CH306/406
Name: 


Instrumental Analysis

Spring 2003

Exam #2

Directions:

•
There are 100 points possible on the exam.

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

•
Ambiguous or multiple answers will be marked incorrect.

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

1.






 of a medium is the measure of the degree of interaction between a substance and the electromagnetic radiation transmitted through the substance and results in a change in the angle of the radiation as it passes through the medium.

2.





  was originally the study of the dispersion of visible light into its component colors (visible spectrum).

3.
A 




 is a grooved mirror that disperses polychromatic radiation by the process of diffraction.

4.





 is a performance characteristic that describes the ability of a monochromator to resolve different wavelengths of radiation.

5.
A particle of light is referred to as a ​​​​



.

6.





 is the release of a photon due to the relaxation of a particle excited by the absorption of thermal energy.

7.
A 




 detector is constructed of a crystalline wafer (usually triglycine sulfate) whose polarization is strongly dependent upon temperature.

8.
A 







 is a photon detector that contains a cathode that releases electrons when struck by electromagnetic radiation. The electrons released by the cathode then “cascade” through a series of dynodes in order to enhance the signal.

9.






 is defined as the peak width at half height from a plot of the output of a wavelength selector as a function of wavelength.

10.
A 




 is a device used in scanning spectrophotometers to select the wavelength band of interest.

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

1.


The major difference between line spectra and band spectra is

A.
line spectra have broader peaks than band spectra.

B.
line spectra result from the analysis of atoms and band spectra result from the analysis of ions.

C.
line spectra result from the analysis of atoms and band spectra result from the analysis of molecules.

D.
line spectra have higher wavelengths than band spectra.

E.
none of the above

2.


Which of the following radiation sources is most commonly used in molecular ultraviolet (UV) spectroscopy 

A.
Nernst glower

B.
tungsten lamp

C.
xenon lamp

D.
deuterium lamp

E.
none of the above

3.


The purpose of the exit slit of a monochromator is to 

A.
focus the source beam.

B.
select the portion of the source image to be studied.

C.
disperse the source beam.

D.
select the wavelength of radiation passed to the detector.

E.
none of the above

4.


Which of the following has the greatest potential resolution?

A.
Echelle monochromator

B.
Interference filter 

C.
Absorption filter

D.
Grating monochromator

E.
None of the above

5.


Beer’s law is defined as

A.
T = P/P0

B.
A = bc

C.
A = -log(P/P0)

D.
%T = P/P0 x 100

E.
None of the above

6.


What is the term used to describe the bending of a wave when it passes through a narrow opening?

A.
Diffraction
B.
Interference

C.
Refraction

D.
Coherence

E.
None of the above 

7.


All of the following are ideal properties of a detector EXCEPT

A.
Fast response time
B.
Electrical signal produced is proportional to the radiant power measured

C.
High sensitivity

D.
High signal-to-noise ratio

E.
None of the above 

8.


Who is credited with experimentally proving Einstein’s theory for the relationship between energy and the wavelength of electromagnetic radiation, E = h 

A.
Heinrich Hertz

B.
Albert Einstein

C.
Robert Millikan

D.
Thomas Young

E.
Max Planck

9.


If  the absorbance of a sample solution is below the detection limit of a UV-Vis spectrophotometer, you could most conveniently increase the absorbance of the sample by 

A.
increasing the concentration of the sample.

B.
using a higher intensity source.

C.
increasing the slit width of the monochromator.

D.
increasing the path length using a wider cuvette.
E.
moving to a wavelength higher than max. 

10.


Which of the following detectors allows the simultaneous measurement of multiple wavelengths of radiation and eliminates the need for a monochromator?

A.
photomultiplier tube
B.
silicon photodiode

C.
bolometer

D.
photodiode array

E.
vacuum phototube 

Part III.
Short Answers.

1.
In the space provided below, draw a schematic diagram of a grating monochromator. Include and label all monochromator components and show the light path through the monochromator. (8 pts.)

2.
Draw a box diagram schematic of a fluorescence spectrometer and explain the why the source and the detector are placed in their positions relative to one another. (8 pts.)

3.
Why is a grating preferred over a prism as the dispersing element in modern monochromators? (4 pts.)

Part IV.
Problems. Show all your work for partial credit. Use the correct number of significant figures in your answers and circle your final answers.

1.
(A) 
Calculate the frequency in hertz and the energy in joules of a photon of ultraviolet radiation that has a wavelength in air of 612 nm. (6 pts.)


(B)
What would be the wavelength of the photon if it passed through a medium whose refractive index () is 1.36. (4 pts.)

2.
Radiation from a sodium lamp (589.3 nm) hits a sodium chloride plate at an angle of 65.00° and is refracted at an angle of 35.94° in the sodium chloride. What is the refractive index of the sodium chloride? (4 pts.)

3. 
You want to construct a 10.0-cm interference wedge that has a linear dispersion of radiation from 400 to 800 nm using CaF2 [refractive index () = 1.434] as the dielectric layer. What is the thickness of the dielectric layer at each end of the wedge? (8 pts. Assume first order refraction)

4.
All of the following problems involve the same hypothetical compound X. A solution of compound X is analyzed in a UV-vis spectrometer at 265 nm and is found to have an absorbance of 0.569 in a 0.100-cm cuvette.

(A)
Calculate the percent transmittance of the solution. (3 pts.)

(B)
If the molar absorptivity of compound X is 13,563 L mol-1 cm-1, what is the molar concentration of compound X? (5 pts.)

Bonus (5pts.)

For a grating, how many lines per millimeter would be required so the second order diffraction line at 
( = 322 nm will be observed at a reflection angle of 25° when the angle of incidence is 60°?

Equation Bank

Speed of light in a vacuum (c) = 3.00 x 108 m/s
Planck’s constant (h) = 6.625 x 10-34
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