Laboratory Methods

Spring 2005


Week III

Gas Chromatography-Mass Spectrometry

Introduction:
Gas Chromatography (GC), like all chromatography, has one purpose: to take mixtures and separate them so that they can be identified. In GC, our samples are usually liquid mixtures of organic compounds, with boiling points below 300 degrees C.

We inject a small amount of our liquid mixture into a very long tube, or “column”. Helium gas blows our mixture through the column and out the other end. The walls of the column are lined with a coating which attracts molecules by their polarity. Thus, if we have a polar lining to the column, molecules which are more polar will stick onto the lining more than will non-polar molecules.

So, if our mixture has two compounds, one polar and one non-polar, the non-polar  compound will scoot through the column in less time than the dawdling polar compound.

Our mixture can also be separated by boiling temperature. The column is enclosed in a temperature-controllable oven. If our mixture is composed of two compounds, one with a low boiling point, say 50C, and one with a high boiling point, say 150C, and we hold the column at a temperature which is in between, say at 100C, the low-boiling compound will spend pretty much all of its time in the gas phase, and be quickly moved down the column by the helium gas. The high-boiling compound will spend much of its time ina condensed form, as tiny droplets inside the column, and will only slowly move down the column. Thus, by adjusting the temperature, we can encourage low-boiling compounds to hurry up, and high-boiling compounds to dawdle.

We can change the column, choosing whether to have a highly polar lining or one with a less-polar lining, in order to affect the degree to which the column separates mixtures by their respective polarities. This, however, is not a simply procedure, taking a couple hours.

Easier is to stick with one type of column, and to adjust the temperature versus time program of the oven. This “temperature profile” is called a Method, and you will vary this in your exercise with the GC-MS.

Once the mixture is separated, one compound at a time comes out of the end of the column. Onto the end we attach a detector, so that we know something about the compound which is coming out. A detector may be as simple as something which simply tells us when a compound from our mixture is exiting the column. The Mass Spectrometer Detector, however, can take a pretty good stab at identifying, specifically, the very compound which is exiting the column.

Activity 0:
Finish up last week’s caffeine sublimation purification and TLC, and the two gasoline extractions using the C18 Solid-Phase-Extraction cartridges.

Activity 1:
Inject the gas sample you extracted last week with the one-step extraction method. Use the default GC-MS Method.


Determine how you think you ought to modify the Method, i.e. the initial temperature, ramp rate, and final temperature, in order to best separate the compound peaks between the octane (C8) peak and the dodecane (C12) peak. You should use the Library Search feature to find the Octane and Dodecane peaks.

Modify the method to separate the C8 and C12 peaks, and do another run, this time using your Solid-Phase-Extraction gasoline product, if you have one. If not, run the same sample again. Make bold changes in your temperature profile, not small ones. You may want to use what you know of the boiling points of these two compounds to choose your temperature profile.

Identify, print out, and label your time graph, and put this in your lab notebook, with a notation of your temperature profile chosen.

Activity 2:
With a C18 Solid-Phase-Extraction cartridge, extract the Analgesics mixture, using only a 10 mL sample of the mixture. Once you obtain your extract, run TLC on it, and on the original mixture. Spot each dot only one time. Compare the two—the original, and the extracted sample—and visualize with both visible light and UV.

For a developing solvent, begin with a 70% Hexane / 30% Ethanol mixture, and adjust as necessary to separate the spots.

