
CHEM 322     Name___________________________________ 
Exam 3          Fall 2012 
 
Complete the following as instructed.  Clearly mark your answers.  YOU MUST SHOW YOUR WORK TO 
RECEIVE CREDIT. 
 
Warm-up (3 points each) 
1. A cascade of electrons between a series of __________________________________ in an electron 

multiplier or PMT results in the high sensitivity of the device. 
 
2. A Fourier transform must be applied to deconvolute the mass spectrum from data obtained from an  

 

__________________________________ mass analyzer. 
 

3. The ____________________________________ is a quantitative measure of how a grating spreads 
incident wavelengths along the focal plane of the monochromator. 

4. The _____________________________________ is a measure of the average distance a particle 
can move before colliding with another particle. 

 
Complete four (4) of the following.  Be concise in your answers and show work for problems 
involving calculations.  Clearly indicate which problem is not to be graded.  (15 points each) 
 
5. Mass spectra from electron impact (EI) sources are typically much more complicated than those from 

chemical ionization (CI), explain why this is the case.  Why do typical MS instruments designed for 
organic mass spectrometry often have both EI and CI capabilities? 

  



6. The overall resolving power of a mass spectrometer is the result of limitations from all components of 
the MS.  Describe how each of the following serves to limit resolution in a MS experiment. 

a. The ionization source (such as an ICP source) 
b. The mass analyzer (such as a quadropole) 
c. The detector (such as an electron multiplier) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7. Electrospray ionization (ESI), matrix-assisted laser desorption ionization (MALDI) and atmospheric 
pressure chemical ionization (APCI) are relatively new approaches to ionizing large molecules.  
Compare how ions are formed in each process and discuss the similarities and differences in the 
spectra observed from the sources. 

 
  



8. Currently, two of the most popular mass analyzers are the quadrupole mass filter and the time of 
flight mass analyzer.  These two devices have very different principles of operation.  Clearly describe 
how each device serves to separate ions and the key benefits and limitations of each device. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9. The mating of mass spectrometry and separations techniques has been and continues to be an area 

of great interest.  Why is this so?  Select one separation technique and clearly describe how mass 
spectrometry has been incorporated as a detection scheme for the separation.  Draw a diagram of 
the instrument and describe in detail how the separation and mass analysis components are 
interfaced and how ions are formed. 

 
  



Spectroscopy.  Complete two (2) of the following.  Be concise in your answers and show work for 
problems involving calculations.  Clearly indicate the problem not to be graded.  (15 points each) 

10. There is currently a great deal of interest in decreasing the size of traditional 
bench-top instruments, resulting in small, portable analytical devices.  This is 
true for optical instruments as well, leading to the development of devices 
like the Ocean Optics spectrometers we use in several courses.  Typically, 
the resolution for these small instruments is poorer than that for traditional 
bench-top devices.  Discuss possible reasons for this observation.  For 
convenience, you may want to consider “large” and “small” versions of the 
design at the right. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11. Select two of the pairs of terms below and briefly compare and contrast the terms within each pair. 
a. linear dispersion versus angular dispersion 
b. deuterium arc lamp versus tungsten lamp 
c. photomultiplier tube versus photodiode array 
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12. Can a grating monochromator with the characteristics shown below completely separate the sodium 
lines at 589.0 and 589.6 nm? 

 
Focal length 0.50 m 
Groove density 1640 lines/mm
Order n (at 589 nm) 1 
Diffraction angle 10.0o 
Incident angle 52.5o

Slit width 0.10 mm 
 

 
  



Possibly Useful Information 
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