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CHEM 101 CONFERENCE Star Module – Exploration 3D 
SEPTEMBER 5/6, 2007 
Exploration 3D: How does starlight rearrange the electron of hydrogen? 

In 1913, Niels Bohr described a model for the hydrogen atom characterized by quantized energy 
levels for the electron.  These energy levels are given by: 
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where n represents the energy level numbered from n = 1 to n = ! . 

 
1.  Using Eq. 3D-1, complete the table for the first six energy levels of the hydrogen atom.   

Calculate the energy both in Joules (J) and electron volts (eV).  
 

Table 1. Energies calculated for the first six energy levels for the hydrogen atom.  
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Energy (J) Energy (eV) 

1 eV = 1.602 x 10-19 J 

n = 1 1   

n = 2 1/4   

n = 3 1/9   

n = 4 1/16   

n = 5 1/25   
n = 6 1/36   

2.  On the next page, sketch a ladder of the energy levels in the hydrogen atom.  Represent each 
energy level with a horizontal line placed at the appropriate energy (see vertical scale).  Next 
to each level, write the value of n.  Note that all energies are negative number relative to the 
energy of zero at n = ! .  

Part I.  The Hydrogen Spectrum 

3.  Use the handheld spectroscope to observe the hydrogen spectrum in the visible region. Sketch 
the observed spectral lines in the box below.  Include a description of the color of each line and 
an estimate of the wavelength.  You should see 3-4 lines, although the 4th line is very weak. 
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Figure 1.  Energy level diagram for the hydrogen atom.  Each level is drawn at the appropriate energy and labeled 
with the principle quantum number, n.   
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4.  Are the observed lines due to absorption or emission of light by hydrogen atoms?  In terms of 
energy levels, what is happening to the electrons that result in these spectral lines?   

 
 
 
 
 
 
 
 
 
 
Part II: Energy Levels of Hydrogen 
 
5.  The lines in the hydrogen spectrum arise from transitions of an electron from one energy level 

to another.  The wavelength of the spectral line is directly correlated to the difference in 
energies of the two levels involved in the electronic transition.  Using the energies of the 
individual energy levels calculated in question 1, complete the following table with the energy 
differences  (in J) between the levels and the wavelengths observed from the resulting 
electronic transitions.   

ΔE  =  Efinal Ð Einitial 

|ΔE|   =  Ephoton  =  h ν   νλ  =  c 

h = 6.626 x 10-34 J s   c  =  2.998 x 108 m/s 

 
 
Table 2.  Calculated absolute energy changes and spectral wavelengths for the hydrogen atom spectrum. 

Initial energy level (ni) 
6 5 4 3 2 

|ΔE| (J) |ΔE| (J) |ΔE| (J) |ΔE| (J) |ΔE| (J) 

 Ini 

λ (nm) λ (nm) λ (nm) λ (nm) λ (nm) 

     1 
93.98 nm 95.18 nm 97.46 nm 102.8 nm 121.8 nm 

    2 
    

1.815x10-19 J   
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3 
1096 nm 1285 nm 1880 nm 
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Part III: Assigning Spectral Levels of Hydrogen 
 
6.  Record the wavelengths measured in question 3 into the table below.  Using the wavelengths in 

Table 2 as a guide, complete Table 3 by assigning the correct electronic transition to each 
wavelength.  

 
 Table 3.  Selected lines observed in the hydrogen atom spectrum and spectral line assignments. 
 

Wavelength 
(nm) 

Assignment  
ninitial –––> nfinal 

97 4 ÐÐÐ> 1 

103 3 ÐÐÐ> 1 

122 2 ÐÐÐ> 1 

  

  

  

  

1094  

1282  

1875  

 
7.  Return to your energy level diagram in Figure 1.  Complete this figure by drawing a vertical 

arrow in the direction from Einitial to Efinal to represent each electronic transition in Table 3.  
 
Part IV: The Balmer Series 
 
8.  The series of spectral lines of the hydrogen spectrum that occur in the visible region are named 

the Balmer series.  Looking at the data in Table 3, what feature do the Balmer lines have in 
common?  

 
 
 
 
 
 
9.  Most hydrogen atoms are in their ground state at typical temperatures, that is, the electron is in 

the n = 1 level.  For you to see Balmer absorption lines, the electron must originate in a higher 
energy level, the n = 2 level.  How much energy is required to move an electron from the n = 1 
ground level to the n = 2 level? 

 


