In-class Questions:  General Background on Molecular Spectroscopy

Electromagnetic Radiation
1. What is the relationship between the energy (E) and frequency () of electromagnetic radiation? 

2. What is the relationship between the energy and wavelength () of electromagnetic radiation?

3. Write the types of radiation observed in the electromagnetic spectrum going from high to low energy.  Also include what types of processes occur in atoms or molecules for each type of radiation.

Beer’s Law
4. What factors influence the absorbance that you would measure for a sample?  Is each factor directly or inversely proportional to the absorbance?

5. If you wanted to measure the concentration of a particular species in a sample, describe the procedure you would use to do so.

6. Suppose a small amount of stray radiation (PS) always leaked into your instrument and made it to your detector.  This stray radiation would add to your measurements of Po and P.  Would this cause any deviations to Beer's law?  Explain.

7. The derivation of Beer's Law assumes that the molecules absorbing radiation don't interact with each other (remember that these molecules are dissolved in a solvent).  If the analyte molecules interact with each other, they can alter their ability to absorb the radiation. Where would this assumption break down?  Guess what this does to Beer's law?

8. Beer's law also assumes purely monochromatic radiation.  Describe an instrumental set up that would allow you to shine monochromatic radiation on your sample.  Is it possible to get purely monochromatic radiation using your set up?  Guess what this does to Beer's law.

9. Is there a disadvantage to reducing the slit width?

10. Consider the relative error that would be observed for a sample as a function of the transmittance or absorbance.  Is there a preferable region in which to measure the absorbance?  What do you think about measuring absorbance values above 1?

11. What are some examples of matrix effects and what undesirable effect could each have that would compromise the absorbance measurement for a sample with an unknown concentration? 
Out-of-class Questions:  Instrumental Setup of a Spectrophotometer

Sources
1. Describe the desirable features of a radiation source for a spectrophotometer.

2. Plot the relative intensity of light emitted from an incandescent light bulb (y-axis) as a function of wavelength (x-axis).  This plot is a classic observation known as blackbody radiation.  On the same graph, show the output from a radiation source that operated at a hotter temperature.

3. Examining the plots above, what does this suggest about the power that exists in radiation sources for the infrared portion of the spectrum?

4. Explain the advantages of a dual- versus single-beam spectrophotometer.

Lasers
5. Why is it impossible to create a 2-level laser?

6. Using your understanding of a 2-level system, explain what is meant by a 3-level and 4-level system.  3- and 4-level systems can function as a laser.  How is it possible to achieve a population inversion in a 3- and 4-level system?

7. Which of the two (3- or 4-level system) is generally preferred in a laser and why?

Monochromators
8. Explain in general terms the mechanism in a prism and grating that leads to the attainment of monochromatic radiation.  Compare the advantages and disadvantages of each type of device.  What is meant by second order radiation in a grating?  Describe the difference between a grating that would be useful for the infrared region of the spectrum and one that would be useful for the ultraviolet region of the spectrum.

9. Explain the significance of the slit width of a monochromator.  What is the advantage(s) of making the slit width smaller?  What is the disadvantage(s) of making the slit width smaller?

Detectors
10. Explain how a photomultiplier tube works.  What are any advantages or disadvantages of a photomultiplier tube?

11. Describe a photodiode array detector.  What advantages does it offer over other detection devices?
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