Line Spectra of an Unknown Ion
You are given a sample of an unknown ion and the following table listing the wavelengths of light (in nm) emitted as an electron relaxes from one orbit to another:

	n
	2
	3
	4
	5
	6
	7
	8

	1
	121.57 
	102.57 
	97.25 
	94.98 
	93.78 
	93.08 
	92.62 

	2
	
	656.47 
	486.27 
	434.17 
	410.29 
	397.12 
	389.02 

	3
	3.03E-19
	
	1875.63 
	1282.17 
	1094.12 
	1005.22 
	954.86 

	4
	4.09E-19
	
	
	4052.28 
	2625.88 
	2166.13 
	1945.09 

	5
	4.58E-19
	
	
	
	7459.88 
	4653.79 
	3740.57 

	6
	5.01E-19
	
	
	
	
	12371.92 
	7502.51 

	7
	5.11E-19
	
	
	
	
	
	19061.93 


1. Which wavelengths above (e.g. n = 3 to n = 1) are in the visible part of the electromagnetic spectrum?
656.47 nm ( n = 3 to n = 2

486.27 nm ( n = 4 to n = 2

434.17 nm ( n = 5 to n = 2

410.29 nm ( n = 6 to n = 2

397.12 nm ( n = 7 to n = 2

389.02 nm ( n = 8 to n = 2

2. For each of the wavelengths you listed in question 1:

a) Find the energies of the light corresponding to that wavelength. Show your calculation for one of wavelengths below. You can place all of the other energies directly in the table above (see example)
Here, I would show the work for calculating the energy of 656.47 nm light, corresponding to n = 3 to n = 2 jump. The energy was found to be 3.03E-19 J. This value was placed in the table, along with all the energies for the wavelengths given in question 1. You do not need to show your work in calculating the energies for the other wavelengths.

b) Draw Bohr model pictures of the atom depicting each ‘jump’.
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n = 4 to n = 2



You should draw a similar picture for each wavelength identified in problem 1.
3. Using the energies you found in question 2(a), draw an energy-level diagram of your unknown ion. Indicate on your diagram the transitions you identified in questions 1 and 2.
n = 8






E = 5.11E-19 J


One ‘jump’ is shown here. You
n = 7






E = 5.01E-19 J


should show all ‘jumps’ emitting
n = 6






E = 4.84E-19 J


visible light on your energy
n = 5






E = 4.58E-19 J


diagram.
n = 4






E = 4.09E-19 J
n = 3






E = 3.03E-19 J
n = 2                        E = 0 J    
4. Use colored pencils to draw a line spectrum of your unknown ion. Label the wavelengths of light and their corresponding transitions on your spectrum.
397 nm

434 nm












656 nm

(7 ( 2)

(5 ( 2)












(3 ( 2)


389 nm

410 nm

486 nm

(8 (2)

(6 ( 2)

(4 ( 2)










Extra Credit

5. I gave you a simplified version of the Rydberg formula in class. The actual Rydberg formula is 

where me is the mass of an electron (in amu), M is the mass of the ion (in amu), Z is the charge on the ion, and n1 is less than n2. Using the wavelength of light emitted when an electron jumps between two levels (look in your table!), determine the identity of your unknown ion. Hint: The charge on your ion is +0. The ion came from one atom of a single element.
� EMBED Equation.3  ���
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