P . 7
university of %
groningen ?',,ff’z,, University Medical Center Groningen

i

University of Groningen

Explanation for the Emergence of a Single Chiral Solid State during Attrition-Enhanced
Ostwald Ripening

Noorduin, Wim L.; Meekes, Hugo; Bode, Arno A.C.; Enckevort, Willem J.P. van; Kaptein,
Bernard; Kellogg, Richard M.; Vlieg, Elias

Published in:
Crystal Growth & Design

DOI:
10.1021/cg701211a

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2008

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):

Noorduin, W. L., Meekes, H., Bode, A. A. C., Enckevort, W. J. P. V., Kaptein, B., Kellogg, R. M., & Vlieg, E.
(2008). Explanation for the Emergence of a Single Chiral Solid State during Attrition-Enhanced Ostwald
Ripening: Survival of the Fittest. Crystal Growth & Design, 8(5). DOI: 10.1021/cg701211a

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 19-07-2018


https://doi.org/10.1021/cg701211a
https://www.rug.nl/research/portal/en/publications/explanation-for-the-emergence-of-a-single-chiral-solid-state-during-attritionenhanced-ostwald-ripening(69ec92bb-f0f1-4ada-8b21-0ab46004b29b).html

Supporting Information

Explanation for the emergence of a single chiral solid state during
attrition enhanced Ostwald ripening

-survival of the fittest-

Computational method: Derivation of the probability equation for Ostwald ripening
events
The Gibbs free energy of a crystal of n molecules is:

G(n)=-nAu+y(n), (SI'1)
where Au is the difference in chemical potential for a molecule in the bulk solution and in
the bulk crystal, i.e. Au = uy - u,. The surface free energy y(n) depends on the shape of
the crystal. To keep the model simple we assume that all crystals are perfect spheres, for

which the surface area can be expressed in terms of the number of molecules as:

3nQ Y5
A(n)=4rx (—j , (S12)
4
with Q the molecular volume. The surface free energy can then be written as:
y(n)=An)-y, (SI13)

where y is the specific surface free energy. The driving force per molecule for an Ostwald
event for which a molecule is transformed from a crystal with n; molecules to a crystal

with n; molecules thus becomes:
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Assuming linear growth and dissolution kinetics, the probability Poy(n; n;) for such an

AA/J:A/V[” —Alun :(Mj _(Mj
‘ ! P.T ,n=n; P,T,n:n/

(S14)

Ostwald event is proportional to AAu, and can be written as:

1 % 1 %
POst(niﬂnj):Post' (_j _(_] . (SI5)
n;

n;

The surface free energy y and molecular volume, are therefore covered by the attrition

parameter ¢ defined in equation (1).

Initial racemic conglomerate: results for y =1

Simulations with y = 1 starting with an initial racemic conglomerate, were performed as
described for the case of y = 0.1. All the experiments end in a randomly distributed single
chiral end state (figure SI 1). In contrast to the slowly racemizing conglomerates,
stochastic behavior is observed in the case of instantaneous racemization in the solution.
Also note that the total crystal surface area remains constant during the complete
simulation, as shown in figure SI 2. In contrast to the case of y = 0.1, the deracemization
time increases almost linearly with the size of the system N for all investigated attrition
intensities, as can be observed in figure SI 3. This is caused by the intrinsically stochastic

behavior of the process.

Initial enantiomeric excess: results for y =1
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Simulations were performed as described for y = 0.1. Figure SI 4 shows that for
instantaneous racemization in the solution (y = 1) no amplification is observed. That is,

the chance to end in an enantiopure D or L state equals the initial asymmetry.

D <«— cryst

Figure SI 1. A typical example of the crystal size distribution (CSD) of D and L crystals during a Monte
Carlo run simulating the combined process of attrition and Ostwald ripening for a compound achiral in
solution (y = 1). The initial CSD is set to a racemic mixture of two Gaussian distributions each containing
10° molecules centered around a crystal size of 150 molecules. The attrition-ripening ratio is set to &= 0.01;
Nyin = 10. The graph shows the evolution of the CSD during 10® Monte Carlo events. The inset shows the

top view of the graph. Note the large stochastic perturbations halfway the deracemization process.
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Figure SI 2. The total crystal surface area during the deracemization process. The graph shows the surface
area during the simulation shown in figure SI 1 with 4p and 4; the total crystal surface areas of the D and L

crystals respectively and 4 the sum of these two.
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Figure SI 3. Deracemization time, 4., versus the system size N for different stirring rates with y = 1. The

deracemization time increases almost linearly with the system size. For high values of the attrition-ripening
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ratio ¢ only limited values of N could be modeled within a reasonable simulation time. The insert shows a

detail of the graph for small system sizes.
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Figure SI 4. Final ee averaged over 1000 deracemizations as a function of the intitial ee, for a compound
intrinsically achiral in solution (y = 1). Deracemizations were performed with an initial abundance of one
enantiomer over the other but with both CSDs centered on the same mean value. Every point in the graph
represents the mean final ee averaged over 1000 experiments. & = 0.04; N = 8000. The line is a guide to the

eye.
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