Window Analysis for HPLC

Go on line and open the HPLC simulator at www.hplcsimulator.org.  Remove the default compounds and enter these compounds and their concentrations on the list for the simulator below the graph.  

Acetophenone (20 µM); 3-phenyl propanol (25 µM); methyl benzoate (20 µM); anisole (30 µM); p-nitrobenzyl chloride (35 µM) using methanol as the organic modifier.

Part 1.

Adjust the mobile phase composition until you get baseline resolution between all of the compounds in your mixture.  Note the fraction, ø, of the organic solvent that corresponds to this chromatogram. 

Unfortunately, finding the optimum conditions for separating a real mixture takes much more time (and solvent) in the lab.  However, we might save some time and effort, if we were able to predict the retention factors for each compound under different solvent conditions.  Use the simulator to gather some data.  We are going to mathematically model the retention as a function of solvent composition.  For now, focus on the two compounds that are currently the first and the third compounds on the list for your mixture. In Excel create a table for the retention factor, k', for both compounds at each solvent composition, ø, from 20% organic modifier to 80% organic modifier in steps of 10%. (In the table enter ø in decimal form, that is, ø = %organic modifier/100.) Create a graph of k’ vs. ø for both compounds.  Which of the following mathematical models appears to fit the relationship best for k’ as a function of ø?  (Fit the data for both compounds separately before deciding.) 

a)  k’ =  a  +  bø

b)  lnk’  =  a  +  bø

c)   k’  =  aø2  +  bø  +  c

Part 2.
Return to the HPLC simulator and find the corresponding values for k’ for each of the three other compounds for 20 % organic modifier and 80 % organic modifier.  Estimate the parameters (a, b, c) for the model that you have decided best relates k’ to ø for these compounds. (Notice that by knowing the general form of the model, this data can be estimated from results from just two chromatograms.)
The mathematical model will let us predict the behavior of these compounds at other solvent conditions.  This could save time in running the real chromatograms in the lab.   Imagine that we want to resolve all of the components in this mixture isocratically.  Use the terms for the equations that you determined above. Calculate estimates for lnk’ for each of these compounds for ø from 0.1 to 0.8 in steps of 0.02 and enter them into a new table. 

Next, at each value of ø calculate ABS(lnk2-lnk’1) for the closest pair of values for lnk’.  (Notice that this is equivalent to calculating the log of the selectivity factor, ln(a) = ln(k’1/k’2) for the least well-separated peaks at the corresponding value of ø.)  For convenience let’s call this term the selectivity.  On a new chart plot the selectivity vs ø (connecting the points with a smooth curve). This process produces a diagram called a window plot.  Each triangle in the diagram (thinking of the baseline as one side of each triangle) defines a window. The oblique sides of the window indicate the value for the selectivity for the least well-separated peaks in the chromatogram at those solvent conditions.  The apex of the tallest peak indicates conditions where the resolution is likely to be the best.  

Do the conditions that you noted in the very first part of this exercise coincide with the top of one of the windows? Are there other windows that predict good resolution? If so, run the simulator again under those conditions.  Are all of the peaks well resolved? 

If more than one set of conditions will produce a chromatogram with baseline resolution for all components in your mixture, what other considerations should be used in deciding the optimum operating conditions?  This analysis considers only the separation factor.  What other characteristics affect the resolution?
