
Example 3-3 Losanan 57
Example 3-4 Finasteride 58
Example 3-5 Ibuprofen Lysinate 61
Example 3-6 HCI Salt of a Drug

Candidate 62
Example 3-7 Second HCI Salt of a

Drug Candidate 66
Example 3-8 Prednisolone

t-Butylacelate 70
Example 3-9 Phthalylsulfathiazole 74
3.4 Future Direction 76

5. Critical Issues in Crystallization
Practice 101

5. I Introduction 101
5.2 ucleation 101
5.3 Growth 104
5.4 Oiling Out, Agglomeration/

Aggregation 106
5.5 Seeding 110
5.6 Rale of Generation of

Supersaturation J 15
5.7 Summary of Critical Issues 116

Contents

Preface ix

I. Introduction to Crystallization Issues I

1.1 Crystal Properties and Polymorphism
(Chapters 2 and 3) 2

1.2 Nucleation and Growth Kinetics
(Chapter 4) 3

1.3 Critical Issues (Chapter 5) 3
1.4 Mixing and Crystallization

(Chapter 6) 4
1.5 Crystallization Process Options

(Chapters 7- 10) 4
1.6 Special Applications (Chapter I I) 9
1.7 Regulatory Issues 10

2. Properties 13

2.1 Solubility 13
2.2 Supersaturation. Metastable Zone,

and Induction Time 21
2.3 Oil, Amorphous. and Crystalline

States 25
2.4 Polymorphism 29
2.5 Solvate 32
2.6 Soltd Compound, Solid Solution.

and Solid Mixture 34
2.7 Incluliion and Occlusion 37
2.8 Adsorption, Hygroscopicny, and

Deliquescence 39
2.9 Crystal Morphology 42

2. I0 Panicle Size Dismbullon and
Surface Area 44

3. Polymorphism 49

3. I Pha" Rule 49
3.2 Ph»e Transition 50
3.3 Examples 52
Example 3- I Indomethac," 53
E\3mple 3-2 Sultndac 55

4. Kinetics 77

4. J Supersaturation and Rate
Processes 77

4.2 Nucleation 79
4.3 Crystal Growth 87
4.4 Nucleate/Seed Aging and

Ostwald Ripening 98
4.5 Delivered Product: Size Distribution

and Morphology 99

6. Mixing and Crystallization 117

6. I Introduction 117
6.2 Mixing Considerations 118

v

Training01
Typewritten Text
615.19tun



VI Contents

6.3 MIxing Effects on ucleation 119
6.4 MIXing Effects on Crystal

Growth 123
6.5 Mixing Scale-up 126
6.6 Crystallization Equipmenl 127
Example 6-1 135

8. E,apornt;.. Cr)stalliz.ation 167

8.1 Introduction 167
8.2 Solubllll} Dlagr.lm, 167
8.3 ractof'l Allcctlng 'udcJllon and

Growth 1711
84 Scale-up 171
H.5 Equipment 171
E'amr1e 8-1 Cf)'lalll/..ulOn 01 a

Ph.lnn,ll.:eut It:al
IntermedIate Salt 17~

E\amplc 8-:! CT)'talll/allon of the
Sodium Salt 01 a Drug
C..lIldld..lle 177

7. Cooling Crystallization 137

7.1 Balch Operallon 137
7.2 Continuous Operations 143
7.3 Process De"gn-Examples 147
Example 7-1 Intermediate in a Multistep

ynthe5.is 147
Example 7-2 Pure Crystallization

of an API 150
Example 7-3 Cry;tallizatlon USing

the Heel from the
Previous Batch as
Seed 154

Example 7-4 RC'olution of Ibuprofen
Via Stereo\peclfic
Cry'tallizatlon 155

Example 7-5 Cry'tallizatlon of
Pure Bul~ wIth
Polymorphi,m 160

Example 7-6 Contlnuou, Sepamtion
of Stereoi,omer... 161

10. Reacti'e Crystallization 207

235

In-Lmc
:!.1 I

10 I
102
101

IntrodUl:lion 107
Control of Panicle Size 10Q
Kc) I"uc\ in Organic React1\e
Cry'tallizatlon 210

104 Scale-up 21
r ample 10- I ReactIVe Cry ,,,,Ilizatlon

01 an API 2n,
E\ample Io-::! Reactl\c Cr:,ta)Jllauon

01 an Intcnnedl3le :!:!3
[- \ample IO-.~ Reacu\ e CT) ,tallilJIlOn

of a odium all of an
API :!:!S

r'ample 10-4 Reacll\e Cr),tJlhlJtlOn
of an API .:!:!h

105 CreatIOn of Fmc Panlcle~

Rcacu\ e CT) 'lallilauon

Example 9-2 Rejection of Isomenc
Impurities of Final Bulk
Active Product 185

Example 9-3 Crystallization of a
Phannaceutical Product
with Poor Nucleation
and Growth
Characteri tics I

Example 9-4 Impact of olvent and
SupersaturatIOn on
Panicle ize and
Crystal Form 192

9.2 in-Line MIXing Crystallization 196
Example 9-5 Crystallization of

an API U ing
Impinging Jets 197

Example 9-6 Crystallization of a
Phannaceuucal Producl
Candidme U~lng an
Impinging Jet with
Recycle :!().t

II. Special \pplications

I I I Intn..x1uctlon :!.l5
11,1 Cl)'tallllation \\Ith uperrntlcal

flUid... .:!~6

I I ~ l'ltr.hound In CT) ,talhlatlOn :!.n
I 1.4 Computauonal nUIIJ D) namh.:, m

Cl),tal1llatlon :!.l.'

1799. Antiliohenl Cr)'l:lllization

9 I Senuhalch Operation 179
[,ample 9· I Cr)\laill/atlon 01 an

hllcnncdlah~ 18~



Example 11-5 Freeze Crystallization of
Imipenem 255

Example I 1-6 Contmuous Separation of
Slcreoisorners 259

I 1.5 Strategic Considemlions for
Development of a ew Crystallization
Process 272

Example II-I Sterile Crystallization of
Imipenem 238

Example 11-2 Enhanced Selectivily of a
Con~uti\ie-Competiti\'e

Reaction by Crystallization
of lhe De"red Produci
During the Reaction 243

Example 11-3 Applymg SolubIlity 10
Improve Reaction
Seleclivity 246

Example 11-4 Melt Cryslallization of
Dimelhyl Sulfoxide 251

References

Index

Contenl'i ••
VII

279

285




