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Characterization and Determination of Chloro- and Bromo-Benzoquinones as New Chlorination Disinfection Byproducts in Drinking Water

Yuli Zhao, Feng Qin, Jessica M. Boyd, Janna Anichina, and Xing-Fang Li*
1. Here is the negative ion ESI spectrum of 2,6-dibromo-1,4-benzoquinone taken from Figure 1 in the paper.

a. Draw the structure of 2,6-dibromo-1,4-benzoquinone. (1 pt)
b. Explain the nature of the peaks in the spectrum from the perspective of the natural abundance of its isotopes. (1 pt)
c. Explain the extent in which the isotopic pattern in the spectrum in conjunction with the exact mass measurement gives conclusive confirmation of the molecular formula of the compound. (1 pt)
[image: image1.emf]
2. The merits of an LC-MS method is described in terms of accuracy, precision, limit of detection, limit of quantification and recovery.

a. Define these terms. (1 pt)
b. Describe a set of experiments that would enable you to determine percent recovery. (1 pt)
c. In this experiment the calibration curve was based on a standard addition experiment.  Describe the nature of a standard addition experiment and explain the why it was used. (1 pt)
3. For solid phase extraction the sample was introduced using 0.25 % aqueous formic acid in water, washed with 50 % methanol in 0.25 % aqueous formic acid and eluted with 80 % methanol in 0.25 % aqueous formic acid.
a. Describe how solid phase extraction was used to concentrate the sample by a factor of 100. (1 pt)
b. It is stated in the paper that 50 % methanol in 0.25 % aqueous formic acid was an optimal washing solvent.  Why is 50% methanol better than 30 % methanol?  Why is it better than 60 % methanol? (1 pt)
4. This method utilized Multiple Reactant Monitoring (MRM), which is more often referred to as selected reaction monitoring (SRM).   

a. What is SRM? (1 pt)
b. Describe the advantages of SRM in terms of selectivity and sensitivity. (1 pt)
5. Using the statements below about green chemistry as a guide, do you feel this work falls within the realm of green chemistry?  Fully explain your logic.  If yes, which of the 12 principles does it address?  If not, propose a related project that does fall within the realm of green chemistry and explain what is different about your related project that makes it green. (2 green pts)
Green chemistry, also called sustainable chemistry, is a philosophy of chemical research and engineering that encourages the design of products and processes that minimize the use and generation of hazardous substances.
The 12 principles are:

1. It is better to prevent waste than to treat or clean up waste after it is formed. 

2. Synthetic methods should be designed to maximize the incorporation of all materials used in the process into the final product. 

3. Wherever practicable, synthetic methodologies should be designed to use and generate substances that possess little or no toxicity to human health and the environment. 

4. Chemical products should be designed to preserve efficacy of function while reducing toxicity. 

5. The use of auxiliary substances (e.g. solvents, separation agents, etc.) should be made unnecessary wherever possible and, innocuous when used. 

6. Energy requirements should be recognized for their environmental and economic impacts and should be minimized. Synthetic methods should be conducted at ambient temperature and pressure. 

7. A raw material or feedstock should be renewable rather than depleting wherever technically and economically practicable. 

8. Reduce derivatives - Unnecessary derivatization (blocking group, protection/ deprotection, temporary modification) should be avoided whenever possible. 

9. Catalytic reagents (as selective as possible) are superior to stoichiometric reagents. 

10. Chemical products should be designed so that at the end of their function they do not persist in the environment and break down into innocuous degradation products. 

11. Analytical methodologies need to be further developed to allow for real-time, in-process monitoring and control prior to the formation of hazardous substances. 

12. Substances and the form of a substance used in a chemical process should be chosen to minimize potential for chemical accidents, including releases, explosions, and fires. 

