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Classifying Data

o Statistics/data mining problem: put patterns
(PXRD, spectra) into clusters where each
cluster contains patterns which are most
similar to each other.

* Not always a unique solution.
* Problems with:

o Data quality.

o Sample quality.

o Data quantity.

* Need for automation, and speed.



Correlation

e Forget peaks.
 Match every data point.
* Use correlation coefficients:

e Pearson correlation coefficient
(parametric).

e Spearman correlation coefficient
(non-parametric).
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Combine them

VI bearson 2 .Spearman

Use Fischer transforms:
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Mean correlation coefficient = 0.673
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Correlation matrix

Hank: | M _zdraw| 02 z23raw| 03 sZraw| 04 cloraw| 05 c3raw|lB_sd+3raw| 7 s+ ram
01_sd.raw 0615 0,590 0.753 0.673
02_s3raw 0.725 0,555 0.545 0.710 0.673
03_sZraw 0.725 0.715 0623 0.707 0.674
04_c.raw 0.615 0,595 0.715 0651 0.525 0.472
05_c3 raw 0,550 0.545 0.623 0.691 0.531 0.47E

06_sd+3.raw 0.753 0.710 0.707 0.525 0.531
07_s3+2.1aw 0.679 0673 0.674 0.472 0.47E
08_sd+2.raw 0.778 066D 0705 0.520 0.452 0.692 0.562
09_c1+3.raw 0.503 0,455 0,554 0718 DB 0441 0.413
10_s2+3+4.1aw | DEa2) NEES[ 0768 0657 0.645 0.754 0.674
11_s2+cl raw 0646 0,592 0618 0532 0515 0574 (1,562
12_s3+cl.raw 0,632 0673 0.747 01,53 0592 0,798
13_sd+cl.raw 0,755 0771 0.754 [1.683
14_s2+c3raw [R5 GE 07002 01,585
15_s3+c3raw 0510 0673 0462 0.445
16 _sd+caraw|  OBE3[ 0494 0515 015001 0545 0.474 01456




Correlation, distance and
Similarity

-1<p<1

Larger the value of p the closer the match.
0 <d<1

Smaller the value of d the closer the match.
0<s<1

Larger the value of s the closer the match.



Correlation, distance and

Similarity
distance matrix
R — MMDS
correlation d; = 0.5(1- p;)
matrix, p;;

\ similarity matrix _, Dendrogram
Sij — 1 — dij/dijmax)



Example: Phase Transitions In
Ammonium Nitrate

Work with

 Michael Hermannn (Fraunhofer-
Institut Chemische Technologie)

o Karsten Knorr (Bruker AXS, Karlsruhe)

See Hermann & Engel Propellants,
Explosives, Pyrotechnics 22, 143-147
(1997).



Ammonium Nitrate

e 5phases| -V

e Start with a mixture of 1V + V that
transforms to 1V, Il and I.



Ammoniumnitrat; Pfinztal 15. Marz 2007, M. Herrmann

Phasenumwandlungen Ammoniumnitrat
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Ammonium Nitrate

e /5 PXRD data sets.

 How to visualize and interpret these
data?



=
qv]
—
o)
O
=
O
-
D
A

- _ @
= =
2 I — R R




Numbering




Metric Multidimensional Scaling
(MMDS)

Each sphereisa
single sample




Metric Multidimensional Scaling




Most Representative Sample
(MRS)




Simple Quantitative Analysis

 \We know the sequence IV +V — IV
> Il->1

« Take MRS of IV+V, IV, Il, | and use
In quantitative analysis.
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Parallel Coordinate Plots

e The MMDS (or PCA) calculation gives
results in > 3 dimensions, and we merely
select the 1%t 3 (e.g. the first 3 eigenvectors
for each eigenvalue)

e Consider the 6 dimensional coordinates
(0.1, 0.2, 0.3, 0.2, 0.0, 0.2) = (Xq, X, X3, X4, X,
Xg)






Other Visualization Tools:
Parallel Coordinate Plots —
More than 3 Dimensions
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Is PXRD the Gold Standard?

Powder X-ray diffraction iIs usually
considered the gold standard in high
throughput studies designed to identify
polymorphs, salts, co-crystals etc., but
other techniques such as Raman and IR
spectroscopy, or differential scanning
calorimetry (DSC) can have a major role
to play also especially with poorly
characterised samples.



Raman Data

e Raman spectroscopy Is well suited to screening: good
guality spectra can be collected in a few minutes, and
sample preparation is straightforward and flexible,
although the resulting spectra are not always as distinct

as the PXRD equivalent
High-throughput powder diffraction V: the use of Raman
spectroscopy with and without X-ray powder diffraction

data
Barr, Cunningham, Dong, Gilmore & Kojima J. Appl.

Cryst. (2009). 42, 706—-714
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PCA — Be Wary!




Use 15t Derivative Data
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Dendrogram on Derivative

Data
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MMDS on Derivative Data




How Do You Combine
Different Data Types?

e Combined XRPD + Raman instruments
now available

« Applying multiple techniques to the same
samples gives additional information

 How would we actually combine results
from two (or more) such different
techniques ?



Combining Data Types

 Manual weighting:

— Give a single weight to each dataset e.qg.
Powder 0.8, Raman 0.2

— Use Fischer transforms.

« Dynamic weighting:
— Automatically calculate optimal weighting
for each entry in each dataset

— Unbiased solution that scales the differences
between individual distance matrices



Dynamic weighting

Dynamic Weighting using INDSCAL.:

Independent Scaling of Differences
Carroll & Chang, (1970) Psychometrica 35, 283-319

Each data set has a 2-D distance matrix d

D, Is squared (n x n) distance matrix for
dataset k

e.g. we have Raman and XRPD data on 20 samples,
so k = 2, n=20.

We want a Group Average Matrix, G, to

optimally describe our data

Specify diagonal weight matrices W, which can
vary over the k datasets



Dynamic Weighting

Matrices are matched to weighted form of

G by minimising 2\\Bk—cij'H (1)

]
Where B, _E(I-N)Dk (I-N)

(a double-centering operation on D), and
solve (1) to get best values for G and W

The resulting G matrix Is then used as
before



XRD

results
n Full profile matching nxn nxn
<rPD [ all patterns against all =% -, relation 1 distance _
Patterns patterns matrix matrix Combined
results
! x
Combine |-> A
distance
datrix
n Full profile matching nxn nxn
Raman [ &ll patterns againstall =, relation distance
Patterns paterns matrix matrix
Raman

results




PXRD + Raman

e Forms 2,3 and 4 of sulfathizole
e 48 samples, no mixtures.



Run PolySNAP on...

Analyze: {” Single Dataset * Multiple Datasets

— Dataset 1: IP.;.W.jer RO j —Datazet 2 IHaman j

Faolder... Faolder...
C:A\Cluster dnalvzizhGordon Data Setghgordon multiple datatype —_— C:A\Cluster &nalpziztPapers\Snap Paper B\peddema_suthazhraman' —_—

datahzulfathiazole-carbamazepinehsrapt, File. File._

[T Use falder or database containing Known/R eference data files: [T Use falder or database containing Known/Feference data files:
C:\Cluster dnalvzizhGordon Data Setshgordon multiple datatype oleler C:h Falder.
datahzulfathiazole-carbamazepinetPure F=RD phazesh —_—

File.. File..

I~ Load sample image files from separate folder; — Datazet 2 | |P j

<Naone> Folder... Folder...
— C:\Cluster &nalyzistGordon Data Setshgordon multiple datatype —

. datatsulfathiazole-carbamazepinet Ry :
—&dvanced Optiohs File:...

Allows w-zhift calculation [zin theta) for datasets [~ 1 [~ 2 [ 3 [ 4
Denoize Patterns for datasets [~ 1 W 2 [ 3 [ 4

[~ Use falder or database containing Known/Feference data files;

LA Falder...
Subtract Background from datasets [~ 1 v 2 [ 3 [ 4 —
Check for amorphous samples indatasets W 1 [ 2 [ 3 [ 4 File...
Remove cosmic ray spikes from datasets [~ 1 [ 2 [ 3 [ 4
— Datazet 4 [k

Mask specified regions indatasets [~ 1 [ 2 [ 3 [ 4

Falder. ..
: : C:\Cluster &nalyzisiGordon Data Setshgordon multiple datatype
Set matching range subset indatassts [ 11 [ 231 4 datazulfathiazole-carbamazepingtdzch il
Apply signal ransform to datasets T~ 1 [ 2 3 4
[ Include reference files in main calculation [~ Hide results similar to references [T Use folder or database containing Known./Feference data files:
— Output optiohs: LA Falder...

Combinge the mulliple datazets using weightz: & Automatic ¢ Hone © Manual

[atazet 1 |1,|:| D atazet & |1_|:| Datazet 3: |'|,|:| Datazet 4: |1,|:| File...

Cancel ]
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PXRD
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Raman and PXRD

Averaged
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INDSCAL
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Other Combinations

e Raman + Raman derivative data.

 Different data collection
protocols/apparatus on the same samples.

 You can include numeric data as a data
type e.g. Image analysis data.



Numeric data — get the distance
matrix directly.

Sample 1: 113.431 58.531 155.845 ... {Xyq, X1o, Xqge-v---- }
Sample 2: 113.44 58.328 153.602 ... {X,q, X55, Xoge- ... }
Sample 3: 117.873 60.117 93.686 ... {X31, X35, X33-+- ... }

[ m 2\2

J




Raman +
Derivative
Data
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PXRD, Raman, IR + DSC

16 samples containing 3 forms of
sulfathiazole and carbamazepine +
mixtures:

e PXRD: Bruker C2 GADDS,
 IR: JASCO FT/IR 4100,
e DSC: TA instruments Q100.

« Raman: Renishaw inVia Reflex
Spectrometer System.



PXRD, Raman, IR + DSC

e 15 different data sets and combinations!

* You need good software to explore all
these options.



Results Display - PXRD&RamangIR&DSC

File Edit Tools

D ataset

O PxRD

O Raman

Or
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] F<RD%IR
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PXRD + IR + Raman + DSC




PXRD + IR + Raman + DSC

All sulfathiazole All
mixtures carbamazepine

form 3 mixtures




PXRD + XRF

Clustering of XRF subset with XRD

_l '

_owe-Ma, et al.

Ford Motor
Company




PolySNAP 3

Crystallography

You can do this with PolySNAP3 University

of Glasgow
http://www.chem.gla.ac.uk/snap/ |
PolySNAP _index.html \West

B
e CHEM®

Barr, Dong & Gilmore, J. Appl.

Cryst., (2009), 42, 965-974. g%n
or

Use MATLAB/R/Sage




In progress

e Missing data.
e DSC processing
 Non numeric data



dSNAP: A New Way of Analysing
the Results of Cambridge Data
Base Searches

www.chem.gla.
ac.uk/snap

& UKER UNIVE;{SITY




macroSNAP

dSNAP for proteins — watch this space!

BT University | Department of
of Glasgow | Chemistry

mécrés NAP

Vv.1.0.0 1993 - 2009, The University of Glasgow, All Rights Reserved

sood Aftemeon Chig, Welcome to Coel.
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