
CHEM 322     Name___________________________________ 
Exam 3          Fall 2014 
 
Complete these problems below and those on page 2 on separate paper and staple it to these 
sheets when you are finished.  Please initial each sheet as well.  Clearly mark your answers.  
YOU MUST SHOW YOUR WORK TO RECEIVE CREDIT. 
 
Warm-up (3 points per blank) 
 
1. The sensitivity of a PMT can be attributed to a cascade of increasing numbers of electrons 

down a series of ________________________________. 

2. In FTIR, resolution is dependent on the ____________________________________; the 
difference in optical path down the two arms of the interferometer. 

 
3. Experimentally determined linewidths for atomic transitions are typically much larger than 

the uncertainty principle would predict.  The two primary reasons for the increased linewidth  
 
are _____________________________ and ______________________________ 

You must complete problem 4. 
4. You have been given the task of establishing the detection limits for the determination of 

several elements using atomic spectroscopy. The data below are the detection limits in ppb 
that were determined for Flame AAS, Flame AES, GFAAS and ICP-AES for two elements.  
Your colleague is somewhat confused by the different behavior of each element.  Clearly 
explain the trends in the data, including why the trends for the two elements are different. 
(15 points) 

 

Element Flame AAS GFAAS Flame AES ICP AES 
K 1 0.004 0.01 30 

Ag 0.9 0.001 2 0.2 
  



Complete 5 of the following.  Be concise in your answers and show work for problems 
involving calculations.  Clearly indicate which problems are not to be graded.  (15 pts ea) 
 
5. In the development of Beer’s law, at least two assumptions must be made.  Identify two 

assumptions that must be valid for a system to follow Beer’s law and describe the impact 
on a quantitative measurement should these assumptions fail. 

 
6. Why are atomic emission methods with an ICP source better suited for multi-element 

analysis than flame absorption methods?  Include block diagrams of ICP-AES and Flame 
AAS instruments. 

 
7. What role does the interferometer play in an FTIR instrument?  How does it accomplish this 

role?  How does the incorporation of an interferometer lead to the two primary advantages 
for doing Fourier transform spectroscopy? 

 
8. 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.  Historically, 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. 

 
9. Describe how continuum-source background correction works in atomic absorption 

spectrometry. 
 
10. Sketch and label a block diagram for a fluorescence spectrometer.  Why are high intensity 

sources like xenon arc lamps and lasers typically used in fluorescence experiments where 
deuterium lamps and tungsten lamps are adequate for most UV-VIS absorbance 
experiments? 

 
11. You have been instructed to build a UV-Vis instrument using a linear CCD array detector 

that has 1024 pixels aligned on a 2.00 cm chip.   
a. If you want the first order diffraction of light from 200-800 nm to completely fill the array, 

how many grooves per millimeter should his grating have?  Assume the focal length of 
the monochromator is 0.20 m. 

b. If you were building a scanning spectrometer using the grating from part a, what slit 
width would be required to produce the same effective bandwidth as in the CCD 
instrument?  Could the two emission lines of hydrogen (656.28 and 656.10 nm) be 
resolved using under these conditions? 
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Possibly Useful Information 
 

1sin1 = 2sin2 nNR 
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T = P/P0 D-1 = 1/D 

A = -logT = log(P0/P) = bc 
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E  c = 3.00 x 108 ms-1  
Planck's Constant = 6.63 x 10-34 Js 

k = 1.38 x 10-23 JK-1 
AAS = Atomic absorption spectrophotometry 
AES = Atomic emission spectrophotometry 

ICP = Inductively coupled plasma 

 

 


