GC – MS Analysis of a Complex Mixture

Objective 

The objective of this laboratory experiment is to compare the use of gas chromatography/mass spectrometry (GC/MS) as an analytical tool for characterizing complex multicomponent samples. The test sample will be composed of several organic compounds. 
The student will optimize the separation of the constituents using a Shimadzu 5050A Gas Chromatograph/Mass Spectrometer. The resolved peaks will be evaluated using total ion abundance chromatograms, mass spectral fragmentation patterns, and mass spectral library matching. 

Introduction 

Gas chromatography/mass spectrometry (GC/MS) combines high-resolution separation of components with selective and sensitive detection. GC/MS is widely used in all areas of science due to the wealth of information that mass spectra provide. Mass spectrometry is particularly advantageous for the analysis of complex samples. In terms of versatility, selectivity, sensitivity, and information content, MS Is rapidly becoming the detector of choice for GC. Mass spectrometry is in transition from a specialized research tool to an indispensable adjunct to routine GC. 
Mass spectra can be used to Identify pollutants (environmental work), natural products (biochemistry), flavor compounds (food industry), hydrocarbons (petroleum industry), and drugs (forensic and medical fields). The mass spectrum of a compound is often sufficient for chemical identification. Even if the mass spectrum cannot be fully interpreted or matched to a library spectrum or to the spectrum of an authentic standard, characteristic fragmentation patterns and masses often suggest structural features. 
Although sample preparation is often required, the instrumental measurement of a mass spectrum is rapid. Ionization of sample molecules, ion separation, and ion detection require only about 10.2-10.5 s. This speed is important for the mass spectral characterization of chromatographic peaks that may be only a few tenths of a second in width. When used as a selective detector for ion masses characteristic of particular chemical compounds, MS also possesses exquisite sensitivity for trace analysis. 

In this experiment, you will identify several brominated and chlorinated organic compounds. The principal tool to be used for identification of sample constituents is a library search (using the spectral library files in the mass spectrometer's data system), but you will also be asked to justify your identifications in terms of fundamental characteristics of the spectra (e.g., isotopic abundances; fragmentation, etc. 

Instrumentation 
A Shimadzu 5050A Gas Chromatograph/Mass Spectrometer will be used in this experiment to optimize separation of the unknown mixture and identify the resolved peaks. The students will determine the GC oven program. 
Experimental 

Samples for this experiment will be provided by your TA. The possible number of constituents and the range of formula weights and other characteristics will be provided. 
NOTE:  The GC/MS instrument is also used by graduate students and faculty.  You will need to reserve a 1.5 hour time slot for each part of the experiment.  To do this, open Meeting Maker (available on the 717 machines), type 123 as the password, choose proxy then GC-MS.  Reserve a time slot between 8 am and 5 pm.  Include CH 4212 and your group name.  It may not be possible to get a time during your regularly scheduled lab period.  
CAUTION: All chemicals and solutions should be prepared in a fume hood. You should wear gloves when handling these materials and avoid coming in direct contact with these compounds. The Shimadzu 5050A Gas Chromatograph/Mass Spectrometer system is an expensive instrument. The instrument is supervised by a graduate student operator. DO NOT attempt to use the instrument until you have been checked out thoroughly by your TA. 

During the first week, you will use the GC/MS instrument to separate the compounds, obtain mass spectra for the individual components and try to identify them using the computer library that comes with the GC/MS system. You can also identify the compounds using a combination of isotope distributions, fragmentation patterns and other data if the compound does not seem to be included in the computer library. Your teaching assistant will provide you with an unknown sample and help you select initial conditions for the experiment. 

During the second week of the experiment, you will obtain GC/MS data for individual pure compounds based on your identification (and experimental 

conditions) from the previous week. These data will be used to confirm your 

identification. Finally, you will use the remainder of the time to try to improve the separation of your mixture of compounds by changing the conditions used for gas chromatography. 

Report 
A detailed qualitative report of the results is expected from each group. The main objective of this report is to identify as many analytes as possible in the sample investigated. A thorough analysis of the sample is expected. Thus, similarities and differences between the chromatograms should be discussed. All total ion chromatograms should be included in the results section. The peaks identified in each chromatogram should be labeled. The identified peaks should also be listed in table format with their corresponding retention times. An example of a mass spectrum should also be included in the report. Would it be possible to identify any of the unknown compounds using the GC alone? What does the mass spectrometer add to the analysis? 

1. Describe the instrumentation used, the chromatographic conditions (injection, injector temperature, column, oven temperature, etc.), and the MS conditions (70 eV, electron impact ionization, etc.).  
2. For each compound identified: 

(a) Show the spectrum and the results of the library search. 

(b) Indicate how the mass spectrum is consistent with the identity of the compound. (e.g., consider the apparent molecular ion peak, the fragmentation pattern, and any isotopic abundance information that may be extractable from the spectrum). 
(c) Discuss whether the data for the pure compound confirmed your initial identification. If there are any instances in which the GC column failed to separate two (or more) sample constituents, identify those instances and explain why you believe that a particular chromatographic peak comprises two (or more) unseparated compounds. 

3. Discuss what you did to try to improve the separation of the compounds in your unknown sample. Discuss the changes in experimental conditions that you made and the resulting changes in the separation in terms of resolution, separation efficiency, selectivity and capacity factor. 

4. Describe how the library search for this instrument operates (e.g., what data are used in the search, and what is the relative weighting of those data). Based on your (admittedly limited) experience with the library search associated with our instrument, describe its significant strengths and limitations. What conditions must be satisfied for library search techniques to produce highly reliable identifications of unknown constituents of multicomponent samples? 

