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CHEM313


Fall 2001

Name:____________________________

Exam #3

This exam covers material from Chapter 19,20, & 22 (Analytical Spectroscopy).  Each question is worth 20 pt.  You are required to complete 5 of the following 6 problems. {If you work all six, I will total your best 5 problems.}  You will have the entire period to complete the exam.  Calculators may be used as appropriate.  SHOW ALL WORK, including appropriate units.  Full credit will not be given unless you show your work.  You do not have to show standard statistical calculations, including mean, standard deviation, and least squares.  If you feel short of time, indicate the method you would use to solve the problem and indicate at which point the problem leaves your grasp.

1.  Briefly define the following terms:

a.  phosphorescence
b.  Beer’s Law

c.  chromophore

d.  inductively coupled plasma

e.  ionization suppressor

f.  ground state

2.  Calculate the frequency (in Hz), the energy of a photon (in Joules per photon and joules per mole of photons), and the wavenumber (in cm-1) of 1400 nm light. {c = 3.00 x 108 m s-1, h = 6.626 x 10-34 J s}  What region of the electromagnetic spectrum does this wavelength fall and what type of molecular change occurs when this light is absorbed?

(Circle your final answers.)

3.  A solution containing the complex formed between Bi(III) and thiourea has a molar absorptivity of 9.32 x 103 M-1 cm-1 at 470 nm.

a. What is the absorbance of a 6.24 x 10-5 M solution of the complex at 470 nm in a     1.00 cm cell?

b. What is the percent transmittance of the solution described in part (a)?

c. What is the molar concentration of the complex in a solution that has the same absorbance described in part (a) when measured at 470 nm using a 5.00 cm cell?

4.  Consider the following molar absorbtivities:


    ( (M-1cm-1)


F W (g mol-1)






440 nm

545 nm


Cr2O7-2 
369


11

215.99


MnO4-

95


2,350

118.94


A steel sample weighing 1.000 g is dissolved in acids, and then treated with persulfate and periodate to oxidize Mn to MnO4- and Cr to Cr2O7-2.  The final solution is diluted to 100.0 mL in a volumetric flask.   The absorbance in a 1.00 cm cell at 440 nm is found to be 0.108 and 1.296 at 545 nm.  Calculate the mass percentage of Cr and Mn in the steel. 

Hint:  
A440 =  A440(Cr2O7-2)  +  A440(MnO4-)


A545 =  A545(Cr2O7-2)  +  A545(MnO4-)

5.           a.  Draw a block diagram for a double-beam spectrophotometer.  

b.  List three types of dispersion elements used in monochromators.

c.  Give 2 reasons why Beer's law may deviate from linearity at high concentration. 

6.  Mercury levels in a watershed near a battery factory were determined using atomic absorption spectrometry and standard addition.  A 10.00 mL aliquot of the water was diluted to 100.00 mL in a volumetric flask.  Then 10.00 mL of the diluted solution were placed into 50 mL volumetric flasks.  Aliquots of a standard 100.00 ppm Hg solution were added and the solutions were diluted to the mark.  The absorbance of each resulting solution was measured as follows:

Volume of standard added (mL)

     Absorbance


Blank




0.004



0.00




0.124



1.00




0.250



2.00




0.379

1.0 0.508

a. Determine the equation for the line for the standard addition plot (No plot is necessary.)

b. Determine the concentration of mercury in the undiluted unknown sample.

