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Analysis of a Hydrocarbon Mixture by Gas Chromatography
Introduction

Gas Chromatography (GC) is a very important analytical technique used in the food, chemical, petroleum, pharmaceutical and environmental remediation industries for the separation, identification, and quantification of mixtures of volatile compounds.  In addition, GC is also used in forensic chemistry to carry out, for example drug testing on blood and urine samples.  GC is a chromatographic technique whereby a mixture of volatile compounds (usually having a boiling point of < 250 oC) is introduced onto a heated column containing a liquid adsorbent (such as silicone oil) on a solid support (such as diatomaceous earth) and carried through the column by a gas flowing through the column (usu. He or N2).  Separation of the components occurs because different compounds partition differently between the gas and liquid phases.  Those compounds that “prefer” the gas phase travel faster through the column faster than those that “prefer” the liquid phase.  For mixtures of hydrocarbons which have similar polarities, this partitioning is largely determined by boiling point – thus lower boiling compounds travel faster through the column than higher boiling compounds.  As a component leaves the column, it passes through a detector, generating a response which is recorded as a peak, the area of which is proportional to the amount of material which passed through the detector.  However, since typical detectors respond differently to different compounds, peak areas have to be corrected using a “detector response factor” for quantitative work.
In this experiment, you will prepare a standard mixture of four compounds:  n-hexane, n-heptane, toluene, and ethylbenzene, and analyze this standard by GC to establish retention times and detector response factors for each of these compounds.  You will then use GC to analyze an unknown mixture which contains some or all of these compounds.  Using the data acquired from your standard mixture, you will identify the compounds and calculate the percentage of each component in your unknown mixture.
Required Reading:

Lehman “The Student’s Lab Companion”:

“Gas Chromatography” (pp. 205 – 214)
Special Safety Notes:

Injector ports on a gas chromatograph are hot!  Avoid contact with the GC injector ports.
Procedure:
Use of the Gas Chromatograph


Your instructor will demonstrate the use of the Gow-Mac gas chromatograph, as well as the use of the ChromPerfect software at the beginning of the lab period.
Determination of Component Retention Times and Response Factors


Prepare a sample of approximately equal masses of n-hexane, n-heptane, toluene, and ethylbenzene.  Record the exact masses in your notebook.  Inject 1 L of that unknown into the Gow-Mac Gas Chromatograph.  Record the following GC conditions in your notebook:  GC used, column type, column length and diameter, injector temperature, column temperature, detector temperature, type of carrier gas, and flow rate.  Obtain a chromatogram and report using the ChromPerfect software.  Retention times for each component can be deduced from the respective boiling point (lower boiling components have shorter retention times).

Calculate detector response factors for each component using ethylbenzene as the reference compound.

Analysis of the Unknown Mixture


Select an unknown liquid mixture and record the unknown number in your notebook.  Inject 1 L of that unknown into the Gow-Mac Gas Chromatograph.  NOTE:  Use the same GC as you used for your standard above.  Obtain a chromatogram and report using the ChromPerfect software.

Identify the components in your mixture by comparison of the retention times with the standard sample.  Calculate the percentage of each component in your sample using the peak areas given in the printout, correcting each peak area using your calculated detector response factors.
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Analysis of a Hydrocarbon Mixture by Gas Chromatography:  Pre-Lab Worksheet

1.  What is the purpose of this experiment?

2.  Look up the structures and MSDS’s for the possible compounds used in this experiment (at the Fisher scientific website, for example) and complete the following table:

	Compound
	Structure/Formula
	LD50
	Flash Point
	Corrosive?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


3.  Look up the physical properties for the compounds used in this experiment (at the Fisher scientific website, for example) and complete the following table:

	Compound
	Molecular Weight
	Melting Point
	Boiling Point
	Density

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


4.  Describe the principle of gas chromatography.  In your description, be sure to include a definition of “retention time”.

Analysis of a Hydrocarbon Mixture by Gas Chromatography:  Post-Lab Worksheet

Identification and Quantification of Components
1.  Unknown number:  ______________________

2.  (a) GC used:  ____________________  (b) Attach both your standard gas chromatogram and your sample gas chromatogram to this report.
3.  Record the identity, corresponding retention time, and response factor of each component in your standard mixture (show your calculations in your experiment notes (in-lab)):
	Component Identity (Standard)
	Retention Time (Standard)
	Calculated TCD Response Factor

	
	
	

	
	
	

	
	
	

	
	
	


4.  Number of components in your unknown sample:  __________________

5.  Record the retention time of each component in your sample.  Identify and calculate the % of each component in your unknown sample (show your calculations in your experiment notes (in-lab)):
	Retention Time

(Sample)
	Component Identity (Sample)
	% in Sample

	
	
	

	
	
	

	
	
	

	
	
	


Questions

6.
A sample consisting of n-pentane and 2,2-dimethylpropane is injected into a gas chromatograph equipped with a typical (silicone) column.  Which compound has the shorter retention time?  Explain your answer.

7.
What would happen to the retention time of a compound if the length of the GC column were increased?
8.
For quantitative work, why do you have to correct the peak areas by a detector response factor?






