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High throughput screening experiments can generate
hundreds of PXRD patterns a day

Problems with:
Data quality.
Sample quality.
Data quantity.

Need for automation, and speed.

How do you deal with hundreds of samples from a single technique

(e.g. XRPD), let alone more than one at once?
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Compare pairs of patterns using full-profile
parametric and non-parametric statistics

Match every data point — forget about the peaks!

Use correlation coefficients:
ePearson correlation coefficient (parametric).
eSpearman correlation coefficient (non-parametric).

11 T

Correlation coefficient ~ +1.0 Correlation coefficient ~ -1.0
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How to cluster powder patterns?

Match two patterns:

1.00 .

080 ' -> Get a correlation
coefficient

0.E0

e Pattern A matches

020 . Pattern B with a

LTI correlation of:

. 10.00 2000 30,00 4000 5000 BOOO 70.00 S0.00 90.00 100.00 1100012000 120.00 140,00 150.00 0314

Match n patterns:

upd3-004.c| upd3-005.c| upd3-006.c [ upd3-007 | upd3-008.c| upd3-010.c| upd3-014 cf upd3-015.c| upd3-016.c| upd3-017 ¢ .
-1 95801 7E| -1.340543F| 1 788726 | -1 675190E| -6.313147E| -1 085791E| -1 579619F 5.2 |6 i -> Get a Correlat|0n
upd3- -1.958017E 1 0.856992 -2 006913E 0.925139 -0.0159797 -2 706579F -5.597485F 7.042118E 00161234 .
updd- -1.340543F 0.856992 1 -1.078085E 0.940968 -1.085994F -1.904628F -7.160438E -6.845203F -5.209728¢ between every pa|r Of
upd3- -1.788726E -2 006913E -1.07R085E 1 £.384568E -1.180575E -2 0R90GIE -9.256598E -6.849316E -6.128250¢
upd3- -1.675199E 0.925139 0940968 £.304560E 1 1. 296583E | -2 4491 29F -8.501349EF -8.519993E -6 499929¢ pattern S
upd3- -B.313147E 00159797 -1.095994E -1.180575E 1. 296583 1 0.723269 2 687935 2.371770E 0.2762358
upd3- -1.085791E -2 FORS7TIE -1.904626E -2 0RI0G3E -2 449129E 0.733269 1 01159216 2.542597E 0548274
upd3- -1.579619E -5 5A7485E -7.160436E -9 2RER99E -2 501349E 2 BATEISE 01159216 1 0.1743946 | 02046808 .
updd- 52683260 7.042118E | -6.845203F -6.849216F -2 519993F 2.371776E 8542597 01743945 1 0.548263 -> can bu||d anxn
upd3- B.930218E | 0.0161234 | 5.209726E -6.128250E -6.499929E 02762352 | 0548274 0.2046805 0.548263 1 . .
correlation matrix
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Correlations and Distances

Have a correlation matrix

Convert correlations to distances:
eCorrelation = 1.0 = distance = 0.0
eCorrelation = -1.0 = distance = 1.0
eCorrelation = 0.0 = distance =0.5

Take the distance matrix and perform:

Cluster analysis, Principal components analysis, Metric
multidimensional scaling, Fuzzy clustering, Minimum
spanning trees etc.

To find ‘interesting’ patterns and to visualize the data.
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Methodology

n Optional —I Full profile matching nxn nxn

XRPD |4 Pre-- all patterns against all patterns  |—% Correlation » Distance
Patterns SrebEss I Matrix Matrix

o)

PCA MMDS Clustering via Estimate
Principal Metric Multi- Dendrograms number of
Components Dimensional clusters

Analysis Scaling

|dentify |dentify Most Cluster Colour-coded
possible Representative visualisation Cell Display
mixtures Patterns for tools

each cluster
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Also iIndexed as: Cardura XL®, Cardura®

Doxazosin is a member of the alpha blocker family of drugs used to
lower blood pressure in people with hypertension.

Doxazosin is also used to treat symptoms of benign prostatic
hyperplasia (BPH).

Study performed using 21 patterns of

5 polymorphic forms of Doxazosin

Cut Level
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. Example: Carbamazepine

<- No background subtraction

<- Normal
background
subtraction

Strict background
subtraction ->
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e
AD3 ADA ADS Al . Hl
e
B03 B04 BOS A2 - H2
. N N
C03 C04 CO5
e A3 - H3
D03 D04 DO5
. . . A4 — _4
E03 E04 EO5
® o A5 - H5
FO3 FD4 FO5
2 ® @ A6 — H6
G02 GOD3 GD4 GO5
. N N N A7 - H7
HO1 HO2 HO3 HOA HO5 HOG HO7

Data collection by Leo Woning, Bruker-AXS

Alpha

Beta

30 % alpha, 70 % beta
Gamma-Beta mixture
DMSO

Dioxane 1-4 Form |l

Dioxane
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... I'd cast my eye over the spectra and have
done a spectral comparison of the data by
eye.

| INDEPENDENTLY came up with five
different spectral groups. ...... So bottom line
Is PolySNAP using background subtraction
routines gave EXACTLY the same result as
me doing a spectral comparison by eye.

m ----thought you all should know that IMHO
this is a significant step forward.

Don Clark, Pfizer Global R&D
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Different background types
Much smaller differences between patterns
Cosmic spike problems

I I

) A A

o M o

o J\ H A A ) } \4 /\‘\ FAN AP \m
D Y W VAV /L W VS| VS i, O D, o AN e A
XRPD
—_— FoOrm A ——Form B
I | , 1 -
LA A I he 1
o b st e ) | S R
L e, W U 1971 N R W07 ¥ W SO | WA S :




University
of Glasgow Raman Example — 3 form pharma




,_;,_: gjj%ﬁg% Different Data Types

Doesn’t have to be PXRD or Raman data:
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-10.00 \

ho 100 150 200

Other Profile Data Numeric Data
XRF
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~

Combined XRPD + Raman instruments now
available

Applying multiple techniques to the same
samples helps give additional information to
work with

How would we actually combine results from
two (or more) such different techniques ?
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n Full profile matching nxn nxn [ XRD results
XRPD all patterns against all patterns [ Correlation > Distance >
Patterns Matrix Matrix Combined
results
} nxn
Combine | .
" Distance
Matrix
n Full profile matching nxn nxn
all patterns against all patterns [T Correlation » Distance >
FI)Q ?{nan Matrix Matrix || Raman results
atterns
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Combining Datasets

Manual weighting:

Give a single weight to each dataset as a whole
Combine datasets on that basis

eec.g. Powder 0.8, Raman 0.2

Dynamic weighting:

Automatically calculate optimal weighting for each entry in each
dataset
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Dynamic Weighting

Each data set has a 2-D distance matrix d

D, is square (nxn) 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
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Dynamic Weighting

K
We want to minimise ZHB’“_GW;G'H (1)
=1
1
Where Bk=—5(I-N)Dk(I-N)
(a double-centering operation on D), and N=11/n

Solve (1) to get best values for G and W
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Bryne, D.V., O'Sullivan, Dijksterhuis, G.B., Bredie, W.L.P. &
Martens, M. (2001) Food Quality Pref. 12, 171-187.

Attempt to develop a sensory vocabulary to describe the
flavours of warmed up meat patties (!)

The data were assessed by

8 assessors ( = no. of data types)

judging 6 products ( = no. of data sets for each type)
using 20 attributes ( = no. of points in each data set).

So you have 8 D matrices. The group average G in 2 dimensions
gives:

e
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A, B...F are the six patties. It can be seen that D and E
are judged to be very similar but there is a big
difference in the others.

Be
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Dataset of Sulphathiazol, Carbamazepine + Mixtures

16 samples each had data from:

1. PXRD (collected on a Bruker C2 GADDS)

2. DSC (collected on a TA instruments Q100)

3. IR (collected on a JASCO FT/IR 4100)

4. Raman (collected on a Renishaw inVia Reflex)

Combinations:

PXRD+Raman

PXRD+Raman+DSC

PXRD+Raman+DSC+IR .... etc. [up to 15 sets of results!]
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FxRD&D5C PxRD&Haman
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Live Demo — Multiple Datasets
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Combined Conclusions

Full Profile Matching + Cluster analysis methods do very well in

distinguishing forms automatically using either Raman or PXRD
data individually

Combined results using Dynamic Weighting seem to do better
than either PXRD or Raman individually

Use of combined data helps highlight any inconsistencies in
separate analyses

e Such inconsistencies would not be obvious with only one data source
e Outliers can then be examined manually in detail

Seeing similar clustering from multiple original data sources
Increases confidence in the overall results
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Pre-screening large datasets

Full analysis as shown limited to up to 2,000 patterns per data set.
What if you’'ve got more?
Is this new sample something seen before, or new ?

—Select the data file ko be compared to pre-existing data files:

Pre-screening allows a single sample pattern

|
] File.... |
to be compared to large in-house database of MJM\_
existing patterns.

—Select the folder containing the pre-existing data files:

C:Mdata_looked_ath,_G0000Y Falder...

Compare e.g. >66,000 samples to new
unknown in ~20 mins

Return the: top|5u best matches greater than ID-D2 Stop | Start |

Retu 18 the best 50 matches’ then Vlsual |Se IFiIes examined 30181 Retumed: 50 Matched: 30121 Total files: B398

using dendrograms, 3D Plots etc as before T -

Chdata looked at', 600004 Copy of Copy of Copy of o 0.643
C:hdata_looked at', 60000 opy [2) of Copy of crock’| 0.643

|
I
C:hdata_looked_at\,_B0000ACopy (2] of Copy of crock’| 0.643
C:hdata_looked ath,_ 600004 Copy [2] of crock10000.14 0.643
C:hdata_looked at' B00004Copy [2] of crock10000.14) 0.643

looked_at,_E0000Copy of Copy of Copy of o 0.643

I

I

|

I

C:hdata_lool

C:hdata_looked_at,_B0000ACopy (2] of Copy of crock’| 0.630
C:hdata_looked at'_ 600004 Copy [2] of crock10000.14 0.630
C:hdata_looked at' 600004 Copy of Copy of Copy of o 0.630

C:hdata looked at BO000MCopy [2] of crock] 0000.14) 0.630 LI

Cancel | Copy Results Manual Analysis Auto Analysis |
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Salt Screening Mode

Salt Screening: not interested in samples consisting of
eOne of our starting materials

eMixture of multiple starting materials
eGiven a library of starting materials to compare the new samples to:

Just highlight what’s new and interesting

PSIOICIGIOIOIGIGIGIGIGIGIORS

™M P2 P3 P4 Ph Pb Py P8 P9 P10 P11 P2 P13 P14 P16
O L NORGIGES.

P19 P20 P21 P22 P23 P24 P25 P26 P27 P28 P29 P30 P31 P32 P33

P37 P38 P39 P40 P41 P42 P43 P44 P45 P46 P47 P48 P49 P50 P51




How do | do this?
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PolySNAP

Matlab or other stats packages

dSNAP

-Cluster & visualise 3D
fragment geometry similarities
from the

Cambridge Structural Database

o
""'&J]I:I“Iill:lt[lljm;é 0
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