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Tools for Nanomaterial and Amorphous
Analyses with PDF-4+ Databases

Experimental

Amorphous references

Nanomaterial references

Supporting Data
DSC/TGA
SEM/TEM

Pair Distribution Functions

Calculation

Digital Pattern Simulation
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Applied Instrument Functions
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Molecular Orientation
Functions

X-ray, neutron and electron diffraction
scattering factors

Spot, ring, EBSD pattern simulation

Similarity indices for identification of
amorphous materials




Calculation Tools - Hydroxyapatite
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Hydroxyapatite
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Combine experimental and calculation
tools — Poplar Wood

Experimental amorphous reference
Calculated 35A Cellulose | B reference
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Reference materials for the study of polymorphism and crystallinity
in cellulosics
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TABLE II. PDF cellulosic reference materials.

Material PDF entry Key attributes/source

Cellulose I 00-056-1719 Structural determination
derived from fiber
Cellulose 15 00-056-1718 Structural determination
derived from filter paper
Cellulose II 00-056-1717 Structural determination
derived from fiber
Amorphous cellulose 00-060-1501 Derived from cryogrinding
multiple specimens
Microcrystalline 00-060-1502 Predominately cellulose I S,
cellulose 40 A Sigma Aldrich
Amorphous cellulose 00-061-1408 Oriented amorphous
acetate
Cellulose acetate, 00-061-1407 Enhanced crystallinity
CTAII
Cellulose acetate, 00-061-1409 Oriented film
CTA II
Cellulose acetate 00-062-1713 USP grade
Cellulose acetate 00-062-1712 USP grade
butyrate
Cellulose acetate 00-062-1714 USP grade
pthalate
Methylcellulose 00-062-1290 Production grade
Methylcellulose 00-062-1291 Dehydrated production grade




Amorphous or Nanocrystalline ?
Incoherent scatter or small (50 A <) crystallite scatter ?
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Cellulose I3
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Nano Ceria

Nanomaterials would be expected to
have SAXS at low angle from particle
scattering
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Pharmaceutical Formulations

Lipitor
Benedryl

Cough Drop
(with menthol)

Nanocrystalline and/or amorphous components are very common
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Amorphous or Nanocrystalline ?
Incoherent scatter or small (50.A
<) crystallite coherent scatter?

Use of supplemental analyti




Microcrystalline Cellulose
- Digital pattern simulation from the
crystal structure

1) Experimental Datain Blue

o

2) 35 A simulation of Cellulose I B
calculated from the crystal structure
PDF 00-056-1718

3) Experimental digital patttern of amorphous
cellulose PDF 00-060-1502




Sigma-Aldrich microcrystalline cellulose —
crystallite size and crystallinity
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Supplemental Data — USP
Microcrystalline Cellulose
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Amorphous Cellulose —
cyrogrinding samples .
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Amorphous cellulose — last data se
the 3 cryogrinding studies
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Celluloses
- Domain size and crystalliniity
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N-vinyl-2-pyrrolidone (Povidone)
Water soluble polymers

Sample

Water absorbed Decomposition T, °C

Comments (weight loss up to 800°C)

FOC194
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2 step decomposition:
total weight loss - 88.98%

G2E126
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1 step decomposition
weight loss - 85.15%

F2H326

-13.51% (30-200C) 377.2

1 step decomposition
total weight loss - B0.34%
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Povidone Hydration
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Material Identification Using

Al |eg ra Core Amorphous and Nano

Crystalline references
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Lipitor
Using Pharmaceutical and Excipient subfile
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| dentification done by using the pharmacuetical

and excipient subfile combination
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Cellulose Triacetate — Experimental Data
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Amylose with Lipoic Acid
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Digital Patterns —Total Pattern Analysis —

modified Rietveld refinement
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THE DEVELOPMENT OF NANOMATERIALS
AND AMORPHOUS REFERENCES

Material

Nano Microcrystalline Cellulose

Nano Apatitie

Substituted celluloses
(Methyl, Acetate)

Amorphous Cellulose

N-vinyl-2-pyrrolidone
(Povidone)

Polystyrenes, Polyethylene,
Polypropylene, Polyvinylalcohol

Dextran

Supporting Data

TGA/DSC, Pair Dist. Function, Multiple sample
C, H, N analyses, SEM analysis

SEM analyses A
NMR degree of subst“
Multiple samples under varyi

High purity standards, 3 cryog

C, H, N analyses, TGA/DSC, USP re

Multiple data sets taken >40 ye
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Amorphous and nanomaterials
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Applications

Nanomaterials

Starch in Lipoic Acid

Cellulose in Lipitor, Allegra, Centrum Multivitamins, Pepci ;
Benzepril, Benedryl, Kroger Decongest ,

Promethazine, Donnatal, Effexor

Lactose Hydrate in CVS decongestant (note: many formu
have larger particle sizes of this phase)

Amorphous Materials
Amorphous cellulose in most pharmacueticals with nanoc

Povidone in Allegra




Conclusions

The Powder File uses experimental digital patterns and calculated digital
patterns to study nanomaterials and amorphous materials

Using both calculation and experimental tools we can identify, quantitate,
measure crystallinity and crystallite size.

To distinguish small crystallite (< 50 A) nanomaterials from amorphous
materials often requires additional supplementary information (crystal
structures, PDF, SEM, DSC/TGA, NMR etc). This information is being added
to the database and used to determine quality.
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Capillary — Martin Vickers
The capillary is amorphous not the drug




Mixed Crystallinity Pharmaceuticals
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Development of Strategic Subfiles

Strategic Subfiles




Experimental digital patterns
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Polymeric excipients
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