Latent Heat and Colligative Properties of Water
Introduction: 

The physical state or phase of matter is directly related to the temperature the substance has at any one time. As the temperature changes so does the state of organization that the substance has. The higher the energy, the greater the disorder the substance has. The degree of disorder is what we refer to as the phase or state of matter. 

When heat is added to a substance we observe an increase in vibration energy, referring to it as thermal heat that is measurable by a thermometer. This increase in temperature continues until the bonds holding the substance together cannot withstand the increased vibrations and break, thus changing the substance's organization. During the time in which the bonds are breaking we observe no increase in temperature. The reason is that as heat is added to a substance the energy that normally would be increasing vibrations is now being used to break the bonds. Note that although the energy is busy breaking the bonds the molecules are still vibrating but are doing so at a constant rate. 

Energy can only be used for one effect at a time. Either increasing the temperature (the vibration energy of a substance) or breaking the bonds and changing the phase. Both cannot occur at the same time. This is why you do not observe a temperature change while a phase change is occurring. The addition of heat without an observable temperature increase is known as latent heat. Latent refers to the hiding of heat. Although the heat is not really hidden, it is not observed as an increase on the thermometer. 

Colligative properties are a common occurrence in everyday life. From antifreeze in our cars to the salt used to make homemade ice cream. Colligative interactions are the effects a dissolved substance has on physical properties of a substance. 

For instance, an increase in dissolved salts will raise the temperature at which water will boil as well as depress the temperature at which water will freeze. 

Materials: 

 Hot Plate 

 1000 ml beaker 

 Temperature Probe

 Laptop, temp probe, and connectors

  Glass Stirring Rod 

Ice - enough to fill approximately 500 ml of the beaker 

Ring Stand 

Thermometer Clamp 

Sodium Chloride (table salt) or Magnesium Sulfate (Epsom

Salts)

Learning Outcomes: 

After completing this lab activity, you should be able to: 

1. Observe the phases of water as it

changes from solid to gas.

2. Explain why temperature is not increasing even as heat is still added to the system. 

3. Understand the concept of latent heat and be able to differentiate it from thermal heat. 

4. Describe the concept of kinetic energy as it relates to the temperature of a substance. 

5. Explain that the phase of a substance is directly related to the temperature state it has at a specific moment in time. 

6. Understand the concept of colligative effects on the physical properties of a material. 

Procedure: 

Procedure: 

Fill the 1000 ml beaker with ice to the 500 ml mark. Be careful not to use too much ice, it will take longer than the class period to proceed through the phase changes.
1. Set up laptop and temperature probe

2. Put the ice filled beaker on the hot plate.
3. Do not turn the hot plate on until told to do so by your instructor. 

4. Set up a ring stand and clamp next to the beaker.  

5. Position the temperature probe into the ice but do not let it touch the bottom of the glass. The probe should be placed about 1cm above the bottom of the glass. 

6. Allow two minutes for the temperature to stabilize before beginning the experiment.

7. Once your instructor gives the go-ahead, turn the burner on high.  

8. Once the burner is turned on you will also need to click the start button in loggerPro to begin taking temperature readings.  
9. Make observations on your data sheet of any unusual temperature readings.

10. The water should begin boiling approximately 20 minutes after you begin the heating. Allow the water to boil for 3 minutes while continuing to record temperature.

11. At the end of three minutes of boiling carefully place three tablespoons of table salt or Epsom Salt into the boiling water. Have your partner use the glass stirring rod to gently stir the water while the salt is being placed in. 

12. Keep taking temperature readings during this process. You should take readings for three more minutes while and after the salt has been added.

13. At the end of the three minutes (after the addition of the salt), shut off the hot plate and carefully raise the temperature probe
14. At this time save your loggerpro file and email it to all of your lab partners.  This data will be used for the analysis of results.

Data Collection:

NOTE: Write a small notation in the data at thetime that the last of the ice was observed to melt andwhen the salt was added to the boiling water.

Analysis of Results:

1. Copy and paste the graph that was made in loggerpro into a Microsoft word document
2. On the graph, using Word, label the latent heat of melting and latent heat of boiling directly on the areas of the graph that are exhibiting these phenomena.

3. Label the area of the graph that is showing the liquid phase of water undergoing an increase

in thermal heat.

4. Label the area of the graph in which the colligative effects of the salt are being observed.

Vocabulary: 

Heat Capacity - The ability of a material to absorb, retain, and dissipate heat.

Colligative Properties - The effects of dissolved solutes on the physical properties of a substance.

Thermometer - An instrument designed to measure the average kinetic energy of a substance.

Temperature - The average kinetic energy of a substance.

Latent Heat of Boiling - Energy added to a system that is being used to break bonds and change phase from a liquid to a gas. 

Latent Heat of Melting - Energy added to a system that is being used to break bonds and change phase from a solid to a liquid.

Phase (state) - The physical state of a substance depending on pressure and temperature

Solute - The material in a solution that was dissolved. In this experiment it is the salt. 

QUESTIONS
1. Explain why the temperature did not rise while the ice was melting or when the water was boiling.

2. Describe what the water molecules were doing once all the ice melted. What was the thermometer actually measuring?

3. The adding of the salt into the boiling water caused a colligative effect to the temperature in which the water boiled. Explain the effect the salt had on the boiling point of the water.  
4. Describe how ice cream is being frozen in an ice cream maker using rock salt.  

5. Why does ocean water not normally freeze when freshwater lakes do? 

6. If you were to build a house of ice would you be able to build a small fire on the inside to keep warm? Explain.
7. Using the concepts from this lab to explain how the water in a car radiator can be thought of as a heat sponge?  How does the addition of antifreeze ( a salt) effect this ability?

8.  Describe how water is used in your car’s cooling system.  What effect does the addition of antifreeze have on this system for both higher temps and lower temps?

9. How can you car’s cooling system be related to the Earth’s system of temperature regulation?     
