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Instrumental Analysis

Spring 2003

Exam #3

Directions:

•
There are 100 points possible on the exam.

•
It is the student’s responsibility to understand the questions. The instructor should be asked about any confusing or ambiguous questions.

•
Ambiguous or multiple answers will be marked as incorrect.

Part I:
Fill in the blank(s) with the most appropriate word(s). Spelling Counts. (2 pts. each)

1.
The 



 excited state occurs when one electron in a pair of valence electrons is promoted to an excited state and has a spin in the same direction (i.e. parallel) as the other valence electron. 

2.
A 




 line in an atomic spectrum results from the relaxation of an electron from an excited state to the ground state.

3.
Spectral line widths due to uncertainty broadening usually of the magnitude of  ~10-4 Å are commonly referred to as __________________________ line widths.

4.
_____________________________________________________ burners are the most common flame atomizer which have a long path length flame and are ideal for atomic absorption spectroscopy.

5.
A(n) 






 lamp is a line source used in atomic absorption constructed of a glass cylinder filled with Ar or Ne containing a cup shaped cathode coated with the metal of interest and an anode constructed of tungsten.

6.







 are compounds added to the sample solution to increase the residence time of the analyte atomic vapor in an electrothermal atomization furnace.

7.
A(n) 





 is a compound, used in atomic absorption spectroscopy, which is added to a sample matrix in order to react preferentially with a chemical interferent, so the interferent  will not react with the analyte.

8.
A(n) __________________________________________ is a rotating disk with alternating opaque and open sections that is placed in the radiation path of an absorption spectrophotometer to modulate the source radiation.

9.
______________________________________________ correction utilizes a deuterium lamp to remove broadband background absorption from the analytical signal in flame atomic absorption spectroscopy.

10.
______________________________________________ correction utilizes an alternating magnetic field to remove broadband background absorption from the analytical signal in electrothermal atomization atomic absorption spectroscopy. 

11.






 is the release of electromagnetic radiation (photons) due to the relaxation of an atom or molecule that was excited by a high intensity lamp or laser. 

12.
A 





 is a highly ionized, electrically neutral gaseous mixture of cations and electrons that approach temperatures of 10,000 K and is commonly used as an excitation source in atomic emission spectroscopy.

Part II:
Multiple choice. Indicate the most appropriate answer in the blank provided. (3 pts. each)

1.


What is the most common source and sample holder used in atomic emission spectroscopy?

A.
Laminar flow burner

B.
Direct current plasma

C.
Electrothermal atomization furnace

D.
Inductively coupled plasma

E.
None of the above

2.


The gas used for the formation of the plasma in an DCP is

A.
acetylene.
B.
oxygen.

C.
nitrous oxide.

D.
air.

E.
argon.

3.


Which of the following atomic spectroscopies is the best method for the analysis of an aqueous metal that is not easily oxidized and sample size is not a limitation?

A.
flame AAS
B.
ICP-AES

C.
ETA-AAS

D.
flame AES

E.
None of the above

4.


What type of background correction used in atomic absorption spectroscopy is based on the fact that placing a high current on a hollow cathode lamp induces self absorption by the lamp which results in broadening of the emission line?

A.
Zeeman correction
B.
Continuum source correction

C.
Smith-Heiftje correction

D.
Two-line correction

E.
None of the above

5.


Most of the elements that can be determined by atomic spectroscopy are 

A.
inert gases.
B.
non-metals.

C.
metals.

D.
metalloids.

E.
None of the above
6.


Which of the following is not a common interference in AAS?

A.
formation of molecules
B.
scattering of source radiation

C.
formation of ions

D.
overlap by other atomic absorption or emission lines

E.
none of the above

7.


Of all the atomization techniques used in atomic spectroscopy, which is most commonly used for the analysis of solid metals and alloys? 

A.
flame atomization
B.
inductively coupled plasma

C.
arc or spark atomization

D.
electrothermal atomization

E.
None of the above

8.


Which fuel/oxidant mixture used in a flame atomizer provides the lowest temperature flame? 

A.
air/acetylene
B.
O2/acetylene

C.
air/propane

D.
N2O/acetylene

E.
None of the above

9.


Atomic line broadening resulting from frequency fluctuations due to the motion of atoms in the flame or furnace is known as

A.
Doppler broadening.
B.
pressure broadening.

C.
uncertainty broadening.

D.
Zeeman broadening.

E.
none of the above

10.


Which of the following atomizer/sources is not commonly used in atomic emission spectroscopy? 

A.
Electrothermal furnace
B.
Laminar flow burner
C.
Inductively coupled plasma

D.
Microwave induced plasma

E.
Direct current plasma

11.


A major advantage of atomic emission spectroscopy over atomic absorption spectroscopy is 

A.
the low cost of instrumentation.
B.
absence of interferences when performing quantitative analysis. 
C.
lower temperature of the atomizer.

D.
ability to perform simultaneous multielement analysis.

E.
none of the above

12.


An element that is not easily oxidized and not easily atomized will have a flame absorption profile that has its maximum absorbance in which part of the flame? 

A.
base
B.
middle
C.
top

E.
none of the above

Part III:
Short Answer

1.
Draw a schematic of a single beam flame atomic absorption spectrophotometer that utilizes continuum-source background correction and include a detailed wavelength selector. Be sure to label all of the components and show the light path through the instrument.    (10 pts.)

2.
List two major interferences that the continuum-source corrects for in the single-beam FAAS spectrophotometer drawn above. (6 pts.)

3.
Draw a schematic of a hollow cathode lamp and briefly describe how the lamp generates radiation. Be sure to label the major components of the lamp.  (10 pts.)

5.
Identify the following atomizers and list the maximum temperature achieved by each. (4 pts)
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Figure 9-16 Emission line profiles for a hollow-cathode
lamp operated at high and low currents.
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Figure 10-1 A typical inductively coupled plasma. (From
V. A. Fassel, Science, 1978, 202, 185. With permission. Copyright
1978 by the American Association for the Advancement of Science.)



5.
The emission spectrum of a hollow cathode lamp for molybdenum was found to have a sharp peak at 313.3 nm as long as the lamp current was less than 50 mA. At high current however, the peak developed a cup-like crater at its maximum. Explain. (5 pts.)

6.
 The concentration of strontium is being determined by atomic absorption using a N2O – acetylene flame and measuring absorption at 460.7 nm. Analysis of the pure sample results in an absorbance reading of 0.662. Analysis of the sample with the addition of 1000 ppm potassium results in an absorbance reading of 0.893. Explain why the addition of K to the sample increased the absorbance of strontium in the sample. (5 pts.)

Bonus:
What state is the home of Dr. Gerry Meyer (seminar speaker at the ACS meeting 3/12/03) and has the largest coal reserves in the United States? (5 pts.)
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