Call to Order

Polymer Subcommittee Minutes
Tom Blanton, Chairman
12 March 2008

Meeting called to order by T. Blanton.

Appointment of Minutes Secretary

T. Kahmer

Roll Call and Attendance

Attendance sheet circulated.

Approval of Minutes

Minutes of the 2007 Polymer Subcommittee Meeting were approved.

Status of Polymer Activity and Feedback to T. Fawcett

e T. Fawcett — review of ICDD activity on PDF3/Full pattern database
e T. Fawcett gave a presentation (he also gave it at the 2007 DXC Meeting, “A Reference
Diffraction Database for Non-Crystalline, Partially Crystalline and Amorphous

Materials”.
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List of critical issues:

= No international conventions/acceptance on term definitions

= Requires more information and more storage capacity

= Data includes blends (crystalline + amorphous for polymers and
nanomaterials)

= New methods required for automated identification (integral index,
similarity index)

= New methods for editing, analyzing and reviewing data

= Visualization is important and techniques need to be developed to translate
visual to automated identification

¢ We now have a scanning system in-house and have the diffraction patterns from the Dow
Polymer Book entered into our data system.
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We have additional diffraction scans to work with from our bibliographers, N.
Ernst and A. Rohrman

Guides/sources to use: Polymer Handbook (has unit cell data, references);
ALCOA Report (T. Blanton will submit), J. Faber will also submit ~20 digitized
patterns.

Need to notify the OEMs that we will be including polymers

Need additional, new comments to explain the data

We will likely need to pay someone to generate/measure the data, perhaps as a
Grant-in-Aid

We will need a polymer editor (maybe E. Ryba?)

Eventually glasses would be another class of materials to address

e The plan at HQ is to get the first set of PDF3 polymer patterns in the PDF4 product by

2009

Adjournment

T. Blanton adjourned the meeting at 3:00 p.m.



A Reference Diffraction Database for
Non-Crystalline, Partially Crystalline and
Amorphous Materials

T. G. Fawecett, J. Faber, D. M. Crane

S. N. Kabekkodu, D. E. Sagnella, J. R.
Blanton

International Centre for Diffraction Data



The ICDD Vision
circa 1986

To encourage the use of the Powder
Diffraction File for phase identification of

crystalline materials



Q. Why only crystalline materials ?

A. There were existing methods
developed for identification of
materials.



Data Reduction

Raw Data - Scan 5-70 degree two theta with a 0.01 step size
requires 6500 pairs of positions and intensities

Hanawalt Index — Permuted 3 Lines — 3 d,l pairs

Full Listing — 10-200 d,! pairs
(average = 84)
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Critical Issues

for an amorphous, non-crystalline, partially crystalline and
nanomaterial database

e No international conventions/acceptance on term
definitions (i.e amorphous, nanomaterial)

e Requires more information thus more data fields and
storage capabillity

e Data includes blends (crystalline + amorphous for
polymers and nanomaterials)

e New methods required for automated identification
e New methods for editing, analyzing, and reviewing data

e Visualization is important and techniques need to be
developed to translate visual to automated analyses



The Powder Diffraction File for Advanced

Materials Analysis

Material Identification
eQuantitation
eStructure Solution

Crystallinity and Crystallite Size

Measurements

Orientation

*Order -
amorphous
nanocrystalline
crystalline

\

Identification
Comprehensive Database
- All Data on all Materials

Quantitation

All data - Digital Patterns

I/lc — Referenced to corundum
Atomic Coordinates

Analysis
Simulate crystallite size

Integral Index (pattern fit)
Quality of the reference



Non-Crystalline and
Nanocrystalline Materials

- use of simulations and pattern
fitting



Pattern Simulations — PDF-4+

Options for the addition of multiple phases,

instrument and specimen factors, R
wavelengths Re@r»xHPH
Options for import/export and graphic e
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Pattern Fitting - Polymorphs of Cellulose
Use the known microfibril suze_of cellulose
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References for Form | alpha, Simulation of microcrystalline
Form | beta and Form I states of cellulose



Echinacea

88 % Cellulose Ia (50 A), 12 % Amorphous + Quartz

2 Polymorphs Cellulose Ig, Ib

H Ac 2 Polymorphs Famatiding I and II
Amorphous Cellulose

40 % Cell Ta
20 % Cell Ih

50 % Cell Ib
35 % Cell Ia

36

St JOh n 'S wort "Serial Parts

Plant Extract”

30 % Cellulose Th
16 % Cellulose 1a
6 % Cellulose II
43 % Amorphous

+ 4 % Stearic Acid

‘ Pattern Analysis — 5 Phase Solution ‘ Residual scale very small

Enchinacea — Majority Cellulose la

Pepcid AC — Majority Cellulose Ib
(pharmaceutical microcrystalline)

St. Johns Wort — 1a, Ib, Il polymorph mix
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TiO2, Si02, Lactose Hydrate, MnSO4, Riboflavin

149 out of 181 Peaks matched !




Plan

1) Calculations for Digital Patterns for all data — , PDF-4+ Release 2003
2) Simulations for nanocrystalline domain sizes — , PDF-4+ Release 2006
3) Definition and characteristics of amorphous and microcrystalline states

as well as incommensurate structures - Started

4) Collect, edit and input experimental digital data in a standardized format

- Started, first publication in PDF-4+ Release 2008

- > 9,000 patterns collected primarily from ICDD grants, ongoing since 1995

4) Automated programs to process data - Started

5) Classification and editing of digital data groups - Started



Methods for automated identification of
amorphous and nanomaterials

Similarity Indices
e PolySNAP, SNAP — Bruker-AXS

e Cluster Analysis — PANalytical
e Integral Index — PDF-4+ Release 2007
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Calculated Index

Three lowest values (best fits) are the most recent cellulose patterns



Pattern Fitting - Polymorphs of Cellulose
Use the known microfibril suze_of cellulose
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Form | beta and Form I states of cellulose



Using similarity indices
- current status

e All data must be adjusted for background

(separate air scatter from amorphous
content from microcrystalline content)

e All data must be adjusted for crystallite
size effects (could be automated)

e Best results obtained when experimental
conditions are similar
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Raw Data — PSU, D.K. Smith collection

Raw Data vs Reference

1

=e

PD3- 005 . CIF —— 00-013- 0135 (Experimental)

1s5.a 1

PD2-00S5.CIF —— 0O0-0132-0135 (Experimental) 00-0132-01325 (Experimental)




Real Data
requires editing and review

Impurities, Quartz

1) Different optics — fixed vs variable slits, raw data is fixed,
simulation is variable — effects Intensities and scaling

2) Impurities

3) Dimensional variability in layer structure ? — peak assymetry



Dealing with Real Data

Variability within the layer structure or
Variability due to composition ?

PD2-005 CIF — 00-002-0010 (Experimer D1-074-1190 (CTalculated)

2- Phase ?  Montmorillonite with Margarite
or 2 montmorillonites

Can this pattern be used as a reference ?




Raw experimental data vs

PDF-4+ simulation
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|sotactic Polystyrene
- 1. 2 or 3 reference entries ?

Green = Experimental
Amorphous
Red = Experimental

Blue = PDF 00-013-0836

200 225 250 @ 275
26

00-012-08326 (Experimental) — 30b.mdi 30a.mdi
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Database for amorphous, microcrystalline,
nanocrystalline materials

e Plan has been outlined, work has started

e Definitions and standard procedures are
being developed but not finalized

e New analysis tools are being developed
e New capabilities planned for PDF-4+
Releases 2008-2010

This is a great time for input from the
scientific community






