CHEM 322 Name
Exam 4 Spring 2010

Complete these problems as instructed below. Clearly mark your answers. YOU MUST SHOW
YOUR WORK TO RECEIVE CREDIT.

Bonus: (4 points) What experimental challenges are each of the following designed to
address?

a. Calibration with an internal standard.

b. Calibration using standard additions.

Warm-up (2 points each).

1. causes an apparent change in frequency of a
photon due to the motion of the emitter either toward or away from the receiver.

2. A provides an obstructed path for nebulized
sample as it moves toward the flame or plasma.

3. Ina , the energy absorbed from a photon
results in the movement of an electron from an electron donor to an electron acceptor.

4. In FTIR, resolution is dependent on the : the
difference in optical path down the two arms of the interferometer.

Follow the instructions for the following. Be clear and concise. (15 points each)

Complete problem 5.

5. Why do absorbance spectra from atomic species tend to exhibit narrower bands than for
molecular species? Why do spectra from gas phase molecular analytes tend to have
narrower features than spectra for the same compound in the condensed phase?



Complete either problem 6 or problem 7 below.

6. Describe the effect of the following on a calibration curve for the spectrophotometric
determination of caffeine (Amax = 273 Nm) using a Beer’s law-based method. The spectrum

of caffeine is given below.
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a. The solvent is contaminated by an unknown compound that also absorbs at 273 nm.
b. The bandwidth of the instrument is 5 nm and the monochromator is miscalibrated so that
the bandwidth is centered at 285 nm instead of 273 nm.
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7. Inthe 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 gquantitative measurement should these assumptions fail.



Complete two of problems 8, 9, and 10 below.

8. Why are detection limits for most elements lowest for electrothermal AAS and highest for
flame AES, with ICPAES in the middle?

9. Why are atomic emission methods with an ICP source better suited for multielement
analysis than flame absorption methods?

10. Why is flame emission in a relatively cool flame actually preferred for the measurement of
sodium when compared to that of a hot flame or plasma, even though the hotter source will
give a higher excited state population?



Complete either problem 11 or problem 12 below.

11. Clearly describe why photomultiplier tube detectors are typically not suited for use in infrared
spectroscopy. Identify the basis of operation for one of the IR detectors we discussed.

12. 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?



Possibly Useful Information
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A = log(Po/P) = ebc T =P/Py
e_he o ¢ =3.00x 10 ms™
T Planck's Constant = 6.63 x 10** Js

k=1.38x10% JK* M1SiN0; = M,Sind,
AAS = Atomic absorption spectrophotometry
AES = Atomic emission spectrophotometry n\ = d(sini+sinr)

ICP = Inductively coupled plasma
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