
Homework 7 Chromatography
1. Give ONE reason why a chromatographic band (a "plug" of molecules) tends to spread the longer it is on the separation column.  

The longer the time the analyte stays on the column (larger retention factor), the larger will be the spread of the analyte band due to longitudinal diffusion (diffusion along the path of the column).  Recall the diffusion equation, l2 = 2Dt, which basically states that the breadth of a group of molecules will increase with time due to a concentration gradient of the molecules (analyte).  
2. What are tm and tr in the world of chromatography?  What is HETP (H) in both mathematical terms and in words as it relates to efficiency of a separation?? You should draw a picture and then present a discussion.  Be perfectly clear!

This can be found in our notes (please see the notes for the drawing).  Basically, tm is the retention time for molecules that are not retained on the column and is thus the transit time through the chromatographic system for non-interacting molecules (air, solvent, etc.). This is also called the dead time.  This can be used to calculate the linear velocity of the solvent (MP) if the volumetric flow rate and internal diameter of the column are available. The retention time associated with the elution of an individual analyte band is called tr; recall that the adjusted retention time is the difference between tr and tm and is called tr’; this adjusted retention time allows one to normalize the analyte retention time for a given solvent (MP) and column system. The efficiency of a column is often times expressed as H, which is equal to L/N; effectively, H is the theoretical height of an equilibrium zone on the column. In order to calculate H, one needs to know the number of theoretical plates, N; this term for a given system, such as that in the diagram you should have drawn, is easily calculated from the width of a given analyte band at the half height and is equal to N = (tr 2 * 5.55 )/(w0.5)2
3. Discuss why it is that open-tubular columns have much higher efficiencies for separation than their packed counterparts.
This is a classic question and one that is very important to capillary (open-tubular) GC and LC. The reason why it is that OTCs have higher efficiencies vs their packed counterparts is that there are no multiple paths that analyte can take down the column and there is a higher resolution of analyte separation. Due to two facts – a rapid equilibration of analyte between the SP and the MP as a result of fast diffusion of analyte across the SP, and low back pressure in comparison to packed columns – an increased flow rate (in comparison to packed columns) of MP can be used.  As a result of the higher flow rate and lower back pressure, a longer column can be used. Of course, in light of question 1, it makes complete sense that if the analyte is not on the column for excessive amounts of time (due to higher flow rate) that the longitudinal diffusion term in the van Deemter equation is decreased, leading to a lower value of HETP (H).  In addition, the increased length of the column plus the lower longitudinal diffusion term in the van Deemter equation lead to higher resolution, R.  This higher R value can be seen immediately from the relationship R = F(L0.5); for example, by doubling the length of the coumn, one can increase the resolution by a factor of 1.41.  Now, this mathematical relationship does not tell the entire story, for the decreased B term in the VD equation (caused by the increased flow rate as a result of the faster equilibration time (lower C term) allows for the use of longer columns with higher flow rates.  In addition, there is no Eddy diffusion term in the VD equation (there is but one path for analyte during elution), and this leads to an overall decrease in HETP.  Thus, the reason why it is that OTCs have higher efficiencies vs their packed counterparts is that there are no multiple paths that analyte can take down the column and there is a higher resolution of analyte separation.
4. Write out the full mathematical form of the van Deemter equation, identify each term, and explain each term in detail.  Discuss how each term results in an overall relationship with efficiency of a chromatographic column.  I want to see diagrams and complete sentences that will aid in your discussion.
This is in your notes.  You should use diagrams as much as is humanly possible and set up a thesis statement and then support that thesis statement just like I did in the previous question, finally concluding with a summary/restatement of the thesis.
