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  Experiment 3
Determination of a Boiling Point
The boiling point of a substance is a useful physical property for the characterization of pure compounds. A common method for the determination of boiling points as well as separating and purifying volatile liquids, is distillation, which makes use of the specific boiling points, of the liquid components in the mixture. When there is only one volatile compound, or when one of the liquids has a boiling point well below the others, a simple distillation is used. However, if there are two or more liquid components, which have boiling points near each other, a fractional distillation must be used. 
Using simple distillation, you will separate toluene from a non-volatile dye. Then, using a fractional distillation apparatus, you will separate toluene and cyclohexane. While performing the distillation, you will monitor the temperature that the volatile liquid has, in the gas phase, using the Vernier Wide-Range Temperature Probe. This temperature should remain constant as each distillate is being condensed, and actually represents the boiling point of this chemical. To confirm the presence of each compound, you will measure the density of your distillates.
OBJECTIVES
· Assemble and perform a simple distillation of toluene.
· Assemble and perform a fractional distillation to isolate toluene and cyclohexane.
· Produce a graph of time vs. temperature for each distillation. 
· Determine the density of each purified compound. 
· Identify an unknown compound based on boiling point and density.
MATERIALS
LabQuest or computer interface
LabQuest App or Logger Pro
Wide-Range Temperature Probe
10 mL graduated cylinder
two 50 mL graduated cylinders
100 mL round bottom flask
five sample vials with caps
heating mantle
simple distillation apparatus
fractional distillation apparatus
toluene
cyclohexane, contaminated with crystal violet
an unknown solution containing one of the following: 
   acetone, methanol, isopropanol
PROCEDURE
Part I Simple Distillation 
1. Obtain and wear goggles. Protect your arms and hands by wearing a long-sleeve lab coat and gloves. Conduct this reaction in a fume hood.
2. Assemble your simple distillation apparatus as shown in Figure 1.
a. Use your 100 mL round bottom flask as the distillation pot and a 50 mL graduated cylinder as the receiver. 
b. Make sure your Wide-Range Temperature Probe is positioned correctly in order to obtain the proper temperature readings.
c. Add about 30 mL of the impure toluene sample to your distillation pot. This sample of toluene has had a small amount of crystal violet (a non-volatile dye) added to it as the impurity. Note: You may want to add one boiling stone to the flask to keep the solution boiling smoothly and to prevent bumping of the liquid. DANGER: Toluene, C6H5CH3: Flammable liquids. Highly flammable liquid and vapor. Keep away from heat, sparks, open flames, and hot surfaces. Acute toxicity, oral. Harmful if swallowed. Aspiration hazard. May be fatal if swallowed and enters airways. Causes skin and eye irritation. May cause drowsiness or dizziness. Avoid breathing mist, vapors or spray. Use personal protective equipment as required. Specific target organ toxicity, repeated exposure.
d. Connect the Temperature Probe to LabQuest or a computer interface. Start the data-collection program, and then choose New from the File menu. Change the data-collection duration to at least 60 minutes to ensure collection of all the data.

Figure 1    Simple distillation apparatus
3. Perform the simple distillation:
a. Begin by turning the cooling water on first and then turning on the heat. Adjust the heating mantle temperature so that your heating rate results in one drop of liquid drops every second into the receiver.
b. Start data collection when you see distillate collecting in the fractionating column and gather the fraction that boils off. 
c. Stop the distillation by turning off the heat after collecting about 15 mL of distillate, but do not let your distillation pot go dry. 
d. Stop data collection. 
e. Store the data from the first run so that it can be used later by tapping the File Cabinet icon in LabQuest App, or choosing Store Latest Run from the Experiment menu in Logger Pro.
f. After turning off the heating the mantle, lower the mantle from the distillation pot and let the entire set–up cool down for about 5–10 minutes before proceeding with another distillation. 
4. Determine the density of the toluene. Record all values to the nearest 0.001 g or mL in the data table.
a. Add exactly 10 mL of your distillate to a pre–weighed dry 10 mL graduated cylinder. 
b. Weigh the graduated cylinder after adding the distillate.
c. Determine the mass of the added toluene by subtracting the mass of the dry cylinder from the total mass.
d. Calculate the density of your distillate.
Part II Fractional Distillation 
5. Adapt your simple distillation apparatus to conduct a fractional distillation with the addition of a fractionating column placed above the boiling flask, as shown in Figure 2.

Figure 2   Fractional distillation apparatus
6. Add 15 mL of cyclohexane, 15 mL of toluene, and a boiling stone to your dry 100 mL round bottom flask. DANGER: Cyclohexane, C6H12: Highly flammable liquid and vapor. Keep away from heat, sparks, open flames, and hot surfaces. May be fatal if swallowed and enters airways. Avoid breathing dust or fumes. May cause drowsiness or dizziness. 
7. Perform the fractional distillation.
a. Begin by turning the cooling water on first and then turning on the heat. It will take significantly longer for the fractional column to heat up. 
b. Start data collection when you see distillate collecting in the fractionating column.
c. Effective fractional distillation requires a slow distillation rate. Be sure to collect no more than one drop of distillate every 2–5 s.
d. You will collect five fractions of about 3–5 mL each, using a 50 mL graduated cylinder to collect each fraction. Collect the fractions according to the chart below. After you collect each fraction, transfer the distillate into a tightly sealed sample vial. Important: Do not allow the round bottom distilling flask to go dry.
	 
	1st fraction
	2nd fraction
	3rd fraction
	4th fraction
	5th fraction

	Temperature range (°C)
	70–75
	75–85
	85–105
	105–115
	115–120


e. Stop the distillation by turning off the heat after collecting all five fractions. Stop data collection. 
f. Store the data from the first run so that it can be used later by tapping the File Cabinet icon in LabQuest App, or choosing Store Latest Run from the Experiment menu Logger Pro.
g. After turning off the heating on the mantle, lower the mantle from the distillation pot and let the entire assembly cool down for about 5–10 minutes before proceeding with another distillation. 
8. Determine the density of your fractions. Record all values to the nearest 0.001 g or mL in the data table.
a. Add a precisely determined volume of your distillate to a pre–weighed dry 10 mL graduated cylinder. 
b. Weigh the graduated cylinder after adding the distillate.
c. Determine the mass of the added distillate by subtracting the mass of the dry cylinder from the total mass.
d. Calculate the density of your distillate.
Part III  Unknown Sample
9. Obtain your unknown sample and, using any or all the techniques learned above, identify it.
DATA tables
Part I  Simple Distillation
	Mass of empty graduated cylinder (g)
	 

	Volume of distillate (mL)
	 

	Mass of cylinder and distillate (g)
	 

	Density of distillate (g/mL)
	 


Part II  Fractional Distillation
	 
	1st fraction
	2nd fraction
	3rd fraction
	4th fraction
	5th fraction

	Mass of empty graduated cylinder (g)
	 
	 
	 
	 
	 

	Volume of distillate (mL)
	 
	 
	 
	 
	 

	Mass of cylinder and distillate (g)
	 
	 
	 
	 
	 

	Density of distillate (g/mL)
	 
	 
	 
	 
	 


Part III  Unknown Sample
	Mass of empty graduated cylinder (g)
	 

	Volume of distillate (mL)
	 

	Mass of cylinder and distillate (g)
	 

	Density of distillate (g/mL)
	 

	Boiling point of unknown (°C)
	 

	Identity of unknown
	 


DATA ANALYSIS
1. What is the apparent boiling point of toluene, as determined from your simple distillation experiment? Calculate the percent difference between this value and the accepted literature value for toluene. 
2. What is the apparent boiling point of toluene, as determined from your fractional distillation experiment? Calculate the percent difference between this value and the accepted literature value for toluene.
3. What is the apparent boiling point of cyclohexane, as determined from your fractional distillation experiment? Calculate the percent difference between this value and the accepted literature value for cyclohexane.
4. Identify your unknown compound based on boiling point and density.
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