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Outline

Specimen Preparation-
Round Robin, Experience

� General issues � low 
scattering power, 
absorption difference in 
ingredients, crystallinity

� Asymmetric Crystals

� Particle size

� Granularity

� Orientation

� Separation Techniques

Methods of Analysis �
Customers Survey Data

� Experience
� Databases
� Noncrystalline Materials
� Reference Quality
� Elemental Filters
� Subfiles
� Pattern Simulations
� Rietveld Analysis
� Combined Techniques �

DXC/XRD
� Complimentary Analytical 

Techniques



General Issues

Low scattering factor (Z) Low density

Vitamins B & C

Inorganic and Organometallic
Excipients � 6 phases

KCl � 30% of all intensity
9 % concentration

Vitamin C � 13 % of all Intensity
7.5 % conentration

Centrum Performance



Consequences

In Formulation  analyses the API is often a low scattering low density
material that is masked by highly scattering higher density materials
often used as excipients

Identify excipients first and then identify the API



General Issue - Crystallinity
Allegra

Massive Peak overlap issues
All 8 phases are weakly scattering

Active
Pharmaceutical
Ingredient

Data from Tablet Core � red
Data from Tablet Shell -blue



Experimental digital patters for Nanocrystalline and 
non-crystalline materials

Microcrystalline cellulose
Gelatinized Starch
Povidone

Microcrystalline cellulose
and Povidone

Microcrystalline cellulose
Microcrystalline cellulose

Starch

Allegra



Assymmetric Crystals
Pharmaceutical Round Robin

Acetaminophen & Si

Mannitol & Si

ICDD Round Robin Data



Large grains � capillary mount

Large grains for acetaminophen

Pharmaceutical Round Robin

2D Detector 1D Detector



Particle Size/Granularity

Grind the sample to 
eliminate the particle 
size effect in the original
material

Only 4/8 Laboratories
produced a randomly
oriented powder � only 3/11
produced the correct 
quantitative results.

Pharmaceutical Round Robin

Acetaminophen, D-mannitol
and NIST  silicon



Orientation
Effexor

Lactose monohydrate

Lactose Monohydrate
Severe orientation along

040 direction

Oriented lactose monohydrate
with microcrystalline cellulose



Impact on Intensities
Pharmaceutical Round Robin

d-spacings relatively 
accurate, intensities and 
profiles vary considerably
In poorly prepared samples

Severe 
orientation will 
prevent both 
identification 
and quantitation



Best Practices

� Grind or attrite to product random oriented specimens 
without specimen damage

� Increase collection times and optimize S/N for low Z, 
low density materials

� Use zero background holders especially if you are 
analyzing amorphous and non-crystalline components

� Analyze peak shapes to detect granularity (know your 
instrumental peak shape by running a NIST standard)

� Analyze relative peak intensities to detect orientation
� Run multiple specimens and /or separations

(compare or cluster the data)



Tutorial � How to Analyze Drugs
(www.icdd.com/resources/tutorials)

How to Analyze Minerals
For pharmaceuticals polymeric attrition 
media (Polystyrene, Polyethylene) used
for soft materials

Kaptan capillaries  for capillary mounts



METHODS OF ANALYSIS



ICDD Global User Surveys

Responses Queries

2012 Survey 1031 9956 10.3%

2009 Survey 811 6950 11.6 %

2006 Survey 220 1305 6 %

All survey data are in a relational database format for data 
mining purposes � We can correlate responses to methods 
used with responses to success in particular analyses



Success in Material Identification



Database Users Analyzing Organics
is more difficult



Difficult Problems

Allegra
- Complex Formulation
- Heavy Peak Overlap
- Contains amorphous and nano

crystalline materials

Effexor (and Lipitor)
- Major phase (lactose monohydrate)

is heavily oriented
- Nanocrystalline material

Pepcid AC
Due to nano and amorphous content
this is difficult to analyze with PDF-2,
easy to analyze with PDF-4



Database
Tools for improved formulation 

analysis

� Subfiles on Excipients and Pharmaceuticals
� Elemental Filters - All data expressed in atomic 

and weight %�s
� Full experimental digital patterns for 

mircocrystalline polymers and amorphous 
materials

� Common inorganic salts and oxides
� Evaluate and correct disordered structures
� Actively collect new pharmaceutical materials 

through grants



Use of Filters

Element

Pharmacuetical

and Excipients

Database

471,257 entries

6,967 entries

293 entries (Ca)

CaCO3 in Lipitor



Use of Filters - Lipitor

CaCO3 in Lipitor

Ca Atorvastatin Trihydrate d-spacing filter � 9.66 Å
293 Entries

8 Entries
4 are Ca Atorvastatin

Subfile and Element
Filter



Subfiles - Pharmaceuticals

ICDD data sourced from powder
diffraction experiments � many
grants and donations

ICDD data sourced from 
CSD single crystal data � primarily
literature publications

Powder Data Source

Single Crystal Data Source



Pattern Simulation



Shao-Fan Lin   Dropropizine

Original Data

Nano 

Electron Diffraction (100 KeV)

2D XRD

Electron Diffraction
Spot Pattern (001)

EBSD 
Pattern

53 % of PDF-4/Organics users
have a 2D detector

Original Data



Synchrotron Analyses

10 Phase Analysis
Centrum Performance

~ 30% of PDF-4/Organics users use both a laboratory XRD unit and a synchrotron

Data from Argonne National Laboratory

Pattern simulation with synchrotron
Instrument function



Centrum Performance- Goodness of 
Merit (GOM)

High quality lab data Synchrotron Data

Vit C 6159 C 1
Calcite 6145 I 2

Monetite 6143 I 3
KCl 5884 I 4

Fe Fumarate 5334 B 5

Brushite 2640 S 8
Nicotinamide 2517 I 15

Vit C 6159 C 1
Calcite 6145 I 2

Monetite 6143 I 3
KCl 5884 I 4

Fe Fumarate 5334 B 5

Brushite 2640 S 8
Nicotinamide 2517 I 15

Calcite 7519 I 1
Monetite 7477 I 2
Brushite 7469 S 3

Vitamin C 7384 C 4
KCl 7166 A 5

MgO 6779 I 12

MnSO4 Hydrate 5230 I 2
Fe Fumarate 4321 R 8

Hydroxyapatite 4892 I 2
Nicotinamide 3161 I 8

Calcite 7519 I 1
Monetite 7477 I 2
Brushite 7469 S 3

Vitamin C 7384 C 4
KCl 7166 A 5

MgO 6779 I 12

MnSO4 Hydrate 5230 I 2
Fe Fumarate 4321 R 8

Hydroxyapatite 4892 I 2
Nicotinamide 3161 I 8

GOM GOM

More intensity and resolution
203 d-spacings in the pattern
Peaks are well separated

95 d-spacings in the pattern

GOM maximum = 8000
High scores better fit



Success in Identification

Greater than 95 %
Less than

75 %

Best Methods

Use elemental filters
Use subfiles

Use GOM
Use pattern simulation



Rietveld Refinements
for improved phase identification

J. Kaduk, �A Rietveld Tutorial � mullite�

Powder Diffr., Vol. 24, No. 4, December 2009

T. G. Fawcett, C. E. Crowder, S. N. Kabekkodu, J. A. Kaduk, 

�Improved Material Identification through Targeted Data Mining�

Advances in X-ray Analysis, 2010 (with on-line tutorial, icdd.com)

J. Kaduk, �Crystallographic Databases and Powder Diffraction�

Volume H, International Tables, IUCr, in progress.

Routinely identifies phases in 0.1-5 weight % concentration
with good quality laboratory data



Rietveld Refinements
for improved phase identification

3 Phase Solution

J. Kaduk, A Rietveld Tutorial - mullite
Powder Diffr., Vol. 24, No. 4, December 2009

Eight crystalline phases
and amorphous content



Pattern Simulations
(not a refinement)

Centrum Performance

Difference Plot
New in 2013

Summed component
Plot (New in 2012)

Lipitor



Cluster Analyses

Fawcett, T. G., Needham, F., Faber, J., Crowder, C. E., (2010), 
�International Centre for Diffraction Data round robin on 
quantitative Rietveld phase analysis of pharmaceuticals�, 
Powder Diffraction, 25(1), pp 60-67. 



Cluster Analyses

Polymorphs Identified

Cellulose
AZT

Carbamazepine
Heroin

Calcium Phosphates
Glycine
Codeine

Famotidine
Cocaine

Cimetidine

Cluster analysis doesn�t depend
on the specimen being crystalline !



Cluster Analyses

Declustering multiple data sets to get component contributions



Outline � Best Practices
� Specimen Preparation-
� Round Robin, Experience

� General issues � low 
scattering power, 
absorption difference in 
ingredients, crystallinity

� Asymmetric Crystals
� Particle size
� Granularity
� Orientation
� Impact on Intensities
� Separation Techniques

� Methods of Analysis �
� Customers Survey Data

� Experience
� Databases
� Noncrystalline Materials
� Reference Quality
� Elemental Filters
� Subfiles
� Pattern Simulations
� Rietveld Analysis
� Combined Techniques �

DXC/XRD
� Complimentary Analytical 

Techniques



Best Practices

� Focus on specimen preparation � good data lead 
to good analyses

� Formulation analyses are difficult � use all your 
tools

� Subfiles
� Complimentary analytical data � Element filters
� Data analysis tools � Figures of Merit, Reference quality,

Intensity and d-spacing matches
� Data processing techniques (Rietveld reinteration, different 

search/match algorithms, cluster analyses,
simulations especially with non-crystalline materials)







Vitamin C 120 mg
Niacin (B3) 40 mg
Root Extracts (Celluloses)  >100 mg
Riboflavin (B2) 5.1 mg
Folic Acid 400 mcg

K,Cl in KCl 147 mg
Ca in CaCO3,CaHPO4 100 mg
P in CaHPO4 48 mg
Fe in Iron Fumarate 18 mg
Zn in ZnO 15 mg
Mg in MgO, MgStearate 40 mg
Si in SiO2 4 mg
Mn in MnSO4 4 mg
TiO2

4-10 mg
Vit B6 HCl
Calcium Pantothanate
(overlap with Vit C)

60 mg
Boron
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