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7.1.
Background

In each analytical situation you’ve  faced so far, some hint (often a large one) has been given as to what to expect. For example, when carrying out the GC analyses in Lab #5 you were  told what the mixture was. Similarly, when doing Lab #4a,  the qualitative IR analysis, you were assured that only one pure compound was present.  In the recent HPLC lab you were given known mixtures of aromatics.

But what if you get a sample about which virtually nothing is known ? Would you use GC ? IR? HPLC? NMR, AAS, uv-vis ? A little reflection suggests that these techniques-even collectively- could easily come up short in helping you identify a truly unknown sample.

For example: suppose your sample shows three somewhat asymmetric, broad GC peaks on a SP-5 column, good separation of 4 peaks on a reverse phase C-8 HPLC chromatogram run in methanol , evidence of  C=C-H, C=O and C-H stretches with no overtones at 2000 cm-1, a large uv absorption centered at 325 nm and NMR multiplets at 4.5 (doublet, Irel =4 ), 3.0 (singlet, broad, Irel=1 ) ,  2.2 (triplet, Irel=6) , 1.8 (multiplet > 5, Irel; = 9), 1.1(multiplet  ?, Irel=7 )   and 0.9 ppm (multiplet ?, Irel = 9 ?  A lot of information, to be sure, but how do you know which signals in the collection above goes with which of the (at least) 4 compounds in the sample ?  

This is exactly the situation for which a GC/MS was designed. Because the individual GC peaks can be sampled for their mass spectrum, the individual, pure compounds can be  individually identified from their mass spectral cracking patterns if the right  set of chromatographic conditions can be arranged.

Moreover, because of the 
high degree of signal amplification afforded by modern MS detectors, and the rapid, optimized quadrupole tuning afforded by modern, computer controlled GC/MS, spectral reproducibility is high and sample sizes can be small (usually < 1 uL) and very dilute (1 ppb  is attainable if splitless operation is chosen) For this reason, it should be of little surprise that every chemical laboratory that can beg, borrow or steal a GC/MS does so.


7.2. Purpose


The  major and minor components of a known mixture of organic compounds diluted to ~ 20 ppm in methanol will be identified using Alfred State’s Agilent 5975C quadrupole GC/MS operated at a split ratio between 100:1 to 200:1 . The identifications will be justified by the student through individual assignments of the major m/e fragmentation  patterns observed for the MS spectrum of each component.

7.3.  Procedure

7.3.1  Starting the GC/MS and Inputting a Method

A complete set of step-by-step instructions has been worked out by the instructor on the use of the Agilent 5975C GC/MS. Students will use the GC-MS with these instructions and (with instructor guidance) program and run a GC/MS method on a known sample. Student teams will then be given an unknown mixture and input a known set of Method parameters, then, run  collect, store and print a GC/MS analysis of their unknown mixture. Between each consecutive sample run, a short clean out cycle with pure methanol will be run. 

It is noted that the GC/MS method is among the most important and utilized technique in the arsenal of forensic weapons. Thus, each participating student is expected to know the practical ranges and basic definition of the many GC/MS Method parameters and  should be prepared to describe in general where all the various components of the GC/MS hardware are, and how they  work.

7.3.2. Key Method Parameters 

The following instrument conditions for your unknown analysis should be recorded:

In Data & Observations as Table 1
Table 1: Method Parameters Used to Analyze Unknown # _____ 

    on Alfred State Agilent 5975C GC/MS     

0) unknown # (in title)

1) secondary He tank pressure (in psi)

2) column ID (maker, ID, coating depth, diameter, active phase ID, length, MAOT)

3) He flow rate

4) split/splitless ratio

5) auxiliary heater (transfer line) temperature

6) thermal ramp schedule 

start T, hold time, ramp rate, end T, hold time, post-run time, equilibration time)

7) solvent delay time

8) injected sample volume

9) ambient, pre-injection manifold pressure in torr

10)  quadrupole temperature

11) EI (source) temperature

12) mass range scanned (low to high)

13) file location for your Method 

14) file location for your collected Data

You should also collect and place in Data & Observations a hard copy of the total ion chromatogram as well as summary mass spectral peak reports for each of the major ion peaks observed in the former. 

7.4 
Data & Observations (See also 7.3.2. )

What to collect and report in your note book

1) Method parameters and your Method file address (see 7.3.2)

2) Diagram of GC schedule and solvent delay interval, e.g. 

                 T (oC)
EI on (solvent delay)











Time in minutes



       4)  Hard copy of Total ion GC scan and data file address

5)  Hard copy of Summary % peak vs m/e for major ion peaks  and 

data file  address (same file as ion scan)



7.5. 
Calculations & Analysis

7.5.1ATable 2:
 Retention times, ion count and any comments vs component  for unknown # ____ 1

	
Component #
	~ ion count
	tr(minutes)2
	Comments

	1
	23,000
	1.9
	Barely ahead of MeOH carrier

	2
	Etc
	Etc
	etc

	3
	Etc
	Etc
	etc


1include filename and address for total ion scan  2  peak retention time

7.5.2   Tables 3, 4,…:

Table 3: Assignment major mass fragments  for Component #1 (an example)



(see file..   include file name(s) and address for data and any analysis you do)

)

	m/e
	%
	Fragment ID
	Comments

	18
	100
	OH+
	Hydroxyl from alcohol ?

	28
	  28
	N2+, C2H4+ (?)
	Background low; not air ?

	29
	15
	C2H5+
	Ethyl group

	45
	18
	C2H5O+ or C2H4 OH+
	Parent – 1H

	46
	11
	C2H5OH
	Parent


Proposed identification of Component #1_______C2H5OH_______________

Note that you will be required to report and assign all major ion peak identities and can expect that some small peaks from impurities in the sources of your unknowns will arise.  It possible that as many as 5 or 6 total components both major and minor may be observed, which means 5 or 6 tables as in 7.5.2.

Warning: you should not rely solely on the NIST library suggestions to guide your identifications. These can miss badly because your Method’s exact conditions may not match those assumed in the NIST files. 

7.6. Conclusions

Components Assigned to Unknown # _____ Based on GC/MS Analysis 

	Component #
	tr(min)
	Chemical identity (structural formula and name)
	Major or minor component

	1
	1.9
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H

      ethanol


	Major

	2


	
	Etc
	

	3


	
	etc
	


…
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