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BCMB/CHEM 8190, BIOMOLECULAR NMR
MIDTERM - 03/02/12

Instructions: This is an open book, limited time, exam. You may use notes you have from class
and any text book you find useful. You will have 50 minutes to complete the exam. Write your
answers and name on the exam; turn it in at the end of the period.

1) (10 pts) 31P at 1 1.7T has a Larmor frequency of 202 MHz compared to 500 MHz for protons
(both are 100% abundant spin !/2 nuclei).

a) Assuming equal efficiency of our instrumentation and equal concentrations of nuclei,
what is the sensitivity of a 31P spectrum relative to a *H spectrum?

b) If we wanted to have equal quality spectra how much longer would you have to time
average your 31P spectrum?

2) (20 pts) We collect a 15N- 1H HSQC spectrum using 32 tl points to cover an indirect
dimension of 2000 Hz. We use a "States" sequence to get quadrature in the indirect
dimension so we cover +/- 1000 Hz , but need to collect 2 quadrature points at each tl point.
Our direct observation acquisition time is one second and the delay between acquisitions is 1
second.

a) What is the dwell time for the tl dimension

b) what is longest evolution time?

c) If we don't use tricks such as linear prediction, what is the best resolution we can
obtain in tl (effective line width)?



d) If we need to take 8 acquisitions at each tl point because of the length of the phase
cycle, how long would collection of the complete data set take? (you can neglect mixing,
refocusing, and tl evolution times in your estimation).

3) (10 pts) Chemical shieldings for a carbonyl group of a peptide can be predicted in very much
the same way that we predicted shielding for the ethylene molecule (an anti bonding pi orbital
made from p orbitals perpendicular to the plane of the carbonyl group is the lowest lying
unoccupied orbital). Considering that the carbonyl will have a remote group effect on nearby
protons, dependent on the induced moments in the carbonyl, which would have the most
upfield resonance; a proton 3 A above the plane of the carbonyl or a proton 3 A out from the
oxygen on a vector running from the carbon to the oxygen of the carbonyl?
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4) (10 pts) The scalar coupling between two 13C nuclei in benzene is about 50Hz. What
would you expect for the coupling between an 15N and an adjacent 13C nucleus in pyridine?

arc.

>-Sx-

benzene
^tx-

pyridine _^L.
2/r, j\fr*fe r^ - • •

5) (30 pts) The following sequence is executed starting with equilibrium magnetization on a
pair of protons with very different chemical shifts and a coupling constant of 10 Hz (AX spin
system). Assume our rf frequency is centered midway between the two peaks of the A
doublet and we operate in a rotating frame at this frequency. Draw a set of diagrams showing
magnetization vectors for the two peaks of the A doublet as they would evolve under Bloch
equation description for points a,b,c,d, and e with t/2 set to 0.025s. Assuming you detect
intensity along the +x axis, sketch the doublet you would observe after Fourier
transformation of the FID collected during ti.
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6) (20 pts) We have a third spin, M, not coupled to either A or X. It evolves at a frequency, VM-
Starting at equilibrium and using product operators demonstrate that there is no effective
chemical shift evolution for this spin during the period t.
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Some additional useful material:

Magnetogyric ratios (1(T7 T rad'1 s): 15N (-2.71), 13C(6.73), 'H(26.75)


