Gas Chromatography-Mass Spectrometry Experiment

Introduction:  In this experiment, you will use a GC-MS instrument to determine the quantity of DMSO (dimethylsulfoxide) in water.  A GC-MS instrument, such as the one you will be working with in this lab, is actually two instruments in one.  GC-MS stands for gas chromatograph-mass spectrometer.  A gas chromatograph is used to separate the components of a mixture of compounds.  In the case of GC-MS, the GC separates the mixture of compounds we inject into the instrument (water and DMSO) based on their differing volatilities  (i.e. based on their boiling points).  Once the water and DMSO have been separated, the mass spectrometer determines the mass of a molecule of each of the components.  In mass spectrometry, a magnetic field is used to determine the mass of an ion formed from the molecule under investigation.

Uses of Mass Spectrometry: Mass spectrometry has a variety of practical applications.  In a research setting, it has been used to determine isotopic abundance of neon.  In medicine, mass spectrometry is used to analyze the blood of newborns for congenital diseases.  In forensics, mass spectrometry is used to determine the quantities of drugs or drug metabolites in urine or blood, such as 11-nor-delta-9-tetrahydrocannibinol-9-carboxylic acid, the major metabolite of (-)–trans-delta-9-tetrahydrocannibinol (THC), one of the psychoactive components of marijuana.  In the petroleum industry, the quantity of MTBE in gasoline can be determined by GC-MS.  In the food products industry, mass spectrometry can be used to distinguish between vanillin extracted from vanilla beans vs. vanillin synthesized from lignin, a waste product from the wood pulp industry, by a process called stable isotope ratio analysis (SIRA). With the recent reduction in the size of electronics, portable units are now available for analysis of compounds in the field, assisting research in atmospheric chemistry, bioremediation, and forestry.  

How GC-MS works: (A schematic diagram of GC-MS appears at the end of this section.)  

A very small quantity (1-10 L) of your sample is injected into the injection port of the instrument.  The injection port is set to a temperature of ~250°C which vaporizes the sample.  The gaseous sample is then blown by a carrier gas (usually He) into a very thin glass tube filled with a porous material.  This is called the gas chromatograph column.  The column is 30 meters long and coiled so it can fit inside the oven of the instrument.  The oven regulates the temperature of the column.  Since the oven is considerable cooler than the injection port, some of the molecules of the mixture condense on the porous material filling the column.  The compounds then vaporize, travel a short distance through the column and condense again.  This process occurs many times before the substances that make up the mixture are eluted, or exit the GC column.  A compound with a higher vapor pressure (lower boiling point) will spend a greater proportion of its time in the vapor phase than a compound with a lower vapor pressure (higher boiling point).  The greater the proportion of time that molecules spend in the gaseous state, the faster they will be blown through the column.  This is how the GC portion of this instrument separates the components of a mixture based on their vapor pressures.  In this experiment it is water and DMSO that are separated.  

Once separated on the GC column, the atoms or molecules being analyzed are eluted from the column and vaporized by heating to ~250°C.   The separated sample is then introduced to the MS portion of the instrument at low pressure (10-5 – 10-6 torr) to minimize collisions between particles.  The gaseous atoms or molecules are bombarded by a beam of electrons with energies greater than the ionization energy of the sample.  (While 8-13 electron volts (eV) is adequate, 50 –70 eV is often used.)  When struck by electrons from the electron beam, some of the atoms or molecules being analyzed are ionized according to the equation:

e- + [M] ( 2 e- + [M+]

e- = an electron

[M] = the molecule or atom being studied

Generally, singly charged atoms or molecules are formed, though occasionally doubly [M2+] or triply charged ions [M3+] are formed.  The ions are focused and accelerated through accelerator plates.  The ions then enter a magnetic field that bends the path of flight of the ions to varying degrees depending on the mass of the ion.  Heavy ions have greater momentum and are deflected by the magnet to a lesser degree than are lighter ions possessing less momentum.  (See diagram at the end of this section.)

The kinetic energy of an accelerated ion is equal to:

Kinetic Energy = 1/2 mv2 = zV

where 
m = the mass of the ion


v = the velocity of the ion


z = the charge on the ion


V = the potential difference of the accelerating plates

In a magnetic field, a charged particle will have a curved path of flight where the radius of curvature, r, is:


r = mv

      zH

where 
m = the mass of the ion


v = the velocity of the ion 

r = the radius of curvature


H = strength of the magnetic field

Combining the two equations above results in:


m = H2r2

 z      2V

This equation shows that an ion with a high m/z (more massive ion) will have a larger value for r than an ion with a smaller m/z (less massive ion).  

The position an ion strikes the detector is, therefore, related to its mass.  We generally assume that the charge on each ion is equal to one and m/z is, therefore, equal to the mass of the ion in amu.  The use of electron multipliers allows the collision of a single ion with the detector to be converted into an electric signal, which is then recorded.

Interpreting the GC-MS data for 1% DMSO in H2O:  In this experiment the detector has been set to detect ions with masses (m/z) between 45 and 200 amu.  As a result, we do not observe ions generated from our solvent, water (water has a mass of 18 amu).  The gas chromatograph, which plots the number of ions of any mass that strike the detector with respect to time, shows a single signal generated by the DMSO.

[image: image1.wmf]GC spectrum for 1% DMSO in water

The DMSO has also generated a mass spectrum.  The mass spectrum indicates the quantity of ions (y-axis) of a given mass (x-axis) which are detected.  We see a peak generated by the cation formed from the loss of one electron by DMSO (78 amu) which is known as the molecular ion, but we also see a peak generated by an ion with a mass of 80 amu.  The height of this peak is roughly 1/20 the height of the peak at 78 amu.  Use the table of common isotopes in your textbook to identify the cation responsible for this peak.  The peak at 79 amu is roughly 1/50 the height of the peak at 78 amu.  What cation might be responsible for generating this peak?  
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Mass Spectrum for DMSO

Often, after the molecule of study is struck by a beam of ionizing electrons, the molecular ion will fragment, or break apart, and fragment ions are observed in the mass spectrum of a compound.  The tallest peak (known as the base peak) in the mass spectrum of DMSO is generated by an ion with a mass of 63 amu.  This ion is the result of the fragmentation of the molecular ion.  What atoms have been lost from DMSO (C2H6SO) to generate this ion?

Quantifying the presence of DMSO in water: In this experiment we will use the GC-MS instrument to determine the quantity of a compound (DMSO) in water using an isotopically-labeled internal standard.  The internal standard (a compound added to the sample being analyzed ) will be an isotopic derivative of DMSO called DMSO-d6.  DMSO-d6 is prepared by replacing the six hydrogens in DMSO with six deuterium atoms.  The molecular formula for DMSO-d6 is, therefore, C22H6SO.  As the deuterium atom is often abbreviated as D, rather than 2H, DMSO-d6 is often written as C2D6SO.  

DMSO-d6 and DMSO have the same chemical and physical properties, including the same boiling point, and thus, will not be separated by the GC portion of the instrument.  Because they have different masses, however, they will be distinguishable by mass spectrometry.  We will compare the relative amount of DMSO and a known quantity of DMSO-d6 (added as a standard) and use this information to determine the quantity of an unknown amount of DMSO in water.

Procedure:  Working in a group of three or four students, prepare three standard solutions and your group unknown as described below.  Obtain four GC-MS sample vials with caps. Label the vial with your group letter and a number 1-4.  (For example, group A will label their vials A1, A2, A3, and A4.)  Place the following quantities of each liquid into the appropriate vial.  Use the purple Finnpipettes for the water and unknown samples, (there will be four of these set to different volumes.)   Use the yellow Finnpipettes for DMSO, (there will be three of these set to different volumes.) Use the red Finnpipettes for the DMSO-d6.  Please do not adjust the pipettes in anyway.  Use a new tip for each unknown.  Always touch the tip of the pipette to a clean portion of the glass vial you are delivering the liquid to, do not immerse the tip into any liquid that might already be in the vial.  This will minimize the chances of contamination. 

	Vial
	Water (in L)
	DMSO (in L)
	DMSO-d6 (in L)
	Group Unknown

	1
	990
	10
	10
	0

	2
	975
	25
	10
	0

	3
	960
	40
	10
	0

	4
	0
	0
	10
	1000


Cap each vial, shake it thoroughly while holding the cap in place with your finger, and bring the vials to the GC-MS instrument for analysis.
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(Note: The GC-MS instrument located in S-237 is somewhat different from the one described in the schematic diagram on the proceeding page.  Rather than using a large magnet as the mass analyzer, our GC-MS uses a quadrupole to separate the ions based on their mass-to-charge ratio.  The quadrupole establishes an oscillating electrostatic field between the rods (see below) that allows only ions with a specified mass-to-charge ratio to pass through to the detector portion of the instrument.)

[image: image2.wmf]
A Quadrupole Mass Analyzer

Instructions for using the GC-MS:

1. The first group, for instance group A, should place its vials in the appropriate positions in the auto-sampler carousel.  Place Vial A1 into holster 1, place vial A2 into holster 2, etc.  The second group, for instance group B, should place their vials in the remaining holsters.  Place vial B1 into holster 5, place vial B2 into holster 6, etc.  Each person in the group should record in their laboratory notebook where the samples were placed.  
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2. The screen of the computer should look like the picture above, (if it does not look like this, double click the left mouse button on the icon in the lower left-hand corner of the screen called GC_MS Instrument #1.)

3. Click the left mouse button on the words Acquire Data on the menu bar.  Choose Multiple Samples.  Click OK.
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This should bring up the window shown below.  Input your information (e.g. your data file names, etc.) in the boxes that appear at the bottom of the window.  The data you type will appear in two places, both in the field you are typing in and in the table above.  Under type, choose sample in each case, under vial, the vials should be sequential from 1 to 8, under data file, name each of your files with the initials of one of the group members followed by the vial name (e.g. Mike Solow would type; MSA1 for sample A1.)  The method should be DMSO in each case, and the sample name should be the sample name (e.g.: A1).  You can enter any additional information about a sample, such as your name or the composition of the sample in the Miscellaneous Information box.  When you have finished adding all the information, click OK.

5. This will bring up a window that looks like the one below, click OK.
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6. Another window will come up that looks like the one below, again, click OK.
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7. Type your folder name (e.g.: MSDMSO) after the term data in the window shown below.  This is where the data from all your samples will be stored.  You should write down this name in your lab notebook, as you will need it later.  After you have typed in your folder name, click OK.
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8. When asked; Do you wish to run the sequence?  Choose Yes.  The computer will then set the GC-MS instrument accordingly, and inject your first sample.  Each run will take a few minutes, with all eight samples taking roughly half an hour.  This would be a good time to ask your instructor about the theory of mass spectrometry, or alternatively, you can do the internet portion of this lab now.

9. Once you have obtained your data, remove your group’s samples from the auto-sampler and allow the next group to begin their sample runs.  

10. Transfer your data for the eight samples that your group analyzed to a diskette so you can print and analyze your data on the computers in S-205.  This is done in the following way; insert a diskette into the floppy drive of the computer.  Double click the left mouse button on the icon labeled My Computer (this is on the upper left hand corner of the screen.)

11. Double click on the icon labeled Chemstation (C:).
12. Double click on the icon labeled Hpchem.

13. Double click on the icon labeled 1.

14. Double click on the icon labeled Data.

15. You should see a long list of files, locate the file you created in step 7 containing your initials and the letters DMSO.

16. Now return to the My Computer window by clicking once on the words My Computer at the bottom of the screen.
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While positioning the mouse over the folder with your data in it (the one with your initials) click and hold the left mouse button down and drag the folder over to the icon that looks like the one below (it is in the window titled My Computer.)  This will transfer your data to your floppy disk so you can use the computers in room S-205.

18. You should see a window appear that looks like the one below.
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19. Click on the X in the upper right hand corner of each of the windows except the first one (shown on page 7).  This will leave the computer screen in the same condition that you found it.

20. Eject your diskette by pressing the button below where you inserted the disk.

21. Walk over to S-205 with your diskette to complete the data analysis portion of this experiment.  (This is described on the next page.)

GC-MS Data Analysis in S-205

1. Log in by pressing the Ctrl, Alt, and Delete buttons simultaneously.  

2. Where the computer asks for a User name, type: chem101b, Where it asks for a Password type: chem101b, then click the left mouse button on OK.

3. [image: image11.png]@ Sequence CAHPCHEM\T\SEQUENCEADEFAULT S evists

it




Double click the left mouse button on the icon shown below.

4. Insert your diskette into the floppy disk drive of the computer.  (Be sure it is facing the right way, never force a diskette into the computer as this can damage the disk drive.)

5. Click the left mouse button on the word File on the menu bar then choose Load.

6. This will bring up the window shown below.  First select the A: drive (at the bottom of the window.)  Then double click on the folder with your data in it.  (This will be the folder name you wrote down in step 7 of the previous section.)
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7. You will now see the Total Ion Chromatogram (TIC) of one of your group’s four runs.  (Shown below.)
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To view the mass spectrum generated by the mixture of DMSO and DMSO-d6, double click the right mouse button while holding the mouse over the top of the peak generated by the mixture of DMSO and DMSO-d6 as shown above.

9. This will generate a mass spectrum that looks something like that shown below.
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10. Now let’s look at only two of the ions responsible for generating the Total Ion Chromatogram (TIC) shown at the top of the page.  Click the left mouse button on the word Chromatogram (on the menu bar) and then choose Extract Ion Chros.  This will bring up the window shown below.   Enter the numbers 78 in window 1: and 84 in window 2:.  Select OK.
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Completing step 10 will bring up the window shown below.   Click the left mouse button on the word Chromatogram (on the menu bar) and then choose Percent Report. 
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11. This will bring up the window shown below.   Verify that Signal to the Screen is selected and choose OK.

12. [image: image17.png]s000000

3000000

2000000

1000000

\‘ MR




In your lab notebook, record the value for the area generated by ions having a mass of 78 amu  (highlighted below), then do the same for the ions weighing 84 amu.
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13. Repeat this process (beginning at step 5) for the three other runs your group performed.  You do not need to print out the gas chromatogram or mass spectrum (skip step 11) for these runs, as they look so similar to your first run. 

14. You are now ready to analyze your GC-MS data graphically using Excel.  Exit the GC-MS Data Analysis software by clicking on File and choosing Exit.  The graphing portion of this experiment can be done on any computer that has Excel on it, including the computers in S-261.  If S-205 is crowded you may wish to do your graphing on the computers in S-261.

15. If you are finished using the computers in S-205, eject your disk by pressing the button next to where you inserted your disk.  Now choose Start in the lower right hand corner of the screen, and choose Shutdown.  Select Yes.

Interpreting your data graphically using Excel:  The ratio of the height of the peak at 78 amu [DMSO+] compared to the height of the peak at 84 amu [DMSO-d6+] is indicative of the ratio of DMSO compared to DMSO-d6.  By plotting the ratio of the height of the peak at 78 amu/height of the peak at 84 amu (hereafter referred to as the 78/84 ratio) for the three standards vs. the concentration of each of the standards, the concentration of DMSO in the unknown can be determined.    Below is a set of instructions for plotting your data using Excel.

1. Start the Excel program by choosing the Start icon in the lower left-hand corner of the screen, then choose Programs, and finally choose Microsoft Excel.

2. You will now see a gird with columns labeled with letters (A,B,C, etc.) and rows labeled with numbers (1,2,3, etc.).  Each “box” is known as a cell.  The cell in the upper left-hand corner is identified as A1.

3. Click the left mouse button on cell A1.  Now type m/z = 78.  

4. Click the left mouse button on cell B1.  Now type m/z = 84.

5. Click the left mouse button on cell C1.  Now type conc. (v/v).

6. Click the left mouse button on cell D1.  Now type 78/84 ratio.
7. Click the left mouse button on cell A2.  Now type the abundance of ions having a m/z ratio equal to 78 according to your data from your first run (sample A1, concentration = 1.0%).

8. Click the left mouse button on cell A3.  Now type the abundance of ions having a m/z ratio equal to 78 according to your data from your second run (sample A2, concentration = 2.5%).

9. Click the left mouse button on cell A4.  Now type the abundance of ions having a m/z ratio equal to 78 according to your data from your third run (sample A3, concentration = 4.0%).

10. Repeat this process for the m/z = 84 data from each of your group’s first three runs in column B.

11. Click the left mouse button on cell D2.  Now type = and then click the left mouse button in cell A2, then type / and click the left mouse button in cell B2, then press enter.  This should result in the following equation. =A2/B2
12. Hold the left mouse button over the lower right hand corner of cell D2 so that the mouse prompt becomes a plus sign (+).  Click and drag the mouse down to cell D5.  This should generate the 78/84 ratio for each of your group’s runs.

13. Enter the concentration of the standard samples for your first three runs in column C.  (Run 1 = 1.0%, Run 2 = 2.5%, Run 3 = 4.0%.)  Do not enter a concentration for your unknown sample, as you have not determined this value yet.

14. Now click on cell C2 and drag the mouse down to cell D4 to highlight those cells as shown below.
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15. Now create a scatter plot of these data by choosing the chart wizard icon from the menu bar.  (see below)
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16. Select XY (scatter).

17. Click Next.

18. Click Next again.

19. Enter a Title that includes your name, identify the Y axis and X axis (as shown below), and then click Next.

[image: image21.png]A [

e 84 same (o) 7R
10303635 16380134 RR) ROGHEER]
23520150 10074005 |EEEEIRETERY|
33801000 191267 10| EEEEREVREIEYEL]

11139213 16043345 wrknown ",




20. In this window choose As new sheet: then click Finish.  (See below.)
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21. On the menu bar choose Chart, then Add trendline.

22. Click the Options tab (at the top of the window) then select Set intercept = 0, Display equation on chart, and Display R-squared value on chart. Click OK when you are finished.  (See below.)


23. On the menu bar, choose File, then Print, to print a copy of this graph for your lab report.  

Use the equation generated by Excel to determine the concentration of your group’s unknown.

24. Group Discussion Questions

1. What is the GC portion of this instrument doing in this experiment?  Could a mass spectrometer, rather than a GC-MS, have been used for this experiment?

2. What compound is responsible for the peak found at 78 amu in your mass spectrum?  

3. What compound is responsible for the peak found at 79 amu in your mass spectrum?  

4. What compound is responsible for the peak found at 80 amu in your mass spectrum?  

5. What atoms have been lost by DMSO to create the fragment responsible for the peak at 63 amu?

6. What is the internal standard used in this experiment?  Why is an internal standard used?  Could the height of the peak at 78 amu have been used alone to determine the quantity of DMSO in a sample?

7. Describe two changes in the procedure of this experiment that you could make to improve your results.

8. Think of a scientific problem from a field of your choice, (e.g. medicine, the environment, etc.) how could GC-MS be used in the search for a solution to this problem?

Internet Exploration Exercise for Mass Spectrometry

In this internet activity you will be asked to search for resources related to mass spectrometry and learn about the theory and applications of this technique.  Several resources that will be helpful to you are listed below.  You will also be asked to find a website on mass spectrometry that is useful and summarize the information you found there.

Some useful sites on mass spectrometry:

http://www.asms.org

http://www.chemistry.gatech.edu/stms

http://web.mit.edu/toxms/www/history.htm

http://www.anachem.umu.se/jumpstation.htm

http://www.jeol.com/ms/whatisms.html

http://www.chemistry.wustl.edu/~msf/ionmethd.html

Questions:

1. Explain how a mass spectrometer determines the masses of atoms and molecules.

2. What is the base peak in a mass spectrum?

3.  What is the molecular ion (M+)?

4.  Give an example of some practical use of mass spectrometry.

5.  List two ionization methods useful for analysis of proteins and other large biomolecules.  What is the difference between these two methods?

6. Give the address of a website on mass spectrometry you found (that is not listed above) and summarize the information presented there.
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