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ABSTRACT 
 

The rational design of drug crystals to facilitate particle size reduction 
Mohammad Hossain SHARIARE B.Pharm (Hons.) 

 
Keywords: Crystallisation, micronisation, particle size and morphology, mechanical 
properties, crystallinity, surface free energy, dissolution, aerodynamic 
characteristics, molecular modelling. 
 
Micronisation of active pharmaceutical ingredients (APIs) to achieve desirable 
quality attributes for formulation preparation and drug delivery remains a major 
challenge in the pharmaceutical sciences. It is therefore important that the 
relationships between crystal structure, the mechanical properties of powders and 
their subsequent influence on processing behaviour are well understood. The aim 
of this project was therefore to determine the relative importance of particle 
attributes including size, crystal quality and morphology on processing behaviour 
and the characteristics of micronised materials. It was then subsequently intended 
to link this behaviour back to crystal structure and the nature of molecular packing 
and intermolecular interactions within the crystal lattice enabling the identification of 
some generic rules which govern the quality of size reduced powders. In this 
regard, different sieve fractions of lactose monohydrate and crystal variants of 
ibuprofen and salbutamol sulphate (size, morphology and crystal quality) were 
investigated in order to determine those factors with greatest impact on post-
micronisation measures of particle quality including particle size, degree of 
crystallinity and surface energy.  
The results showed that smaller sized feedstock should typically be used to 
achieve ultrafine powders with high crystallinity. This finding is attributed to the 
reduced number of fracture events necessary to reduce the size of the particles 
leading to decreases in milling residence time. However the frequency of crystal 
cracks is also important, with these imperfections being implicated in crack 
propagation and brittle fracture. Ibuprofen crystals with a greater number of cracks 
showed a greater propensity for comminution. Salbutamol sulphate with a high 
degree of crystal dislocations however gave highly energetic powders, with reduced 
degree of crystallinity owing to the role dislocations play in facilitating plastic 
deformation, minimising fragmentation and extending the residence of particles in 
the microniser. Throughout these studies, morphology was also shown to be 
critical, with needle like morphology giving increased propensity for size reduction 
for both ibuprofen and salbutamol sulphate, which is related to the small crack 
propagation length of these crystals. This behaviour is also attributed to differences 
in the relative facet areas for the different morphologies of particles, with associated 
alternative deformation behaviour and slip direction influencing the size reduction 
process. Molecular modelling demonstrated a general relationship between low 
energy slip planes, d-spacing and brittleness for a range of materials, with finer 
particle size distributions achieved for APIs with low value of highest d-spacings for 
identified slip planes. The highest d-spacing for any material can be readily 
determined by PXRD (powder x-ray diffraction) which can potentially be used to 
rank the milling behaviour of pharmaceutical materials and provides a rapid 
assessment tool to aid process and formulation design.  
These studies have shown that a range of crystal properties of feedstock can be 
controlled in order to provide micronised powders with desirable attributes. These 
include the size, morphology and the density of defects and dislocations in the 
crystals of the feedstock. Further studies are however required to identify strategies 
to ensure inter-batch consistency in these attributes following crystallisation of 
organic molecules. 
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Figure 6.14 Highest d-spacings versus median particle size. 
 

 

 

 

 

 

 

 

 

 

 



XIX 
 

 

 

Units, symbols and abbreviations 

SI Units 
C  Centigrade 
cal  Calorie 
g  Gram 
J  Joule 
l  Litre 
m  Metre 
mol  Mole 
Pa  Pascale 
s  Second 
T  Temperature 
 

Prefix used with SI units 

k  kilo 
m  milli 
m  milli 
M  mega 
µ  micro 
 

Symbols 

CHCl3  chloroform 
dhkl  Spacing between crystal planes 
Eatt  Attachment energy 
H  Hardness 
KICO  critical stress intensity factor 
min  minutes  
Rhkl  Relative growth rate 
THF  Tetrahydrofuran 
Å  Angstrom 
Ɵ  angle of X-ray beam diffraction 
σym  Modified yield stress 
γhkl  specific surface energy 
 

Abbreviations 

API  Active pharmaceutical ingredients 
BCF  Barton, Cabrera and Frank crystal growth model 
BFDH  Bravais-Friedel-Donney-Harker 
CCDC  Cambridge Crystallographic Data Centre 
CSD  Cambridge structural database 
DSC  Differential scanning calorimetry 
DPI  Dry powder inhaler 
DVS  Dynamic vapour sorption 
D50  Median particle size 



XX 
 

Et-Ibu  Ibuprofen crystallised from ethanol 
ED  Emitted dose 
FID  Flame ionization detector 
FPF  Fine particle fraction  
FPD  Fine particle dose 
FR  Feed rate 
GP  Grinding pressure 
HPLC  High-performance liquid chromatography 
Hx-Ibu  Ibuprofen crystallised from hexane 
IGC  Inverse gas chromatography 
IP  Injector pressure 
IPA  Iso-propyl alcohol 
Mag  Magnification 
PDI  Polydispersity index 
PXRD  Powder X-ray diffractometry 
RD  Recovered dose 
rpm  Rotation per minute 
RH  Relative humidity 
SS  Salbutamol sulphate 
SEM  Scanning electron microscopy 
TSLI  Twin stage liquid impinge 
UV  Ultraviolet 
VMD  Volume mean diameter 
dcrit  Critical particle size (diameter) 
0D  Absence of hydrogen bonding  
1D  One dimension hydrogen bonding 
2D  Two dimension hydrogen bonding 
3D  Three dimension hydrogen bonding 
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