Author’s Accepted Manuscript —

A QM-CAMD approach to solvent design for .
optimal reaction rates Chemlcal

Enginering Science

Heiko Struebing, Stephan Obermeier, Eirini
Siougkrou, Claire S. Adjiman, Amparo Galindo

www.elsevier.comylocate/ces

PII: S0009-2509(16)30520-6
DOI: http://dx.doi.org/10.1016/j.ces.2016.09.032
Reference: CES13170

To appear in:  Chemical Engineering Science

Received date: 8 January 2016
Revised date: 30 August 2016
Accepted date: 27 September 2016

Cite this article as: Heiko Struebing, Stephan Obermeier, Eirini Siougkrou, Clair
S. Adjiman and Amparo Galindo, A QM-CAMD approach to solvent design for
optimal reaction rates, Chemical Engineering Science
http://dx.doi.org/10.1016/j.ces.2016.09.032

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com/locate/ces
http://dx.doi.org/10.1016/j.ces.2016.09.032
http://dx.doi.org/10.1016/j.ces.2016.09.032

A QM-CAMD approach to solvent design for optimal reaction rates

Heiko Struebing, Stephan Obermeier, Eirini Siougkrou, Claire S. Adjiman and Amparo
Galind

Centre for Process Systems Engineering, Department of Chemical Engineering

Imperial College London, London SW7 2AZ, U.K.

Abstract

The choice of solvent in which to carry out liquid-phase organic reactions often has a large
impact on reaction rates and selectivity and is thus a key decision in process design. A systematic
methodology for solvent design that does not require any experimental data on the effect of
solvents on reaction kinetics is presented. It combines quantum mechanical computations for
the reaction rate constant in various solvents with a computer-aided molecular design (CAMD)
formulation. A surrogate model is used to derive an integrated design formulation that combines
kinetics and other considerations such as phase equilibria, as predicted by group contribution
methods. The derivation of the mixed-integer nonlinear formulation is presented step-by-step.
In the application of the methodology to a classic Sy2 reaction, the Menschutkin reaction,
the reaction rate is used as the key performance objective. The results highlight the trade-
offs between different chemical and physical properties such as reaction rate constant, solvent
density and solid reactant solubility and lead to the identification of several promising solvents

to enhance reaction performance.
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