Scenario

A woman is sitting in her home reading, and lifts her head for a moment to gaze out the window.  Surprised, she sees smoke emerging from the window of a neighboring home.  The woman dials 911 and evacuates her home, as within minutes the neighboring house is engulfed in flames.  As neighbors begin to cautiously approach the scene of the fire to investigate or offer help, an individual sprints past them heading in the opposite direction.  A second call is made to the police, who are quickly approaching the scene. An officer in one cruiser spots the individual, pulls over, and inquires about his motive for fleeing the scene.  The individual replies that he was scared, and running to get help.  Yet the officer is suspicious of his behavior, as most witnesses remained at the scene and dialed 911 from cell phones. The individual is taken in for questioning, and his clothing is taken as evidence. A stain is found on his shirt, which he claims he got while filling his lawn mower with gasoline.  

After investigation the fire was found to be arson and the accelerant used was lighter fluid. Your job is to analyze the shirt using gas chromatography/mass spectrometry (GC/Ms) to determine the nature of the accelerant used.  Is the suspect innocent or guilty?  
Background: 
Mass Spectrometry

In this experiment you will be analyzing a sample by gas chromatography/mass spectrometry (GS/MS).  GC/MS is a tandem instrumental technique that allows mixtures to be separated and individual components to be identified.

Your sample will be injected into the gas chromatograph through an inlet system. As in all chromatography there is a mobile phase (in this case Helium gas) and a stationary phase (Supelco MDN-5 fused silica capillary column). As the sample is injected, it is vaporized and enters the column as a gas.  If the sample is a mixture, the individual components will spend different amounts of time either in the gaseous phase or "stuck to” (dissolved in) the stationary phase, allowing them to be separated and thus exit the column at different times.  There are many reasons why a compound will "stick " to the stationary phase but as general rule (with many exceptions) molecules with lower boiling points and lower molecular masses tend to elute first.

The time required for the sample to elute (travel from the injection point to the end of the column) is referred to as the retention time. In order to determine retention times, a detector must be used to observe when the sample is eluting.  The detector senses the compounds and produces a chromatogram displaying a peak at the time the compound exits the column.  (Note:  The instrument is called a chromatograph, the output is called a chromatogram). A variety of types of GC detectors may be used including thermal conductivity (measures change in conductivity of a wire), flame ionization (measures change in conductivity of a flame) or mass spectrometry (measures abundance of particles after ionizing).

We will be using a mass spectrometer as the detector in this experiment.  Mass spectrometry has an advantage over the other types of detectors in that it can be used not only to determine the presence/abundance of compounds as they elute from the column, but also to determine the molar mass and even the specific identity of compounds using their mass spectra.

As each compound exits the column it enters a high-vacuum ionization chamber of the Mass spectrometer where it is bombarded by a ray of very high-energy electrons.  The electrons slam into the molecules of the compound and knock out an electron, leaving behind a radical cation, M(+, which contains both an unpaired electron and a positive charge.  This radical cation, often called the parent ion, has the same molar mass as the original compound.  It can also fragment further into radicals (contain unpaired electron, no charge) and cations (contain positive charge).

While the ionization process for the MS in our instrument is similar to that described in your textbook, our MS uses a quadrupole mass filter, which is different than the magnetic sector type of instrument described in your textbook.  Rather than using magnetic fields to separate particles, the quadrupole instrument uses electric fields.

All charged particles (either the parent ion or fragment cations) from the ionization chamber enter the quadrupole mass filter.  The quadrupole consists of four rods, which act as two pairs of electodes.  An AC (alternating) current is applied across one pair of electrodes while a DC (direct) current is applied across the other pair of electodes.  Because ions are being passed through the mass filter, their trajectory will be influenced by their mass as well as the voltages in the quadrupole.  Only ions of the correct mass (resonant ions) will be able to make it through the mass filter and reach the detector. Others (nonresonant ions) will colliding with the electrodes and not be detected.  The voltages can be varied and calibrated using standards so that the masses of the particles reaching the detector are known.  As a result, the mass of the parent and fragement ions can be determined.

Identification of Unknown Accelerants Using Mass Spectrometry

When an unknown accelerant is injected into the mass spectrometer it will be separated into its components, each of whose mass spectrum will be determined.  The GC/MS of different accelerents are characteristic and be used to identify them. 

Most accelerants are organic in nature, and many of them are organic hydrocarbons.  An organic compound contains carbon. A hydrocarbon is a compound that contains only carbon and hydrogen.  

Hydrocarbons may be further classified into a variety of subgroups.  Some of these classes which are found in accelerants include: alkanes, cycloalkanes, alkenes, and aromatic hydrocarbons. 

Alkanes, such as methane and pentane, are hydrocarbons which consist of chains of carbon atoms singly bonded to one another with enough hydrogen atoms on each carbon atom to bring it to the maximum bonding capacity of four.  (For other straight-chained alkanes see table 24-1 on page 977 in your textbook.)  The general formula for an alkane is CnH2n+2 where n represents any integer greater than or equal to 1.  
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Cycloalkanes, such as cyclopentane, are alkanes in which two hydrogens have been removed and two carbons have been connected back to each other to form a ring.  Alkenes are hydrocarbons that contain carbon-carbon double bonds, and aromatic hydrocarbons are derivatives of benzene, which is a six-carbon ring with alternating single and double carbon-carbon bonds.
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In this experiment we will be focusing primarily on the mass spectra of alkanes and aromatics.

Parent ions of many alkanes are readily observable in the mass spectrometer by a peak corresponding to the molar mass of the alkane.  For example, the parent ion for hexane, [CH3-CH2-CH2-CH2-CH2-CH3](+ would show a peak at 86 in the mass spectrum.

When an alkane fragments in the mass spectrometer it often does so at a carbon- carbon bond. One of the fragments will be a radical which is uncharged and therefore not detected while the other fragment will be a carbocation which has a positive charge and will be detected.  For example [CH3-CH2-CH2-CH2-CH2-CH3](+ (MM 86) could fragment into CH3( and CH3-CH2-CH2-CH2-CH2+ (MM 71) or CH3+ (MM 15) and CH3-CH2-CH2-CH2-CH2(.  In the first case, a peak at 71 would be observed in the mass spectrum, while in the second case, a peak at 15 would be observed.  In a similar fashion, other fragments could form by breaking C-C bonds in the middle of the chain to give fragments at MMs of 29, 43 and 57.  Notice that these fragments are each separated by 14 mass units, corresponding to different numbers of CH2 groups.  All of these peaks will be seen in the mass spectrum.  Indeed, a series of peaks separated by 14 mass units is quite characteristic of alkanes.
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When an aromatic compound fragments in the mass spectrometer the ring usually stays intact and is fragmented at substituent positions.  Substitutions are made on the ring by removing a hydrogen and then adding additional carbons.  For example ethylbenzene (MM 106) would show a peak at 106 (M(+) as well as peaks at 91, and 77 corresponding to fragmentation

 and loss of a CH3( or a CH3 CH2(. 
Different classes of accelerants will contain different relative amounts of alkanes, cycloalkanes, alkenes, and aromatics.  We can do a procedure called ion extraction that will give a chromatogram that shows peaks only for compounds containing certain ions.  If we choose the ions so that they are representative of the different types of hydrocarbons, we can get an idea of the relative abundances of alkanes, aromatics, etc. in the sample.  This will be the first step in classifying our unknown accelerant.

Once we have determined the relative amounts of each type of hydrocarbon in the sample, we can determine the mass range for the hydrocarbons in the sample using the alkanes.  For example, a volatile sample such as gasoline would contain lower molecular weight hydrocarbons than a less volatile sample such as kerosene.

In order to do this, we can look at the parent ions in the mass spectra of individual peaks with the shortest and longest retention times.  Peaks with the shortest retention times should contain the lowest boiling (and therefore the lowest molecular weight) alkanes while those with the longest retention times should contain the highest boiling (highest molecular weight) hydrocarbons.  We can then use the general formula for an alkane, CnH2n+2 to determine the number of carbons in the compounds corresponding to those peaks and determine the carbon range for the sample.

For example, suppose the peak with the shortest retention time showed a MS with a parent ion of 74, while that with the longest retention time showed a MS with a parent ion of 100.  A parent ion of 74 (CnH2n+2 = 74, n=5) would correspond to C5H12 while a parent ion of 100 (CnH2n+2 = 100, n=7) would correspond to C7H14.  We could therefore determine that the sample had a carbon rande of C5–C7.  

Once the relative abundances of different classes of hydrocarbons are known, and the carbon range (MM range) of the hydrocarbons has been determined, it may also be useful to identify specific compounds (called target compounds) in the sample that are known to be present in a similar accelerant standard.  These so-called target compounds may be determined by using a search program to run a comparison of the mass spectrum of the unknown to a database (library) containing hundreds of thousands of mass spectra.  A list of matching compounds is displayed as well as the probability of the match.

After the ion extractions have been performed, the carbon range has been determined, and target compounds have been identified, the unknown accelerant may be classified using the ignitable liquid classification scheme as illustrated in the table on the next page.

Ignitable Liquid Classification Scheme
	Class
	General Info
	Examples
	Alkane Abundnce
	Cycloalkane Abundance
	Aromatic Abundance
	Naphthalene Abundance
	C range
	Target Compounds

	Gasoline
	Pattern characterized by abundant aromatics in specific pattrern.
	
	Present
	Not present in significan amounts
	Abundant, generally higher than alkane, comparable to standard
	comparable to standard
	C4-C12 for fresh gasoline
	alkylbenzenes such as 1,3,5-trimethylbenzene

	Petroleum

Distillates
	Pattern characterized by Gaussian distribution of peaks with aromatic compounds present
	Light – cigarette lighter fluids, camping fuesl

Medium – some charcoal starters, some paint thiners

Heavy – kerosene, diesel fuel, some charcoal starters
	Abundant, mostly n-alkanes but branched must be present
	present, less abundant than n-alkanes
	always present in medium and heavy distillates, less abundant than alkanes
	may be present
	Light – C4-C9

Medium – C8-C13

Heavy – C8-C20
	Light – C4-C9 alkanes

Medium– nonane, decane,  etc.

Heavy – decane, undecane, dodecane, tridecane, etc.

	Isoparrafinic Products
	Contain almost entirely branched alkanes
	Light – avation gas, spectialty solvents

Medium – some charcoal starters, some paint thinners, 

Heavy – some commercial specialty solvents
	Abundant, mostly branced with no or little n alkanes
	absent, or not present in significant amounts
	absent, or not present in significant amounts
	not present
	Light – C4-C9

Medium – C8-C13

Heavy – C8-C20
	branched alkanes

	Aromatic Products
	Contain almost exclusively aromatic and/or naphthalenes
	Light – some paint removers, xylene and toluene based products

Medium – specialty cleaning solvents, insecticide solvents

Heavy – insecticide solvents, industrial cleaning solvents
	Not present in significant amounts
	Not present in significant amounts
	Abundant, comparable to standards
	may be present, comparable to standard
	Light – C4-C9

Medium – C8-C13

Heavy – C8-C20
	aromatics

	Napthenic Parrafinic Products
	Comprised mainly of branched and cyclic alkanes
	Light – cyclohexane solvents

Medium – some charcoal starters, lamp oils

Heavy – lamp oils, industrial solvents
	abundant, n-alkanes may be absent or diminished compared to distillates
	abundant
	not present in significant amounts
	not present in significant amounts
	Light – C4-C9

Medium – C8-C13

Heavy – C8-C20
	branched, cyclic alkanes

	N-Alkames Products
	Comprised exclusively of n-alkanes
	Light – solvents

Medium – some candle oils

Heavy – some candle oils
	abundant,

n-alkane pattern with no or minor levels of branched alkanes
	not present in significant amounts
	not present in significant amounts
	not present in significant amounts
	Light – C4-C9

Medium – C8-C13

Heavy – C8-C20
	n-alkanes

	De-Aromatized Distillates
	Shows traditional distillate distribution, but aromatics absent
	Light – some camping fuels

Medium – Some charcoal starters, some paint thinners

Heavy – Some charcoal starters, odorless kerosenes
	abundant, mostly n-alkanes with branched present
	present
	absent or not present in significant amounts
	not present in significant amounts
	Light – C4-C9

Medium – C8-C13

Heavy – C8-C20
	see distillates

	Oxygenated Solvents


	may include alcohols, esters, ketones mixed witth other compounds
	Light – alcohols, acetone, fuel additives

Medium – some industrial solvents
	could be present in mixture, similar to distillate
	depends upon composition of mixture
	depends upon composition of mixture
	not significant
	
	

	Others – Miscellaneous
	Single components or synthetic mixtures
	Light – single component products, or blended products

Medium – turpentine products, blended pdts.

Heavy – some blended products
	
	
	
	
	
	


Procedure: (students will observe the extraction process during the prelab)

(a)Obtain an unknown from your professor and sign up to do your GC/MS. 

(b) While waiting your turn on the mass spec, analyze the following mass spectral data.

Analyzing practice data 

Obtain a packet of data called lamp oil 

(The practice chromatographs came from lamp oil injection.)

(a)In your packet of data locate the one-labeled "total ion chromatogram.” (TIC).  This is actually a GC chromatogram. The X-axis represents time and the Y-axis represents total abundance of ions of a range of molar masses detected at that given time (without distinguishing which is which).  Each peak represents a different compound within the sample. Approximately how many peaks are there?

(b)Which peak on Chromatograph 1 (TIC) is the most abundant? What is the abundance value? (identify by time)

(c) Identify a peak on your chromatogram that is significantly smaller.  What is its abundance?

While the TIC shows the total abundance of all masses of ions eluting from the column as a function of time, we wish to distinguish between alkanes and aromatics.  The computer can analyze the TIC for ions of specific masses and generate new chromatograms that show only abundances of specific masses as a function of time.  This process is called ion extraction.

It is known, for example, the alkanes commonly fragment into ions whose molar masses are 43, 57, 71, 85 and 99. By executing an ion extraction the computer will show which peaks on the TIC have those fragments. These peaks are probably alkanes.  The ion extraction can be repeated for molar masses of 91,106,105,120,119, and 134. TIC peaks containing these fragments are probably aromatic.

Look at the ion extraction chromatograms labeled figures 2 and 3 for lamp oil. 

(c) Remembering to notice the abundance, which does the lamp oil, have more of alkanes or aromatics?

(d) The hydrocarbon range can be determined.  Your packet contains the actual mass spectra for several of the alkane peaks as determined from the ion extraction, with the retention times listed (at the top).  Find the mass spectra that have the highest molar mass parent ion and the lowest molar mass parent ion.  Which peaks are these on the chromatogram?  What is the carbon range of the alkanes in the sample?

(e) Choose one of the mass spectra from part (d) and (using your pre-lab) identify as many of the alkane fragments as you can.

(f) Using the information provided in your Ignitable Liquid Classification Scheme, determine the class of compound into which the lamp oil best fits.  

Analyzing Your Data

(a) Analyze your sample the same way as for the practice data.  (Note: you may also use the library to determinine some target compounds.)

(b) Decide whether the defendant is guilty or innocent.
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Arson Lab (30 points total)

I. Introduction


A. Background on GC/MS


B. Background on accelerants


C.  Purpose of lab

II.  Results/Discussion 


A.  Brief procedure summary



i.  Procedure description of your particular method (cloth, carp, blank, etc)  



iv. Data attached to one member of your group’s report

B.  Explanation of the process used to determine your compound (or one given to you if you had blank or no sample)


i. Each class of hydrocarbon present/absent (qualitative abund)

ii. C range



iii.  Made comparison to table in lab handout



iv.  Found target compound to match with table



v.  Unknown was....


C.  Mass spectrum analysis of target compound (at least 3 peaks)

i. structure

ii. description

D.  Discussion of results between carpet and cloth


i. good match?   conclusive or not what’s on cloth/carpet?


ii. would it hold up in court?
III.  Conclusion

A.  Brief summary of how you made ID and what unknown was.


B.  Was the data consistent with the suspect's story?  Explain

V. Experimental 


Followed experimental procedure, with deviations:

VI.  References


Cite refs using endnotes 

VII.  Grammar


Correct spelling, sentence structure, punctuation, etc.


Used past passive voice
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