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= CASD: First relates solvent structure to properties through solvent descriptors, then reversely determines the optimal solvent
structure that match target property values based on the established quantitative structure-property relationship (QSPR).

Structure = Conventional QSPR uses empirical or experimentally determined solvent parameters to correlate solvent effects. It can not be
directly applied for extensive solvent screening and solvent molecular design.
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» |ntegrated solvent and process design is essential for achieving an optimal chemical process.
Computer-Aided Solvent Design (CASD) - Goal: to develop methods for the design of solvents for chemical reactions and integrated reactive processes.
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Top 10 solvents from deterministic CAMD optimization:

N Group combination Solvent 109 K /eq
' o fe/nm] i 2 CH,, 1C,10H, 1 COOH (CH,),C(OH)COOH —1.875
o N _ _ o 3 CH,, 1 OH, 1 COOH OHCH,CH,CH,COOH  —1.934
g-prc:flle IS molleculi}shpemfltg ar:ddlnten_sQ/elytrelateld to atom gt_roupl)s. 'Il'hlstmsplres tjs to 1 CH., 1 CH,, 1 CH, 1 OH, 1 COOH CH,CH(OH)CH,COOH  —1.942
develop new solvent theoretical descriptors to replace conventional solvent parameters 2 CH,, 1 OH, 1 COOH OHCH,CH,COOH 1,067
In quantifying their effects on chemical reactions. 1 CH,,1 CH, 1 OH, 1 COOH CH,CH(OH)COOH _1971
1 CH,, 1 OH, 1 COOH OHCH,COOH —1.991
Methodology and Framework 3CH,, 1 C, 1 COOH (CH,),CCOOH —2.406
Solvent Solvent COSMO o-profile 2CH,; 1C,1CH,;CO, 1COO0OH CH,COC(CH,),COOH —2.455
StrUCtUres COSMO sohvart databace 2 CHg, 1 C, 1 HCOO, 1 COOH HCOOC(CH,),COOH  —2.462
Q_jF _ Solvent or DFT computation 1 CH;, 3 CH,, 1 COOH CH,(CH,);,COOH —2.465
& T s = | descripors: ' _ Best solvent found experimentally: acetic acid (log k = —2.491)
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Integrated solvent and process design

Solvent effect
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| s I , Optimize| Target reaction kinetic model | | to each descriptor
f‘: *f{ Optimal <; properties, @ CompN Mar design v" The identification of optimal reaction solvent is far away from the final object of engineers.
solvent e.g., maximum : i i i i .. ] i
o PO Reaction | _ v" The integration of solvent design and process optimization based on a process-wide approach
Building blocks properties Optimal reaction solvents

IS a prerequisite for achieving an optimal chemical process.
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Reaction solvent design -

GC method development

Reaction rate regression

vap
= liquid molar volume

= heat capacity

Properties are estimated from
different group contribution
methods
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Six o-profile areas are used to
correlate reaction rate constants

Group Contributions (GC) are regressed
from o-profile areas of 168 solvents
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(SjjIs the J-th group’s contribution to the i-th area)

Cyclopentadiene (Cyclo) and Acrolein (Acro)
to 5-Norbornane-2-carboxaldehyde (Norbo)

GC predictions on S1 ~ S6
(168 solvents, MAPE = 7.28%)

3. Zhou, T., Sundmacher, K. Robust design of optimal solvents for chemical reactions - a combined
experimental and computer-aided strategy (to be submitted).
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