
This experiment can either use a low pressure DC glow discharge tube in a 1% N2 -Ar  
mixture or use a cheap AC capillary nitrogen discharge tube to investigate the vibrational 
structure of neutral  N2 molecules in the gas phase. Although the spectrum from the DC 
glow discharge presents cleaner results, using a cheap AC capillary discharge tube results 
in similar spectra. The electron impact excitation of the gas collisions is primarily argon 
atoms. Since argon has metastable states at 11.55 & 11.72 eV, large populations of those 
metastables will result. Those argon metastables have energies that are essentially 
resonant with the C-state in neutral N2 . Efficient population of that electronic level in N2 
will proceed by the reaction  

followed by the spontaneous emission via 

After calibrating and measuring the spectrum of emission that result from such N2 (C  B) 
transitions, students (a) identify the upper and lower vibrational level quantum numbers 
associated with each observed band, (b) construct an energy level diagram of the 
resulting upper and lower electronic level’s vibrational structures, (c) determine the energy 
spacing between those levels, and (d) discuss  any deviations from SHO model 
predictions.  

-500 

0 

500 

1000 

1500 

2000 

2500 

3000 

300 320 340 360 380 400 420 440 

In
te

ns
ity

 [a
rb

itr
ar

y]
 

Wavelength [nm] 

0-0 

0-1 

0-2 

N2
+ 0-0 

1-2 

1-3 

1-0 

2-4 1-4 0-3 

Although investigating the vibrational structure of the 
lower portions of both potential wells is possible by 
using either a DC glow discharge with pure nitrogen 
or a standard AC capillary discharge, the spectrum 
resulting from the AC capillary discharge shows a 
strong additional peak at about 391.4 nm.  
The peak is responsible for the  
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   Raman Scattering Spectroscopy of Liquid N2                                                            Vibrational Structure of N2      
We developed a highly visual experiment designed to demonstrate Raman scattering 
spectroscopy by measuring the vibrational energy spacing of nitrogen molecules in the liquid 
phase. Interpretation of the spectrum teaches the principles of elastic and inelastic light scattering 
and the intrinsic properties of molecules.  The use of a pulsed Nd:YAG laser with high peak power 
leads to a plethora of nonlinear optical phenomena. The presence of highly visible stimulated 
Raman scattering greatly enhances the normal Raman-shifted signal, allowing for a more 
engaging laboratory experience in comparison to traditional Raman scattering experiments.  

Students can obtain an understanding of the light-matter interaction and the 
difference between linear and nonlinear scattering processes while measuring 
some fundamental properties of molecules.  The presence of many additional 
effects, in contrast to a traditional Raman scattering experiment, was more 
exciting for students, who were able to obtain a sense of discovery                                                           
characteristic of research experiences.   

In the simple harmonic approximation, knowledge of the 
vibrational energy yields information on the vibrational 
frequency of the molecule and the effective force constant of 
the molecular bond via the simple relation: 

where κ is the effective force constant and µ is the reduced mass of 
the N2 molecule.  Using this relationship with data obtained in this 
experiment, a value for the force constant of 2300 N/m is obtained 
in close agreement with the accepted value from Ref[1].  
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