Determination of the Active Ingredients in Headache Powder by HPLC: Exploring the Factors Influencing Retention
This experiment uses the Shimadzu HLPC
Pre-lab assignment: Read pages 762-781 (section 26A-26E) and 28D1-D2 (pages 828-835) and answer questions 26-1, 26-7, 28-8, and 28-2 before coming to lab.  In the course of this experiment you will be making four 100 mL solutions at concentrations of 1.00 x 10-4, 5.00 x 10-5, 1.00 x 10-5, and 5.00 x 10-6 g/mL from a 1g/L solution, determine how this will be done.. Also, determine how you would make one solution containing 1.00 x 10-4 g/mL caffeine and 1.00 x 10-4 g/mL of acetaminophen from a 1g/L solution of caffeine and a 1g/L solution of acetaminophen.
Solutions and Chemicals required:

Provided: Mobile phases of 100% acetonitrile and 99.6:0.2:0.2 water: triethylamine: acetic acid have been made up for you.  Standard caffeine and acetaminophen are available in the lab.   The solvent you will need to dilute all of your standards and samples in is 94.1:5.5:0.2:0.2 water: acetonitrile: triethylamine: acetic acid and is also available for your use.  Notice the similarity between this “solvent” solution and the mobile phase solution.  Be sure to use each at the appropriate time.
Solutions needed to prepare: Measure 0.1000g of standard caffeine or acetaminophen into a 100.0 mL volumetric flask.  Add approximately 50mL solvent to the flask, swirl, and heat gently on a hot plate until the solids are completely dissolved.  Cool to room temperature and heat to volume.  Use this stock standard to make solutions at concentrations of 1.00 x 10-4, 5.00 x 10-5, 1.00 x 10-5, and 5.00 x 10-6 g/mL as calculated in your pre-lab assignment.  Do this for both the caffeine and acetaminophen.  Also, make one solution containing 1.00 x 10-4 g/mL caffeine and 1.00 x 10-4 g/mL of acetaminophen.
Theory:

Retention in HPLC is strongly dependent upon the composition of the mobile phase and somewhat less dependent upon the composition of the stationary phase. In reverse phase liquid chromatography, the column is filled with small diameter packing materials containing functional groups on the particle's surface that are very hydrophobic. When solvent molecules (mobile phase) is passed through the stationary phase hydrophobic analyte moleules from the solvent are weakly attracted to the hydrophobic stationary phase. The solvent molecules may be displaced from the surface by other molecules which absorb more strongly. When analyte is absorbed to the stationary phase of the column the analyte is said to be retained. Different analytes will exhibit different affinities for the stationary phase and will be retained for different amounts of time. The length of time each is retained on the column is called its retention time.

The composition of the mobile phase will affect retention time of the analytes. If a mobile phase is relatively more non-polar, the analyte will not be attracted so strongly to the stationary phase, there will be less net displacement of the solvent molecules by analyte and retention will be shorter. On the other hand, if the mobile phase is more polar, then analyte molecules will absorb to the stationary phase longer and retention times will be longer.

Polarity of the mobile phase is the most important variable for determining retention. Other variables that influence retention are pH, temperature, flow rate, organic modifies, and, to some extent, stationary phase. What stationary phase are you using in this experiment? (the answer may be found in the manuals covering the instrument's operation.) In your post-lab draw a picture of the stationary phase like you see in Figure 28-21 in your textbook.  In this experiment you are going to vary the composition of the mobile phase (polarity) to see how that effects not only the retention of the analyte but also the retention of other compounds present in the solution. In the first part of the experiment you will be using the standard solution containing 1.00 x 10-4 g/mL caffeine and 1.00 x 10-4 g/mL of acetaminophen.
Experimental:

Setup the instrument to run the headache powder lab.  Refer to the other handout for information on how to setup and run the instrument.  

Section 1:  The optimal conditions for separation of caffeine from acetaminophen on another instrument were 94.1:5.5:0.2:0.2 water: acetonitrile: triethylamine: acetic acid but may not be the best conditions for this instrument.  Run your caffeine/ acetaminophen standard at exactly the conditions specified in the other handout paying particular attention to the mobile phase composition as depicted below.

	Time
	Module
	Action
	Value

	0.01
	Pumps
	Pump B Conc.
	5.5*

	14.99
	Pumps
	Pump B Conc.
	5.5*

	15.00
	Controller
	Stop
	


* This value will be modified from 2 – 10% through the course of the experiment.

After you run your first chromatogram, you should notice two peaks (one may be broader than the other).  How well resolved are they?  Are they lumped together or are they “too resolved” (that is, there is too much time in between peaks).  Alter the polarity of the mobile phase to get better resolution in as short as amount of time as possible.  To do this, change the value of the Pump B Conc. in the above menu.  You may use any values of acetonitrile (Pump B) between 2 – 10%.  Try altering the mobile phase composition this way with at least two more chromatograms.  Finally, try a gradient elution method which varies the polarity over the course of the chromatographic run to provide optimum resolution of all components in a minimum amount of time.  To do this, start with one value (between 2 and 10) for the Pump B Conc. at time = 0.01 minutes and end with another value for the Pump B Conc. at time = 14.99 minutes.  Once you get mobile phase conditions you are satisfied with proceed to the next section.

Section 2: With the optimal conditions developed above, run your caffeine and acetaminophen standards at the range of concentrations previously prepared.  Make sure you filter each of your standards before putting them into the autosampler vials.  You may do this by setting up a sequence and using the autosampler if you desire.  While your standards are running prepare the headache powder sample as follows:

Weigh one tablet of HyVee headache medicine.  Grind and mix the entire contents of one headache tablet with a mortar and pestle to ensure homogeneity.  Weigh approximately 0.5 grams of the sample to the nearest 0.1 mg and transfer to a 100mL volumetric flask.  Add approximately 50mL of solvent swirl, and heat to aid in dissolution.  Dilute to volume with solvent.  Perform a 1:10 dilution again with the “solvent”.  Filter this diluted solution into autosampler vials for measurement.
Post lab:
Calculate the resolution between your caffeine and acetaminophen for each of the chromatograms ran in section 1.  Explain how the polarity of the mobile phase effected the retention of the two analytes and provide a rationale based upon your background reading of retention in reverse phase liquid chromatography. Also calculate capacity factor and number of theoretical plates.
Determine the concentration of acetaminophen and caffeine in the headache tablet in mg/g with the aid of your standard curve.  Use the area count for the response in the calibration curve.  Include in your report the chromatographic conditions you used.  How well do your results agree with the values reported on the box?  Are they statistically significantly different?  Use the t test.
Lab reports should be written with your lab partner.  Each individual should submit a contribution form.  The reports should be written up in the ACS format, suggested length, not including figures should be 2-3 times number of weeks spent on the lab in pages.  Be sure to include references.  Lab reports will be due one week after completion of the lab.  
In this experiment you studied the effect of polarity on retention. In your report include the different mobile phase compositions you tried and their relative effect on resolution, retention, capacity factor, and number of theoretical plates. Calculate resolution, retention, capacity factor, and number of theoretical plates for each set of conditions tried.  I did not have you use a different column (stationary phase). If you had used a different column, how large of effect would that have had on retention? (See the instructor for information on other stationary phases.) Draw a schematic picture of the stationary phase you used like Figure 28-22 in textbook. In your report summarize your findings, answer any questions presented in the body of the experiment, and discuss any unusual occurrences. Also, include the method you used to quantitate caffeine and acetaminophen in pain reliever and the amount you found present.
