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Crystallization of Organic Compounds; Contents; Preface; 1.
Introduction to Crystallization Issues; 1.1 Crystal Properties and
Polymorphism (Chapters 2 and 3); 1.2 Nucleation and Growth Kinetics
(Chapter 4); 1.3 Critical Issues (Chapter 5); 1.4 Mixing and
Crystallization (Chapter 6); 1.5 Crystallization Process Options
(Chapters 7-10); 1.6 Special Applications (Chapter 11); 1.7 Regulatory
Issues; 2. Properties; 2.1 Solubility; 2.2 Supersaturation, Metastable
Zone, and Induction Time; 2.3 Oil, Amorphous, and Crystalline States;
2.4 Polymorphism; 2.5 Solvate

2.6 Solid Compound, Solid Solution, and Solid Mixture2.7 Inclusion and
Occlusion; 2.8 Adsorption, Hygroscopicity, and Deliquescence; 2.9
Crystal Morphology; 2.10 Particle Size Distribution and Surface Area; 3.
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Polymorphism; 3.1 Phase Rule; 3.2 Phase Transition; 3.3 Examples;
Example 3-1 Indomethacin; Example 3-2 Sulindac; Example 3-3
Losartan; Example 3-4 Finasteride; Example 3-5 lbuprofen Lysinate;
Example 3-6 HCI Salt of a Drug Candidate; Example 3-7 Second HCI
Salt of a Drug Candidate; Example 3-8 Prednisolone t-Butylacetate;
Example 3-9 Phthalylsulfathiazole; 3.4 Future Direction

4. Kinetics4.1 Supersaturation and Rate Processes; 4.2 Nucleation; 4.3
Crystal Growth; 4.4 Nucleate/Seed Aging and Ostwald Ripening; 4.5
Delivered Product: Size Distribution and Morphology; 5. Critical Issues
in Crystallization Practice; 5.1 Introduction; 5.2 Nucleation; 5.3 Growth;
5.4 Oiling Out, Agglomeration/Aggregation; 5.5 Seeding; 5.6 Rate of
Generation of Supersaturation; 5.7 Summary of Critical Issues; 6.
Mixing and Crystallization; 6.1 Introduction; 6.2 Mixing Considerations;
6.3 Mixing Effects on Nucleation; 6.4 Mixing Effects on Crystal Growth;
6.5 Mixing Scale-up

6.6 Crystallization EquipmentExample 6-1; 7. Cooling Crystallization;
7.1 Batch Operation; 7.2 Continuous Operations; 7.3 Process Design-
Examples; Example 7-1 Intermediate in a Multistep Synthesis; Example
7-2 Pure Crystallization of an API; Example 7-3 Crystallization Using
the Heel from the Previous Batch as Seed; Example 7-4 Resolution of
Ibuprofen Via Stereospecific Crystallization; Example 7-5
Crystallization of Pure Bulk with Polymorphism; Example 7-6
Continuous Separation of Stereoisomers; 8. Evaporative Crystallization;
8.1 Introduction; 8.2 Solubility Diagrams

8.3 Factors Affecting Nucleation and Growth8.4 Scale-up; 8.5
Equipment; Example 8-1 Crystallization of a Pharmaceutical
Intermediate Salt; Example 8-2 Crystallization of the Sodium Salt of a
Drug Candidate; 9. Antisolvent Crystallization; 9.1 Semibatch
Operation; Example 9-1 Crystallization of an Intermediate; Example 9-
2 Rejection of Isomeric Impurities of Final Bulk Active Product; Example
9-3 Crystallization of a Pharmaceutical Product with Poor Nucleation
and Growth Characteristics; Example 9-4 Impact of Solvent and
Supersaturation on Particle Size and Crystal Form

9.2 In-Line Mixing Crystallization

Filled with industrial examples emphasizing the practical applications
of crystallization methodologies Based on the authors' hands-on
experiences as process engineers at Merck, Crystallization of Organic
Compounds guides readers through the practical aspects of
crystallization. It uses plenty of case studies and examples of
crystallization processes, ranging from development through
manufacturing scale-up. The book not only emphasizes strategies that
have been proven successful, it also helps readers avoid common
pitfalls that can render standard procedures unsuccessful. The goal o
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Polynomial algebra -- the solution of tropical linear systems and
tropical polynomial systems -- the theory of matrices -- the use of
computer algebra for the investigation of various mathematical and
applied topics related to ordinary differential equations -- applications
of symbolic computations for solving partial differential equations in
mathematical physics -- problems arising at the application of
computer algebra methods for finding infinitesimal symmetries --
applications of symbolic and symbolic-numeric algorithms in
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mechanics and physics -- automatic differentiation -- the application

of the CAS Mathematica for the simulation of quantum error correction
in quantum computing -- the application of the CAS GAP for the
enumeration of Schur rings over the group A5 -- constructive
computation of zero separation bounds for arithmetic expressions --
the parallel implementation of fast Fourier transforms with the aid of
the Spiral library generation system -- the use of object-oriented
languages such as Java or Scala for implementation of categories as
type classes -- a survey of industrial applications of approximate
computer algebra.

This book constitutes the proceedings of the 14th International
Workshop on Computer Algebra in Scientific Computing, CASC 2013,
held in Berlin, Germany, in September 2013. The 33 full papers
presented were carefully reviewed and selected for inclusion in this
book. The papers address issues such as polynomial algebra; the
solution of tropical linear systems and tropical polynomial systems; the
theory of matrices; the use of computer algebra for the investigation of
various mathematical and applied topics related to ordinary differential
equations (ODESs); applications of symbolic computations for solving
partial differential equations (PDES) in mathematical physics; problems
arising at the application of computer algebra methods for finding
infinitesimal symmetries; applications of symbolic and symbolic-
numeric algorithms in mechanics and physics; automatic
differentiation; the application of the CAS Mathematica for the
simulation of quantum error correction in quantum computing; the
application of the CAS GAP for the enumeration of Schur rings over the
group A5; constructive computation of zero separation bounds for
arithmetic expressions; the parallel implementation of fast Fourier
transforms with the aid of the Spiral library generation system; the use
of object-oriented languages such as Java or Scala for implementation
of categories as type classes; a survey of industrial applications of
approximate computer algebra.



