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Normal Modes and Mode Classification 

 We computed the normal modes using MP2 perturbation theory with 6-31G as the basis, 

using the Gaussian 09 computational package, and compared the results with previous 

assignments
S1-S4

. The results are shown in table S1, where the Raman-active transitions are 

assigned and the transitions too weak to observe via transient anti-Stokes spectroscopy are 

numbered. The computed Raman intensities where all normalized and are included in table S1. 

Figure S1 shows each of the normal modes, which were divided into three sets, substituent 

modes, phenyl modes or global modes. The mode classifications were made based on their 

Potential Energy Distributions (PED) computed using the VEDA-4 software package.
S5

 The 

software carries out Vibrational Energy Distribution Analysis (VEDA) to determine PED’s for 

the computed normal mode vectors. A wonderful review of this method can be found online.
S6

 

As a summary, the VEDA method transforms the Cartesian normal mode vectors into a new 

basis of internal 2,3 and 4 body coordinates. The contribution of each internal coordinate basis to 

the total potential energy of each mode is decomposed to give their PED distribution. Modes 

with 80% or more of their potential energy contributed by phenyl or substituent localized were 
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coordinates classified as phenyl or substituent. If there was less than 80% in either phenyl or 

substituent localized coordinates or if there was 80% or more in global coordinates the mode was 

classified as global.  
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Figure S1. Classified normal modes of o-nitrotoluene and o-fluoronitrobenzene computed using 

MP2 perturbation theory with the 6-31G basis set. Relative sphere sizes indicate relative 

displacement while the grey and white filling represents the displacement direction. 
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Table S1 Vibrational frequencies and mode classifications of o-nitrotoluene and o-

fluoronitrobenzene. The named modes are those that are visible in the experiment while others 

are only numbered. The included computed Raman intensities are normalized. 


