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2.

Distillation

Pre-lab questions  

Complete the following questions and submit the day of the distillation lab.

1. What error to your data would you expect to see if the thermometer wasn't below the side arm of the three-way adapter?  Explain. 

2. Your distillation was carried out at approximately 1 atm.  If the pressure were increased to 2 atm, what change in the boiling points of your mixture would you have seen?

3. It is probably safe to assume that some of the vapor escaped out through the outlet of the vacuum adapter where the receiver flask was placed, so why would it be a bad idea to make the whole assembly airtight so that none of the vapor could escape and thus insure maximum collection of distillate?

4. During distillation of a mixture, the partial pressures of its components A, B and C are 260, 150 and 470 mm Hg, respectively, at the boiling point of the mixture.  What is the composition of the vapor when the mixture boils?  Which liquid do you think has the lowest boiling point?

5. Why would it be wrong to assume that if an unknown is distilling at a constant temperature it is pure?  Explain.

2.


Distillation

Zubrick:
Chapters 20, 34 and 36

164-171 (general introduction)

179-183 (fractional distillation)

305-309 (theory simple distillation)


309-321 (theory fractional distillation) 


270-275 (infrared spectroscopy) 

Vocabulary:
Vaporization
The process of turning a liquid into vapor.


Condensation
The process of turning a vapor into a liquid.  


Azeotrope
It is a mixture of two ore more liquids which boils at a constant  
boiling point. 

This procedure has been adapted from the microscale procedure described in Macroscale and Microscale Organic Chemistry Experiments by Kenneth L. Williamson.




Background

What is distillation?  It is the separation of liquids by vaporization and subsequent condensation of the vapors in a separate container.  You are probably familiar with this process because it is used in the fragrance as well as the alcohol industry.  In a normal chemistry lab, we use distillation for purification of starting materials, solvents, and products.  In your experiments, you will be performing both simple and fractional distillations.  You may ask what is the difference between the two different techniques.  Well, simple distillation is used to separate two or more liquids with boiling points less than 150 °C at 1 atmosphere but more than 25 °C difference between each of them.  Fractional distillation is used when the different components of the mixture have boiling point ranges less than 25 °C from one another.  

Not all liquids, even ones with more than 25 °C difference in the boiling points, can be separated using a normal distillation process.  For example, do not try to distill alcohol at home to see if you can produce 100% ethanol.  It does not work.  Why?  Well, water and alcohol (ethanol) form an azeotrope, a mixture with a constant boiling point.  Azeotropes behave a lot like pure compounds.  Even though the boiling point of ethanol is 78.3 °C and that of water is 100 °C, you will not be able to obtain purity better than 96% alcohol / 4% water which is the composition of the azeotrope.  

One way to confirm the purity of your sample after distillation is to run the infrared (IR) spectra of the components and compare them to the known spectra of these compounds.  Organic compounds have unique IR spectra many of which are stored in spectroscopic libraries.  Thus, IR spectroscopy can be very useful for identification, quantization and quality control in the chemical laboratory.   

Experiment

There are two different parts to your experiment. 

Part 1.  Fractional distillation of three unknown compounds 

Perform a fractional distillation, using a fractionating column.  Transfer the majority of the liquid to your distillation flask using your syringe.  Record the initial volume.  Keep a few drops for the second part of this experiment.  You will separate the three different compounds and store them in three different vials for part 2 of the experiment.  You will need to put a boiling stone in the flask to make sure that your compound does not superheat.  Do not have the heat turned up.  You will want to raise the heat slowly.  Also, do not evaporate the liquid to dryness.  Stop distilling when you have around 5-10 drops remaining in your reaction tube.

--For your lab reports, draw a graph of temperature vs volume of the distillate. Record the volume of the distillate and calculate the liquid hold-up in the column and the percentage recovery (volume).  Identify the three unknown compounds by their boiling points using the table given on the web and report their volume ratio with respect to each other.

Part 2.  IR Spectroscopy of the three unknown liquids

Record the IR spectrum of each of the three unknown components of your mixture.  Compare your spectra to the known spectra in the digital library and identify the unknowns.  Overlay your unknown with its respective "known" spectrum.  If there is time, record the spectrum of your starting mixture.

--For your lab report, attach the spectra to your postlab.  
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Distillation

Post-lab questions  

Answer all parts of the following and submit with your report.  Show all calculations.  Make sure to attach your spectra and your three-component unknown graph to the postlab.

	Initial volume of your unknown mixture (in mL)
	

	Final volume of component 1
	

	Boiling point of component 1 (° C)
	

	Identification of component 1
	

	Final volume of component 2
	

	Boiling point of component 2 (° C)
	

	Identification of component 2
	

	Final volume of component 3
	

	Boiling point of component 3 (° C)
	

	Identification of component 3
	

	% recovery (volume)
	

	Holdup of the column
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