
Lab #2 Heat of Fusion of Ice


When a chemical or physical change takes place, heat is either given off or

absorbed. That is, the change is either exothermic or endothermic.  It is important for

chemists to be able to measure this heat.  Measurements of this sort are made in a device

called a calorimeter.  (see figure below)  The technique used in making these

measurements is called calorimetry.  





In simplest terms, a calorimeter is an insulated container made up of two 

chambers.  The outer chambers contains a known mass of water.  In the inner chamber,

the experimenter places the materials that are to lose or gain heat while undergoing a

physical or chemical change.  The basic principle on which the calorimeter works is

when two bodies at different temperatures are in contact with one another, heat will flow

from the warmer body to the colder body.  Thus, the heat lost by one body will be gained

by the other.  This is due to the law of conservation of energy.  


In a calorimeter, heat is exchanged between the water and the materials

undergoing change.  The experimenter takes a direct measurement of the temperature

change of the water.  From this information, the heat gained (or lost) by the water can be

calculated.  The experimenter then uses these data to determine the heat lost (or gained 

by the materials undergoing change.


Unlike most calorimeters, the simple Styrofoam-cup calorimeter used in this

experiment will have only one chamber.  The ice will be placed directly into a measured

amount of water.  The heat required to melt the ice will be supplied by the water.  By

measuring the temperature change ((T) of the water, you can calculate the quantity of

heat exchanged between the water and the ice.  Using these experimental data, you will

calculate the heat of fusion of ice.  


The following relationships will be used in this experiment:

a.  heat lost by the              original mass of             specific heat
       the change in             
         water in the        =        of water in the       x      capacity of      x       temperature
          calorimeter                     calorimeter                    water                       of water
In symbols, this word formula becomes:

                   q               =                 m                 x             C              x            (T
The specific heat capacity of a substance is the quantity of heat energy needed to raise the temperature of one gram of the substance by 1( Celsius.  The specific heat capacity of water is 4.184 joules per gram per degree Celsius (4.184J/g(C).
b.  heat given off by the water  = heat absorbed by the ice 

               (Law of conservation of energy)

                        qlost                            =              qgained
c.  heat absorbed by the ice     =     heat of fusion of ice
       mass of the melted ice

                   qlost


=              Hf


      m ice
Objective

How can we determine the heat of fusion of ice using a simple calorimeter?   What is the Heat of Fusion of ice?
Safety


1.   Handle the thermometer with care.  It is fragile and easily broken.

1.  Tie back long hair and secure loose clothing and jewelry before working with any heat source.

2.  Always wear safety goggles when working in the lab.  

Materials



  beaker, 250mL                                        hot hands    

thermometer
              graduated cylinder, 100mL                     safety goggles

ice cubes
              hot plate                                                  Styrofoam cup            
water
                            
Procedure

1.  In a 250mL beaker, heat about 125mL of water to a temperature of about 50(C using a hot plate.  (Your teacher will demonstrate how to use it).
2.  Measure exactly 100.0 mL of this heated water in a graduated cylinder using hot hands, and then pour the water from the graduated cylinder into a Styrofoam cup.  Record this volume of water V1.  

3.  Measure accurately and record the temperature of the water T1. Immediately add a handful of ice cubes.  See Figure below.
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4.  Stir the ice-water mixture carefully with the thermometer. (CAUTION: Do NOT puncture the cup with the thermometer).  Keep stirring the ice throughout the experiment.  Do not stop.  The cup should contain ice at all times.  If all of the ice appears about to melt, add more ice cubes.  Do NOT pour the ice cubes into the cup.  You don't want to add excess water, just ice.  Monitor the temperature of the ice-water mixture as you stir.  Continue stirring (and adding ice if necessary) until the temperature evens off.  If the temperature remains constant for ten seconds, you are done.  Record this final temperature T2.  

5.  Carefully remove the unmelted ice by hand.  Allow any water removed to drip back into the cup.  Measure and record the amount of water in the cup V2.

Observations

Write down all observations related to this lab.  Include the approximate amount of ice you added, the approximate length of time the lab took and how quickly the ice melted.
Data - Calorimetry Data
1.  Initial volume of water in cup =V1= ____________________
2.  Initial temperature of water in cup = T1= ________________
3.  Final volume of water in cup = V2= _____________________
4.  Final temperature of water in cup = T2= _________________
Calculations
1.  Using the known density of water (1.00g/mL), find the mass (m1) of the original volume of water (V1).

2.  Find the volume of water resulting from the melted ice. (Vice = V2 - V1)

3.  Find the mass (m ice) of this volume of ice water.

4.  Find the change in temperature of the water. ((T = T1 - T2)

5.  Find the heat lost by the original mass of water. (q = m1 x C x (T )

6.  Find the heat of fusion of ice.       q     =    Hf


                                               m ice
7.  Find your percent error.  (The accepted value for the heat of fusion of ice is 334 J/g.)

    percent error = |accepted value - experimental value|     x   100

             accepted value
Discussion

Discuss your results, how you got them and how accurate they were
Additional Discussion Questions
1.  List possible sources of error in experiment.  How might the use of a true calorimeter reduce some of these errors? 

2.  One source of error is the flow of heat between the water in the cup and the surroundings.  Explain how this error is reduced by starting with water at about 50(C instead of 25(C.
3.  In what way does calorimetry make use of the law of conservation of energy?

4.  Try this problem in calorimetry:  An unknown solid substance with a mass of 200. g is at its melting point temperature in a calorimeter.  While the substance changes from a solid to a liquid at the same temperature, the 400. gram mass of water in the calorimeter goes from an initial temperature of 30.0(C to a final temperature of 80.0(C.
a.  How much heat did the water gain while the substance melted?

b.  What is the heat of fusion of the substance that melted?
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