1.  In fractional distillation and chromatography there is a common term to 
denote the efficiency of the separation methods, and that is theoretical 
plate(s). Define here what this term means, in both distillation and 
chromatography, and how it is calculated in terms of both efficiency and 
height equivalent to a theoretical plate (give units). Any other information 
that you feel relevant to describing this term that would be appropriate can 
be included, such as how N and H are actually calculated from a typical 
chromatographic peak in HPLC or GC. (15 points) 

2.  In capillary electrophoresis (CE), as discussed in Chapter 13 of your 
textbook, p. 649, there is an approach that has recently been developed, now 
termed capillary electrochromatography or CEC. As we discussed in class, this 
approach utilizes a capillary column packed with a small particle diameter 
packing material. This material is identical with the packing materials in 
HPLC, usually 3-5Âµm particle diameters. In all other aspects, this separation 
approach is identical to capillary electrophoresis, except that the capillary 
is now packed with an actual HPLCÂ type packing material. Describe here the 
real and potential advantages of this type of separation approach when 
compared with conventional HPLC or CE. (10 points) 

3.  This question has to do with molar absorptivity or extinction 
coefficient. (15 points). 
    a. Discuss at length the term Epsilon or extinction coefficient or molar 
absorptivity, which relates to a molecule's ability to absorb light, in a 
quantitative manner. Where does Epsilon fit into the Beer-Lambert equation 
and what does it mean? 
    b. Describe how this is measured experimentally, with specific equations 
and units/terms. 
    c. How does it relate to chemical structure? How can it change as a 
function of solvent, temperature, pH, or other solution factors? Or, is it 
always a constant for each particular compound? 

4.  Photodiode array spectroscopy (PDA) has become one of the most popular 
and important methods in LC and CE. In PDA, describe with a schematic diagram 
how the optical arrangement works, where the cells are placed, how the 
spectra are generated, and how the photodiodes actually perform or work. In 
LC-PDA, a large amount of spectral and chromatographic data is obtained. 
Indicate here how PDA information can provide a demonstration of peak purity 
or homogeneity, as well as identification of the peakâ€™s structure. (15 
points). 

5.  What is the Van Deemter equation? In a column that is 6 ft long, A = 0.1, 
B = 0.05, C = 0.2, and V = 0.1 ft/sec. What is the theoretical plate height, 
H? How many theoretical plates are in the column, N? (15 points). Write out 
the equation, define all terms, and also explain what the A, B, and C terms 
relate to in the chromatographic column. Describe also how these 
contributions to the overall HETP value change with mobile phase flow rates, 
V. Problem 13.2. (15 points) 

6.  What is the Boltzmann distribution? Write the overall equation, define 
all terms, and then explain its utility and importance in understanding both 
absorbance and emission processes in spectroscopy. What does this equation 
predict for both absorbance and emission processes? How does an increase in 
temperature affect absorbance and emission for a given solution, assuming 
that we could realize any temperature? Problem 2.8. (10 points). 

7.  A solution contains 1 mg of KMnO4 per liter. When measured in a 1-cm cell 
at 525 nm, the transmittance was 0.3. When measured under similar conditions 
at 500 nm, the transmittance was 0.35. (a) Calculate the absorbance, A, at 
each wavelength. (b) Calculate the molar absorptivity at each wavelength. (c) 
What would T be if the cell length were in each case 2 cm? Problem 3.3. (15 
points) 

8.  The following data were obtained in a quantitative determination:Â 

    weight of pure compound A injected into a column = 0.0121 g 
    Area of relevant peak = 2.42 in2 
    Weight of sample injected into column = 0.115 g 
    Area of peak of compound A in sample = 4.6 in2 
    What percentage of compound A is present in the sample? Problem 13.7. (15 
points). 

Extra Credit Question (10 points) 

9.  Which spectroscopic methods are used for (a) molecular analysis and (b) 
elemental analysis and why? Indicate if these are absorbance or emission 
methods. Problem 3.19 (10 points) 

10. What are the principal analytical uses of column chromatography, gas, 
liquid, or electrochromatography? Be Specific. Problem 13.9 (10 points) 

1.  In determining a FL spectrum for a new compound, one measures and reports 
both the excitation and emission spectra. Describe here how these are both 
measured, what is being plotted and reported, and how does an absorbance 
spectrum differ from the excitation portion of FL spectra? What are the 
differences between an absorbance spectrum and an excitation spectrum for the 
same compound? How are these measured experimentally? (New Problem) (10 
points). 

2.  In atomic absorption spectroscopy (AAS), why are atomic absorption lines 
very narrow? (Problem 7.1). How can the population distribution of atoms in 
various energy levels be calculated? (Problem 7.13). Finally, what is the 
source of background absorption in AAS and how does this affect the final 
analyte signal in terms of both qualitative and quantitative 
measurements?Â (Problem 7.22). (15 points). 

3.  Infrared (IR) and Raman spectroscopies rely on the absorption of energy 
from a light source passing through a sample. Indicate here the basic 
requirements in each of these approaches in order for the analyte to be 
active, and how IRÂ and Raman complement each other in terms of the 
information each provides for a given analyte. Finally, what advantages, if 
any, does Raman offer over IRÂ for specific applications, samples, analytes, 
operational conditions, and so forth. (New Problem, but see Problems 5.20, 
5.21) (10 points). 

4.  List the advantages of Fourier Transform infrared spectrometry (FTIR) 
over conventional dispersive IR, and describe how these advantages occur in 
FTIR and not in IR. There are perhaps three specific and distinct advantages 
in using FTIR, what are these? (Problem 5.19) (10 points). 

5.  Describe in theoretical terms, perhaps with an energy level diagram, the 
overall process of molecular fluorescence. Why does a laser excitation source 
improve the final FL emission intensity, and use the general equation for FL 
intensity to explain this observation? Finally, how would temperature (lower) 
affect the final FL intensity of a solution of a concentrated analyte or 
would it? (Problems 19 and 6.20) (10 points). 

6.  In ICP-AES or Atomic Emission Detection in GC, there are several possible 
polychromators that we discussed in class this quarter. One of these 
instruments uses a Rowland circle as part of the ICP-AES polychromator. 
Describe here just how a Rowland circle actually works, what is its function, 
draw a diagram of this part of the overall ICP-AES instrumentation, draw the 
entire instrumental arrangement or set up for doing ICP-AES, and indicate how 
individual wavelengths of emission are recorded and counted. What information 
is obtained in ICP-AES, and how does this relate to the nature and amount of 
elemental species in the original sample? (New Problem) (15 points). 

7.  ICP-MS (Chapter 10) has become perhaps the premier method of performing 
elemental and inorganic analysis, even over ICP-AES (atomic emission 
spectroscopy). Describe here the basic differences in instrumentation, 
operation, and final data between these two instrumental techniques. What 
advantages, if any, does ICP-MS provide in comparison with ICP-AES. Why is it 
true that ICP-MS usually has 2-3 orders of magnitude lower detection limits 
for the same elements, analytes, and samples over ICP-AES? (Problems 10.16 
and 10.19) (15 points). 

8.  In ICP-MS, where are the ions formed, and what type of ions are then 
detected by the mass spectrometer? If there is a problem in isotope overlap 
in ICP-MS, how would you propose to overcome such a problem for a particular 
sample? What is meant by the term isotope overlap and how does it arise? 
There are several possible ways in which one could overcome such an isotope 
overlap problem, describe here as many as possible. (New Problem, but see 
Problems 10.22 and 10.24) (15 points). 

9.  Describe chemical ionization mass spectrometry. How does it operate, what 
is the nature of the reagent gas, what function does the gas serve, and what 
type of mass spectra are generated from the analyte species? Why would one 
wish to use chemical ionization MS in preference to electron impact, 
electrospray, FAB, and other ionization approaches? (Problem 15.12) (10 
points). 

10. Matrix assisted laser desorption ionization (MALDI) is often combined 
with time-of-flight mass spectrometry (TOFMS), especially for very high 
molecular weight samples. There are two distinct instrumental methods that 
use TOFMS, when combined with MALDI or interfaced with electrospray 
ionization or ESI. Describe here the ionization processes involved in each of 
these techniques, whether positive or negative ions are formed in each 
approach, and what information is obtained by each technique. One of these 
methods is compatible with HPLC and the other is not, at least in an on-line 
manner. Indicate here which MS method is usable in a continuous flow, on-line 
approach and why? What advantages are possible in using a continuous flow, 
on-line approach in HPLC-MS, as opposed to other techniques? (Problem 15.10 
and 15.15) (15 points). 

11. What is high-resolution MS? Why is it used? What additional information 
does it provide over low-resolution MS, and how does it obtain that added 
information? Of what use is the added information possible by high resolution 
MS methods, that is, what does it allow us to conclude that low resolution 
methods do not provide? (Problem 15.17) (10 points). 

12. Briefly outline two types of electrochemical detectors used for HPLC. 
Indicate how each of these EC detectors operates, what types of electrodes 
are used, and what type of information is possible with each detector. 
(Problem 16.15) (10 points). 

13. What are the three major forms of polarography? State the reasons why 
pulse polarographic methods are more sensitive than classical DC 
polarography? Finally, how would one improve the resolution possible in 
pulsed methods for a mixture containing a large number of active 
(metal)Â analyte species in the same sample? (Problem 16.10) (10 points). 

    Extra Credit Question 

1.  A compound undergoes electron impact ionization MS and provides the 
following spectral information, what is the structure of the compound and how 
did you deduce that structure? 

    m/e (relative abundance): 16 (5.2); 24 (0.8); 25 (0.04); 32 (11.00); 34 
(0.42); 48 (49); 50 (2.3); 64 (100); 65 (0.88); 66 (4.9); 67 (0.04). 

    (Problem 15.23) (10 points). 

1.  In determining a FL spectrum for a new compound, one measures and reports 
both the excitation and emission spectra. Describe here how these are both 
measured, what is being plotted and reported, and how does an absorbance 
spectrum differ from the excitation portion of FL spectra? What are the 
differences between an absorbance spectrum and an excitation spectrum for the 
same compound? How are these measured experimentally? (New Problem) (10 
points). 

2.  In atomic absorption spectroscopy (AAS), why are atomic absorption lines 
very narrow? (Problem 7.1). How can the population distribution of atoms in 
various energy levels be calculated? (Problem 7.13). Finally, what is the 
source of background absorption in AAS and how does this affect the final 
analyte signal in terms of both qualitative and quantitative 
measurements?Â (Problem 7.22). (15 points). 

3.  Infrared (IR) and Raman spectroscopies rely on the absorption of energy 
from a light source passing through a sample. Indicate here the basic 
requirements in each of these approaches in order for the analyte to be 
active, and how IRÂ and Raman complement each other in terms of the 
information each provides for a given analyte. Finally, what advantages, if 
any, does Raman offer over IRÂ for specific applications, samples, analytes, 
operational conditions, and so forth. (New Problem, but see Problems 5.20, 
5.21) (10 points). 

4.  List the advantages of Fourier Transform infrared spectrometry (FTIR) 
over conventional dispersive IR, and describe how these advantages occur in 
FTIR and not in IR. There are perhaps three specific and distinct advantages 
in using FTIR, what are these? (Problem 5.19) (10 points). 

5.  Describe in theoretical terms, perhaps with an energy level diagram, the 
overall process of molecular fluorescence. Why does a laser excitation source 
improve the final FL emission intensity, and use the general equation for FL 
intensity to explain this observation? Finally, how would temperature (lower) 
affect the final FL intensity of a solution of a concentrated analyte or 
would it? (Problems 19 and 6.20) (10 points). 

6.  In ICP-AES or Atomic Emission Detection in GC, there are several possible 
polychromators that we discussed in class this quarter. One of these 
instruments uses a Rowland circle as part of the ICP-AES polychromator. 
Describe here just how a Rowland circle actually works, what is its function, 
draw a diagram of this part of the overall ICP-AES instrumentation, draw the 
entire instrumental arrangement or set up for doing ICP-AES, and indicate how 
individual wavelengths of emission are recorded and counted. What information 
is obtained in ICP-AES, and how does this relate to the nature and amount of 
elemental species in the original sample? (New Problem) (15 points). 

7.  ICP-MS (Chapter 10) has become perhaps the premier method of performing 
elemental and inorganic analysis, even over ICP-AES (atomic emission 
spectroscopy). Describe here the basic differences in instrumentation, 
operation, and final data between these two instrumental techniques. What 
advantages, if any, does ICP-MS provide in comparison with ICP-AES. Why is it 
true that ICP-MS usually has 2-3 orders of magnitude lower detection limits 
for the same elements, analytes, and samples over ICP-AES? (Problems 10.16 
and 10.19) (15 points). 

8.  In ICP-MS, where are the ions formed, and what type of ions are then 
detected by the mass spectrometer? If there is a problem in isotope overlap 
in ICP-MS, how would you propose to overcome such a problem for a particular 
sample? What is meant by the term isotope overlap and how does it arise? 
There are several possible ways in which one could overcome such an isotope 
overlap problem, describe here as many as possible. (New Problem, but see 
Problems 10.22 and 10.24) (15 points). 

9.  Describe chemical ionization mass spectrometry. How does it operate, what 
is the nature of the reagent gas, what function does the gas serve, and what 
type of mass spectra are generated from the analyte species? Why would one 
wish to use chemical ionization MS in preference to electron impact, 
electrospray, FAB, and other ionization approaches? (Problem 15.12) (10 
points). 

10. Matrix assisted laser desorption ionization (MALDI) is often combined 
with time-of-flight mass spectrometry (TOFMS), especially for very high 
molecular weight samples. There are two distinct instrumental methods that 
use TOFMS, when combined with MALDI or interfaced with electrospray 
ionization or ESI. Describe here the ionization processes involved in each of 
these techniques, whether positive or negative ions are formed in each 
approach, and what information is obtained by each technique. One of these 
methods is compatible with HPLC and the other is not, at least in an on-line 
manner. Indicate here which MS method is usable in a continuous flow, on-line 
approach and why? What advantages are possible in using a continuous flow, 
on-line approach in HPLC-MS, as opposed to other techniques? (Problem 15.10 
and 15.15) (15 points). 

11. What is high-resolution MS? Why is it used? What additional information 
does it provide over low-resolution MS, and how does it obtain that added 
information? Of what use is the added information possible by high resolution 
MS methods, that is, what does it allow us to conclude that low resolution 
methods do not provide? (Problem 15.17) (10 points). 

12. Briefly outline two types of electrochemical detectors used for HPLC. 
Indicate how each of these EC detectors operates, what types of electrodes 
are used, and what type of information is possible with each detector. 
(Problem 16.15) (10 points). 

13. What are the three major forms of polarography? State the reasons why 
pulse polarographic methods are more sensitive than classical DC 
polarography? Finally, how would one improve the resolution possible in 
pulsed methods for a mixture containing a large number of active 
(metal)Â analyte species in the same sample? (Problem 16.10) (10 points). 

    Extra Credit Question 

1.  A compound undergoes electron impact ionization MS and provides the 
following spectral information, what is the structure of the compound and how 
did you deduce that structure? 

    m/e (relative abundance): 16 (5.2); 24 (0.8); 25 (0.04); 32 (11.00); 34 
(0.42); 48 (49); 50 (2.3); 64 (100); 65 (0.88); 66 (4.9); 67 (0.04). 

    (Problem 15.23) (10 points). 

1.  Briefly outline two types of electrochemical (EC) detectors used for 
liquid chromatography (LC) or ion chromatography (IC). Indicate how these 
detectors work, how many electrodes are present in each type, and whether 
general or specific analyte information is provided by each. Which of these 
two types is more specific for any given analyte and why? Can either/both of 
these methods be used for absolute quantitation? How? (Problem 16.15) (15 
points). 

2.  Describe the method of cathodic stripping voltammetry (not anodic). List 
the precautions necessary when this is used in trace level analyses (Problem 
16.12) (10 points). 

3.  What is meant by the term high-resolution MS? Why and when is it used? 
What type of information does it provide in comparison with low resolution MS 
methods? (Problem 15.17) (10 points) 

4.  How is MSÂ interfaced with LC? Describe two distinctly different types of 
LC-MS interfaces and how these operate. What is the purpose of the interface 
and why is it necessary in LC-MS? (Problem 15.19) (10 points). 

5.  Describe chemical ionization mass spectrometry. How does it operate, what 
is the nature of the reagent gas, what function does the gas serve, and what 
type of mass spectra are generated from the analyte species? Why would one 
wish to use chemical ionization MS in preference to electron impact, 
electrospray, FAB, and other ionization approaches? (Problem 15.12) (10 
points). 

6.  In ICP-MS, when performing elemental analysis, certain information is 
lost that would otherwise be possible when performing direct MS analysis. 
That is, in the ICP step, something happens to the analyte molecules that 
does not happen in direct MS introduction, and that leads to a loss of 
information that can be obtained by direct MS methods. Describe here what 
information is lost in ICP-MS, what information is obtained, and how (!) 
might one recover the lost information in a separate experiment(s), after the 
first ICP-MS analysis is finished. That is, describe here at least two 
possible approaches to answering the above question, and how these might be 
utilized with a real sample in order to obtain both total metal content and 
true metal speciation. How would one perform absolute quantitation for the 
individual metal species present in such a sample? (Problem 15.18 and New 
Problem) (15 points). 

7.  In TOFMS, several sample introduction and ionization approaches have been 
described, such as electrospray (ESI) ionization and matrix assisted laser 
desorption (MALDI). In each of these approaches, very high molecular weight 
proteins can be detected and characterized according to their absolute 
molecular weights. Describe here how each of these approaches works, what 
sort of ionized species are formed from the parent molecules, and how one 
might obtain or determine the parent molecular weight from the final data. 
(Problem 15.4) (15 points). 

8.  In plasma emission spectroscopy, be that ICP, DCP, or MIP, the analyte is 
excited through a very high temperature region of the plasma to form excited 
state species (atoms or ions) that then emit at certain, discrete 
wavelengths. Different plasmas and plasma gases provide different 
temperatures and therefore different efficiencies of ionization and emission 
processes. Describe here those physical and/or chemical processes that affect 
the final detection limits of an analyte during the plasma emission process. 
In other words, what are the specific steps involved in measuring emission in 
a plasma, and how can one maximize the final emission signal for a given 
element/analyte. (New Problem)Â (15 points). 

9.  Describe the major interferences encountered in flame photometry? How can 
these interferences be overcome and accounted for in the final 
determinations, qualitative and quantitative? (Problem 9.15)Â (10 points). 

10. What is the standard additions method? Illustrate your answer with a 
specific example, calibration plot, indication of incurred level present, and 
so forth. Can the standard additions method demonstrate whether or not a 
chromatographic peak was pure or homogeneous or not? Why or why not? What 
function or purpose does the standard addition method serve in quantitative 
analysis of unknown samples? (Problem 9.4) (10 points). 

11. Describe the Zeeman or the Smith-Hieftje automatic background corrector 
methods. Why and when are these methods used and what do they accomplish? 
(Problem 7.24) (10 points). 

12. In capillary electrophoresis or CE, there is a general detection problem 
when using UV spectroscopy, on-line. This problem of detectability of trace 
analytes can often be overcome by using laser induced fluorescence detection 
or LIF. Indicate here why LIF provides, for appropriate analytes or their 
derivatives, much lower detection limits than possible for the same analytes 
by direct CE-UV methods. Indicate here why it is the case that LIF almost 
always provides orders of magnitude lower detectability than UV, and then 
indicate why conventional FL detection in CE is often no better than direct 
UVÂ and orders of magnitude higher (worse) than LIF, for the exact same 
analyte. Indicate the general fluorescence efficiency equation and all of its 
terms (defined) to show that you really understand the answer to this 
important question. How can one utilize LIF in CE if the original analyte 
does not possess intrinsic, native fluorescence (two approaches are 
possible)? (New Problem)Â (20 points). 

13. Photodiode array spectroscopy (PDA) has become one of the most popular 
and important methods in LC and CE. In PDA, describe with a schematic diagram 
how the optical arrangement works, where the cells are placed, how the 
spectra are generated, and how the photodiodes actually perform or work. In 
LC-PDA, a large amount of spectral and chromatographic data is obtained. 
Indicate here how PDA information can provide a demonstration of peak purity 
or homogeneity, as well as identification of the peakâ€™s structure. (New 
Problem) (20 points). 

