EXAM # 1
SPECIAL TOPICS IN ANALYTICAL CHEMISTRY 

CHEM 921, Fall 2005
Friday September 23rd, 2005
NAME_____________________________________

Some useful constants: h = 6.63x10-34J.s



1H = 26.7519 x 107 rad T-1 s-1



13C  = 6.7283 x 107 rad T-1 s-1

31P  = 10.841 x 107 rad T-1 s-1




15N  = -2.712 x 107 rad T-1 s-1
1) Numerous times during the course we have relied on electromagnetic theories (Faraday’s Law of Induction) to understand some basic NMR concepts. Please describe three distinct applications of these laws as they relate to either the acquisition or characteristics of an NMR spectrum.  
Chemical shifts: are due to local magnetic fields (Bloc) caused by electron motion similar to a current in a loop. The Bloc tends to oppose the external field (Bo) resulting in shielding of the nucleus () such that the nuclei precesses at a frequency distinct from the Larmor frequency predicted by Bo. This difference is related to the chemical shift observed for the nuclei and reflects its chemical environment.
[image: image1.emf]
Magnet: the construction of the magnet required to generate the external magnetic field to observe the NMR effect follows the basic principals that a current in a closed loop will generate a magnetic field perpendicular to the coil. A typical NMR magnet contains miles of superconducting wire wrapped around a form a solenoid. The strength of the magnetic field depends on the current and the coil radius.
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NMR signal: The NMR spectrum is observed by monitoring the induced current as a function of time (FID) in a saddle coil parallel to the Bo field. The induced current is caused by placing the net magnetization in the X, Y plane perpendicular to the receiver coil. This induced current changes as a function of time as the net magnetization precesses in the X,Y at the Larmor frequency.    
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Radiofrequency pulse and shimming are other acceptable answers.
2) You are trying to collect a 13C NMR spectrum for a new compound you just synthesized.  You know you have plenty of material in the NMR tube and the instrument is operating correctly (your colleague just successfully collected an NMR spectrum on their sample). Nevertheless, you are not seeing any compound peaks in your spectrum. Describe three possible reasons why you are not observing any NMR signals and how you would test and resolve these issues.
i) Incorrect 90o pulse width – the sensitivity of the NMR spectra is directly dependent on the magnitude of the net magnetization that is placed in the X,Y plane by the 90o pulse.  If the pulse width or length is far from the optimal value (closer to a 180o or 0o pulse), then no magnetization will be flipped into the X,Y plane to be detected.

Calibrate or vary the 90o pulse width over a range that would typically cover 0 to 360o to determine if a signal can be observed.

ii) Sample is not properly tuned- this is related to an improper 90o pulse.  If the probe is significantly out of tune due to a dramatic solvent/buffer change, most of the RF power will be reflected and not absorbed by the nuclei. In affect, the effective 90o pulse would have increased dramatically relative to the actual 90o pulse. SO, little to no magnetization may be flipped into the X,Y plane.
iii) Improper recycle delay – net magnetization needs to recover or relax back to the +z direction after the 90o which requires waiting a length of time 1.3 to 5T1.  If the recycle delay is too short, the net magnetization has not recovered in time for the next pulse resulting in no magnetization in the X,Y plane.
Iteratively lengthen your recycle delay to determine if peaks are observed with increasing delay times.

Other potential sources may include proper setting of the receiver gain, sample stability (precipitation/aggregation), proper setting of the carrier frequency. 
3)  (a) Draw a spin vector diagram that describes the orientation of the net magnetization after each RF pulse in the following NMR pulse sequence.  Assume a rotating frame with no relaxation, where the net magnetization is at the Larmor frequency. Clearly, label your axis.
180ox – delay (t) – 90oy – acquire FID 


After 180ox




After 90oy
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(b) If the first pulse is replaced with a 90o pulse and the net magnetization is precessing at a frequency higher than the Larmor frequency, what will happen to the net magnetization during the delay t?
It will precess clockwise in the X,Y plane at an effective frequency related to its difference relative to the Larmor frequency.  
(c) If the net magnetization relaxes back to +z during the delay t, what will happen to the appearance of the acquired spectrum as t increases?
The net magnetization will decrease as t increases which results in a decrease in peak intensity as a function of increasing t.
4)  (a) What is the field strength for a magnet that has a proton frequency of 900 MHz?
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900x106 Hz = 26.7519 x 107 rad T-1 s-1 Bo/2
Bo = 900x106/(26.7519x107x2)

Bo = 21.14 T
(b) At what frequency would 12C nuclei precess at in this magnet?


0 MHz, not NMR active.
(c) Calculate the chemical shift in  units for cyclohexane protons observed at 414 Hz relative to TMS at 300 MHz.
 = ( – ef)/ef
 = 414 Hz/300 x106
 = 1.38x 10-6 = 1.38 ppm
(d) The 1H NMR of 1,2,2-trichloro-3-bromopropane shows two peaks at 4.0 ppm and 4.1 ppm. What will be the absolute difference in Hz between these protons at 300 Mhz and 600 MHz?

 = (4.1 ppm – 4.0 ppm) x 300 MHz = 30 Hz
 = (4.1 ppm – 4.0 ppm) x 600 MHz = 60 Hz

5)   NMR spectra are considered “good S/N” if S/N > 30.  After 100 scans, the S/N of a 13C spectrum is measured as 10. How many scans are needed to be taken to achieve the ideal S/N of 30?
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30/10 = 3 fold increase in signal to noise which requires 9 times the number of scans.
9 x 100 scans = 900 scans
6)  (a) What is the impact on an NMR spectrum if the FID acquisition time is increased without changing the sweep width?


Increase in resolution.  AQ=TD/2SW 
(b) What happens to your sweep width if your dwell time is reduced?

Increase in sweep width. SW = 1/(2 * DW) 
7)  (a) What imperfections in the magnet are shimming and locking the NMR sample correcting for?

Shimming – corrects for magnetic field inhomogeneity
Lock – corrects for magnetic field drift.

(b) Briefly, what is happening at the instrument/electronic level during the shimming and locking process?
Shimming – adjusting the current in the geometrically oriented shimming coils to create additional magnetic fields to compensate for the field inhomogeneity.
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Lock – matches a reference frequency to the observed 2H signal for the deuterated solvent in the NMR samples. Frequency differences due to magnetic field drifts are compensated for by adjusting the current in the Zo shim coil creating an additional magnetic field equal to the field loss due to drift.
8)  (a) When you are “tuning the probe” you are trying to minimize the reflected power.  Why is this important? 

The amount of reflected power is not available to the nuclei in the sample to stimulate a transition between the  and  spin states. The result is a suboptimal 90o pulse, a decrease the in spectral band-width and an incorrect frequency.  Also, the reflected power is convert to heat that may increase the sample temperature. 
(b) What is the difference between tuning and matching?

Tuning matches the probes frequency with the instrument (Larmor frequency).

Matching matches the probes impedance with a reference 50 Ohms impedance. 
(a) The shortest 13C 90o pulse obtainable on a 900 MHz magnet is 20 secs. Is this a problem? Why?
Yes, the longer pulse width results in a decrease in the excitation band-width. Band-width is equal to ±1/4PW. A 20 sec pulse width will have a bandwidth of ±12.5 kHz or ± 55.5 ppm. Since a typical 13C spectrum may have a ppm range of 225-250 ppm, the entire 13C NMR spectrum will not be equally excited. Peaks at the edges will experience an effective shorter pulse if any. 
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The above diagram (b) pictorially describes a very common occurrence in an NMR spectra, where (a) is the ideal case that lacks the “problem”. What is the problem and how can it be corrected? 

The above diagram illustrates phase distortion that is present in virtually all NMR spectra.  A pure absorption spectrum would be obtained by applying a  phase correction.
 10)  (a) Rank the relative chemical shifts (downfield to upfield) of the circled 1H nuclei.   
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c > a > d > b
(b) What are the major factors that are contributing to these chemical shift differences?
The electrons in the aromatic -system create a ring current anisotropy due to the influence of the magnetic field that deshields nuclei in the plane of the ring. The polarity of the Cl bond creates an electronic field effect that also increases the deshielding as the electrons migrate to the more electronegative Cl atom.    


 (a) Magnetic Resonance Imaging (MRI) primarily monitors 1H resonances of water. What are the rationales for these choices based on your understanding of basic principals of NMR?
The sensitivity of an NMR signal are dependent on the number of nuclei and the gyromagnetic ratio. Monitoring the 1H water signal maximizes both these factors.
(b) MRI instrumentations routinely used in a hospital setting use magnets that are significantly weaker relative to high field NMR systems (1.5T compared to 21T). Again, based on your knowledge of NMR can you offer a simple rationale for this fact?    

The energy separation between the  and  spin-states is directly related to the magnetic field strength: 

E =  h Bo / 2
Thus, increasing the magnetic field strength requires irradiating a patient with higher energy RF pulses that would result in tissue damage from heating.    
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