CHEM 322 Name
Exam 4 Fall 2009

Due by 5:00 PM Friday, December 11
NO LATE PAPERS ACCEPTED!

Complete these problems on separate paper and staple it to these sheets when you are
finished. Please put your name or initials on each sheet as well. Clearly mark your answers.
YOU MUST SHOW YOUR WORK TO RECEIVE CREDIT.

Instructions

e This is NOT an open-book, open-note take exam. You MAY NOT consult any human or
nonhuman resource besides Dr. Lamp as you complete the exam. This exam MUST be
completed INDIVIDUALLY and in your own words. Group work or plagiarism will result in a
zero for the exam.

¢ You will be allowed to ask Dr. Lamp a maximum of two (2) questions regarding the exam.
Additional questions may be asked at a 3-point penalty per question. If you are working on
the exam in the evening, you may try to reach Dr. Lamp on his cell phone at 660-341-0067
before 10:00 PM.

o Before opening the exam, prepare for it like you would for a traditional, in-class exam.
Review concepts and examples from the text, as well as those discussed in class. This
preparation will help to maximize your effort on the exam and allow you to complete it more
efficiently.

Time Restriction

You may spend no more than two (2) hours working on this exam. This must be in one
continuous block of time. You are on your honor to adhere to this restriction and record the time
spent in the chart below.

Date Time Began Time Finished Total Time

Total Time Spent on the Exam

Pledge

| pledge on my honor that | have completed the exam in accordance with the above instructions
and that | have not provided or received unethical assistance. | realize that failure to comply
with these instructions will result in a score of zero on the exam.

Signature Date




Complete these problems on separate paper and staple it to this sheet when you are finished.
Please initial each sheet as well. Clearly mark your answers. YOU MUST SHOW YOUR
WORK TO RECEIVE CREDIT.

Warm-up (2 points each)

1.

An echelle polychromator is an instrument that uses the combination
of a coarsely ruled grating and a prism to achieve wavelength resolution by dispersing light
in two dimensions.

An inductively coupled plasma is produced by interaction of ionized argon
gas with an induced radio-frequency magnetic field.

Complete seven of the following, be concise. Clearly indicate which problem is not to be
graded. (14 points each)

3.

4.

Briefly compare and contrast 2 of the following 3 items:

a. linear dispersion versus angular dispersion Both terms are related to how light is spread
out in space. Linear dispersion is the spread of wavelengths across a plane (typically
the focal plane), while angular dispersion takes the point of view of the source and
quantifies how light is spread out as a function of geometric angles. Linear dispersion
depends on focal length, but angular dispersion does not.

b. deuterium arc lamp versus tungsten lamp A deuterium lamps utilize electrical excitation
of D, gas in a gas-filled tube, followed by dissociation of D, accompanied by emission of
light to produce a continuum of radiation. Tungsten lamps utilize a heated filament to
serve as a blackbody emission source, also producing a continuum. D, lamps are
typically used as UV sources while tungsten lamps are used primarily in the visible.

c. stray light versus scattered light Stray light is light from any light source (not necessarily
the instrument source) that reaches the detector, but doesn’t follow the prescribed
optical path in the instrument. Scattered light is light from the source that is lost by
interaction with matter of some sort (particulate, scratches in mirrors/lenses, etc.).
Scattered light typically does not reach the detector, but has not been lost through
absorbance.

Compare and contrast the operation of a PMT versus a PDA as a detector in a
spectroscopic measurement, as well as any benefits or challenges associated with each
device. Feel free to use well-labeled sketches to clarify your discussion.

A PMT utilizes the photoelectric effect to eject an electron at a photoemissive cathode when
a photon strikes the surface. This ejected electron is accelerated toward a dynode where it
collides with the dynode surface, causing the ejection of many secondary electrons. This
process repeats down a series of dynodes until the large number of electrons produced in
this cascade are collected and converted into a current. The key benefit of the PMT is the
large gain due to the fact that a single photon can produce many (>10°) electrons. In order
to collect a spectrum, the monochromator must physically scan its output across the PMT.

A PDA is a semiconductor device that that consists of several individual detectors (pixels)
arranged in a two (or three) dimensional array. When light of appropriate energy strikes a
pixel, an electron-hole pair is created in the semiconductor. With the appropriate bias
voltage, this electron-hole pair produces a current. The magnitude of the current is directly



related to the number of photons striking the pixel. While the PDA does not afford the high
gain of a PMT (it is a “unity gain” device), it offers the benefit of being able to collect spectra
rapidly by dispersing light across the pixels in the array.

Suggest reasons why spectrophotometric precision is poorer:
a. when the absorbance is near zero,

When absorbance is small, the signal at the detector is large and differs only very
slightly when the sample (P) and blank(P,) is in the beampath. Therefore, we are relying
on determining a small difference between large signals, which poses a challenge.

b. when the absorbance is greater then three.

Since A = log (Po/P), when the absorbance is 3, P is approximately 0.001P, and the
precision relies on the ability to measure a very weak signal when the sample is in the
beampath.

There is currently a great deal of interest in decreasing the
size of traditional bench-top instruments, resulting in small,
portable analytical devices. This is true for optical instruments
as well, leading to the development of devices like the Ocean
Optics spectrometers we use in several courses. Typically,
the resolution for these small instruments is poorer than that
for traditional bench-top devices. Discuss possible reasons for
this observation. For convenience, you may want to consider sample [7]
“large” and “small” versions of the design at the right. Source  petector \IJ

Resolution of a grating-based instrument depends on the ability of the instrument to
disperse light across the focal plane of the instrument. This dispersion is a result of the
angular dispersion of the grating, the focal length of the monochromator and the width of the
entrance and exit slits. As the size of the instrument decreases, the focal length goes down,
decreasing the linear dispersion of the monochromator. So, to maintain high resolution,
either the “quality” of the grating must be improved in order to produce greater angular and
linear dispersion (which is costly), or the width of the slits must be decreases (which leads to
low throughput and decreasing signal at the detector).

Beer's law is theoretically valid only if monochromatic radiation is used. In practice, it is
impossible to deliver truly "monochromatic” radiation. What components of the
spectrophotometer determine how monochromatic the incident beam is? What will the
impact be for a quantitative measurement if the beam is too polychromatic?

The combination of angular dispersion of the grating, the focal length of the monochromator,
and the width of the monochromator slits determines the range of wavelengths that are
transmitted to the sample. Your discussion should describe why this is so.

Beer’s law assumes that the bandwidth of the incident light is much narrower than the
absorption band that is to be excited. Under these conditions, the molar absorptivity is
essentially independent of wavelength. As the bandwidth increases, molar absorptivity
becomes strongly dependent on wavelength. This variation becomes even more



10.

11.

pronounced as concentration (and absorbance) increases, causing Beer’'s Law plots to bend
toward the concentration axes as the apparent molar absorptivity decreases

Draw and label a diagram of an instrument used for flame atomic emission spectroscopy of
solution-phase samples. How would a ICP-AES instrument differ?

Sample |—> | Nebulizer |——»| Flame |[——| Monchromator |— | Detector

gl

Fuel

Oxidant

In ICP AES, an ICP torch and argon gas supply would replace the lamp, fuel, and oxidant.
NOTE: Since this is an emission experiment, no external light source is needed.

Why does the identity of flame components and fuel to oxidant ratio play a major role in
detectability and sensitivity for atomic spectroscopy?

The combination of flame temperature and residence time often determines the efficiency of
gas-phase atom formation in atomic spec. If an analyte is not exposed to enough energy
(as a result of a cool flame or short residence time) volatilization and atomization may be
incomplete. If the energy is too great (hot flame/excessive residence time), excessive
ionization or excitation may occur. In an atomic emission experiment, energy must also be
sufficient to excite the analyte without ionization.

Describe the operation of a pneumatic nebulizer and graphite furnace atomizer as sample
introduction methods for AAS. Specifically note the benefits and challenges of each sample
introduction technique.

The differences between the two atomization processes are in the mechanics of the
atomization. In a nebulizer, a mechanical means is used to break the stream of sample
solution into a stream of fine droplets (aerosol). A portion of this aerosol is carried into the
flame or plasma, where thermal energy is used to drive off the remaining solvent and
vaporize the sample. In a graphite furnace, the entire sample is deposited into the furnace,
and a temperature program is used to gradually dry, ash, volatilize, and atomize the sample.

You have been given the task of establishing the detection limits for the determination of
several elements using atomic spectroscopy. The data below are the detection limits in ppb
that were determined for Flame AAS, Flame AES, GFAAS and ICP-AES for two elements.
Your colleague is somewhat confused by the different behavior of each element. Clearly
explain the trends in the data, including why the trends for the two elements are different.
(15 points)

Element Flame AAS GFAAS Flame AES ICP AES
K 1 0.004 0.01 30
Ag 0.9 0.001 2 0.2

GFAAS provides the lowest DL for both elements, primarily due to efficient use of the
sample. Since silver is not easily oxidized or ionized, higher energy sources will provide the



most efficient atomization (and excitation). Therefore ICP AES provides the next lowedt DL,
followed by Flame AAS. Flame AES is last because of the fairly low energy in the flame,
providing less effective excitation. Potassium is much more readily ionized, so as T goes
up, ionization increases as well. Flame AES srikes a happy medium, providing efficient
atomization, while also exciting sodium atoms. Flame AAS suffers from higher background
considerations, while ICP suffers from excessive ionization.

Possibly Useful Information
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