
CHEM 5181 Fall 2011, Laboratory #3 – GC-MS 
 

Dates: November 8-9, 2011 
 
In this lab you will run a gas chromatography-mass spectrometry (GC-MS) instrument 
“Polaris Q” from Thermo Finnigan.  The RF ion trap mass spectrometer facilitates 
acquisition of a full mass spectrum every split second in addition to its capability for 
performing MS/MS (collision-induced dissociation).  The ion trap GC-MS is 
significantly more powerful and versatile than conventional GC-MS using linear 
quadrupole spectrometers.   
 
An analyte gas or solution can be injected in two different ways, i.e., Split and Splitless 
injections.  In the Split mode a fraction of the injected analyte (typically 10%) is directed 
into the GC column whereas in the Splitless mode all the analyte goes into the column.  
The Splitless injection can be combined with the selected ion monitoring (SIM) mode of 
detection to achieve very high sensitivities suitable for trace analysis.    
 
The lab covers several types of GC-MS measurement including Split/Splitless injections, 
SIM and MS/MS.  During the first 40 minutes, you will be given the information and 
instructions you need to use the instrument:  How to check the background in the mass 
spectrometer, how to run a sample, how to “play” with the data and finally how to use the 
NIST library for compound identification. 
 
You will be provided: 
 
 • Simplified instructions for using Polaris Q 

• Instructions for the lab (this material) 
 • Solution A:  a methanol solution of caffeine (~200 ng/µL) for Split injection 
 • Solution B:  a methanol solution of caffeine (~20 ng/µL) for Splitless injection 
 • Solution C:  a methanol solution of 4 compounds (~100 ng/µL each) for Split 
    injection 
 
Description of Instrument Setup: 
 

• GC column:  Phenomenex ZB-5ms general-purpose column (or its equivalent): 
  30 m, 0.25 mm ID, 0.25 um film thickness, max. 320 ºC isotherm/340 ºC 
  program 
• Carrier gas:  UHP Helium at 1 mL/min 
• Mode of ionization:  Electron impact (70 eV) 
• Injection volume:  1 µL sample solution 

 
**** NOTE #1 – The maximum temperature is practically 300°C for both the 
  column and inlet.  
   
**** NOTE #2 – 100 ng/µL (100 ppm) and 10 ng/µL (10 ppm) are typical sample 
  concentrations for Split and Splitless injections, respectively.  To avoid 



  persistent contamination to the inlet, column, and especially the mass 
  spectrometer, it is very important to be conservative about the sample 
  concentration.  
 
Directions: 
 
#1. Before using the GC-MS you should make sure that you don’t have a leak.   

Run “Polaris Q Tune”.  Use the ratios H2O+/N2
+ and N2

+/O2
+ plus “Ion Time” and 

“TIC (total ion current)” to evaluate the system. 
 
#2. Inject 1 µl of solution A with the method ChemMS. 
      Search the spectrum against the NIST database. 
      Print out the mass spectrum and try to interpret major fragments.  Why is the  
      chromatograph blank for the first 3.5 minutes (“Start time”) of the sample run?  
   What could happen if you reduced this time to 30 seconds? 
 
#3. Inject 1 µl of solution A with the method ChemMSMS (doing MS/MS on fragments 

194 and 109).  Print out MS/MS spectra of ions 194 and 109.  How does the 
instrument perform MS/MS?  Is there a difference between the MS/MS spectrum of 
ion 194 and the mass spectrum you took in part #2?  If there is, why?  Try the NIST 
database search on the MS/MS spectrum of ion 194 and see what happens.  If it 
doesn’t work, explain.   

 
#4. Inject 1 µl of solution B with the method ChemMS_splitless.   

 The caffeine peak may overlap with other unknown peaks.  Add a “mass-specific” 
chromatogram for ion 194 (User’s Guide, p. 96 and 103-105) and see how the 
chromatogram is improved.  Calculate the peak area on the ion 194 chromatogram (p. 
106-107).  Similarly analyze data #2 and compare the ion 194 peak shapes and areas.   

  
      Inject 1 µl of solution B with the method ChemMS_SIM_splitless. 
      Inject 1 µl of solution B with the method ChemMSMS_SIM_splitless. 
 
      Explain the difference between these 3 methods.  Why is the splitless mode used?  
      How does the instrument perform selected ion monitoring?  If you are to analyze the 

same compound at a trace level in a complex mixture, which method should you use?  
 
#5. Inject 1 µl of solution C with Chem2MS.  

Print out the chromatogram and record major fragments of all compounds in the 
solution.  Search the spectra against the NIST database.   

     
 People often derivatize their mixture by using, for example, trimethylsilylation with 

N,O-bis-(trimetylsilyl)trifluoroacetamid, BSTFA (see attached material). What’s the 
general idea behind derivatization?  How would derivatization work (or not) for 
compounds in solution C?  If derivatization does not work for a specific compound, 
how can one improve the detection (peak shape and intensity)?   


