Bond Polarity and Dipole Moments


Experiment 1: Determining Molar Mass from Freezing Point
The objective of this experiment is to determine the molar mass of a known substance using its freezing point depression in a solution. You will be given three solutions in addition to the standard solution (water). The freezing point of water will be determined, and the freezing points of the three other solutions will then be determined. The solutions used in this lab are composed of sodium chloride (NaCl), calcium chloride (CaCl2), and glycerol (C3H8O3). The freezing point data will be used to determine the molar mass. 
Materials
(1) 100 mL Beaker
(1) 500 mL Beaker
2 g Calcium Chloride, CaCl2
(4) Glass Test Tubes
Glass Stir Rod
10 mL Graduated Cylinder
100 mL Graduated Cylinder
5 mL Glycerol, C3H8O3
Metal Spatula
Permanent Marker
Scale
4 g Sodium Chloride, NaCl
(1) Square Inch Modeling Clay
Test Tube Rack
Thermometer 
(2) Weigh Boats
*Cubed/Crushed Ice
*Distilled Water 
*Pencil
 
*You must provide
 
Cupcake Wrappers
1 Gram of the Following Chemicals: 
 Baking Soda, Sodium Bicarbonate, NaHCO3 
 Corn Starch, C6H10O5  
 Salt, Sodium Chloride, NaCl 
 Stearic Acid, C18H36O2 
 Sugar, Sucrose, C12H22O11 
Matches
Permanent Marker
Scale
Spatula
Sterno® Cooking Fuel
Ruler
Wire Mesh Stand
*Paper towels
*Stopwatch (clock)
 
*You Must Provide



Procedure
1. Label each of the weigh boats as either NaCl or CaCl2. 
2. Place the NaCl weigh boat on the scale. Once you have the mass of your NaCl weigh boat, press the button on the right hand side (0/T). Your scale should now read 0.0 g
3. Use your metal spatula to weigh out 2 g of NaCl in your weigh boat.
4. Repeat Steps 2 - 3 to weigh the CaCl2.
5. Assemble the freezing point apparatus by getting a 500 mL beaker and filling it ¾ full of ice. Then, pour in the remaining NaCl in your package (not the 2 g you weighed out in Step 3) and mix it thoroughly with your metal spatula.
6. Place the thermometer in the ice bath and pay attention to the readings on the thermometer. The ice bath is ready when the temperature drops to approximately -10°C. 
7. While you wait for the temperature to drop, label the test tubes 1 – 4. 
8. Use a 100 mL graduated cylinder to measure and pour 15 mL of water into test tube 1. 
9. Flatten out your piece of modeling clay into a circle. Then, use your pencil to poke a big enough hole in the middle to fit the thermometer through.
10. Fit the clay onto the top of test tube 1.
11. Make sure that the thermometer is positioned in the water, without touching the bottom of the test tube.
Note: Mold the clay up around the thermometer so that the thermometer is suspended in the water.
12. Place the test tube in the ice bath and record the freezing point of the water. See Figure 6.
Note: After a few minutes, you will know that the water has hit its freezing point when small ice crystals begin forming in the solution. Record this value in Table 1.
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13. Next, use the 10 mL graduated cylinder to measure and pour 5 mL of glycerol into a 100 mL beaker.
14. Use the 100 mL graduated cylinder to measure and pour 25.0 mL of distilled water into the beaker to dilute the glycerol. Gently stir the solution with the glass stir rod. Pour 15 mL of this solution into test tube 2.
15. Remove the thermometer and modeling clay from test tube 1 and remold it onto test tube 2. Place test tube 2 in the ice bath, and record the freezing point in Table 1.
16. Rinse out the 100 mL beaker and the thermometer with distilled water. Measure 25 mL of distilled water into the 100 mL beaker.
17. Add the 2.0 g NaCl that you measured in Step 3, and stir the solution to ensure an even distribution.
18. Pour the solution into test tube 3.
19. Repeat Steps 16 - 17 to determine the freezing point of the NaCl solution. Record your data in Table 1.
20. This time, use 2 g of CaCl2 instead of the NaCl, and repeat Steps 15 - 18 to determine the freezing point of the CaCl2 solution. Record your data in Table 1.
Once these temperatures have been determined, find the molar mass of all the substances used, and compare them to the theoretical values for accuracy.

Calculate the Molar Mass of Each Compound:
· Glycerol, C3H8O3
· Sodium Chloride, NaCl
· Calcium Chloride, CaCl2



Table 1 Freezing Point Temperature
	Solution
	Freezing Point  (°C)

	H2O
	 

	Glycerol
	 

	NaCl
	 

	CaCl2
	 


Post-Lab Questions:
1. How do each of these molar masses compare to the theoretical? What is the percent error? Show your work.
2. Which solution of salt (NaCl or CaCl2) is better to salt the roads? Why?
3. What is the concentration of the exact composition of the rock salt/water solution used on the roads?
4. Why were we not able to use this composition in our experiment? 
5. How would the results from this experiment be different if water did not form hydrogen bonds?
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Figure 6: Step 12 refer-

ence.
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