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Normal Modes and Mode Classification 

 To monitor vibrational energy in nitrobenzene, rather than analyzing the behavior of 

individual modes it was more intuitive to classify them as having global-, phenyl- or substituent-

localized motion and track the energy in these types of modes. Examples of these classifications 

are shown in figure S1. We classified the normal modes by comparing the relative amounts of 

atomic displacement involved in each. It should be noted that normal modes can also be 

classified using the potential energy distribution percentage (PED%) which describes each mode 

as a linear combination of internal, rather than cartesian, coordinates.
S1,S2

 In the PED method one 

can quantify how much an internal coordinate, for example the O-N-O angle in nitrobenzene, 

contributes to the total potential energy of a given normal mode. However, we found our 

simplified classification method to be sufficient. We computed the normal modes using MP2 

perturbation theory with 6-31G as the basis using the Gaussian 09 computational package and 

compared these with previous work aimed at assigning them.
S3,S4

 These results are shown in 
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table S1 where the Raman-visible modes are assigned and the invisible modes are numbered. 

Figure S2 illustrates each of the normal modes. Modes with displacement primarily restricted to 

the substituent (substituent mode), the phenyl ring (phenyl mode) or delocalized throughout the 

molecule (global mode) are also appropriately indicated.  
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Figure S1. Classification of normal modes. (a) Modes with displacement exclusively on the 

substituent are substituent modes. (b) Modes with displacement exclusively on the ring are 

phenyl modes. (c) Modes with displacement on both substituent and ring are global modes.  

 

 

Figure S2.  Normal modes of nitrobenzene computed using MP2 perturbation theory, and their 

division into three categories, phenyl modes, nitro modes and global modes. 
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Table S1. Normal mode calculation results in cm
-1
. Experimental frequency values are shown 

for modes visible in our experiment are assigned (and numbered). Those not seen in experiment 

are only numbered. 


