected as a substance was heated at a constant rate. Use the graph to answer the following questions. 

At point A, the beginning of observations, the substance exists in a solid state. Material in this phase has _______________ volume and _____________ shape. With each passing minute, _____________ is added to the substance. This causes the molecules of the substance to ____________ more rapidly which we detect by a ________________ rise in the substance. At point B, the temperature of the substance is ______°C. The solid begins to __________. At point C, the substance is completely ____________ or in a ___________ state. Material in this phase has _______________ volume and _____________ shape. The energy put to the substance between minutes 5 and 9 was used to convert the substance from a ___________ to a ___________. 

Between 9 and 13 minutes, the added energy increases the ______________ of the substance. During the time from point D to point E, the liquid is ___________. By point E, the substance is completely in the __________ phase. Material in this phase has _____________ volume and ___________ shape. The energy put to the substance between minutes 13 and 18 converted the substance from a ___________ to a ___________ state. Beyond point E, the substance is still in the ______________ phase, but the molecules are moving _______________ as indicated by the increasing temperature.

Explanation of your predicted graph (why did you draw it the way you did?):





Temperature


( ̊C)





Time (min)
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Useful Constants


Hfus = 80.87 cal/g				Cp ice = 0.51 cal/g°C


Hvap = 547.2 cal/g				Cp water = 1.00 cal/g°C


Cp steam = 0.48 cal/g°C
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