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Determination of the Latent Heat of Fusion of Water 

Objectives: Determining the latent heat of fusion of water. 

Apparatus:   LoggerPro, Vernier’s LabPro, Steam generator, hot plate, digital thermometer, 

thermal probe, calorimeter, ice, water, glass beaker, and electronic balance.

Introduction: The specific heat of a material is defined to be the amount of energy needed to raise the temperature of 1 kilogram of the material by one degree Celsius. The unit for heat is the same as that for energy, except that today, instead of using the SI unit of joules we will use calories for the purpose of calculation, and report our results for the latent heat of fusion of water (Lf) in both calories/g and joules per kilogram (the SI units of Lf). There are 1000 of these calories (with a small c) in 1 diet Calorie (with a capital C). The unit for temperature is the Celsius degree. The Celsius degree is defined by saying that there are 100-Celsius degrees between the freezing point (0°C) and the boiling point of water (100°C). The specific heat of water is 1 cal/(g°C), which means it takes 1 cal of energy to raise the temperature of 1 gram of water by 1°C. 

Suppose we wanted to increase the temperature of 50 g of water by 10°C. How much heat energy would we have to add? The answer is Q = 1 cal/(g°C) x 50 g x 10°C = 500 cal. In general if the temperature of a material of mass, m, and specific heat, C, is changed from an initial temperature of Ti to a final temperature Tf, the heat added (to warm) or subtracted (to cool) is given by: 

Q = m c (Tf - Ti) or    Q = mc(T
The heat of fusion, Lf, of a material is the amount of heat energy needed to change 1 gram (or 1 kg in the SI system of units) of the material from a solid to a liquid. There is no change in temperature during this process since all of the absorbed heat energy is being used to break the bonds between water molecules in the ice. For instance, in changing 5 g of ice into water, the number of calories of heat needed is 5 x Lf. Similarly, if 5 g of water are frozen into ice we must remove 5 g x Lf calories of heat from the water. In this experiment you will determine Lf—that is the number of calories needed to change 1 gm of ice into 1 g of water. 

Procedure:

I.  Thermal Probe Calibration  

You will first calibrate your thermal/temperature probe following the procedure adopted in Lab 7. Place approximately 100 cc of water in your calorimeter and begin adding crushed ice to the water. Observe the temperature of the water as the temperature is lowered. Keep adding ice and stir in the mixture until the temperature can be lowered no more. Record this lowest temperature. This temperature should be 0°C on your digital thermometer. Record this temperature in the box one of the calibration window of the LoggerPro. Pour out the ice and water mixture and place the probe in the hot water, which is in the steam generator. Observe the temperature of the water until the temperature will rise no more. This is the boiling point of water and should be very close to 100°C. Make sure you confirm this maximum temperature with the digital thermometer. Again, record this temperature in the calibration box. Click on “done” to complete the calibration process.. If your thermal probe is off somewhat, make a note of any corrections you should make to your later measurements

II.  Measurement of the heat of fusion of water. 

1.  Record material (aluminium) and mass of the calorimeter cup. 

2. Fill the calorimeter cup approximately one-half full of water, at a temperature 8 to12°C above room temperature. Weigh the calorimeter cup and contents and determine the mass of the water. Record and display all your data in a data table, which you must design. No more than one table.
3. Assemble the calorimeter, and stir the water gently for several minutes. With a paper towel, dry several (5 to 8) small pieces of ice, weighing about one-sixth the mass of the water in the calorimeter cup. Place the dried ice in the water immediately after reading the initial temperature of the water (you will need to take this reading just before adding the ice cubes). Stir gently until all the ice is melted, and record the lowest temperature, which will, of course, be higher than 0 oC.

4.  To determine the mass of ice added to the calorimeter cup, weigh the calorimeter cup after the ice has melted, and determine the mass (amount) of ice added. 

5.   Repeat steps 1 to 4. Quote the average value of Lf from the two trials.
The heat of fusion (Lf) can now be calculated using the following reasoning: 

· The amount of heat energy needed to change the ice into water plus the amount of heat needed to raise the temperature of this water (that used to be ice) to the final temperature Tf must be equal to the heat given up by the original water plus the heat given up by the calorimeter cup. If mi is the mass of the ice, mw the mass of the water, mc the mass of the calorimeter cup, and Ti the original temperature of the warm water and the calorimeter, then we can write an equation, which says the same thing: 

Heat gained = Heat lost

               miLf + micw (Tf - 0°) = (mwcw + mccc) (Ti – Tf)
Where Lf is the heat of fusion for water, cw is the specific heat capacity of water, and cc is the specific heat capacity of the calorimeter cup. 

· Get the value of cal from the data sheet in Lab 7 (it is 99 J/kg oC). Solve this equation for Lf and determine Lf from your experimental data. Compare your value with the published value for Lf, which is given in your textbook. 
· Given: uncertainity on mass and temperature readings (both the thermal probe and the digital thermometer) is 0.1 g and 0.2O, respectively.Use your data, above formula for Lf , and partial differentiation to obtain possible error. Report your data with possible error in your abstract.
· Again, please carefully construct a “Data Table” in which to report your entire data. Be sure to record the various uncertainty values before leaving the room.

