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Chemistry 570










Exam 1

A table of t and z values is attached to the test.  Show all your work.  You can use the back and scratch paper.  Some constants: k = 1.390 x 10-23 J K-1, h = 6.626 x 10-34 J s

1.  Following are data from an analysis of beryllium by atomic emission. The values given are concentrations of beryllium in units of ng/ml.  (40 pts.)

	sample 1
	sample 2
	sample 3
	sample 4

	11.1
	16.4
	37.1
	31.2

	11.7
	15.1
	38.0
	29.1

	10.8
	16.7
	37.3
	33.7

	10.2
	16.0
	
	32.5

	
	15.6
	
	28.9


a) Using only the data for sample 4, calculate the 95% confidence limit for the mean of the 5 measurements.

b) Using only the data for sample 4, calculate how many measurements should be made if the 90% confidence limit is to be + 1.5 ng/ml.

c) Pool the data and calculate ( for the technique.

d) Use ( to calculate how many measurements must be taken if the 90 % confidence limit is to be + 0.5 ng/ml.  

e) The “true” value of beryllium in sample 4 is 30 ng/ml.  Is there bias in the measurements at the 90% confidence level if we only have these 5 measurements?  

f) The “true” value of beryllium in sample 4 is 30 ng/ml.  Is there bias in the measurements at the 90% confidence level if we use ( instead of s?

g) Assign 99% confidence limits to the mean of the measurements for sample 4 using (.

2.  Perform the following calculations and express the answer and the absolute standard deviation associated with the answer.  (30 pts.)

a) y = [116(+ 7) – 70(+ 5)] / [122(+ 2) + 77(+ 4)]

b) y = 55.4(+ 0.4) x (1.11(+ 0.11))3

c) y = log10(255(+ 15))

d) y = 10(3(+ 0.1)

3.  Measurement of Hg in oysters is done by atomic absorption using the standard addition technique.  First, 1.00 g of oyster tissue is dissolved in 50.0 ml of aqueous solution to make a “dissolved oyster tissue solution”.  Next, two different solutions are prepared in 25.0 ml volumetric flasks.  Flask 1 contains 20.0 ml of the “dissolved oyster tissue solution” and 5.00 ml of H2O.  Flask 2 contains 20.0 ml of “dissolved oyster tissue solution”, 0.500 ml of a 25.0 ppm Hg standard, and 4.50 ml of H2O.  Flask 1 gives an absorbance of 0.220.  Flask 2 gives an absorbance of 0.300.  (30 pts.)

a) What is the Hg concentration of the solution in Flask 1?

b) What is the Hg concentration of the solution in Flask 2?

c) What is the Hg concentration of the dissolved oyster tissue solution?

d) What is the Hg concentration of the oyster tissue?

4.  Complete the following table of energies.  Note: wavelength (() is in units of nm. (20 pts.)
	( (nm)
	(  (cm-1)
	( (Hz)
	E (J)  
	E (eV)

	
	       1700
	
	      
	

	
	
	
	
	3.5


5.  Name 3 different types of wavelength selection devices and briefly discuss the advantages and disadvantages of each type. (10 pts.)

6.  For a diffraction grating, how many lines per millimeter would be required in order for the first order diffraction for ( = 656 nm to be observed at an angle of 15 deg when the angle of incidence is 45 deg?  (10 pts.)

7.  A monochromator has a focal length of 1.5 m and a grating with 2400 lines/mm.  Assume that the angle of reflection is 0 deg.  Calculate the reciprocal linear dispersion (D-1) for this monochramotor operating in the first order.  Then calculate the slit width required to give an effective spectral bandpass ((eff) of 1.0 nm. (10 pts.)

8.  Name the three sources of atomic line broadening that we discussed in class.  Then, estimate the line width of the Na emission line at 589.3 nm that results from Doppler broadening when the atoms are at a temperature of 5000 K.  Remember, the average speed of the atoms is given by (8kT/(m)1/2, where mass has units of kilograms. (10 pts.)

9.  Name and briefly describe three methods of background correction employed in atomic absorption spectroscopy. (10 pts.)

10.  A partial energy level diagram for the Mg+ ion is shown.  Calculate the ratio of the number of ions in the 4s excited state to the number in the ground 3s state at a temperature of 3500 K.  The energy of the 4s(3p transition can be estimated to be 293.3 nm (average of 293.6 and 292.9 nm), and the energy of the 3p(3s can similarly be estimated to be 280.0 nm.  (15 pts.)

11.  Emission of Mg+ in a plasma at a temperature of 8000 K is measured at wavelengths of 293.3 (4s(3p) and 280.0 nm (3p(3s).  The intensity of the emission at 280.0 nm is 5000 counts/sec.  Calculate the intensity of the emission at 293.3 nm.  (15 pts.)

