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Comment on ‘‘Computational studies on organic
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Pomelli, Phys. Chem. Chem. Phys., 2013, 15, 412

Andreas Klamt,*ab Stephan Schenk,c Peter Deglmannc and Jose Palomar Herrerod

In their perspective ‘‘Computational studies on organic reacti-
vity in ionic liquids’’ Chiappe and Pomelli1 have written a
short paragraph excluding COSMO-RS as a potential method
for estimating reaction thermodynamics in ionic liquids. They
write:

‘‘COSMO-RS, a model based on a simplified version of the
polarizable continuum model, which is strongly parameterized,
has been used to estimate the thermodynamics of a solvent.
However, this model is unable to give a precise physical
description of the system and the parameterization set does
not include reaction barriers; therefore, COSMO-RS is not
suitable for reactivity studies.’’

Since the authors reference just one out of many application
papers by COSMO-RS users2 and do not give conclusive reason-
ing for their statement, we feel the necessity to comment on
the usability of COSMO-RS for estimating reaction thermo-
dynamics and kinetics in ionic liquid media.

As a matter of fact, COSMO-RS3,4 is based on the Conductor-
like Screening Model (COSMO),5 and COSMO is – although
developed independently – a simpler and thus numerically
more efficient continuum solvation model than the polarizable
continuum model. Nevertheless it must be pointed out that
there is no proof in the literature that the conceptual simpli-
fications of COSMO have any negative influence on the quality
of results. Instead, it turned out to be more accurate with
respect to the outlying charge problem, and for that reason
the COSMO boundary condition has even been integrated into
the polarizable continuum model as C-PCM.6

COSMO-RS is a combination of COSMO – used in its limit of
the perfect conductor – and a statistical thermodynamics of
pair-wise interacting surface segments, where the surface
interactions are quantified based on the COSMO polarization
charge densities. By that COSMO-RS treats solutes and solvents
on the same quantum chemical footing, and introduces the
concepts of mixtures and temperature dependence in a natural,
thermodynamically consistent way. As a result it does not
require any chemistry dependent parameters for the solvents,
which in almost all other solvation models require special
parameterization. Altogether COSMO-RS thus has less adjusta-
ble parameters than most other solvation models. If the
authors want to claim the opposite, they shall clearly demon-
strate this claim. Quite surely COSMO-RS overall has by far less
adjustable parameters than the specially adapted IL-force fields
required for the QM/MM, recommended as the method of
choice in this perspective.

COSMO-RS has been proven in a large number of applica-
tion papers to be well applicable to study solvation thermo-
dynamics in ionic liquids, even though initially completely
parameterized on neutral compounds and solvents. A Google-
Scholar search for ‘‘Ionic Liquids’’ in combination with
‘‘COSMO-RS’’ yields 874 hits as of Nov. 29, 2012. On the other
hand, COSMO-RS has been proven to be applicable to study
reaction thermodynamics and reaction kinetics in solution.7–9

Very recently, various authors have reported the application of
COSMO-RS to the study of chemical absorption of CO2 in ionic
liquids.10,11 The trends predicted for the thermodynamic prop-
erties of different ILs using COSMO-RS, such as CO2 solubility,
reaction enthalpy, and solvent reversal temperature, were veri-
fied by experimental data.10,11 These results suggest that
COSMO-RS can be successfully used to predict reaction thermo-
dynamics in systems involving ILs, providing a useful computa-
tional tool for the development of new CO2 absorbents. To
our knowledge, COSMO-RS applications to estimate reaction

a COSMOlogic GmbH&CoKG, Burscheider Str. 515, 51381 Leverkusen, Germany.

E-mail: klamt@cosmologic.de; Tel: +49 2171 731681
b Institute of Physical and Theoretical Chemistry, University of Regensburg,

Germany
c Polymer Physics and Analytics, BASF SE, 67056 Ludwigshafen, Germany
d Sección de Ingenierı́a Quı́mica (Departamento de Quı́mica Fı́sica Aplicada),

Universidad Autónoma de Madrid, 28049 Madrid, Spain

Received 22nd January 2013,
Accepted 26th April 2013

DOI: 10.1039/c3cp50308a

www.rsc.org/pccp

PCCP

COMMENT

Pu
bl

is
he

d 
on

 0
2 

M
ay

 2
01

3.
 D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ita
et

sb
ib

lio
th

ek
 R

eg
en

sb
ur

g 
on

 0
3/

08
/2

01
6 

12
:1

0:
50

. 

View Article Online
View Journal  | View Issue

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by University of Regensburg Publication Server

https://core.ac.uk/display/211564361?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1039/c3cp50308a
http://pubs.rsc.org/en/journals/journal/CP
http://pubs.rsc.org/en/journals/journal/CP?issueid=CP015026


11140 Phys. Chem. Chem. Phys., 2013, 15, 11139--11140 This journal is c the Owner Societies 2013

kinetics in IL-based systems have not been reported, however,
we do not see any reason why COSMO-RS should not be
applicable to study reaction kinetics in ionic liquids, as it has
been done with other solvation methods to evaluate the solvent
influence. Of course, in the case of chemical reactions where
the role of the IL is not only that of a medium but also of a
catalyst, an appropriate choice of the explicitly considered
species is required, which means that any really chemically
interfering ion of the IL has to be included in the descrip-
tion. This comprises cations and anions acting as Brønsted
acids and bases, respectively, with substantial proton transfer
in the transition state or intermediates, but also e.g. nucleo-
philic or Lewis acid catalysis by constituents of the IL or species
released from it. These species should however also be included
in the QM part of a QM/MM description of the system. Also in
these cases, COSMO-RS treatment of the remaining effects from
not chemically interacting solvent ions is expected to yield an
even more accurate access to activation barriers and thus
kinetics.

In summary we consider the statements made about
COSMO-RS in this perspective as not at all based on an
objective analysis or on own experience.

Hereby, one of the authors, Andreas Klamt, declares a
potential conflict of interest, since he is commercially distri-
buting one of the implementations of the COSMO-RS method
out of his company COSMOlogic GmbH&CoKG.

References

1 C. Chiappe and C. S. Pomelli, Phys. Chem. Chem. Phys., 2013,
15, 412–423.

2 J. Palomar, V. R. Ferro, J. S. Torrecilla and F. Rodriguez, Ind.
Eng. Chem. Res., 2007, 46, 6041–6048.

3 A. Klamt, J. Phys. Chem., 1995, 99, 2224–2235.
4 A. Klamt, COSMO-RS: From quantum Chemistry to Fluid Phase

Thermodynamics and Drug Design, Elsevier, Amsterdam,
2005.
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