Analytical Cume Question and Answers

Two dimensional gas chromatography coupled with time-of-flight (TOF) mass spectrometry is
theoretically capable of seeing 60,000 compounds in 30 minutes. This new technique is
becoming popular in the analysis of petroleum samples, metabolite analysis, and environmental
monitoring where it is an advantage to examine and identify huge numbers of volatile organic
compounds within a short time.

1. How is two dimensional gas chromatography (2-D GC) achieved with this instrument?

Answer. One of the major issues is the fransfer of analytes between the two columns. By far
the most widely used method is by thermal modulation TM. The principle in thermal modulation
is to 1) rapidly cool the interface between the two columns for short period of time to
concentration a portion of an analyte peak from the first dimension and 2) then rapidly heat that
portion of the column to “inject” the concentrated fraction into the second dimension. While that
portion of the column is being heated a section behind it is being cool to trap the next fraction of
analyte. Both the cold and hot zones are moved a short distance along the column in a peristaltic
movement. TM used to be achieved with a cold, groved mechanical device that fit around the
cofumn and moved for a short distance along the column. Now it is generally done with
compressed CO2. It is also important that the second column is contained in a secend oven
operated at a higher temperature than the first. Elution from columns is achieved by temperature
programming both ovens.

2. Discuss the stationary phases generally used in 2-D GG and the order in which columns
containing them are coupled.

Answer. 2-D GC is most generally achieved by coupling a long column coated with a non-polar
fiquid phase with a short column coated with a polar liquid phase. The non-polar stationary phase
is generally a poly(dimethylsiloxane) of high molecular weight to give it a very low vapor pressure
at temperatures up to 350 oC. The polar stationary phase is generally also a polysiloxane, but
with some nitrile or phenyl group in the silane monomer. Older polar phases such as
polyoxyethylene or Apeizon L are even used. The first column separates analytes nearly in the
order of their solution vapor pressure or boiling point. The polar column separates mixtures of
analytes in a fraction on the basis of their polarity. Analyte polarity generally arises from
functional groups in the molecule.

3. What are typical separation times in the first and second dimensions of GC?

Answer. The separation time in the first dimension is in the range of 30 min to an hr. Based on
the fact that a high resolution GC column can produce 500 peak this means peak widths in the
first dimension are 4-8 sec. Separations in the second dimension are generally achieved within
1-4 sec. Peak capacity on the short second column is generally no more than 10-20 peaks. This
means that peaks in the second dimension are often in the range of 100 msec wide.

Separations in the TOF mass spectrometer are achieved in roughly a usec. Peak capacity in the
TOF is often 10 but could be up to 100. Thus separations in the three dimensions vary by roughly
a thousand fold in total separation time between each dimension. Using peak capacities of 500,
10, and 10, respectively in the three separation dimensions it is seen that the peak capacity of the
system easily exceeds 50,000 in 30-60 min. '

4. Why is TOF preferred over other types of mass spectrometry?

Answer. TOF is 10-00 times faster that most other mass spectrometers. [n light of the fact that
peaks in the second dimension can be 100 msec wide and you would like to acquire 10 or more
mass spectra from across the width of the GC peak, mass spectra must be acquired in a msec
time frame. This is most easily done with the TOF,




5. What advantage does GC/GC-MS have over multidimensional MS as seen in the analysis of
petroleum samples?

Answer. The major advantage of GC/GC is that one readily gains a picture of analyte polarity for
large numbers of analytes. This is more difficult to achieve with MS/MS. Although hydroxyl
groups are often seen in mass spectra by an M+-18 peak, other polar functional groups are not
as easily identified. With petroleum samples twe dimensional plots using retention time in the first
dimension on the X axis and the second dimension on the Y axis give a series of nearly straight
lines in which the slope is a function of increasing relative polarity. In other words, polar
functional groups on small molecule give larger slopes than those on large molecules. li is also
very easy to recognize a homologous series with multiple polar functional groups.



Answers to Biochemistry Cumulative Exam Questions

An average globular protein is stabilized by hundreds of weak bonds. However, the AG of
denaturation of an average globular protein is only ~15 kcal/mole, because although hundreds of
weak bonds must be broken during unfolding of the native protein, nearly an identical number of
weak bonds are formed in the denatured state. Thus, the net difference in weak bonds between a
native and denatured protein is generally less than 15. With the average AG of formation of a
weak bond being between 1 and 5 keal/mole, a difference of only a few weak bonds between a
native and denatured protein can account for the small free energy of denaturation. Energetically,
the most important weak bond in the stabilization of a native protein is the hydrophobic bond.
The reason for this is that protein H-bonding groups can form as easily with water as with other H-
bonding sites in the protein. Further, salt bridges or ion pair interactions are generally on the
protein surface where hydration forces can weaken them. Van der Waals interactions also
undoubtedly contribute to native protein stability, but many also form in the denatured state and
the magnitude of their AG formation is small.

Assume the density of an average globular protein is 1.3 g/cc.

lec lmole . (107 nm)?

40,000g/mole x X =
1.3g  6.02x10” molecules lece

= Volume

V=51lnm’=4/3n¢
r=2.3nm

diameter = 2r = 4.6nm

d-helicol structure

C=0 of each amino acid is H-bonded to the N-H of the amino acid four residues downstream in the
sequence. :

There is a 1.5A rise along the helical axis for each amino acid

All side chains extend radially outward

There is an amino acid every 100 around the helical axis or 3.6 residues per complete turn
The screw sense is right-handed or clockwise

B-sheet structure

The axial distance between contiguous amino acids along the same strand is ~ 3.5A

The sheet is stabilized by H bonds connecting peptide carbonyl and amide NH residues in adjacent
strands




Side chains alternate pointing vertically above and below the sheet

Adjacent strands in a sheet can run either parallel or anti-parallel to each other

&f%fﬂ%{f

2
HzN

a) List all ionicable amino acids starting from most acidic to most basic terminal COOH

Asp-5
Glu-4
His -5
Cys-2
Tyr-2
Lys-6
Arg-5
Terminal - NH;™

b) Start with low pH form and titrate mentally with NaOH until you achieve an equal number of
positive and negative charges. In the above case, that will occur after both cysteins but no
tyrosines or lysines have been titrated to their high pH forms. Thus, the protein will be neutral
at the mid-point between the two pka’s.

phacys + pkaTyr _ 8.3+10
2 a

P'= =9.15
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Organic cumulative examination Hilkka I. Kenttimaa

Consider the only named unimolecular dissociation reaction in gas-phase ion
chemistry and mass spectrometry, the McLafferty rearrangement, shown below
for the radical cation of 2-pentanone:

OH T°

O +e
/\)J\ - CR=CH, )\

1) Show two likely mechanisms (include arrows) for this reaction, a stepwise
one and a concerted one (remember to indicate the formal charge and radical M’
sites). Explain why you think that these mechanisms are thermodynamically and .—
kinetically feasible. Compare them, and point out which one (if either) is likely to

be more favorable thermodynamically and which one kinetically.
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ZO P‘lf 2)  Sketch a potential energy surface for each méchanism, and explam where
— the mechanisms differ. Point out what structure corresponds to each energy ‘ 64 9
< minimum and transition state, and draw these structures. ‘179
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2 O (\-ﬂ\ Devise an experiment that might allow you to distinguish the above two
mechamsms either in the gas phase or in solution. Explain what sort of data you
~—————expect, and how this data could allow you to distinguish the mechanisms.
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29 :!'C 5) Show the products that McLafferty rearrangement should yield (if any) for
/jl_\. the radical cations of acetone, ethyl acetate, ethyl propionate, and 1-pentene.
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