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Introduction 
COBRAMM, developed by UNIBO-CHIMIND, is a framework for computational 
(photo)chemistry simulations. It allows low-computational-cost problem-driven 
tailoring of chemistry simulations for ground- and excited-state electronic structure 
computations. COBRAMM provides the end user with tools and protocols to perform all 
necessary steps to simulate molecular dynamics and chemical reactions in complex 
environments, exploring the potential energy landscape and modelling the interaction 
of photo-responsive molecules with light. 

NIREOS is pursuing the exploitation of this feature. NIREOS is an SME that develops 
and commercializes innovative spectroscopic hardware, based on novel and patented 
optical technologies for the characterization of molecular and solid-state systems with 
high sensitivity. 

NIREOS and UNIBO-CHIMIND have developed a unique combination of experimental 
tools integrated with COBRAMM. This integration allows, on the one hand, 
straightforward interpretation of experimental data and assignment of the optical 
signals to molecular properties of direct interest to the industrial end user. On the other 
hand, comparison with experiments will enable to validate the theoretical model and/or 
improve it by integrating experimental parameters in the simulations. This will lower 
the entry barrier to modelling complex molecular systems for new and non-expert users 
and strongly improve the communication between them, as well as between 
experimental and theoretical parties. Such unique capabilities will foster the adoption 
of advanced numerical models in the industrial practice. 
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Case Description 
We realized a NIREOS hardware prototype for measuring absorption and fluorescence 
emission spectra of molecules, with a common and integrated software platform for the 
simultaneous simulation, visualization and post-processing of electronic spectra by 
COBRAMM. The back-to-back comparison of experimental and computational results will 
allow direct spectra interpretation, eventually resulting into a signal-to-
structure/property assignment. This platform is robust, turnkey and user-friendly, to 
allow its adoption by non-specialized end-user in industrial environments as a tool for 
material characterization, design and development. 

The experimental setup (see below) consists in a laser illumination source, a cuvette 
containing the sample to be measured and a collection path at 90 degrees that sends 
the light into our patented GEMIN interferometer (see www.nireos.com/gemini/). 
Finally, a SPIDER detector (see www.nireos.com/spider/) to measure the data and send 
them to the computer, as shown below. We have realized a demonstration video, in 
which we show the experimental setup, explain its working principle, perform an 
example measurement, then run the numerical simulations on the very same molecular 
system and finally compare the two results by overlapping the two spectra. The video 
can be found at this link: https://simdome.eu/nireos  

 

Results 
Looking at the comparison between experimental and simulated spectra, it might 
initially seem that the simulation does not match with the recorded spectrum. It is 
important to remember that any Quantum Mechanical method reproduces any 
experimental values within a certain error. COBRAMM uses a series of approximations 
needed to obtain a proper qualitative reproduction of relative energies, solvent effects, 
and shape of the bands. Nonetheless, the parameter chosen and hardcoded in 
COBRAMM for these tasks ensure reliable simulation in affordable time, in the limit of 
the approximations used. 
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Indeed, the following figure perfectly explains the benefit the user can gain by the 
comparison with the simulation. The simulations ran for two similar, but slightly 
different compounds (Nile Red and Nile Blue), show an absorption maximum shifted to 
lower energies for the Nile Blue (bold blue line) with respect of the one obtained for the 
Nile Red (bold red line). This prediction is matched in the experimental spectra. 
Furthermore, the Stoke shift (the difference between the absorption, bold lines, and 
emission, dashed lines, maxima) for the Nile Red is predicted to be much higher than 
the one calculated for the Nile Blue, as turned out to be in the experimental spectra. 

 

 


