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Abstract: In our recent work we have made a conclusion that in the radical reaction between
nitromethane and hydrogen sulphide the formation of the anion-radical does not happen. This
conclusion was not expected due to oposite results that can be found in many experimental papers
describing the similiar reactions with nitronaphtalene and amines. So, the additional research has
been made using RT-TDDFT simulation at the PBE0/6-311++G** theory level. The simulation has
shown no charge oscillations between reactants, that can be interpreted as an argument against
the charge transfer mechanism. The study of correlation between solvent polarity and energetic
parameters of reaction has been made using the SMD and COSMO above the DFT PBE0/6-311++G**
calculation has shown non-polar nature of the reaction, that also might be used as an argument
against the anion-radical formation mechanism.
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1. Introduction

The developing of suitable photooxidizing agent could be demanded in many industries.
Nitrocompounds are a good candidate due to their fast ISC to the triplet manifold[1] and the demand
of their recycling.

Previous experimental research has shown[2] that the aromatic nitrocompounds tend to receive
an electron from a reductant before the actual protonation in the photoreduction mechanism. Another
research[3] describes the formation mechanism of of the nitroaromatic anion-radical in pair with
1,4-diazabicyclo[2.2.2]octane cation. The charge transfer has been also detected in sulphide oxidation
reaction[4] in aqueous solution.

Despite these results our recent ab-initio quantum chemical study[5] has not revealed any charge
transfer preceeding of the hydrogen transfer in the hydrogen sulphide oxidation reaction. Such an
inconvergency of results can be explained by a numerous factors including the solvent influence in
experimental data, incorrect description of the triplet state reactions by the model used, etc. So, in the
present work we have tried to eluminate some of those factors by performing RT-TDDFT simulation of
the electron density in reagents and by studying solvent influence on the reaction energetic parameters
using SMD and COSMO approach.

2. Results

The RT-TDDFT simulation was shown absolutely no charge oscillations between reactants. But
there was observed dipole moment oscillations. So the UV/Vis-spectra was calculated and plotted for
these oscillations and it can be found at fig. 1. It could be seen from the fig. 1 that the spectra contains
the certain peak between 380 nm and 390 nm and probably two more around 500 nm and 640 nm.
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Figure 1. The UV/Vis-spectra obtained from the dipole moment oscillation in reactants system and
ploted for x, y and z polarizations

The solvent influence on the reaction has been shown at fig. 2. As it can be seen from the graph,
there is no dependency can be found between solvents dielectic constant and activation energy or
enthalpy values. The activation energy of the reaction in all solvents considered is about 4.5 kcal mol−1

and the difference between the energies does not exceed 1 kcal mol−1 for most of solvents. The
enthalpy of the reaction also shows very little variety of values and is around -15.5 kcal mol−1. The
only exception from that tendency is water solvent. The activation energy of the reaction in water is
much lower than in other solvents. On the contrary, the entalpy of the reaction in water solvent is
higher on more than 3 kcal mol−1 than other solvents.
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Figure 2. The activation energy and enthalpy dependence from solvents dielectric constant.

It is important to notice that the activation energies in all considered solvents are higher than
activation energy of the same reaction in the gas phase which value is equal to 3.6 kcal mol−1 according
to our previous studies.[5]
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3. Discussion

Despite of the fact that the charge transfer was not detected by the RT-TDDFT calculation, the
dipole moments oscillations might be treated as an attribute of the charge transfer. It is wondering fact
that the peaks at the UV/Vis-spectra shown on the fig. 1 is similiar with the peaks observed in [3]. The
peak at 390 nm might be associated with the triplet nitro group absorbtion, as soon as it is present with
little variations in both of nitronaphtalene spectras from paper mentioned above and nitromethane
spectra obtained in this study. So we assume that dipole moment oscillations observed in RT-TDDFT
calculation results can not be considered as an argument for the charge transfer, especcialy taking into
account the abscence of the actual charge oscillations between reactants in the calculation results.

Another argument against the charge transfer is lies in independence of energetic parameters of
the reaction from the dielectric constant of the solvent in range from 0 to 46. The decreasing of the
activation energy and increasing of the enthalpy of the reaction were an unexpected result and requires
futher investigation to be performed as well as influence of solvents with dielectric constants lying
in range from 46 to 80. Anyway if the anion-radical were formed during the reaction the changing
of the dielectric constant of the solvent should have a significant impact on energetic parameters of
the reaction. But in our model we have not observed any noticable energy changes in wide range of
solvents.

4. Materials and Methods

All calculations described in this paper were performed in the North-West Chemistry software
package.[6] The study of the solvent influence on energetic parameters of the reaction is done via SMD
and COSMO approaches above the DFT PBE0/6-311++G** theory level. Such a method was selected
due to its acceptable description of the reagents as it was pointed out in [7]. Activation energies
were calculated taking into account with zero-point energy correction. For enthalpies calculation the
enthalpy correction to energy was also used.

The RT-TDDFT calculation[8] was performed in the following way. First, reactants were optimized
to minimum in both of separated from each other and united to one system using TDDFT on
PBE0/6-311++G** theory level. Then the RT-TDDFT simulation of united reactants was started
for 15 fs using molecular orbitals obtained from optimization of separated reactants. After completion
of the simulation the dependence of charge on each molecular fragment from time was used to made
a conclusion about the charge transfer. The UV/Vis-spectra was obtained by performing Fourier
transformation of dipole moment values in the way described in NWChem manual.1

Acknowledgments: Authors are grateful to the Volga Research and Education Center for Supercomputer
Technologies for providing access to resources of the Lobachevsky supercomputer.

Abbreviations

The following abbreviations are used in this manuscript:
COSMO COnductor-like Screening MOdel
ISC InterSystem Crossing
PES Potential Energy Surface
RT-TDDFT Real-Time Time-Dependent Density Functional Theory
SMD Solvation Model based on Density

1 http://www.nwchem-sw.org/index.php/Release66:RT-TDDFT#Absorption_spectrum_of_water
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