CHEM 322
Exam 2

Name___________________________________
Spring 2015

Complete the following. Clearly mark your answers. YOU MUST SHOW YOUR WORK TO
RECEIVE CREDIT.
Warm-up (3 points each).
1. The _thermal conductivity detector (TCD)__ utilizes a series of heated filaments in its detection
mechanism.
2. The _Kovats retention index__ scales the retention characteristics of a compound to those of
aliphatic hydrocarbons and provides a means of comparing chromatographic results between
labs.
3. _Electrophoresis_______________ describes the movement of charged species in the electric
field during an CE experiment.
4. The _partition coefficient (distribution coefficient)_ is an equilibrium constant that describes the
tendency for a solute to exist in the stationary phase relative to the mobile phase during a
chromatographic separation.
You must complete problem 5. (15 points)
5. Perhaps the single most important advance in separations science in the past few decades has
been the mating of mass spectrometric detection with HPLC. Why has this been such a
significant development? What two key challenges must have been overcome to make LC-MS a
reality?
The coupling of HPLC with MS allows the user to take advantage of the ability to HPLC to
separate mixtures of a variety of classes of compounds (many more than can be separated
using GC) with the powerful quantitative and qualitative analysis capabilities of the MS. While
GCMS had been a workhorse technique for small molecules, LCMS opens the door to
separations of large molecules, biomolecules, and ions.
The two key challenges in coupling the LC and MS focus on the interface between the two
components. One challenge is that the material that exits the LC must first be converted to gas
phase ions for the MS to be useful and most forms of LC are built around the separation of
neutrals dissolved in solution. A second challenge is the very different conditions at which each
instrument operates. In traditional HPLC, eluent exits the column at mL/min flow rates, resulting
in a large amount of material exiting the LC in a short time. If all of this material were introduced
into the MS, it would be impossible to maintain the high vacuum conditions required to provide a
large mean free path for the ions produced in the MS.
In most LC-MS interfaces (such as electrospray and APCI), the ions are generated at or
around atmospheric pressure and only a fraction of the ions produced are allowed to pass
through the aperture of a sampler cone into a portion of the vacuum chamber that is held at an
intermediate pressure. A fraction of the ions that remain are passed through a skimmer cone
into the main MS vacuum chamber.

Complete five of the following. Be clear and concise. Clearly indicate which problem is not
to be graded. (15 points each)
6. Briefly describe the mechanism of separation of a mixture of cations, anions, and neutrals in
capillary zone electrophoresis. What parameters can be changed to optimize separation
conditions in CZE?
Separation in capillary zone electrophoresis results from two phenomena, electrophoretic
mobility and electroosmotic mobility. Electrophoretic flow occurs as a result of movement of
charges species in the electric field that exists when a high voltage is applied across the length
of the capillary. As a result of this electric field, cations are attracted to the cathode at the
negative end of the capillary, and anions are attracted to the anode at the positive end. The rate
at which ions move depends on their mass to charge ratio (small multiply charged ions move
more quickly than large singly charged ions). Neutrals are unaffected by the electric field and do
not move as a result of electrophoretic flow.
Electroosmotic flow results from the general flow of solvent (water) toward the cathode end of
the capillary due to the presence of deprotonated silanol groups on the capillary walls and their
attraction for solvated protons in solution. Since cations are more highly solvated than anions,
they tend to "drag" solvent along as they move toward the cathode. Since solvation is a dynamic
process, bulk solvent flow results, carrying all species (anions, cations, and neutrals) toward the
cathode. Elution order is: cations, neutrals, anions.
Separation conditions can be modified by changing the separation voltage, capillary length, and
to some degree, running buffer composition.

7. Selection of a detector for separations often involves a tradeoff between universality (or
selectivity) and sensitivity. Briefly describe why this is so, using examples of specific liquid
chromatography detectors to illustrate your point.
Often, detectors that are particularly sensitive are tuned to probe a particular property of the
analyte. For example, fluorescence detectors in LC offer wonderful sensitivity, but are limited to
analytes that fluoresce. In order to expand the range of analytes that a detector sees, it is often
necessary to probe a property of the analyte that is less unique to a particular compound. A
typical outcome of this choice is poorer sensitivity. Consider the refractive index detection in LC.
In order to be more universal, it responds to a change in the refractive index of the eluting
solution, however, this response is much less sensitive than that of a fluorescence detector.
Even new universal detectors, like the ELSD cannot rival the sensitivity of fluorescence. Really
the only detection scheme which approaches both the optimum in sensitivity and selectivity is
mass spectrometric detection, which comes with its own set of challenges (see problem 5!).

8. Clearly describe one of the two injection methods for chromatography listed below. Include a
diagram and a discussion of the key characteristics of the method in your description.
a. Split/Splitless injection for GC
b. An injection loop and injection valve for HPLC.
a. Split/Splitless injection allows the user to determine whether “all” or only a fraction of a
sample that is injected into the GC makes it onto the capillary. Split injection is primarily
used to reduce the effective size of the sample introduced into a GC capillary. Since the
dimensions of the capillary are so small, direct injection of neat liquids can overload the
column and lead to poor separations. Split injections help minimize this by carrying a portion
of the sample away prior to it reaching the capillary. Splitless injection allows most of the
sample to enter the capillary and is useful for more dilute solutions.
b. You should indicate that the purpose for an injection loop is to improve reproducibility
(precision) of the volume of sample injected in to the HPLC. Your description should include
the operation of “load” mode, where the injection loop is filled by the user while effluent from
the pump bypasses the loop and “inject” mode where the mobile phase is allowed to flow
through the loop and carry the sample on to the column.

9. Consider the Van Deemter equation. Which term is likely to be the primary contributor to band
broadening in capillary GC? Justify your answer. Does the same argument hold true for LC and
CE? Why or why not?
The Van Deemter equation describes three classes of phenomena that contribute to band
broadening in chromatography. The multipath term (A) is independent of flow rate and
corresponds to the large number of possible routes and analyte may take as it moves through a
packed column. As particle size increases, the difference in length of these routes is magnified,
leading to an increased contribution of the A-term. The B-term is inversely proportional to flow
rate and deals with the contribution of diffusion of analyte in the mobile phase along the axis of
the separation column (longitudinal diffusion). The C term is directly proportional to flow rate and
corresponds to mass transport of material into and out of the stationary phase.
Since diffusion coefficients are very large in the gas-phase, the longitudinal diffusion term
dominates band broadening in GC, regardless of whether it is in a packed column or capillary.
For capillary GC, the absence of packing eliminates the A term. Fast diffusion also helps to
minimize the contribution of the C-term as well.
Since diffusion coefficients are much smaller in the liquid phase, the relative contribution of all
three terms are much more comparable. In CE, the absence of stationary phase packing and
partitioning causes the A and C terms to become negligible. Therefore only longitudinal diffusion
plays a significant role.

For problems 11 and 12, consider the chromatogram below that was obtained for a reverse-phase
HPLC separation on a 25 cm column, using UV absorbance detection. Unretained compounds elute
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in 0.85 minutes.
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10. Complete the following.
a. Calculate the number of theoretical plates
for component C.
b. Calculate the selectivity factor of compound
D over compound C.
c. Calculate the resolution of compounds C
and B.
d. Which compound is the most polar? Justify
your choice.
a: For compound C:
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c:
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Or:
Rs = (N)1/2(-1)k’B = (10500)1/2(1.08-1)(5.62) = 1.61
4*1.08*(1+5.62)
4k'B)
d: In reverse-phase separations, the stationary phase is less polar than the mobile phase,
meaning nonpolar compounds will be more strongly retained, while more polar compounds will
elute first. Soooooo, A is the most polar compound.
11. Your boss looks at the chromatogram and makes the following statement: “Well, it is clear to me
that compound B is present at about 5 times the concentration of compound A and that
compound C is caffeine since it elutes at 5.62 minutes under these conditions.” Discuss the
validity of this statement.
While it is true that the height (and maybe the area) of peak B is about 5 times that of peak A,
there is no guarantee that the response of the detector is the same for both components.
Depending on the mode of detection, the response may be quite different. For example, if UV
absorbance detection is used and compound B has a much larger molar absorptivity at the
detection wavelength than compound A, it could be the case that the concentration of B is
actually less than the concentration of A. The only way to be sure is to prepare calibration
curves for each component.
While the retention time of a particular compound is essentially constant under constant
conditions, there is no guarantee that another compound cannot have the same retention time.
If you have a good understanding of the composition of your sample, this assertion is better, but
the only way to be sure is to have a detection scheme that can provide the identity of the
compound (such as MS).
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