Abstract
The gas chromatography experiment done is a combination of quantitative analysis of 16 polycyclic aromatic hydrocarbons with an analysis of methods of temperature programming in order to attain great resolution and minimize analysis time. Although many attempts were made in order to improve the given temperature programming, the custom temperature programming was not successful.
Introduction
The purpose of this experiment was to separate by gas chromatography a mixture of sixteen polycyclic aromatic hydrocarbons with flame ionization detections. The analysis of the PAHs is important due to the fact that they are a widely disseminated group of chemical carcinogens in the environment. Consequently they are considered very important anthropogenic pollutants in the biosphere. Gas chromatography is an analytical tool in which a mixture is separated into its constituents by a moving gas phase passing over a stationary sorbent. The detector of the gas chromatograph senses and measures the small amounts of the separated components present in the carrier gas stream leaving the column. The detectors more widely used in gas chromatography are the thermal conductivity, flame ionization and electron capture detector. The one used in in this experiment was the flame ionization detector which is the most popular in current use for detection of organic compounds. This is due to its high sensitivity, stability, fast response and wide linear response range.



Theory
[image: ]The gas chromatograph is a useful method to separate the volatile components of a very small sample.  The apparatus consists of an injection port through which samples are loaded with a micro-syringe with hypodermic needle. Typically samples of one microliter or less are injected on the column.  These volumes can be further reduced by using a split injection system in which a controlled fraction of the injected sample is carried away by a gas stream before entering the column.  The difficulty of accuracy in injecting small amounts of liquids imposes a significant limitation on quantitative analysis. The sample enters a carrier gas stream via the injector. The carrier gas used is normally either helium, nitrogen, hydrogen or argon. The choice of gas usually depends on availability, purity required, consumption and the type of detector employed. The carrier gas typically used is helium due to its high thermal conductivity relative to that of the vapors of most organic compounds.
Next, the liquid moves onto a column on which the components are separated. The nature of the solid support, type and amount of liquid phase, method of packing, length and temperature are important in obtaining the desired resolution. Columns can be ether packed or open tabular. Packed columns consist of metal tubing packed with a solid material coated with a stationary absorbing liquid. Packed columns have various types of porous polymers developed as column packing material, which are styrene copolymers, although modified with different, mainly polar, monomers. A type of polymer that is distinguished is the Tenax GC, which is based in 2,6-diphenylphenylene oxide which makes it possible to have a high operating temperature of 400. By reaching higher temperature, peaks may be better evaluated and with better resolution. In a packed column, uniform particle size decreases the multiple path term in the van Deemter equation below, thereby reducing plate height and increasing resolution: 


where  is the linear flow rate, and A, B, C are constants for a given column and stationary phase. Small particle size decreases the time required for solute equilibration, thereby improving column efﬁciency. However, the smaller the particle size, the less space between particles and the more pressure required to force mobile phase through the column.
Open tabular or capillary columns are those in which the stationary phase is coated on the interior walls of a tubular column with a small inner diameter.  In comparison to packed columns they offer higher resolution, shorter analysis time, greater sensitivity and lower sample capacity.
After passing through the column each component enters the detector, which in this case is a flame ionization detector. The effluent from the column is mixed with hydrogen and burned in air to produce a flame that has sufficient energy to ionize solute molecules having low ionization potentials. The ions produced are then collected at electrodes and the resulting ion current measured; the burner jet is the negative electrode whilst the anode is usually a wire or grid extending into the tip of the flame. Finally, each component produces a peak signal.
A sample with a wide range of components each with different boiling points will have some chromatographic peaks which are best evaluated at either low or high temperatures whichever results in better resolution.

Resolution is proportional to theoretical plates , and consequently the square root of the column length.  is the unadjusted relative retention. Besides the resolution of the peaks, another important factor to consider is tailing. Tailing is the asymmetric chromatographic band in which the later part elutes very slowly. It often results from adsorption of a solute onto a few active sites on the stationary phase.
Finally partition coefficient has to be considered:

where  is the concentration of analyte in the film and  is the concentration of analyte in the solution. While the analyte is in solution it carries the sample molecules through the chromatographic column. During the sample molecules transportation through the column, each analyte is retained according to that compound's characteristic affinity for the stationary phase.  The time that passes between the sample injection and peak maximum is called the retention time. The area underneath each peak is proportional to the amount of co responding analyte in solution.  

Experimental Procedure
 Column: J&W Scientific CAT. NO. 122 5062 
The sample has been prepared by diluting a commercially available mixture of 16 PAHs in a methanol-dichloromethane mixture (1:1). The PAHs are listed in the below table:
	Analyte
	CAS Number

	Acenaphthene 
	83-32-9

	Acenaphthylene 
	208-96-8

	Anthracene 
	120-12-7

	Benz(a)anthracene   
	56-55-3

	Benzo(a)pyrene 
	50-32-8

	Benzo(b)fluoranthene 
	205-99-2

	Benzo(g,h,i)perylene 
	191-24-2

	Benzo(k)fluoranthene 
	207-08-9

	Chrysene 
	218-01-9

	Dibenz(a,h)anthracene 
	53-70-3

	Fluoranthene 
	206-44-0

	Fluorene 
	86-73-7

	Indeno(1,2,3-cd)pyrene 
	193-39-5

	Naphthalene 
	91-20-3

	Phenanthrene 
	85-01-8

	Pyrene 
	129-00-0



First the isothermal trial is conducted. It begins with Setting the oven temperature 1 to 200 and the ramp rate 1 to zero. Once the ready light illuminates the instrument the computer steps are followed:
Acquisition-> Quick Start-> OK-> insert identification->OK
After the GC status lights say ready 1 of the PAH mixture is inserted.
After the isothermal trial has been run and the data printed the temperature program run can begin. The temperature is set as T1=80 held for 1 minute changing to T2=300 at a rate=10/min and held for 2 min. the ready light will turn on after, signalling that temperature T1 has been reached in the oven and the column has been equilibrated. The system can now be prepared for the injection of the PAH mixture as previously performed. Finally, after analysing the results from isothermal and temperature programs another temperature program can be designed to further improve the PAH while maintaining a short analysis time.
Data
Results of individual Determination
	GC Conditions
	Experimental Data

	Settings
	PAH Number
	Retention Time

	Carrier gas = He/N2
	1
	[bookmark: _GoBack]4.4

	flow rate = 1ml/min
	2
	6.99

	Temp program = 200 degrees C
	3
	8.72

	
	4
	10.04

	
	5
	22.44

	
	6
	22.56

	
	
	

	Trial 2
	
	

	Carrier gas = He/N2
	1
	5.65

	flow rate = 1ml/min
	2
	9.29

	Temp program = 80- 300 degrees C
	3
	9.72

	rate = 10 
degresC/minute held 2 mins
	4
	11

	
	5
	13.57

	
	6
	16.52

	
	7
	17.05

	
	8
	20.45

	
	9
	23.09

	
	
	

	Trial 3
	
	

	Carrier gas = He/N2
	1
	3.67

	flow rate = 1ml/min
	2
	6.55

	
	3
	7

	
	4
	8.12

	
	5
	10.58

	
	6
	10.75

	
	7
	14.07

	
	8
	14.7

	
	9
	19.48





 Discussion
	Rate (⁰C/min)
	Temperature (⁰C)
	Time(min)
	Total (min)

	Initial
	100
	1.00
	1.00

	7.0
	107
	2.00
	4.00

	7.0
	114
	2.00
	7.00

	7.0
	121
	2.00
	10.00

	5.0
	126
	2.00
	13.00

	5.0
	131
	2.00
	16.00

	5.0
	136
	2.00
	19.00

	5.0
	141
	2.00
	22.00

	
	
	Total time
	22.00



A custom designed temperature program was created in order to optimize chromatographic resolution and to minimize the analysis time. The resolution obtained was better in comparison to the isothermal trial, however it was not better than the temperature programming trial. One aspect that could have been changed would be the temperature. During the custom program the temperature never went to or above 300⁰C, which was a temperature that worked during the temperature programming trial. Although the low temperature worked in the beginning, at the end of the trial the quality in resolution diminished.  On the other hand, the analysis time was minimized in comparison with both the isothermal and the temperature programming trials.

Conclusion
The temperature programming is better than the isothermal chromatography in terms of resolution. During the temperature program run the peaks were separated and thus resolved. However, the analysis time was shorter during the isothermal run due to the high temperature throughout. The main reason for the low resolution in the isothermal trial is the constant temperature.  Some peaks are best evaluated at higher temperatures or lower. Thus, there should be a change in temperature in order to accommodate for the different components in the sample. The custom time programming further improved the resolution of the 16 PAHs in comparison to the isothermal trial, however it was not better in comparison to the given temperature program.
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