
Chem 454 – Exam 1 – February 11, 2009 

1] An analysis of chloride ion was conducted by the method of standard addition with an ISE. That 

electrode responded to a 10.0 mL sample solution with a potential of - 434.1 mV. An aliquot of 1.00 mL 

of 1.11e-3M KCl(aq) was added. The electrode now responded with a potential of -533.1 mV. What is 

the concentration Cl- in that sample? (20 points) 

 

2] Calculate potential of the SCE based on the following (20 points): 

 Hg2
2+ + 2e- = 2Hg(l) E = 0.852 V 

 Ksp (Hg2Cl2) = 1.2e-18 

 [KCl]saturated = 4.5 M 

 

3] What is anodic stripping voltammetry? How does it work? Why does it achieve such a low LOD when 

compared with standard polarographic analyses? (20 points) 

 

4] What is cyclic voltammetry? Describe the potential waveform (E vs. t) that is applied to the electrode 

to achieve voltammogram. Sketch a voltammogram and label the axes and the major electrode 

reactions involved with a reversible redox species Ox + e- = Red. Assume that the solution contains [Ox] 

= 1 mM and [Red] = 0. Why is it only a moderate success as an analytical technique? Why is it so popular 

with chemists outside of analytical interests? (20 points) 

 

5] A new analytical technique was measured against a standard one. The new technique is being 

considered as it offers a much faster analysis time. To compare the two 10 analyses of Pb was conducted 

on a sample. The follow was found: 

   Average Std. Dev. 

Standard 19.5 ppm 1.7 ppm 

New  22.1 ppm 2.8 ppm  

When comparing the two techniques it is apparent the new technique gives a higher average. What is 

the expected percentage of results from the standard method of analysis that will fall above the average 

of the new method (22.1 ppm)? (20 points)  
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Selected Answers 

1]  

E = const – 0.0592 log [Cl-] let x = [Cl-]unknown 

 -0.4341 V = const – 0.0592 log (x) 

 -0.5331 V = const – 0.0592 log ((10.0/11.0)x + (1.00/11.0) 1.11e-3) 

Subtract the 2 equations to get: 

 0.099 = 0.0592 (log (0.909x+1.01e-4) – log (x)) 

 1.67 = log ((0.909x+1.01e-4) /x) 

 X = 2.20e-6 M KCl 

 

2]  

 E = 0.852 – (0.0592/2) log (1/[ Hg2
2+]) 

From Ksp (Hg2Cl2) = 1.2e-18 = [Hg2
2+][Cl-]2   [Hg2

2+] = 1.2e-18/[Cl-]2 

 E = 0.852 – (0.0592/2) log ([Cl-]2/1.2e-18) 

 E = 0.282 V  

5]  

Z = (19.5-22.1)/1.7 = 1.52 area = 0.433 percent over = 100*(0.5-0.433) = 6.6% 

  



Chem 454 – Exam 2 – March 11, 2009 

1] a. Draw a Jablonski-type diagram illustrating the concept of fluorescence. (8 points) 

b. Using the concepts above sketch the excitation and emission fluorescence spectra. (8 points)  

c. How does fluorescence differ from phosphorescence?  (4 points) 

2] Sketch in as much detail as you can provide, the components of a Michelson interferometer. Label 

each component. Indicate with arrows the direction of how light passes through the device. A 

discussion of how this device works in not necessary. (20 points) 

3] Draw an interferogram of a) single wave length and b) broadband sources for the Michelson 

interferometer. Label the axes. (10 points)  

4] a) Using a Jablonski-type diagram, discuss how fluorescence becomes an interference in Raman 

spectroscopy. (10 points) b) Explain how fluorescence can it be minimized in the Raman experiment  (5 

points) c) Illustrate and label the Stokes and Antistokes lines in that Jablonski-type diagram. (5 points) 

5] Suppose you are a chemist on staff at a brewing company. You are asked to develop a technique for 

the quick analysis of the alcohol content of their beer. The ethanol content of beer is expected to be 3-

6% m/m. Which technique would you select out of the ones discussed since Exam 1 and why? For full or 

partial credit you must justify your answer with plausible arguments (10 points) 

6] The UV-vis absorbance analysis of Fe3+ was conducted by complexation with 1,10 phenanthroline. The 

maximum absorption was found to be 510 nm. A 56.2 mg solution of Fe(NO3)3(aq) (MW 179.86) was 

treated with 1,10 phenanthroline and diluted to 1.00 L. The absorbance of the complex was found to be 

0.447. An unknown solution was treated with 1,10 phenanthroline and its absorbance was found to be 

0.361. What is the concentration of iron in the unknown? (10 points) 

7] Explain the Doppler broadening effect in flame AAS. Which species are blue shifted? Which are red 

shifted? (10 points) 

 

Answer to 6] 

56.2e-3 (mol/179.86 g)(1/1 L) = 3.12e-4M 

A = ebc  eb = 0.447/3.12e-4 = 1433 

0.361 = 1433(c)  c = 0.361/1433 = 2.52e-4M 

  



Chem 454 – Exam 3 – April 22, 2009 

PLEASE READ -- Answer each essay question to the extent that demonstrates your knowledge of the 

topic.  Use one page of blank paper per question. Number each question and write your name on each 

page. 

1] Describe the process of chemical ionization for mass spectrometry. What type of ions does it 

produce? What type of molecular information does it yield? 15 POINTS 

2] Using the van Deemter Equation, H = A + B/u + Cu explain why the number of theoretical plates for CE 

is much greater than for HPLC systems. 15 POINTS 

3] Again using the van Deemter Equation, H = A + B/u + Cu explain how capillary GC columns achieve 

more theoretical plates over older packed GC column designs. 15 POINTS 

4] Describe the chemical process involved in flame ionization detector used for GC. Sketch a diagram of 

the device. What class of analytes does it detect? 15 POINTS 

5] What is meant by “reversed phase” separation in the terminology used for HPLC? 10 POINTS 

6] What is a bulk property detector? Give an example. What design compromises are necessary to 

implement this sort of detector for CE or HPLC? How does this compromise affect the separation quality 

of CE and HPLC? 15 POINTS 

7] A series of GC-ECD injections were made for the determination of 4-chlorophenol. The results follow: 

       tr    peak area 

Injection 1 12.2 ppb 4-chlorophenol  12.44 mins  22,335 

   15.0 ppm dichloromethane 5.56   15,441 

 

Injection 2 unknown conc. 4-chlorophenol 12.67   18,667 

   15.0 ppm dichloromethane 5.73   16,189 

 

What is the concentration of 4-chlorophenol in the unknown? 15 POINTS 

 

Answer] 12.2 ppb * (15,441/22,335) * (18,667/16,169) = 9.74 ppb  


