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THE ANALYSIS OF NON-CRYSTALLINE MATERIALS IN 
PHARMACEUTICAL FORMULATIONS

1938 – Chemical Analysis by
X-ray Diffraction

“A complete new workable system 
of  analysis”

Workable System of Analysis

• A relational database
• 516,054 reference data sets
• Organized for identification and quantitation
• 64 Searches
• 94 Display Fields
• JAVA point and click interfaces
• Extensive embedded applications for analyses

1938
2016



NON CRYSTALLINE MATERIALS IN PHARMACEUTICALS

• Nanomaterials, amorphous materials, dimensional 
materials (i.e. clays)

• High surface area materials – change dissolution rate
• Excipients with low density, high porosity can be 

chemically functionalized for features such as 
chemical binding and time release

• Functionalized polymers are used as binders or 
gelling agent

Definition

Application



PRACTICAL CONSIDERATION – THE FREQUENT USE OF NON 
CRYSTALLINE INGREDIENTS IN PHARMACEUTICAL FORMULATIONS

Benedryl

St. Johns Wort

Singulair

Allegra

Aller-Fex

Ramipril
FlonaseLipitor

Lipoic Acid



TOTAL PATTERN ANALYSIS METHOD

Series of Reference Patterns

Add and Scale

Match to Experimental Data

Reference Libraries Plotting and Scaling
Programs

Crystallite Size Algorithms

Common corrections

Displacement
Molecular Orientation

Experimental Data

Phase Identification
via reference patterns

Analyze Components Identification

Crystallinity
Crystallite Size
Molecular Orientation

Polymers
Clays
Amorphous API’s
Nanomaterials

STEP 1

STEP 2



TOTAL PATTERN ANALYSIS METHOD
• Direct Method – Uses non crystalline reference patterns (pattern libraries)
• Uses nanocrystalline references – experimental and calculated
• Based on the use of additive patterns of both crystalline and non crystalline references
• Not a refinement method,  the RIR  method quantitation does use an intensity optimization 
• A simulation, that does have corrections for crystallite size and molecular orientation
• Method does integrate ICDD quality reviews for both crystalline and noncrystalline materials

Crystallite Size
Determinations

Tools for analyzing
nanomaterials

Phase Identification

Quantitation by Reference
Intensity Ratio



TOTAL PATTERN ANALYSIS METHOD

Series of Reference Patterns

Add and Scale

Match to Experimental Data

Reference Libraries Plotting and Scaling
Programs

Crystallite Size Algorithms
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Displacement
Molecular Orientation

Experimental Data
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STEP 1 - SEARCH/MATCH
This

This 

or This

Adjusted for peak width
Visually checked

Peak Finding

Automated
Automated

Worse

Better

Background Correction



CRYSTALLITE SIZE - NANOMATERIALS

50 Å

100 Å

250 Å

500 Å
Lactose Monohydrate



INTEGRAL INDEX MATCH – NORMALIZED R INDEX

Cellulose I β and Cellulose II

1

2

3

Created a reference file
with 45 Å references This is a full pattern profile

match using all data points



STEP 1 – SEARCH MATCH

• All global major commercial software packages (6) will identify crystalline phases above 10 wt %

• To identify low concentration materials,  nanomaterials, and amorphous materials - adjustments are 
required for background subtraction and peak finding

Find all peaks
Find all broad peaks
Obtain correct peak intensities



STEP 2 - PATTERN MATCHING

50 Å

250  Å

Pattern of microcrystalline
cellulose

Pattern of cellulose Iβ

Via
Sieve+ Search Match or 
Any reference Pattern



BENEDRYL

Diphenhydramine hydrochloride



• Patterns are additive
• Visual
• Fast and convenient (to the user)

WHY FULL PATTERN ANALYSIS



Cellulosics

GelatinsPovidones

LIBRARY OF AMORPHOUS EXCIPIENTS

Dextran



CHEMISTRY

3 – OH’s  /  monomer

Cellulose

Dextran

Povidone

Polyvinylpyrollidine

Define chemistry
…….Degree of substitution

Characterize Molecular Weight
Cross linking
Water content (TGA,DSC)



CLAY EXCIPIENTS

Montmorillonite, Dickite, Kaolinite

Drying agents
Absorb water



MONTMORILLONITE/SMECTITE

Heated (no water)

4 H2O

8 H2O

Glycolated

How much absorbed H2O ?



LIBRARY OF AMORPHOUS PHARMACEUTICALS



PARTIALLY CRYSTALLINE……………CORN STARCH

Starch (IUCr) vs 
Amylose dihydrate (corn starch)

70 Å Amylose dihydrate from crystal structure
with 10 Å Amylose dihydrate

10 Å
70 Å
150 Å

Crystalline amylose dihydrate

Experimental Data data

2 Approaches

Experimental and simulation

2/1 Ratio



RAMIPRIL
Summation



PARTIALLY CRYSTALLINE – CELLULOSE ACETATE AND 
CELLULOSE ACETATE BUTYRATE, 
CELLULOSE ACETATE PTHALATE

All 3 materials sourced from USP
• acetate is red
• acetate butyrate is gray
• acetate phthalate is green



CELLULOSE ACETATES

USP Cellulose Acetate Butyrate

• Cellulose triacetate – crystalline
• Cellulose triacetate amorphous
• Cellulose acetate butyrate amorphous



NANO CRYSTALLINE MATERIALS
Nano pigments

(sunscreen)
TiO2

Fe3O4
ZnO

Nano Cellulose II and I β



APPLY



LIPITOR

01-072-4582    Calcite
00-056-1718    Cellulose Iβ - 65Å
00-060-1501    Amorphous Cellulose
00-030-1716    Lactose Monohydrate (oriented 011)
00-063-0877    Ca Atorvastatin  USP 5,969,156    Form I

Alternative
00-062-1502 Microcrystalline 
Cellulose (contains amorphous content)

Int %
35

6
2

54
3



MOLECULAR ORIENTATION – LIPITOR AND SINGULAR

Lactose Monohydrate
Oriented along (011)

random

oriented

severe orientation

Lipitor

Singulair

Rotating Capillary Mount

Cavity Mount



LIPITOR

Raw Data
Lactose Monohydrate (oriented)
Calcite
Kaolinite 1A
Cellulose I β – 50 Å
Ca Atorvastatin – Form I



PEPCID AC

Pepcid AC
Amorphous Cellulose (25%)
Form B Famotidine (45%)
Cellulose I β (40% -45Å)



DONNATAL

Raw Data
Cellulose I β – 50 Å
Ca(PO3)(OH) dihydrate
Phenobarbital
Sucrose

Summation

Raw Data



FLONASE

Cellulose Iβ and amorphous cellulose



ALLEGRA

Allegra Capsule Shell

Allegra Powder Core

Core

Shell



ALLEGRA
- SYNCHROTRON DATA

ARGONNE NATIONAL LIGHT SOURCE
THANKS TO KAI ZHONG, JIM KADUK

Active – Fexofenadine HCl
is in the fines

Matched PDF 00-064-1548
"Fexofenadine hydrochloride." Kumar, L., Shahnwaj Alam, Md., Lal Meena, C., Jain, R., Bansal, A. 
Profiles Drug Subst., Excipients, Relat. Methodol. 34, 153 (2009). – unfortunately cut data off at 
30 degrees 

Not PDF 00-058-1149- "Fexofenadine polymorphs and processes of preparing the same." Rao, 
D., Kankan, R., Gangrade, M., Birari, D., WO 019175 A1. PCT Int. Appl. (2005).



ALLEGRA
IDENTIFIED INGREDIENTS

Povidone - Amorphous
Cellulose I β – Nanocrystalline (shell)
Starch - Amorphous

TiO2 (Shell)
Fexofenadine hydrochloride

(Core fines)
Magnesium Stearate Dihydrate
Citric Acid
D-Mannitol



SINGULAIR

Na Montelukast

Microcrystalline Cellulose

Singulair
Singulair plus 5% Na Montelukast

Crystalline phase 
= alpha lactose monohydrate



SINGULAR FIT

6% Cellulose

4% Na Montelukast



SINGULAR FIT 1
Singular
6 % Cellulose Iβ
2.5 % Na Montelukast

Singular doped with 
Sodium Montelukast
6 % Cellulose Iβ
4.0 % Na Montelukast



ANALYSIS SOFTWARE MENU

Ability to add any reference or any experimental pattern from the database

Import experimental data

Apply March-Dollase orientation function

Apply crystallite size and size distribution, scaling factors

Drop down menus for both x and y axis choices

Font and line widths for publication quality graphics



ALL MATERIALS AS NANOMATERIALS

1) Old powder data sets without atomic coordinates
2) Data sets with atomic scattering factors
3) Data sets with atomic coordinates
4) Modulated structures (superspacegroups)
5) Neutron Diffraction (constant wavelength)
6) Neutron Diffraction (time of flight)  

All data as a 
digital Pattern

6 Algorithms convert published data into a digital pattern

Experimental digital patterns

+



INTEGRAL INDEX MATCH – NORMALIZED R INDEX

Cellulose I β and Cellulose II

1

2

3

Created a reference file
with 45 Å references





INTEGRAL INDEX – NORMALIZED R INDEX
MATCH RAW DATA TO ALL EXCIPIENTS



ST. JOHNS WORT Cellulose I β
Cellulose II
Magnesium Stearate
Paraffin
Amorphous cellulose



SUMMARY

• ICDD has developed a total pattern analysis method for 
formulation analyses

• The method uses libraries of amorphous and nanocrystalline
reference materials that are common excipients and active 
pharmaceutical ingredients

• A series of programs have been developed to perform 
search/match, crystallinity, crystallite size and orientation analyses 
to compliment the use of non-crystalline references



THANK YOU !
Singular, Allegra and all 15 amorphous API’s 
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