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Our goal is to standardize Raman spectroscopy by introducing 

simple molecular benchmark systems in order to establish 

absolute Raman intensity scale. This is achieved by computing 

accurate distance-dependent polarizability invariants of 

diatomic systems and averaging them over accurate 

rovibrational wave functions. The matrix elements determined 

in this fashion are used to calibrate the in-house built Raman 

spectrometer using the predicted intensity values of selected 

rovibrational Raman transitions. The calibrated spectrometer is 

subsequently used to determine the absolute Raman intensities 

of benchmark systems which are supposed to serve as a 

reference for calibration of the wide range of commercially 

available Raman spectrometers. 

The current talk will mainly focus on theoretical aspects of the 

process described above. We will show that the calculations of 

polarizability invariants but for the simplest systems are 

exceedingly difficult and challenging due to the inherent 

shortcomings of the applicable wave functions. The computer 

programs for computing the rovibrational transition matrix 

elements over the polarizability tensor invariants for isotopes 

of molecular hydrogen are freely available at 
https://github.com/ankit7540/H2-PolarizabilityMatrixElements. 
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Dynamic (wavelength dependent) 
a) mean polarizability 𝛼ത  and b) 
polarizability anisotropy 𝛾  of H2, 
HD, and D2 as a function of 
internuclear separation. 


