Gas Chromatography of an Alcohol Mixture
(rewritten with three alcohols summer 2006)

Background Information
 
Gas chromatography (GC) is a technique used to analyze mixtures.  The instrument allows mixtures to be separated and the amount of each component to be determined.  One advantage of this technique is that very small (a few microliters) samples can be analyzed.


Samples to be analyzed in a gas chromatograph must be volatile, that is, they must vaporize easily.  Once vaporized, the sample is carried through a long tube (called a column) containing a porous material.  A nonreactive gas, such as helium is used to carry the components of the mixture through the column.  Not all components of a mixture travel through the column at the same rate.  Thus, some components will arrive at the detector at the end of the column before others.  As the components pass over the detector, the detector sends a signal to a recorder and a graph (chromatogram) is produced.


Using the chromatogram, the percent composition (amount) of each component in the mixture can be determined.  The percent composition is directly related to the area of each peak inh the chromatogram.


In this investigation you will use gas chromatography to separate the contents of an alcohol mixture and then determine the components in the mixture of the alcohols.

Procedure
1) Put on your goggles.  The various controls on the instrument have been preset for you – do not 
make any adjustments.  Also, do not turn off power switch on the gas chromatograph at any time.

2) Obtain a sample (1 – butanol, 1 – propanol, 2 – propanol, or one unknown A/B/C/D).  Each group 

will run four samples.
3) To clean the injecting syringe, place the needle in the bottle of the sample and slowly pull the plunger 

part of the way (10 L) Hold the needle over a paper towel, and squirt the sample onto the towel.  If nothing squirts onto the paper towel, let your teacher know; your needle may be plugged.
4) Obtain 0.5 L of the sample of alcohol or 1 L of the mixture.  To avoid getting air bubbles in your 

sample, obtain more than you need and then push the excess out onto the paper towel.

5) With the sample in the syringe, pull the plunger back to the 5 L mark to bring air into your syringe. 
This air will cause a small bump at the beginning of your run that you can use as a starting point.  It will also get you sample out of the needle portion of the syringe.  This is useful so that you sample does not evaporate before you actually inject it into the instrument.
6)  Using two hands, inject your sample into the gas chromatograph.  Have your partner make a mark on 

the recording graph paper indicating your injection point and label your sample.



Be very careful to avoid bending the needle.  If you feel too much resistance,

 pull the needle back out and try again. Be sure the needle is pushed all the

 way into the instrument (flush with the metal piece) before pushing the plunger.

 ALSO, THE INJECTOR PORT IS HOT.

After injecting, carefully pull the syringe straight out and help the next person in your group.

7) The next injection can be made only after the previous sample has traveled through the column.  You 

can make the next injection after you see the peak come all the way down to the baseline.  There 

should be one peak for each known sample.  There will be 2-3 peaks for the unknown sample.  If 

you are not sure, check with your teacher before making the next injection.
8)  After your group has injected all three knowns and a mixture, you are ready to analyze your results.  

Record the leter of your mixture in the Data Table.
Gas Chromatography of an Alcohol Mixture
Name ______________________________

Period _______ 

Pre-Lab Questions (These are due the day you plan to do the lab.)

1.  What is the purpose of the stationary phase?  What is the stationary phase used in this lab?

2.  What is the purpose of the mobile phase?  What is the mobile phase used in this lab?

3.  What state of matter is injected into the instrument? ______________________

What state of matter is the sample turned into upon entering the instrument? _______________

4.  Why do you need to add some air to the needle after getting your sample in the syringe?

5.  Use the information from this table to predict the order (from fastest to slowest) the three alcohols will travel through the instrument.

	Name of Alcohol
	Molecular Weight (g/mol)
	Boiling Point (oC)

	1-butanol
	74.12
	117.7

	1-propanol
	60.10
	97

	2-propanol
	60.10
	82.4


6.  Explain how you will use the chromatogram from your unknown mixture to determine how many of the alcohols from above are in your mixture.

Data Analysis
· Each member of the group should analyze their own chromatogram and then share the information with the other group members.  Tape your chromatogram to the bottom of this page – you can cover up the data analysis instructions if needed.
· Measure the distance from the middle of the air peak to the middle of each peak.  If you did not get air peaks, measure each sample from your injection point to the middle of each peak.  Show these distances on the chromatogram and list them in the data table.   For the mixture, if you did not have three peaks, leave the third space blank.

· You will now need to convert the distances to a time in order to determine the retention time (Rt).  The paper was moving at a speed of 2 cm/min.  Use this value and the distance you measured to set up a proportion to solve for the number of minutes it took each sample to travel through the column.  Show your proportion and calculation next to the data table.
Data Table
	Name of Alcohol
	Distance

(cm)
	Retention Time

(min)

	
	
	

	
	
	

	
	
	

	
	
	


Conclusion

1.  How many alcohols are in your unknown mixture?  How do you know?

2.  Which alcohols are in your unknown mixture?  What is your evidence (include the retention time data from your data table)?

3.  Rank the order the pure substances traveled through the column from fastest to slowest.  How close was your prediction from the prelab questions #5?

4.  Which factor (boiling point or molecular weight) has the most influence on how fast an alcohol will travel throughout the instrument?  Explain your answer, using evidence from this experiment.

5.  Suppose two mixtures contained the same alcohols but in different amounts.  How could you use a gas chromatogram to distinguish between the two mixtures?
6. How is the gas chromatogram similar to paper chromatography?
7.  Gas chromatographs are one of the most widely used scientific instruments in industry today.  Give an example of a useful application for gas chromatography.

