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CHAPTER 1

Introduction and Ingtallation

1.1 Program Overview

PolySNAP 2 is a software package designed to match and analyse full
profile spectral and other numeric data. The use of the full-profile
allows for more flexible and accurate identification of samples, even
when data quality is low or preferred orientation effects are
significant.

The software provides an easy to use interface to several powerful
and novel satistical methods to rank samples in order of their
similarity to any other selected sample, allowing unknowns to be
quickly identified. In quantitative mode, given a mixture pattern and
potential pure phase patterns, it can identify which patterns are in the
mixture, and quantify their proportions quickly and easily using a
non-Rietveld based approach.

The matching procedure can be automated for computer-controlled
high-throughput analysis.An unlimited number of patterns can be pre-
screened, and PolySNAP allows for datasets of up to 1,500 patterns
with four different datatypes to then be analysed in a single run, and
provides highly flexible graphical output to summarise and visualise
the results. This highlights any unusual data, and means that time is
not wasted looking at the many patterns that behave exactly as
expected. It can work with or without the provision of reference
patterns, and includes additional features such as an automated report
writer and a time/date stamped logfile to assist with audit trail
procedures.




1.2 Introduction

PolySNAP can be run either interactively (the default mode when
launched by a user) or automaticaly (the default mode when
launched via a command-line).

Four main stages are involved in a standard program run:
1. Import and processing of datafiles.

2. Match all datafiles against all other datafiles.

3. Perform cluster, quantitative and other analyses.

4. Output results to file and graphically to screen.

A flowchart representation of the main PolySNAP processes is
shown overlesf.




Program Operation Overview

1.3 Program Operation Overview
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1.4 Program Requirements

PolySNAP requires a modern, high-specification PC running
Microsoft Windows XP SP1 or later. Additionally, a monitor with
minimum 1024 x 768 resolution at 32 bit colour depth is needed, asis




an active connection to the Internet to validate the software license
key.

1.4.1 Noteon run-times

On a 2.4Ghz Intel Xeon with 512 Mb RAM, running Windows 2000
Professional SP4, some approximate average program run-times are
shown below.

Times are for a single dataset, assuming there are no delays waiting
for data, and are measured from launching the program to the results
display screen being displayed:

No. of Patterns Time
50 10 seconds
96 20 seconds
200 68 seconds
400 5 minutes
600 15 minutes
800 30 minutes
1000 1 hour 5 minutes

These times are approximate, and may vary depending on the
analysis options selected for a given program run - in particular,
allowing for an offset in the matching calculations will greatly add to
the run time.

1.5 Installation

If there has been a previous version of the software installed, then it
isrecommended to install the new version in adifferent location than
the older one; do not install anew version directly over the top.

Insert the CD containing the software in the CD-ROM drive of your
computer. On the CD (normally drive D:\ on most PCs), open the
folder

PolySNAP Install
and launch the program Setup.exe by double-clicking it.

Note that to install the software a system administrator password will
be required.




Ingtallation

It will display awelcome window:

i
. 3 ]
Ugll\j’e“lty Welcome to the PolySNAP 2 Setup
 of Glasgow | wizard
Departm_enl Thiz will install PolySHAP +2.1.0 on your computer.
of Chemistry
It iz recommended that you close all ather applications before
continuing.
Click Mext to continue, or Cancel to exit Setup.
Coe)
Bruker AXS
Cancel |

Followed by a dialog box allowing the user to control where the
program isinstalled:

i
Select Destination Location
Wwhere should PolySHAP 2 be installed?

J Setup will inztall PolySHAR 2 inta the following folder.

To continue, click Mext. IF you would like to select a different folder, click Browse.

Browse... |

C:'Program FilesPolySHAP 2.1.0

At least 41.8 MEB of free disk space iz required.

< Back I Mest > I Cancel

The default path,
C:\Program Files\PolySNAP2\

should be suitable for most environments, but a different location
may be chosen if required by clicking on the Change Directory
button (please note that running PolySNAP from a remote network
drive is not a supported configuration).

The next two screens control if a shortcut to the software is added to
the Start Menu and/or the Desktop. The final screen displays a
summary of the selected options; click Install to start the installation
process.




Installation should then proceed automatically, and once completed,
the installer will quit. Depending on the version of Windows, a
restart may be required at this point; if so theinstaller will notify that
thisisthe case.

1.6 Launching PolySNAP

Assuming a default installation, the program may be accessed in one
of the following two ways:

* Run the shortcut to PolySNAP2 which the installer will have
placed on the desktop by double-clicking itsicon.

* From the Start Menu, select the Programs sub-menu, followed by
the PolySNAP2 folder, and then the PolySNAP2 option. (It is usu-
aly installed at the very bottom of the list of programs).

1.7 Registering PolySNAP

The copy of PolySNAP that is now installed needs to be registered
before it can be used. A dialog box will appear asking for a Product

Key.

If you have purchased a copy of PolySNAP, you will have been
provided with a product code of the form:

P SNAPX- X000 XXXX=-XXXX
Enter this code now (case-sensitive, including dashes), and click OK.

If you do not have such a code, and are wishing to use PolySNAP
on atemporary 30-day trial basis, please email snap@chem.gla.ac.uk
to request a demo license key.

The program will now try to connect to the internet to validate the
registration. It will display a message warning you of this, and a
progress dialog box will appear letting you know that this is

happening.

You will then be asked to fill in some registration details. If you have
purchased a license, you will only be asked for your name and email
address. If you are running in a Trial mode, you will be asked for
some more details. Click OK when complete.




Registering PolySNAP

NB: your email address and other information will not be passed to
any third party and will not be used for any other purpose. Purchased
copies, once validated, do not require any further internet access.

If you have any problems with the process, or are unable to connect
to the internet, please contact us directly at

snap@chem.gla.ac.uk

Once this registration process is complete, the program logo screen
will appear for afew seconds, before being automatically dismissed:

B University | Department of
< of Glasgow | Chemistry WestCHEM*

Version 2.1.0 Copyright 1898 - 2008 The Universtty of Glasgow, Al Rights Reserved

m Bruker AXS
B R
(>

The main PolySNAP window will then appear, and will by default
fill the entire screen. A welcome window will also open providing
options for starting to use PolySNAP:

x|
Welcome to PolySNAP 2. T

Fleasze select what you'd like to do from the
lizt of options on the right, or click on one of
the links below for help...

View Full Program Manual
View Full Tutorial

Quick Start Guides:
Working with multiple datasets

Reading a dendrogram Guality Control Mode | Wiew Saved Results Archive
Interpreting & validating results

Using the 6D Plots

Change Preferences |

Pre-screen Large D atazet | Wwork in kanual Analyzsiz Mode

Analyze Data...

You are now ready to begin working with the software.




1.8 Obtaining Help and I nformation

1.8.1 View Manual

At any point in the program, select View Manual from the
Help menu. The PDF reader application will be launched, and an on-
line version of this manual displayed. It is possible to search the full
text for particular keywords of interest.

Chapter and sub-headings are displayed on the left as bookmarks.
Clicking on one brings up that particular selection.

If a'File Not Found' or other error message is displayed, ensure that
Adobe Acrobat Reader or another PDF viewer is installed on the
system.

1.8.2 About PolySNAP

Select About PolySNAP from the Help menu.

A credits box is displayed:; right click on the References to copy
them to the clipboard.

x4
University | Department of

. m

-u.«- of Glasgow | Chemistry
POIySNAP 2 Yersion 2.1.0
S! I NOH-] TIC
Analysis of Patterns .
This program was conceived, designed and written by:
G. Barr, . Dong, C. Gilmore and J. Paisley. Build date: 13-t ay-2008

[£] 1993 - 2008, The University of Glasgow.

References:

Bar, G.. Dong, W, & Gilmore, C.J. (2004). o/ dand Sreer 37, B74-882,

Bar, G.. Dong, W, & Gilmore, C.J. (2004). o/ dand Sreer 37, B58-664.

Gilmore, C.J.. Barr, G. & Paisley, J. [2004). ./ dand St 37, BES-EES.

Barr, G.. Dong, ., Gilmare, C.) & Faber, J. (2004).  dand e 37, 635642,
Gilmore, C.J.. Bar, G. & Paisley, J. [2004). ./ dand St 3F, 231-242,

Bar. G.. Dong, W, & Gilmore, C.J [2004). o/ and S 3F, 243252,

For support, bug reports or suggestions:
E-mail: snap@@chem.gla.ac.uk
website: wiww.chem. gla.ac.uk/znap System Info... |

Clicking System Info brings up a window giving information on the
machine the program isinstalled on.

1.9 Installation Troubleshooting

Problem
Program registration was not completed, because PolySNAP was
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Ingtallation Troubleshooting

unable to connect to the internet.

Solution
If the registration process could not connect to the internet to validate
the install, then it will have displayed an error and a corresponding
unigue Installation Code for your copy. Please either email this num-
ber, along with your Product Code, to snap@chem.gla.ac.uk or
using another computer visit

WWWw.copyminder.com/activate.php
to obtain an activation code manually.

Problem

A message box displaying an error ‘51’ is displayed during program
installation. The program will not launch correctly and may display
further errors after this occurs.

Solution

Search the Windows System Folder and its subfolders (usually
C:\WINNT for Windows 2000, or C:\Windows\ for Windows XP), for
copies of the file CCMOVES32.DLL. Movethisfileto adifferent loca-
tion (e.g. C:\temp), then re-run the program installer.

Problem
When PolySNAP is launched, a Microsoft Office 2000 Installer win-
dow keeps repeatedly appearing and cannot easily be dismissed.

Solution

This problem occurs on a system where the currently logged in user
has never previoudly run any of the installed Microsoft Office appli-
cations on this machine. Keep clicking Cancel until the window
finally goes away, and then quit PolySNAP. Launch any installed
Office application, e.g. Word, and the same installer window will
probably appear. This time allow it to run to completion, and click
OK when requested. Once Word has fully loaded as normal, exit the
program and then run PolySNAP again. It should now run normally
without any further interruptions from Office.

Problem

Problems may occur with the graphics panes — for example, strange
artefacts may appear on the results display screen (such as some of
the lines in the dendrogram not being visible), the program may
freeze when a graphics pane is being interacted with (e.g. rotated,
zoomed etc.) or the program may hang when attempting to first dis-




play the results screen at the end of a program run.

Solution

This problem can occur on systems that have graphics cards that are
not 100% compatible with the standard OpenGL libraries. As a
workaround, first quit PolySNAR, then go to

Sart Menu -> Settings -> Control Panel -> Display..

Color Management I @4 Ouag o |
General I Adapter I Moriitor Troubleshoot

. Are you having problems with your graphics hardwafes
zettings can help pou troubleshoot display-related problems.

r~ Hardware acceleration

Manually control the level of acceleration and performance supplied by
your graphics hardware. Uze the Digplay Troubleshooter to azsist pou in

making the change.

Hardware acceleration: Full
o

Dizable all but basic accelerations. Use this getting to corect more

zevere problems.

[V Enable wiite combining

QK I Cancel | Apply |

Under the Settings tab, click the Advanced button on the bottom right
of the pane. In the window that appears, select the Troubleshooting
tab, and move the Hardware Acceleration slider down to one notch
above the far left hand side (“None”’). Click OK, then OK again.
Restart PolySNAP and see if the problem has been resolved

12



CHAPTER 2

Usng PolyS\NAP: Automatic Mode

2.1 Sarting Automatic M ode

To begin working in automatic mode select Analyse Data from the
welcome window, or simply pressing Enter on the keyboard while the
welcome window is open.

Ed
Welcome to PolySNAP 2. . i

Please select what you'd like to do from the

list of options on the right, or click on one of \
the links below for help...

View Full Program Manual

Wiew Full Tutorial

Quick Start Guides:
Working with multiple dataset:

Reading a dendrogram Qualty Cantrol Modz | View Saved Fesulls Archive
Interpreting & validating results

Using the 6D Plots i 1
Analpse Data...
Change Preferences L i

Alternatively automatic mode can also be started by selecting
Automatic mode -> Analyse Data from the File menu. This is only
available when no other databases or match windows are open.

Pre-scieen Laige Dataset Wwhork in Manual Analysis Mode

13



An input window will open allowing the files containing the sample

data to be loaded into the program.

Run PolySNAP on. i

Analyse (& " Multiple Datasets

 Datazet 1:

o

Falder.

File....

<Monex

I~ Use folder or database containing Known/Reference data files:

il

Falder...

File.:

[ Load sample image files from separate folder

<Mone:

Folder..

i

—Advanced Option:
Allavy =-shift calculation for datasets [~ 1

Denoise Patterns for datasets [~ 1

Subtract Background from datasets [~ 1
Check for amorphous zamples in datasets [~ 1
Remove cosmic ray spikes from datasets [~ 1
Mask specified regions in datasets [~ 1

Set matching range subset in datasets [~ 1

Fl2Es FH
F2Es FEH
[EiZE D EE
[EiZE
F2Es FH
F2Es FEH
Fl2Es FH

[ Include reference files in main calculation f present

Cancel |

There is a section for inputting the location of the dataset and any
known reference files. There is also a separate section where images
of the sample can be included. Finally there is a section providing
Advanced Options to control how the data is processed. All of these

features are explained in Section 2.3.

2.2 Using Multiple Datasets

By default the input window will appear with space to enter asingle
dataset. To enter up to four different datasets and run them for
anaysis together select Multiple Datasets from the top of the input

window,

..................................

14



Inputting Dataset L ocations

This input window will expand and there will be space provided to
enter afurther three datasets.

&nalyse ¢ Single Dataset M

- Dataset 1: | Powder xR0 = | 7~ Dataset 2. |None e

Folder.. Folder..
el ok
File...
I~ Use falder or database cantaining Khawn/Reference data files: ™ | Use folder or database containing Kriowh/Peference dat files

<Mones Folder.: <Mones Folder...
File....
T~ Load sample image files from separate folder, ——————— —Dataset 3 [None =

«<Manes o
Folder =

i~ &dvanced Option:
Allow w-shift calculation fordatasets 1 [ 2 [T 3 [0 4 [T | Uz folder or database containing Krown/Fieference data files
En Folder

o

Falder:.

o

Dennige Patterns fordatagets [~ 1 [ 2 [ 2 [T 4
Subtract Background fomdatasets [~ 1 [T 2 [T 3 [T 4

w

Check for amorphous samples in datassts [~ 1 [T 2 [T 3 [ &

Remove cosmic rap spikes framdatasets [~ 1 [~ 2 [© 3 [T 4 EEE e j'
Mask specified regions indatasets [~ 1 [T 2 [T 2 [T 4 i

Set matching range subsetindatassts [~ 1 [T 2 [T 3 [ 4

™ Include reference files in main calculation if present

Folder..

@

[T | Use folder or database contaiing Krown/Feferernce dats files:
i~ Dutput options: G
Combine the multiple datasets using weights: &+ Automatic ¢ Mone Manual

Dataset1: |10  Dataset2 [{ 7  Datssetd |1  Datasetd [

Folder..

P b L

Cancel

There are now four identical sections allowing input files to be
entered. There is also another options section in the bottom left of the
display, providing Output Options. These are all detailed in Section
2.3.

2.3 Inputting Dataset L ocations

The input window for running automatic mode has severa different
sections which are described below:

2.3.1 Type of dataset

The input files are loaded through the data input sections. These are
the same for all datasets.

~DatgEet 1: IP'u:uwder #“RD 'I
Folder...
C:h
File. .
[T Usze folder or database containing Enown/Reference data files:
<None> Folder...
File...

15



There is a drop down menu which allows the user to select which
kind of dataset is going to be input.The options are Powder XRD
(powder X-ray data), Raman, DSC (Differential Scanning
Calorimetry), IR (infra-red spectroscopy), Numeric or Other. The
Other option alows the user to include a dataset of a type not
specified above.

The same type of dataset can be entered in more than one field.
While it is possible to compare different types of data on the same
sample, it is also possible to compare different sets of the same type
of data on the sample. For example, a series of Raman patterns taken
at different times, or a series of IR data taken at different
temperatures could be compared.

When entering multiple datasets, the second, third and fourth datasets
can be specified as None which leaves that section empty. This
means the dataset is turned off and will not be used in the analysis. It
is not necessary for all sections to include a dataset and any number
between one and four datasets can be run.

2.3.2 Location of dataset

Once the type of data has been set the location of the dataset can be
input in two ways. If the dataset consists of separate files in a folder
then clicking on the Folder... button will the following window:

i, Select a folder location: -|O] x|

Select Drive: I = j

Select a falder an this drive:

o |
| lahemp

Mew Folder. . | Cancel 0k,

16



Inputting Dataset L ocations

This window allows selection of an entire folder, rather than asingle
file within the folder.

From the upper selection area any available local or network drives
can be selected, and doing so updates the lower region to display all
folders contained in that drive. By double-clicking on afolder name,
it may be opened, and any folders contained within that folder are
then shown.

To select afolder to use as the main folder, double-click on it to open
it. Clicking OK results in the selected folder path being displayed in
that section of the main window.

If the dataset consists of a single file then this can be accessed by
clicking on the File... button. This opens a standard Open window.
Navigate to the location of the file and select it by double-clicking on
it or by clicking on it once and clicking on Open. The file being input
can either be a pattern database file (.par) or a numeric datafile (.txt,
.dat).

The second section contains a check-box to state where reference or
known data files are to be included if they exist for the data. To use
this option, click on the check-box, which then allows either a folder
or file location to be specified as before.

The same process is then repeated for the other datasets that have to
be analysed. Four is the maximum number of datasets that can
chosen for any one run.

2.3.3 Location of imagefiles

This section allows the user to specify afolder containing image files
of the sample.

[~ Load zample image files from separate folder:

I

cMones

To select this option click on the checkbox then click on the Folder...
button and follow the same procedure as detailed before to select the
appropriate folder. If image files are provided then these are shown in
the results display once analysis is complete. For proper display, they
must have the same filenames as the corresponding datafiles, but
with a.jpg extension.

17



2.3.4 Advanced Options

At the bottom right of the input window there is a section providing
advanced options for the initial analysis.

— Advanced Optiohs
&llow s-zhift calculation [zin theta) for datasets [~ 1 [ 2 [T 2 [T 4

Denoige Patterns for datasets [~ 1 [ 2 [ 2 [ 4

Subtract Backaround from datazets [~ 1 [ 2 [ 2 [ 4
Check for amorphous samples indatasets [ 1 [ 2 [ 2 [ 4
Remaowve cosmic ray spikes from datasets [~ 1 [~ 2 [T 2 [ 4
Mazk specified regions in datasets [ 1 [ 2 [ 2 [ 4

Set matching range subsetindatazets [ 1 [ 2 [ 2 [ 4
Apply sighal ransform to datasets [~ 1 [ 2 [ 2 [ 4

[T Include reference files in main calculation i prezent

Some of the check-boxes are initially grey and unselectable to begin
with, but become white and clickable once that dataset has been
turned on. As an example, if the location of Raman data was
provided in the second dataset section, all of the grey checkboxes
next to the number 2 that are currently inactive would become
activated, like those for section 1.

The options provided are as follows. (More details on how they work
are available in Chapter 4). Each of these will only apply to the
datasets that they have been selected for:

Allow x-shift calculation for datasets:

This option controls how patterns will be shifted in an attempt to
maximise the correlations between them. This can be done in a
number of different ways depending on the reasons for the shift. The
default value is a sin theta shift; others can be selected in the Options
-> Matching screen (see Chapter 4).

Denoise patterns for datasets:
Removes noise from asignal using wavelet smoothing.
Subtract Background from datasets:

Removes background signal where present. It is important that the
correct data type is specified before using this option, as the type of
background subtraction applied is different for Raman datasets,
compared to those used for X-ray datasets.

Check for amor phous samples in datasets:

18



Inputting Dataset L ocations

Applicable mainly to powder X-ray diffraction datasets. When
selected this option monitors the patterns for any samples that appear
to amorphous or non-crystalline. These samples are then labelled as
such in the cell display, and can optionally be discarded.

Remove cosmic ray spikes from datasets:

Applicable mainly to Raman datasets. When selected this option
monitors the Raman pattern for cosmic ray spikes (characterised by
an extreme intensity peak with a very narrow range) and removes
them from the pattern.

Mask specific regions in datasets:

This option allows the user to set a sub-region of the pattern to a
value of zero. Thistool is useful when the pattern contains a spurious
peak or unwanted standard, or if for some reason the user wishes to
only compare a certain region of the pattern. Up to three separate
regions of a pattern can be masked out.

Set matching range subset in datasets:

This option alows the user to select the sub-range within the pattern
that will be used for the matching process, disregarding the other
sections of the pattern. This is used when there is only a specific
region of the pattern that is of interest.

Apply signal transform to datasets:

Selecting this option brings up a dialog box allowing the selection of
either a fourier transform, or first or second order derivative, to be
applied to the selected spectrum.

The final option, Include reference files in the calculation if present,
will apply to all datasets where reference files have been provided.
This alows the reference files to be plotted in al the graphical
displays aong with the samples, for a visua comparison of how
close the references files are to the sample files. When this option is
deselected the reference files are still used to analyse the samples,
however are not included in any of the displays.

19



2.3.5 Output Options

In Multiple Dataset mode, the final section alows weights to be
assigned when combining the datasets.

Dutput options:
Combine the multiple datasets uging weightz: & Automatic © Mone O Manual:

[ atazet 1; |'|_|:| [ ataset 2 |'|_|:| [ atazet 3 |'|_|:| [ ataset 4: |'|_|:|

Using the default Automatic option allows PolySNAP to combine the
results in the manner it calculates as being most appropriate. This can
be overridden by the user by selecting the Manual option and
entering numerical values for the weighs manually. Note that weights
can only be entered for datasets that have been turned on. Otherwise
the field for entering weights in unselectable (as with Dataset 3 and
Dataset 4 in the image above).

Selecting None in the Output Options means that the datasets will not
be combined and the results will only be presented as individual
Ccases.

2.3.6 Datainput

Once dl of the appropriate settings have been selected in the input
window click OK to start the analysis. A progress window will open,
with a progress bar running along the top, a list of imported filesin
the pane on the left-hand side and a large graph of the current file
displayed to the right.

Saat

Losading data Fes [Set 2 of 2] hrom:
C:\Raman

rm 1250 500 1750 200 ]

20



Inputting Dataset L ocations

Once dl of the files have been imported and processed, a small
dialog box will open, displaying the progress of the analysis. To
begin the first dataset is analysed on its own.

Progress

F=RD1 Starting

This will close when the individual analysis of the first dataset is
complete and a new window will open for the analysis of the second
Set.

Progress )

R amanz Dendrogram

Ba=

Once all of the provided datasets have been analysed in this way a
new dialog box will open as analysisis carried out by combining the
datasets:

Progress

F#RD1+Ramanz Dendrogram
997

This will be performed for every combination of datasets in turn.
When analysing more than one dataset simultaneously PolySNAP

Number of Number of individual
datasets used sets of results
1 1
2 3
3 7
4 15

21



Once this is complete all progress windows are closed and replaced
the results display.

2.3.7 Potential problems

Running automatic analysis on multiple datasets at the same time
requires coordination of all the individual datasets in order for the
results to make sense. For this reason there are problems that can
occur when there are inconsistencies between the datasets.

Each dataset should have the same number of files, which should all
have the same filenames. Should there be an inconsistent number of
files between datasets then an error message will be displayed and
PolySNAP will be unable to continue the analysis:

PolySNAP 2 N x|

Inconsistent amount of data files found the specified locations, Unable to continue run,

Should there be an equal number of files, but they have been
inconsistently named, then a warning message will be displayed:

PolySNAP 2 N |

‘Warning! Data file names are not consistent between datasets,
For example, dataset #1 file 1 - 'swin-135-17 42" does not match with dataset #2 file 1 - 'siiw-135-17_41",
This may make the results of the combined dataset analysis meaningless; are vou sure vou wish to proceed?

Yes Mo |

The user can choose to continue with the analysis, or to abort. If
analysisis carried out then the user is warned to treat the combined
results with caution as the program can no longer be certain if the
correct files have been matched together when creating the combined
results. The individual results should be unaffected.

Finaly if there are inconsistenciesin theimage files provided then no
warning message will be displayed, asthisis not considered acritical
error. However as a result image files will only be displayed for the
samples that were found in the expected form.

2.4 Fileformats

PolySNAP 2 can import data filesin a variety of formats. These are
detailed below. Most types of data that will be analysed will be 2D x-
y spectral data, but other types of raw numeric data can also be
imported.
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2.4.1 Spectral Data (e.g. Powder XRD, Raman, €etc.)

2.4.1.1 Text-based File Formats
Tab-delimited Text files (*.txt or *.prn)

These should be standard ASCI| text files. The angle should be the x
data, and the corresponding intensities the y data. The x-y data must
be in the format:

x1 yl
X2 y2

etc.
The fields must be tab-delimited.
Note that the data-step size (x2 - x1) must be constant.

If thefirst linein thefile beginswith either a'# or the string'ID: ', the
rest of that line is used as the 'Pattern Name' for the pattern.

Any subsequent lines beginning with the '# character are ignored.
Comma-separated value files (*.csv)

These should be standard ASCII CSV files, containing the x-y datain
the format:

x1,y1l
X2,y2

efc.
Note that the data-step size (x2 - x1) must be constant.

If thefirst linein thefile beginswith either a'# or the string'ID: ', the
rest of that line is used as the 'Chemical Name' for the pattern.

Any subsequent lines beginning with the '# character are ignored.
Powder CIF (Crystallographic Information Format) files (*.cif)

The program contains a ClF-format translator that reads standard
Powder CIF files. Although the only data necessary for SNAP is the
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X-y intensity data, the rest of the CIF information - such as chemical
names and formulae, author names and addresses etc. are also
retained in the database for reference purposes, and may be viewed
from the Pattern Editor window. Additionally, unit cell dimensions
and contents are read in if present for use in Quantitative Analysis
mode.

For more information on CIF format files, see the lUCr website at:
http://wmww.iucr.org/iucr-top/cif/pd/index.html

MDI ASCII format files can also be read in (*.mdi).

2.4.1.2 Binary File Formats
Bruker RAW Format (PXRD) (*.raw)

The program can import data from Bruker RAW format. There are
several different types of RAW format; PolySNAP can import all
versions up to Version 4. Multi-range files can be used, but only a
single range is imported from them.

Although the only data necessary for PolySNAP is the x-y intensity
data, much of the rest of the information stored in the file - such as
chemical names and formulae, author names and addresses etc. are
also retained in the database for reference purposes, and may be
viewed from the Pattern Editor window.

PolySNAP Pattern files (*.pat)

Patterns in PolySNAP databases can be individually exported in the
program’s own .pat format. This format contains the original x-y raw
data, any processed data - e.g. the profile after noise removal, marked
peak positions and any other data fields present. Once saved as
separate files, they can then be re-imported to the same or a different
database at alater date.

Bruker OPUS Raman (*.1, *,2) and Thermo Scientific SPC (*.spc)
files can also be imported.

2.4.2 Raw Numeric Data Files

2.4.2.1 Numeric Data

Raw numeric data should be in a format where there each line
corresponds to one sample. There can be multiple entries on each line
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for different measurements or variables corresponding to that sample.
Different entries should be tab-delimited. Optionally, a header line
with variable label names, and an initia column consisting of sample
labels can be used.

2.4.2.2 Correlation Matrices

A sguare, n X n correlation matrix, in tab-delimited ASCII format,
with a diagonal of 1.0, can be used as input. Optionally, a separate
file containing labels can also be imported along with it to make
identification of entries easier. This should contain one label entry
per line, with n lines for an n x n matrix. Spaces are not permitted in
label names.

2.5 Resultsdisplay

A list of available results screens is shown on the left hand side
(Datasetl, Dataset 2, ... etc.) The main part of the results screen
shows the results for the currently selected dataset.

When first opening the results display the user will be met with many
different features. A quick guide to where to find the relevant section
in this manual for some of the main features is given below:

: (1]
ATIRAW

elected Sample:
Data file: FORM

AngleRange: 11605095 :
Deta Points - Raw: 767 (105" Processed: 1370(002) ﬂ
Mast simir to; None

Sample Counts:

o J
= J
|

Mean 25.4

No sampls information present, EdiPaten | /\( \ 1

Wizw Frame, w U (e i ‘/\“""M .
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25.1 General features

The various graphical display panes - the Cell Display, Dendrogram,
Screen and two 3D plots - al share many similarities in their options
and controls, and are hence initially described together here.

2.5.1.1 Multiple Selection

Multiple non-contiguous selection is achieved by clicking on
multiple patterns with the Control key held down on the keyboard,
for example:

Individual patterns can be de-selected in a similar manner, and their
profiles will be removed from the graph.

Alternatively, a continuous number of consecutively displayed
patterns may be selected by holding the Shift key down and clicking
on the first and then last pattern in the desired range, for example:

When multiple patterns are plotted, selecting Toggle Mode from the
right-click menu for the graph pane displays all but the most recently
selected pattern in the same colour, to allow easier comparison
between one particular pattern and several others.
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2.5.1.2 Display Controls Common to All Modes

To zoom in to a region of a graphical display, with the left mouse
button held down, drag arectangle over the region you wish to zoom:

nift) ¥

B ek D Pt e tel

[Dstsas [ ot Comiar | [ Dorchignu | B 20 Pt vt = | [ 20 Pt | [ P | [ | ) P s | ) i L | [ ot i |

Oram:

..........

The screen will then redraw with the contents of the rectangle filling
the display area:

b1 Dl - Pk aiglH

. b Pt Wkt

To move the contents of the display window, for example to move the
contents up to see more results than will fit in the window by defaullt,
hold down the Alt key on the keyboard, and drag the mouse in the
desired direction of movement.
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2.5.1.3 Additional General Options

Right clicking on the graphics pane causes the following menu to
appear:

Reset Yiew
Zoom In
Zoom Out

Centre Selection
Deselect Al

Find Item... Chrl-F
Chjects Colour,
Toggle Mode
Shavy Grid
v Show All Labels
Stiow Selected Labels
Show Toolbar
v Accelerate Wheel Alk-A
Print...
Copy Chrl-C

Copy Selection, ..

Save Modified Trees, ..
Lrda Maye (b=

Reset View - This feature will return to the original view of the
display if it has been moved or zoom has been activated.

Zoom In - Will zoom in on the centre area of the current display.
Zoom Out - Will zoom out from the centre of the current display.

Toggle Mode - This feature switches between viewing the patterns as
Pie Charts or Stacks when in Cell Display mode, or between the full
and simplified views of the Dendrogram in that mode.

Centre Slection - The currently selected item will be centred in the
display.

Desdlect all - Any patterns that have been highlighted in the display
will be de-selected with this option.

Show Toolbar - The optional toolbar at the top of the graphics pane
can be hidden or shown with this feature. The toolbar provides access
to most of the options available through the right-click menu; for a
full description see Section 2.5.1.4.

Print - The standard Windows print dialog box will appear, allowing
the current graphics display region to be sent to a printer.

Copy - The whole of the current graphics display will be copied to
the clipboard, and then can be pasted into either the Report Writer
pane of PolySNAP, or any other standard Windows program - for
example, Microsoft Word.

Copy selection - This option alows smaller specific regions of the
graphic display to be copied. Click on Copy Selection, and then drag
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a rectangle over the area to be copied: This area only will now be
copied to the clipboard, and can then be pasted in elsewhere as
required.

Other mode-specific display options (e.g. Show Grid/Show Labels/
Show MRP Marks/Find Item/Objects Colour are discussed under the
relevant display section).

2.5.1.4 The Toolbar

The basic functions of the toolbar are illustrated below:

Centre Selection :
Print and
Move Down Toggle Mode Copy

Move Left\A \ l /

Zoomin — & &&=+ | ¢ [ %] ? +|és -|By | & |2 -|#|<— Change Font

Zoom out Reset View
Move up Linesize
Move Right Colour

Reset View - This feature will return to the original view settings of
the display.
I

Reset View
Deselect Al

Clicking on the small arrow next to the Reset View button allows
access to the options for both Reset View and Deselect All.

Zoom In - Will zoom in on the centre area of the current display.
Zoom Out - Will zoom out from the centre of the current display.

Toggle Mode - This feature switches between viewing the results as
Pie Charts or Stacks for Cell Display Mode.
w[m o & s

Maode

v All Labels
Selected Labels

Accelerate Wheel

Clicking on the small arrow next to the Toggle Mode button allows
access to the options for use on graphics panes where there is the
option to show all labels or, in cases where a series of objects have
been highlighted, only those which are selected. The Accelerate
Wheel option can aso be accessed from this menu.

Centre Selection - The currently selected item will be centred in the
display.
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Move Left - The current display will move one unit to the left.
Move Right - The current display will move one unit to the right.
Move Up - The current display will move up one unit.

Move Down - the current display will move down one unit.

Print - The standard Windows print dialog box will appear, allowing
the current graphics display region to be sent to a printer.
Eﬁi:
Copy

Copy Selection...
Ta Printer...

Clicking on the small arrow next to the Print button can be further
used to access the Copy and Copy Selection options described above.

Line size - Clicking on the arrow next to the Line Sze button opens a
pull-down menu with a series of options for line size numbered 1 to
5, with 1 being the thinnest and 5 being the thickest. A dot appears
next to the thickness currently selected. The line size options changes
the thickness of lines on the graphical displays which may be useful
when preparing images for publication.

Colour - This option allows the colours of both the foreground and
background to be altered to suit the user’s requirements. Note that
these will be reset on the next launch of PolySNAP:

Background: The default colour is black, ssmply click on the
down arrow next to the colour box and select Background:

& [z -2

Foreground !

hxes
Ohiects
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This will now display the colour palette from which a colour

can be chosen.

Color 2] x|

Basic colors:
E ==
I
EETEN
=8 0§ 0
EEEEN
o

Custorn colors:

HEEEEEENEN

EEEEEEEN

Define Custom Calors > > |
Cancel |

The colour selected here will then be applied to the background
of the current view. Note that it may be useful to change the
colour of the background to white before printing.

Foreground: The foreground selection is performed in the
exact same way as the background, only this time selecting
Foreground from the options presented:

&2 -8

Background

bAxes !

Ohjects

The foreground option will alter the colour of the text or axes
used in the current display.

The Axes option alows the user to change the colour of the
axes on displays such as the Dendrogram and 3D plots where
the Objects option opens a new window, which is described in
the 3D plot section where it most features.
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Font - Finally clicking on the Font button will open a standard font
options dialog box:

: Font style:
y [Biald
Eold
Bald Italic
€} Times Mew Foman
tg Trebuchet M5
[} Werdana
() webdings __'J _I.]
~Sample———————
| AaBbYyZz
Script:
]W’estem _:j

This can be used to select the format of the text that will appear on
axes labels, plot headers and pattern labels.

2.5.1.5 The Display Menu

The display menu contains options that control how the results are

displayed in all display modes. These options are described in
Section 2.7.

2.5.2 Céell display
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This comprises of a pane in which the patterns loaded are each
represented by an individual pie chart. Each pie chart is colour
coordinated to group together similar patterns.

The cell display can be shown in either of two modes - as standard
pie charts (the default), or as 'stacks”

To switch between the two view modes, right-click on the display,
and select Toggle Mode from the resulting menu.

Depending on the presence or absence of known phases for a given
run, the colour-coding is obtained from two different sources.

2.5.2.1 If known phases are available...

When a database of known phases were provided to compare the new
samples to, the 'key' on the left hand side of the display shows a list
of those known phases, with the labels shown generated from the
relevant pattern filenames:

Each known phase has a unique colour assignment; and in addition
colours are shown for patterns considered to be ether non-
crystalline/amorphous (Amorph.) or unlike any other known pattern
provided (Other).

Each individual pattern that corresponds to a known phase (i.e. one
that gave good matching statistics when being compared to a known
phase) is given the same colour as that known phase - for example, in
the screenshot above, the patterns that matched well to Form B are all
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the same colour of yellow. All of the patterns that match to Form B

can be selected at once by clicking on the colour in the key:

st o | Vb | [T Mo P | [ Vi Lt | [ s |

ORMA(]  ORMAIZE  ORMAD  ORMAW] —ORMBI — ORMB[Z) — ORME(]

ORMB{E T ORMC[I]  ORMCET]  ORMCE

ORMD]  OFME[I]  ORME[?]  ORME[Y  ORME[)

ORMC4]  ORMD[I]  ORMD{]

ORMERS  BTURE?

1 A
.Ill L Ny ;IIL\ ."1'"']\'-,f".('hllll,,.'\x\,._.r\ Kl o

A pie that contains multiple colours (e.g. sample MIXTURE above)
represents a pattern which is thought to be a mixture of two or more
of the known patterns, and the colours within the pie-chart again
correspond to the phases thought to comprise it. Allowing the cursor
to hover over a particular component of a mixture brings up atooltip

describing which phase and in what amount

‘ —
‘ WEP14, phase Fom, 43%
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2.5.2.2 If no known phases are available...

On the other hand, if no known phases are available what appear to
be similar results are displayed:

aldix]

L
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However, there are subtle and very important differences. The colour
of the pies obviously no longer correspond to those of known phases,
the colours are now merely representative of patterns which are
similar to each other. In the example above Pies 1, 2, 3 and 4 are
similar to each other asare 5, 6, 7 and 8. Pattern 21 isdissimilar to all
the other samples, asit is acolour not shared by any other samples.

This information is generated from the cluster analysis results as
presented in the dendrogram view (see the next section). As a result
of this, awarning message is displayed that the results shown are no
longer determined separately, but are merely clustering results
presented differently:

Mote: As no reference phases were provided. this display is generated from the Dendrogram plat,

Because clustering results are being used, the groups shown are
entirely dependant on the cut-level used on the dendrogram display.
The cut-level is discussed in more detail in Section, but it is
important to note that when no known phases are present, altering the
cut-level or otherwise editing the dendrogram display will cause the
cell display coloursto be altered and updated accordingly.
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This display mode can also be accessed when known phases are
present, by means of the Show Pseudo Cell Display option in the
Display menu.

Note that once a particular well is selected, the wells on either side
can be selected in turn by means of the left and right arrow keys, thus
allowing for quickly scanning through multiple patterns.

2.5.3 Dendrogram

The dendrogram display can be accessed by clicking on the
Dendrogram tab aong the top of the display window.

The dendrogram provides a visual means to display the results of the
hierarchical method of data classification using cluster analysis. The
dendrogram itself takes the form of a tree-diagram in which each
single terminal branch is representative of asingle object (in this case
an individual pattern from the data input).

Theinitial cut point is set by the program, and is shown by the yellow
horizontal line. Upper and lower confidence limits on this cut-level
are shown with yellow dotted lines where appropriate.

=
In

0.6

MRS e i

Each pattern is numbered along the bottom axis of the dendrogram.
Each number is the same as in the other displays - for example,
number 1 on the dendrogram is the same pattern as number 1 in the

cell display.

Each pattern can be selected by clicking on the box above its number.
When a pattern is selected, the sample information along with its
pattern profile is displayed in the bottom half of the display window.
Multiple patterns can be selected by holding down the Control key
and clicking on different patterns. A series of consecutive patterns
can be quickly selecting by clicking on the first pattern then holding
the Shift key and clicking on the last pattern. This selects all the
patterns in the range in one step.
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Note that once a particular pattern is selected, the patterns on either
side can be selected in turn by means of the left and right arrow keys,
thus allowing for quickly scanning through multiple patterns.

The view of the dendrogram can be zoomed in on by dragging a
rectangle over the relevant area with the left-hand mouse button
down as with the graph and cell displays.

The position of the dendrogram position on the horizontal axis can be
atered by holding down the Alt key and moving the mouse left or
right. This can be useful if the zoom has been used and the whole tree
no longer fits on the screen at one time.

Patterns are joined together by a series of lines. The further up the
similarity axis (y-axis) the patterns are joined, the less similar they
are. Therefore, in the screenshot above, patterns 1 and 3 are joined at
ahigh level of similarity (nearly 1.0), and are therefore very similar,
whereas patterns 1 and 12 are not joined until asimilarity of less than
0.4, indicating alarge difference between them.

Given the calculated similarity between patterns, it is then possible to
categorise similar patterns as belonging to the same cluster. Thisis
done by drawing a horizontal line across the display at a given
similarity level - thisis called the cut-level.

The optimum cut-level is determined by PolySNAP using a
combination of several different techniquesin order to determine the
number of clusters that statistically best represents the data given.
These techniques include principle component anaysis, metric
multidimensional scaling, the C-H test, gamma statistics, etc.

The cut-level isthen drawn on the dendrogram, and different patterns
which are grouped together below this line are considered to be
similar enough to be thought of as being in the same cluster:
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In the screenshot above, the horizontal cut-point is set at around 0.72,
and istherefore considering patterns 1, 3, 2 and 4 to be in one cluster,
whereas 13,14, 15 and 20 are in a separate and distinct one.

The different clusters are colour coded, and if no known phases are
present, these dendrogram results are used to generate a pseudo-cell
display (see Section 2.5.2). In this case the colours used here will
correspond to the coloursin that display. Optionally, the same colour-
coding can be used to help interpret the results in the various 3D
plots.

The Toggle Mode option, accessed through the right-click menu,
redraws the dendrogram with only the first, last and middle patterns
of each cluster shown. This allows easier interpretation of a crowded
display when many patterns are being analysed. Note that while
showing the simplified dendrogram, the cut-level and other
modifications cannot be made. A label is displayed on the top-left of
the display to indicate that the display isin smplified mode.

It is possible to toggle the display of the axes on and off using the
Show Axes option, accessed through the right-click menu.

2.5.3.1 Changing the Cut-level

If the program-calculated cut-level is not considered to be correct, it
can be overridden by the user. This is done by holding down the
Control key and left mouse button, while dragging the mouse up or
down. The cut-line on the dendrogram display will move, and the
cluster colouring will update in real time. For example, moving the
cut-level up to around 0.1 results in the following:
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Note that the colour assignations have updated accordingly. If the
user chooses to retain this change when closing the dendrogram
display or switching to another display pane, then the pseudo-cell
display will be updated accordingly, and the modification noted in
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the program logfile. If the change is not retained, the previous value
iskept.

[In addition to this method, if a mouse with a scroll wheel is used, it
is possible to just click once in the display area with the left mouse
button, and then move the mouse wheel up or down to move the cut-
level indicator.]

2.5.3.2 Manually changing the contents of clusters

PolySNAP makes its assignation of the contents of clusters using a
combination of powerful statistical techniques. It should not
normally be necessary to override its results, but for the occasions
when thisis necessary, it is possible to reassign either asingle pattern
or group of patterns manually.

To do this, hold down the Shift key and click and hold down on the
vertical line attached to the pattern or sub-cluster required to be
moved:

Continuing to hold both the Shift key and mouse button, drag the unit
to the desired location. To add it to an existing cluster, release the
mouse when the cursor is over the area the sampleis to be added to:

!!

To create an entirely new, separate cluster, drag it to an empty space
between existing clusters:

AN ENENEN
2z 9
a « ¥ 2 13
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To cancel a drag operation part-way through, it is only necessary to
release the Shift key.

A one-step Undo is available for this method of altering the
dendrogram, if for example a user changes their mind, or a cluster is
incorrectly joined. To do this, right click on the dendrogram, and
select Undo from the pop-up menu. Note that only the most recent
operation can be undone.

The only way to be able to undo multiple operations is to choose not
to save the changes to the dendrogram when closing or switching the
window; that way the original dendrogram will be retained and
shown the next time the results are examined.

When changes to the dendrogram are saved, the changes and the
resulting new clusters and corresponding component patterns are
listed in the program logdfile.

2.5.3.3 Changing the Clustering Method

PolySNAP can be set to select what it calculates to be the most
appropriate clustering method for a given problem. The user can also
choose to re-run just the clustering part of the analysis to experiment
with how different individual clustering methods would affect the
results.

Select Change Cluster Method from the Tools menu. An options
dialog box will appear:

. Clustering Options H=1E3

— Select Clustering options:

[ Automatically Select Best Method
= Single link method

" Complete ink methad

~ weighted average link method
" Centraid methad

{+ Group Average Link method

To select an individual cluster method, deselect the Select Cluster
Method Automatically checkbox, choose from the seven options then
presented, and click OK. The recalculation process may take several
minutes on larger data sets.
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2.5.3.4 Saving and Reverting Changes

When another tab is clicked on after the dendrogram has been altered
in one of the ways described above, the following message is

displayed:

Tree

& Save changes to dendrogram?

Selecting No will cause any changes to be discarded, and the
previous version of the dendrogram, prior to any manual changes,
will be retained.

Selecting Yes causes the changes made to the dendrogram to be kept,
and aso be recorded in the program logfile. Changes to the
dendrogram can also be saved at any point using the Save Modified
Tree option in the right-click menu.

2.5.3.5 Reverting to a previous dendrogram

Because the program retains earlier saved versions of the
dendrogram, it is possible to revert to them if required at alater stage.
This function is accessed through the Tools menu option Undo
dendrogram modifications... Selecting this option brings up the
following dialog box.

If more than one set of changes to the dendrogram have been saved,
the user is offered the choice between the original, program
generated tree, and the most-recently saved previously modified
version of the dendrogram:

Fevert the dendrogram cut-level and clusters to original or last-saved uzer
modified version?
Cancel | Modified | i Original

Selecting Cancel retains the current version with no changes.
Selecting Original reverts to the original version. Selecting Modified
causes the current, modified dendrogram to be replaced with the
most recently modified saved changes.

2.5.4 3D Plot (MMDS)

This option displays the results of metric multidimensional scaling
which make use of distances between objects calculated from the
correlation matrix generated by the matching process to produce a
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three-dimensional spatia representation of the samples. Each point
which appears on this spatial representation correspondsto one of the
patterns. The closer two points appear on the plot, the more similar
the patterns are, and the more different an object is to another the
further apart they will appear. Therefore groups of similar patterns
appear to cluster together.

The multidimensional scaling performed is based on calculated
proximities rather than observations. First for n patterns, we generate
an (n x n) distance matrix D based on dissimilarities, &5 = 1,2,....,n,
computed from the correlation matrix. Each object is compared
againgt itself and every other object. The result of an object being
paired against itself gives a dissimilarity of zero, which corresponds
to the diagonal of the matrix. The goal of this method is to derive a
set of underlying dimensions, with co-ordinates that should create a
Euclidean distance matrix, which in turn should be the same or very
close to the o5 of the original D.

The initial view of the 3D plot shows only the X and Y axis - the Z
axisliesin projection.

In the Display menu, the option Use Dendrogram Colours on 3D
Plots is available. When this item is selected, a check mark appears
next to it in the menu, and the individual points plotted on either of
the 3D plots are coloured to correspond to the colour groupings
shown in the Dendrogram plot - e.g. if samples 11, 12 and 13 are all
in the same cluster according to the dendrogram, they will all be the
same colour - green:
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In the 3D plot, they will all still be coloured similarly:

Changing the dendrogram cut-level causes the coloursin the 3D plots
to be updated. A small numerical label in the top-left corner of the
display gives an indication as to the goodness of fit of these results.
Numbers close to 1.0 suggest that it is a good fit, and low numbers
suggest that caution may be required, or that the program had trouble
adequately partitioning the data.

Note that as the number of samplesincreases, the average GOF score
will decrease.




The orientation of the 3D plot can be atered by holding down the
Shift key and dragging the mouse in any direction as desired; the plot
rotates as shown below:

In the above plots it can be seen that there are 4 or 5 clusters
depending on P16 and whether it can be considered to belong to an

adjacent cluster or not.

A variety of views can be achieved to gain a better understanding of
the distribution of the pattern data points in the three-dimensiona

space.
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As in the other graphics screens, any particular area of the 3D view
can be zoomed in by dragging arectangle over the relevant region:

The pattern corresponding to each display point can be selected by
clicking on it, this in turn updates the pattern information display in
the lower portion of the window.

The points representing the patterns can be enlarged or shrunk to suit
any zoom level by holding down the Ctrl key and moving the mouse
either up or down. An upward movement will reduce the size of the
spheres, a downward movement will increase the size.

The 3D plot position itself can be trandlated by holding down the Alt
key and then moving the mouse in any direction as required.

The drawing quality of the spheres can be altered if needed - with
many points plotted, working with the display can be much faster if
the rendering quality is reduced (this is especialy the case with
lower-powered graphics cards). To do this, click on the 3D display
and press the F12 button on the keyboard:

Rendering

Fendering Quality: [ !

1 10
Tranzparency: [ i

1 10

T

Light Diirection: I r 1— R ‘r
B

Fe [

Moving the slider causes the drawing of the spheres to update in real
time, so the effects of a particular setting can be easily seen. The
chosen quality setting is saved and used from that point on. The
higher quality settings can be useful when preparing screenshots for
use in reports or for publication.




Further options can be accessed by right clicking on the display area
to show the standard pop-up menu. Options relevant to the 3D plot
include:

Find ltem...
x|

Find Item:

% By label " By sequence
™ Selecting Found exclusively

™| Centering selecked item

Find I Cancel l

This brings up adialog box alowing a particular pattern of interest to
be located on the display by means of its index number, or label as
appropriate.

Additional options alow the pattern to become automatically
selected when found - thus updating the pattern information display,
and optionally centred in the display. This is useful when dealing
with large numbers of patterns, as locating an individual pattern of
interest on a crowded plot can be difficult.

Show Grid - the grid which appears in the 3D plot can be hidden or
displayed.

Show Labels - the labels which appear next to the plotted points can
be turned on or off with this option. This may aid in seeing an overall
clustering pattern when the display is crowded with many points.
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Show MRP Marks - the Most Representative Pattern in each cluster
can be highlighted if required with this option. it appears on the
display asanormal pattern with severa 'spikes coming out of it:

These spikes can be hidden or shown by means of this menu option.
Clicking on an MRP sphere brings up a dialog box containing
information about the mean pattern-pattern distance for that
particular cluster. The smaller the distance, the tighter the cluster.

MRM

FORMD4 : MR of the cluster
Mean Member-tdember Distance = 0.0510

Show Top View - this option brings up a small simplified overview of
the plot in the lower right hand corner. It can be useful for orientating
yourself when zoomed into the display:

Render as Dots and Transparent alter the way the spheres are plotted
as shown in the diagrams below. This can be useful to identify if for
example, a single pattern of one colour is hidden within a group of
another patterns:

Mask Group
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This option is useful in a crowded display with lots of different
clusters overlapping each other - select the Mask Group option, and
the next cluster you click on istemporarily removed from the display.
A key in the top left corner shows the colour of the hidden cluster. To
restore the cluster, deselect the option from the menu. Alternatively,
click on a different colour, and that will be hidden instead. Only one
cluster at atime can be hidden.

D( Fit =099 Hiding-picked-group

With the Mask Group option selected, pressing the spacebar toggles
between hiding the selected group and showing everything else, and
hiding everything else and showing just the selected group. The left
and right arrow keys can also be used at this point to cycle through
and have each group selected in turn.

Popup Group

This option can be used to bring the whole of a particular coloured
cluster to the front of the display, so it can all be seen at onetime. A
key in the upper left shows the colour of the selected group.
Deselecting this option returns the display to normal.

@) Fit - 0,59 Popup-picked-aroup

Drag Labels

With this option toggled on, the display is fixed and cannot be rotated
or zoomed. Therefore, it is necessary to use the normal zooming and
rotation controls to select a suitable view angle before selecting this
option. Once selected, all of the pattern labels on the display can be
moved individually by clicking on them and dragging to the required
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new location. This allows for neater diagrams to be created when
required for areport.

o

2.5.5 3D Plot (PCA)

The plot drawn here is based on the results from principle component
analysis of the modified correlation matrix. The use and interaction
options available for this plot are identical to those for the 3D Plot
(MMDS) described in Section 2.5.4.

2.5.6 6D Plot

PolySNAP provides the facility to allow either of the two standard
three-dimensional plots discussed earlier to be augmented by up to
three additional user-specified dimensions, as described here.

These additional dimensions are used to represent information
recorded about each sample regarding its method of preparation.
Available information that can be plotted is by default (assuming it is
available in the pattern datafiles):

Mass

Total Volume
Counterion

Stirrer Rate

Sample Presentation
Solvent

Antisolvent

Initial Temperature
| solation Temperature
Cooling Rate
Heating Rate
Reaction Time
Antisolvent Volume

The 3 additional plotting dimensions that are available to represent
these are:

Point Size

Point Shape
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Point Colour

By using this approach, it can be possible to discover if there is a
connection between a particular combination of sample preparation
conditions and the resulting clusters (note however that there are
some restrictions as to which fields may be plotted as which
dimension).

To take advantage of this feature, select the 6D Plot tab. The
following options toolbar will appear:

FH el Display | B Dencrograms | M 30 Piot (mDS) | B 30 Pt (PCa) e B0 Flot | Advanced | (8] Numerical Results | BN View Logfie | 55 Reportwiter |
Flot & MMDS (" PCA with ¥ BallSize as [Mass ~| W BallColowr as [Total Volume  ~| W Ball Shape as [Salvent =] Aepl

The first option presented is to select which of the two different 3D
plots available is to be used as the basis for this user-modified plot.
The selection is between the MMDS and PCA plots, each of which
were discussed in more detail earlier in Section2.5.4 and
Section 2.5.5 respectively.

Once this has been done, select which information field is to be
plotted as which dimension. Up to three dimensions may be plotted
at any one time, as chosen by selecting or desel ecting the checkboxes
as appropriate.

2.5.6.1 Ball Size Dimension:
¥ oBalSizzas [Mass <]

The default possible information types available to be plotted as the
size dimension are: Mass, Total Volume, Stirrer Rate, Initial Temp,
Cooling Rate, Isolation Temp, Reaction Time, Antisolvent Volume
and Heating Rate.

When each pattern was imported, any sample information fields were
parsed, and the maximum and minimum values of each field stored.
This datais then used to scale each datapoint to an appropriate size.

2.5.6.2 Colour Dimension:
[ BalColowr as [TotalVohame =]

The information types available to be plotted as the colour dimension
are. Mass, Total Volume, Stirrer Rate, Initial Temp, Cooling Rate,
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Isolation Temp, Reaction Time, Antisolvent Volume and Heating
Rate. Dendrogram Colours are also available.

When each pattern was imported, its sample information fields were
parsed, and the maximum and minimum values of each field stored.
Thisisthen used to plot arange of colours based on the data val ues.

Additionally, the final option Dendrogram Colours allows the colour
scheme of the dendrogram at the currently saved cut-level to be
applied to the plot.

2.5.6.3 Shape Dimension:

¥ Eall Shape

Thisis provided as a means of plotting the more textually orientated
information fields, such as solvent and counterion. Up to six different
shapes are available (sphere, cone, cylinder, tetrahedron, octahedron
and cube), allowing for up to six different solvents, for example, to
be represented on the plot.

Once the settings are complete, click on the Apply button. The
generated plot, is then shown below the toolbar:

The standard graphics controls for moving, zooming and rotating the
display etc. al apply as normal, as do the controls for selecting
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individual patterns of interest, and displaying their details in the
pattern information pane.

The settings used to produce the plot are saved to the logfile for
future reference.

Note that in 6D plot results need to be manually copied and added to
the report pane at present.

2.5.6.4 Editing Sample Preparation information details and location

There is afile located by default in the program folder (usually C:/
Program FilesPolySNAP/) called sample info _format.txt. (The
location of this file can be atered by changing the option in the
program Options window). Editing this file enables the user to
change the field names, types and order expected for info for the 6D
plot. The user can aso set program to look for info in asingle file (1
line per pattern) rather than in the individual raw data headers.

If stored in the RAW headers, the program looks in the fields for
Sample Name and Comment for the information (n that order), which
should be semi-colon delimited. If a given field is unused for a
particular pattern, it should be left blank, but the semi-colon delimiter
should still be there. Fields must be in the correct order as described
in the setup file.

For example:
2.2E-5;2.0;ethanol ;hexane;;100.0;50.0;2.0;0.0;180.0;residue;

If in a single file, there should be one line of numbers as shown
above per pattern. By default, PolySNAP looks for this as
'sample.dat’ in the datainput directory.

These should be in the same order as the patterns are loaded into the
program; line 1 should correspond to Sample 1, and so on. The
program loads files in system al phabetical filename order.

# File format info

# Where is this info stored - either just HEADER
for in data files header space or

# FILENAME full path\to\file.txt

HEADER
#FI LENAVE C./test. dat

# Fields - maxi mumof 20 fields, 1 per line, in
expected order

# Specify Type; units; format (format is either
textual TEXT or nuneri c NUVBER)

# e.g. Mass;ng; NUMBER

# if no units just put ;;
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# put END as last line

Mass; nmg; NUMBER

Reactor ldentity;; TEXT

Total Vol unme; m ; NUMBER

Sol vent ; ; TEXT

Sol vent Rati o;; TEXT

Ant i sol vent; ; TEXT

Ant i sol vent Vol une; nl ; NUMBER
Count eri on; ; TEXT

Stirrer rate;rpm NUVMBER
Initial tenp;deg C, NUMBER
Heati ng Rate; deg C/ m n; NUVBER
Cool i ng Rate; deg C mi n; NUMBER
| sol ati on Tenp; deg C, NUVBER
Reacti on Ti me; m n; NUMBER
Sanpl e Presentation;; TEXT

END

2.5.7 Validation

The validation screen contains six different displays, each with a
different method of validating the data. Initially the Scree Plot is
displayed but the other validation screens can be accessed using the
pull-down menu at the top of the display:

| Scree Plat :J

These different displays are described below.

2.5.7.1 Scree Plot

The Scree plot is a 2 dimensional graph. Along the x-axis is the
Eigenvalue Number and the y-axis is made up from the eigenvalue
itself.

Gcree plot

AE BT P0_PY P g1 P13 F14__P15 P16

T
b w 13 16
Companent Number

Eigenvalues are derived from the modified correlation matrix, which
isfirst normalised. The eigenvalues are sorted in descending order.

What this represents is the minimum number of clusters that can be
used to describe the entire data set being examined. The point where
the plotted line changes colour - e.g. between 5 and 6 in the example
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above, suggests that just 5 clusters are needed to explain over 95% of
the variation in the data. A well behaved scree plot should have a
reasonably steep initial descent. A gradual, sloping descent indicates
difficulty in establishing the number of clusters required, so the
program-generated dendrogram cut-level should be examined
especially closely.

By holding down the Alt key and the mouse button, the graph can be
moved about the pane to any desired location. The plot can be
zoomed in by dragging a rectangle over the relevant area, and the
usual further options can be accessed by right clicking to reveal the
pop-up menu.

2.5.7.2 Minimum Spanning Trees

The MST display presents adifferent way of partitioning the patterns
into different clusters. All of the patterns are initially joined together
by a single line, in the order of increasing distance between them.
Theinitial view shows all of the samples connected in this manner:

The program then cuts links between the patterns in order of
decreasing maximum distance until the estimated number of clusters
is reached. The user can then manually adjust this by clicking on the
left-facing arrow in the top-right corner, to reduce the number of
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links by one, or by clicking on the right-facing arrow in the top-right
corner, to increase the number of links by one:

This process can be repeated, cutting the next smallest distance, and
creating an additional cluster each time.

The display can be zoomed, rotated and otherwise manipulated in a
similar manner to the other 3D plots. Note that each time the number
of clusters changes the most representative patterns in each are
recalculated. Note that the colours here do not correspond to those on
the dendrogram.

2.5.7.3 Silhouettes

For each of the current clusters as defined by the dendrogram cut-
level, this display shows a histogram. Silhouettes (Rousseeuw, PJ.
(1987). J. Computation & Appl. Math., 20, 53-65.) provide an
aternative formalism for assessing the compactness and isolation of
clusters, and also for identifying those members of a given cluster
which are well established members of the core cluster or outlying,
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and thus potentially problematic. If the i-th pattern belongs to cluster
C, then we define the silhouette, (i) as follows:

N
a(i)= =
24
JDCS

n

S

b(i)=min,

b(i)-afi)

max{a(i),b(i)}

where there are n, patternsin cluster r, ng patternsin cluster s, and d;;
isthe distance between patternsi and j. The values of (i) lie between
—1 and +1. The lower the value of the silhouette, the more likely it is
that the pattern either:

s(i)=

1.Belongs to a different cluster and you should try atering the
dendrogram cut level, or:

2. The pattern isamixture. The MMDS and PCA plots will be useful
here to identify the closest neighbours of patterni.

One histogram is shown for each cluster. If there are more histograms
than will fit on the screen at one time, a small down-pointing arrow
appears in the lower right corner.

To scroll down to see the next row of histograms, click on the arrow,
or use the scroll wheel on the mouse. Similarly, an upwards pointing
arrow will appear if there are histograms above the top of the screen.

Allowing the mouse to hover over a particular column shows which
pattern numbers correspond to that score. For example, the yellow
cluster appears to have a member that has a reasonably low
membership score - mousing over it shows that this is pattern 20,
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which makes sense when looking at the dendrogram, where it is the
least tightly linked member:

Note that if the dendrogram cut-level has been manually adjusted
since the previous time this display was accessed, there may be a
short delay as new silhouettes are calculated for the revised cluster
membership list.

Clicking on a column selects the patterns presented in that column,
allowing them to later be located on the 3D or dendrogram displays.
For example, clicking on the column pictured above brings up a
diaog:

PolySNAP |
Selected patterns: 20,
To locate these patterns, switch to one of the 30 displays or dendrogram, and press FS repeatedly to cycle through them,

When next viewing the 3D plot or Dendrogram, press F4, and pattern
20 is then automatically highlighted on the display. This allows cross
checking between patterns that the silhouettes display may highlight
as unusual, and their corresponding position in the other results
output.

2.5.7.4 Fuzzy Clustering

This display is superficially similar to the silhouettes, and is
navigated in the same manner. With fuzzy clustering, and unlike the
standard clustering methods used elsewhere in the program, a single
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pattern can be assigned to more than one cluster. Using the concept
of membership, a value can be calculated for how well a given
pattern fits in a given cluster. A low membership score may suggest
that that pattern either does not belong in that cluster, or that it is a
mixture. A single pattern having reasonably high scoresin more than
one cluster may indicate a mixture. Only patternswhich fall outside a
defined threshold range, and therefore are samples that may need to
be examined manually in more detail, are shown in the fuzzy
clustering output. If thisis not the case for any of the patterns, then
no output is shown - this is the ideal case, as all patterns clearly
belong to only one cluster.

Checking the output from this calculation should therefore help to
highlight borderline or unusual cases that do not fit neatly into one
cluster or another. Such examples may possibly be mixtures, or
evidence of some other problem such as a different background or a
20-shift.

Detailed numeric output from this method is available in the logfile
pane.

Pattern selection and automatic find features as described above in
the Silhouettes are also available in this display.

2.5.7.5 Parallel Coordinates Plot

Rather than plotting our patternsin a 3D space, here we plot the first
6 dimensions of the clusters in a linear fashion, allowing the user to
see if the cluster separations evident in the first 3 dimensions still
hold together in higher dimensional space. Where as the first three
dimensions are plotted as x, y and z axes on a 3D plot here they are
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plotted asthefirst, second and third vertical axes on the plot, with the
fourth flfth and sixth dimensions plotted above.

=leix|

woro [l Vakdaton | TE el Piasuts | [ i Logrte | [ Ponpon wiiber

While the three axes on the 3D plot are arranged orthogonal to each
other, they are arranged horizontally paralel to each other in this
plot. Asin the 3D plot each object (fragment or variable) is given a
value (between one and zero) for each dimension and this is plotted
for each axis. While in 3D space this becomes a data point
represented by a sphere, in the parallel coordinates plot this becomes
alinejoining up the different values for an object as the value varies
from dimension to dimension.

The colours are taken from the data space Dendrogram so it is easy to
identify the separate clusters. By right-clicking and selecting Grand
Tour from the pop-up menu, the display can be animated by rotating
round the different axes simultaneously. This can also be accessed by
using the Ctrl-G shortcut.

x|
J
< » |-|>|

Lock, &:xis
[Xli P e e e R

—‘Walking Speed ————

L Lo "' High
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The animation can be played, paused, fast-forwarded to the end, or
rewound to the start using the blue play controls. The progress bar at
the top indicates how far into the animation the grand tour is. This
can also be used to skip directly to different parts of the sequence.
The Walking Speed option controls how fast the animation proceeds
at. Finally the Lock Axis alows the user to freeze each axis
individually in the state being currently displayed while the rest of
the display continues to be animated.

2.5.7.6 Space Explorer

This display resembles the standard 3D plot, with the exception of an
additional option on the toolbar.

Plotting *1, %2, <3

Previous
Default

Like the parallel coordinates plot it alows analysis of higher
dimensions of data however here they can be visualised on
orthogonal axes. For this reason only three dimensions can be
displayed at the one time.The display opens with the dimensions 1, 2
and 3 plotted asin anormal 3D plot. The extratoolbar button allows
the user to change the axes being plotted. Clicking the button once
changesto plot to display the first, second and fourth dimensions.

By iterating through the various combinations of the first six
dimensions by means of the Next and Previous options from the
toolbar dropdown menu all of the other combinations can be
accessed. The legend in the upper left corner updates to show which
dimensions are currently being plotted:

Flaotting #2, x4, xH

This alows the user to see if the cluster separations evident in the
first three dimensions still hold together in higher dimensional space.

By right-clicking and selecting Grand Tour from the pop-up menu, or
using the Ctrl-G shortcut, the display can be animated for easier
interpretation. The Grand Tour controls work in the same manner as
in the Parallel Coordinates Plot.

2.5.8 Numerical Results

This paneis used to display the pattern correlation matrix. If there are
a large number of patterns then the entire matrix may not fit within
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the display, and scroll bars will be displayed along the side and
bottom of the table.

] Rt s Display - PRRD 15
Fle E3t Tock Cupley Pattem Widow Hep

In:m BB et iy | B Derctogpams | [ 0 ey = | BB 0 P e | B 0 e | vsttion [T Pt oo | I Vi Lo | B Pt it |

If the program was run with the Allow Offsets option turned on, then
the results from this can be seen by selecting a particular cell, and
then allowing the mouse to hover over that cell for a second, until a
'tool-tip' appears. This contains two numbers in the form (ay,ay),
where &g is the amount of linear offset applied, and a; the amount of
non-linear offset applied.

A diagona line of 1 should be present to show the result of each
pattern matched against itself. Clicking on the 1 for each pattern will
produce the profile and information for that pattern in the relevant
area below.

For comparison purposes two patterns can be overlaid on each other
by clicking on a number above or below the line of 1.

Rank: FORM 4 [2)[ FORM 4 (3] FORM & [H[FORM B (2 FORM B [2)
FORM & [2] 0.8532 0.9033 0.3pa7 0.4366

FORM & [3]] 0.8592 1 0.8885 0.3)84 0.4531
KEORM & (4303 TrEaaT t L2914 0.4855
FORM B [2]] 0.3387 0.3184 0.2914 1 0.8482

FORM B [3]| 0.4366 0.4531 0.4855 08432 1

For example if 0.2914 is clicked on as highlighted above, the graph
of FORM A (4) and FORM B (2) will be displayed, one overlaid on
the other in the graph pane:

Thisalowsavisual comparison to help decide if the matching results
displayed are sensible or not.
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Right clicking on the matrix of results will produce the following
options:

Ut

Copy
Paste

Show Difference Plot...

Save A,

Print:

Print Selection, .

Clicking on Copy (or aternatively selecting Copy from the Edit
menu) will copy the contents of any selected cells to the clipboard.
To copy only part or al of the results, drag a rectangle over the
desired numbers, a blue highlight region will appear indicating the
numbers selected. Now right click to produce the options and click
on Copy.

Note that the numbers in this window are not editable in any way.

The Show Difference Plot... option brings up a new window with a
plot showing the difference trace between the two currently selected
patterns, for example:

x
— Difference Spectrum of: .
Test Pattern: FORM & [4] R Erint... | Close |

Databaze Pattern:  FORM B [2] Rl
[shown as 100 % of total pattem]

1.00

050

D_DDM”\MA;’\”MM o o, e S—n
Y

050

15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
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2.5.9 View Logdfile

The results of the file import, processing, pattern matching,
clustering etc.,, and any subsequent changes to the results are
displayed here in the View Logfile Pane:
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A scroll bar appears on the right hand side of the pane to allow the
user to view all of the text, as the output is normally quite long.

The text can be copied to the clipboard and pasted to other
applications by selecting the relevant text to highlight it and then
right-clicking in the text pane:

Print
Print Selection...

Click on Copy to copy the text (alternatively choose the Edit menu
and click on Copy). Note that the Cut and Paste options are
unavailable, as the logfile cannot be edited manually.
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The Save As... option causes a standard file saving dialog box to

appear
Cr——— 21
Save i IL'j temp LI = o Ed-

File name [PolySHAP 2 Lagfie tit =1 Save |
Save as type: | Teut Files .tat) =l Cancel |
2

This allows a copy of the current logfile to be saved to a new file.
Select the desired location for the file, edit the filename if required.
The format for saving isan ASCII text file (*.txt)

The Print... option brings up the standard Windows print dialog box,
allowing the current selection of the logfile output to be printed.

2.5.10 Report Writer

The report writer is an area that functions as a basic word-processor,
in which the user can produce reports containing information from
any of the output displays, or any other text or bitmapped graphics
that can be pasted from the clipboard as desired.

The paneitself initially consists of awhite screen with standard text-
editing toolbar is provided at the top of the window, allowing choice
of font, font size, text style and text alignment in the usual manner:
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Right clicking on the report pane will produce the following options:

Cut

Copy
Paste

Open...

Save As...

Print

Print Selection...

Cut - Highlight an area by holding the left mouse button down and
dragging over a relevant area. Selecting Cut causes the selection to
be removed from the screen and copied into the clipboard.

Copy - A selected region of the report pane is copied in to the
clipboard, and can then be pasted into another application.

Paste - An object or text which has previously been copied into the
clipboard is pasted at the current insertion point.

Save As - Clicking on Save as...opens a standard Save As dialog box.
The report can be saved in one of three file formats:

RTF Files (*.rtf) - Rich Text Format
HTML Files (*.html)
Text Files (*.txt) - ASCII Text Format.

RTF format is recommended for most uses, as any images added to
the report are saved together within the RTF file, whereas HMTL
export produces a HTML file and separate files for each embedded

graphic.

N.B. Saving as ASCII text retains only the raw text; any embedded
images are not saved.

The Print... option brings up the standard Windows print dialog box,
allowing the current selection of the logfile output to be printed.
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2.5.10.1 Automatic generation of reports.

Selecting this option brings up a dialog box with several options to
control the automatically generated report:

. Report Writer Options 10l =l

— Option
Fleaze zelect from the following options for the automatically
generated report:

¥ Include graphics cutput in report
¥ Include detailed sample preparation information in repart

M.B. after clicking QK. the screen may flicker while graphics
are generated and screenshots taken. Please be patient and
wait for the completion message before proceeding.

Cancel | ok |

The difference between the Summary and Detailed report is as
follows:

The summary report includes information as to the run start and end
time, lists the processing and matching options selected, states the
calculated number of clusters, lists the components of each cluster,
and the results of any mixture analysis.

In addition to all of the above, the detailed report also includes lists
of files imported, more detailed output on which cluster methods
were selected, and a summary of any sample preparation information
provided.

With the Include graphics output in report option selected, for
Summary mode this adds the Cell Display and Dendrogram output to
the report, and for Detailed mode it adds copies of the output from all
of the main graphics modes. The Include detailed sample
preparation information option adds a semi-colon delimited table of
the sample information to the report. This can later be converted into
a proper table in an external word processor such as Word.

Clicking OK starts the process, during which the screen will flicker
as various displays are generated and information retrieved as
required. A message is displayed once generation is complete, after
which the report can be viewed, edited and saved in the Report pane
of the main window.
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2.5.11 Datasets pane

In cases where more than one dataset has been run the datasets pane
isthe interface to accessing the different datasets.

[ Results Display - H

File Edit Tools Disp

Datazet

O P<RD1

] Baman2

] PXRD1%Raman

If only a single dataset has been run then the datasets pane will still
be displayed, but will only contain one dataset. For multiple datasets
there will be alist of all the available datasets.

By clicking on the different dataset names in the list (not on the
checkboxes next to them) the results from each of these can be
displayed in turn, including the results from combining the datasets.

2.5.11.1 Comparing Results display

There is a specia display window for comparing the results from
different datasets. This option is only available when multiple
datasets have been analysed together. To use this display the user
must select the datasets they wish to compare. This is done by
clicking on the checkboxes next to the dataset |abels in the left-hand
tab bar.

Dataset

Ramanl
F<RD2

D5C3

OIR4

] Raman1 &FXRD
[0 Ramanl1%DSC3
[ Ramanl&IR4
O P<RD2tD5C3

FXRD2&IR4

[ DSC3kIR4

Up to a maximum of four datasets can be chosen and compared
against each other. This is not restricted to the four original datasets
that were input into PolySNAP. Combined results can be selected and
compared using this option, like in the case above where combined
X-ray and IR data are entered in to be compared.
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Once al of the relevant datasets have been highlighted select
Compare Results... from the Tools menu. If more than the maximum
number of four datasets have been selected then the comparison will
not run and a message will display showing that thisis the cause.

This opens a new window where the visual results from the three
selected datasets are displayed next to each other. By default it opens
with the 3D (MMDS) plot.

. Comparing results for: PXRD, Raman, PXRD&Raman i =] |

Display Type: [MMDS Plot |

In this way the features of the different 3D plots can be directly
compared, as the display can be rotated and zoomed into like a
normal 3D plot. Here, we can easily see that the clusters for the
combined PXRD& Raman dataset seem to be better than for either of
the individual original datasets.
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Results display

There is a pull-down menu in the top-left of the window that allows
the 3D plot (MMDYS) to be changed either to the 3D plot (PCA) or the
dendrogram display.

. Comparing results for: PXRD, Raman, PXRD&Raman = EI|5|

Display Type: [Denchogram =~

2.5.12 Sample Information pane

For a selected sample, the sample information pane displays relevant
textual information on the left, and a graphical representation of the
sample profile on the right. Although thisinformation pane is always
available by default, it is possible to hide it if more screen space is
required to examine results in the graphical display areas of the
window.

Selecting Hide/Show Pattern Information from the Display menu
allows the information region to be hidden or shown as required.

The right-most region shows the current pattern profile; it can be
zoomed in by using the mouse to drag a rectangle over the relevant
area. The graph pane is part of a larger area that shows information
regarding the selected sample.

To the left of the graph appears an area with text information
associated with that sample. Typical information displayed includes
the data file location, the angle range, the data points for the original
raw data and once any processing has been performed, the known
phase most similar to this pattern (if present), and finally other
relevant information regarding the sample preparation, if saved in the
data file headers.

69



If more than one sample pattern has been selected in a given display
screen, the pattern information pane displays a list of the patterns
selected, and shows their profiles plotted on top of each other for
easy comparison:

= B B o
B n @ =
= = 5 o

To identify which profile corresponds to which sample, hover the
mouse over part of the line, until a tooltip appears containing the
sample filename:

Alternatively, selecting the Show Pattern Key on Graph item in the
Display menu brings up avisual colour-coded key:

There is also a tab running vertically along the left hand side of the
sample information pane.

— Selected Sample: [1]——
[rata file; swiw-135-17_41

PR

........

i | Angle Range: 2444
{E i | DataPaints - Raw: 3382
e kdozt zimilar bo: Form-1.ram,

........

This changes the dataset from which the sample information is being
displayed. Changing the dataset being displayed in the sample
information pane has no effect on the main display.
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Tools menu

2.6 Toolsmenu

The Tools menu contains a series of further options:

Tools Display  Pattern  Window  Help

‘Wiew Peak Comparisan. .
Generake Report. ..

List Mon-crystalline Patterns. ..
List Mizkure Batterns, .

List Fattern Cluster Members. .,
Export Patterm Clusters, .
List Most Representative Fatberns. ..

lse MRPs as Known Phases on Fie Displas.. .

Undo Saved Dendrogram Modifications. ..

Change Cluster Method. ..
Set Cuk Level To...
Re-Run &nalysis., ..
Compare Resulks, ..

2.6.1 View Peak Comparison

This option brings up a window in which the currently selected
patterns are shown on a grid. Each pattern corresponds to one row of
the grid, with the marked peak positions of those patterns highlighted
according to their intensities. The x-axis is split up into bins of (by
default 0.5 degrees), to allow easy visual comparison of peak
positions in different patterns.
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Clicking on the name of a pattern in thelist on the left showsit on the
display; clicking again on the name removes it from the display. The
first pattern in the list is shown automatically. The colours can be
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turned off, and the default angle-range bin size changed in the
Display pane of the program Options window.

2.6.2 Generate Report...

This feature automatically generates a report in the Report Writer
pane and is described in Section 2.5.10.1.

2.6.3 List Non-crystalline Patterns...

This option, accessed through the Tools menu, allows the user to
examine a list of any patterns that the program has marked as being
possibly non-crystalline when it has examined them.

Selecting it brings up adisplay window:

s gD Phom3525_GADDS 106 sampkes\BES5_ELANK | iom
i et Tl Cakerl

o
hY

The upper region is a grid showing the pattern names, number of
peaks, and approximate percentage amorphous content. The larger
this value, the more likely the pattern is to have an amorphous
content.

Selecting a pattern in the list (by clicking on it once) updates the
profile display in the lower region of the window to show what the
pattern profile actually looks like. If the Show area used for
amorphousindicator calculation checkbox is selected, then a second,
green trace shows the rough profile that would be left if the program
subtracted out everything it thought was amorphous from the pattern.

If the user considers that the program has made an error in marking a
particular pattern as non-crystaline, they may override this by
clicking the Override button on the lower left. Thisaction is recorded
in the program logfile.

It is also possible to do the opposite, and mark a pattern as
amorphous; for information on how to do this, see Section 2.5.3.2.
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Tools menu

2.6.4 List Mixture Patterns...

Selecting this option from the Tools menu brings up a new window:

1ol
List of zamples thought to be mistures: P CorRnent
Index Sample
::; m::lngl?fl A Fhase Percent | Eror
Foima, tat 43.30 29.80
FoimC. bt 25.00 3340

FormD).txt 31.70 26.80

Wiew Residual... |

1.00
0.80 A
0.60 "
| Il
NN NN

\_._-} k‘\m.,/') k L U\MWMWMW{

15.00 20,00 25.00 30.00 35.00 40.00 45.00 50.00

Cancel | ok |

This consists of an upper region listing all of the patterns marked as
mixtures, and a lower graph-pane region. Selecting a particular
pattern from the list causesit to be displayed in the graph pane, and a
list of which known phases are thought to make it up are listed in the
display area. Clicking the Residual button opens a PolySNAP
window to allow comparison of a simulated pattern created from the
suggested phase components, and the original sample.

N.B. this option is only available when powder patterns for known
phases were provided.

2.6.5 List Pattern Cluster Members...

This option is available only when the dendrogram is being
displayed, and generates alist of the current members of each cluster
suggested by the cluster analysis, according to the current saved
dendrogram cut-level.
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If the list of cluster members is short enough, it is displayed as a
message box, which can then be dismissed:

shap-0 x|

The current clusters at cut-level 0L670;

Group A:
Sampls # 1 (FORM A (3).bxt).
sample # 2 (FORM A (4).bxt).

Group B:
Sampls # 9 (FORM D (3).bxt).
sample # 10 (FORM D (4).bxt).
Sample # 14 (MIXTLRE 2.txt),

Group C:
sample # 11 (FORME (2).txt).
Sample # 12 (FORME (3).txt).
sample # 13 (FORME (4).txt).

Group D:
Sampls # 3 (FORME (2).txt).
sample # 5 (FORME (4).txt).
Sampls # 4 (FORME (3).txt).

Group E:
sample # 15 (Mixture kxt).

GroupF:
Sampls # & (FORM € (2).bxt).
sample # 7 (FORM C (3).bxt).
Sampls # & (FORM C (4).bxt).

If the list of members is too long for a standard message box, it is
automatically added to the end of the program logfile, from where it
can be copied into areport or other program as required.

2.6.6 Export Pattern Clusters...

This option brings up adialog box allowing the list of pattern clusters
to be saved to adata (.dat) file for use elsewhere.

2.6.7 List Most Representative Patterns...

This option is only available when either the MMDS or PCA plots
are being displayed. Note that the calculation of MRPs is specific to
the type of plot displayed, so different results may be obtained from
each of the two methods. Different results will also be obtained if the
dendrogram cut-level is adjusted manually.

A list of the pattern indexes and filenames for the most representative
patterns in each cluster to have 3 or more members is shown in a
dialog box on the screen. A copy of the list is also automatically
added to the logfile when this option is selected.

2.6.8 Rerun Analysis...

Note that selecting these options causes the current PolySNAP
session to finish, and the program is restarted. It is therefore
important to ensure that any changes to the report, dendrogram or
other displays are saved prior to selecting it.
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Display Menu

2.6.8.1 - Using Only Currently Selected Patterns

This option allows the user to select a subset of the current data set to
re-analyse. It closes the current PolySNAP results window, and re-
runs the initial analysis of the patterns using the currently selected
patterns on the display.

Output from the original run output is not overwritten and can
therefore still be examined later using the View Results option.

At least 4 samples must be selected on the display to be able to use
this option.

2.6.8.2 - Ignoring All Non-crystalline Patterns

This option allows the user to re-analysis the current dataset minus
any patterns flagged as being amorphous.

2.7 Display Menu

The Display menu contains a series of options that relate to how the
results are presented on the display screen.

i_DispIay Pattern ‘Window Help

< v Show Pattern Information
« y Show Sample Images Aukomatically
W Show Peeddo Cell Display:
v Show Dendrogram Calours on 30 ploks
W Show Amorphous Samples analplats
v Show Well Identity IF Available
Shows Pattern Key on Graph
Showe Graphics Toolbars
v Show Mormalised Pattern Profiles
v Show Processed Pattern Profiles
v Show Calculated X-Shift
Cffset Orverlaid Pattern Profiles »
Shows Current Display in Mew Window

Create Mew Results Viewer Window

2.7.1 Show Pattern Information

This option alows the user to display or hide the sample information
pane (described in Section 2.5.12) at the bottom of the screen. By
default this option ison.
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2.7.2 Show Sample Images Automatically

This option is only available when image files have been provided
and controls whether the images are automatically displayed in the
sample information pane or not. By default this option is on.

2.7.3 Show Pseudo Cell Display

This option is available when known reference files have been
provided and alows the user to have the cell display coloured
according the dendrogram as if there were there where no known
phases.

2.7.4 Show Dendrogram Colourson 3D Plots

This options controls whether the 3D plots are coloured according to
the dendrogram. If this option is turned off then all spheres on the 3D
plots will have the same colour. By default this option is on.

2.7.5 Show Amorphous Sampleson 3D Plots

This toggle determines if samples that are flagged by the program as
being amorphous are shown or not on the standard 3D plots. It isonly
enabled when more than one pattern is labelled as amorphous. In
some cases, hiding such samples can make the plots appear quite
different - thisis often especially the case in the PCA plot.

In the examples shown here the magority of the patterns are
artificially 'flattened out' by the extreme distance between them and
the amorphous; removing the amorphous alows for a better
representation of the distances between the remaining patterns.

2.7.6 Show Well Identity If Available

If the sample filenames are of the form where some form of sample
ID is contained within the filename, then that information can be
extracted and displayed to help identify the samples.
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Display Menu

For example, with this option turned off, a typical display might
resemble:

Whereas with the option turned on, the display would look like this:

The default for thistoggle is on.

Notethat all thefilesin agiven dataset must have the same consistent
format for Well IDs to be displayed. See the Options and Defaults
section for details.

2.7.7 Show Pattern Key on Graph

This option displays the name or label of the currently selected
pattern profiles in a key to the right-hand side of the graph pane

display.

2.7.8 Show Graphics Toolbars

This toggles the toolbar displays which are available on some of the
graphics panes. The setting is persistent for a given run, but may be
overridden temporarily by means of the Show Toolbar option
available in the right-click pop-up menu of most of the different
displays. The features of the toolbar are detailed in Section 2.5.1.4.
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2.7.9 Show Normalised Patter n Profiles

This option toggles the graph pane between displaying all profiles on
a common intensity scale, where the maximum value is aways 1.0,
to displaying the profiles with their maximum intensities as recorded
in the original data files. The default for thistoggleis off.

2.7.10 Show Processed Pattern Profiles

This option toggles the graph pane between displaying all profiles
with any processing - such as background subtraction or smoothing -
or in their unprocessed original form. The default for this toggle is
on.

2.7.11 Show Calculated X-Shift

If an optimal x-shift has been calculated for a dataset, with this
option on selecting a pair of patterns in the Numerical Results grid
displays their profiles with the calculated amount of offset.

2.7.12 Offset Overlaid Pattern Profiles-> on x-axis, on y-axis

The two options in this submenu may be selected independently of
one another. They control how patterns are displayed when more
than one profile is shown on the graph pane at atime.

By default, overlaid profile traces are plotted directly on top of each
other. By using these display toggles however, they may be plotted
with adight offset in either the x- or y-axes, or both. This may enable
differences or similarities between the patterns to be observed more
clearly.
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Display Menu

For example, the screenshots below show first, several directly
overlaid patterns, then the same shifted in the x, and then in the y, and
finally shifted with both options turned on:

Note: it isimportant to remember to check that the x-shift option is
turned off when trying to see if the peak positions of two patterns
coincide or not!

2.7.13 Show Current Display in New Window

Selecting Show current display in new window from the Display
menu will open a new window displaying only the current contents
of the main display area (e.g. the cell display or the Dendrogram). It
can be visually manipulated and moved around like a normal display,
however will lack the sample information pane, or any of the tab
menus to switch between display screens or datasets. This is
especially useful when using acomputer with more than one monitor.

2.7.14 Create New Results Viewer Window

Selecting Create new results viewer window from the Display menu
will open a complete duplicate window, with all of the features and
menu options. Note that this is simply a second display screen and
not a new branch of the current run. Any change made to one display
screen will take effect as soon as the others are updated. This is
especially useful when using a computer with more than one monitor
and lets the user compare different datasets of results ssmultaneously.
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2.8 Pattern Menu

The Pattern menu contains a series of options relating to the sample
patterns.

Pattern  Window Help

Edit...
Manual Match/Quantitative r

Wiew/Edit Meatest Known Phase, ..
Wiews Frame Image with GADDS, ..
Wiew Sample Image. .,

View Pattern Using EVa. ..

Crverride Crystallinity Indicator, .
rverride Mikkure gnalysis,

2.8.1 Edit...

Selecting this option, or clicking the Edit Pattern button causes the
standard PolySNAP pattern editor to appear with the current selected
pattern loaded into it:

Patiem ManeD: [3 2 5.2 0 sl beayie 100.0.50.0.2000.160 Daetidee
Fomude [eknzent
Imperted bom Me: . PolSHARutosal_ data\PS_ED-plot/F1 bt
Data Ringe: 4 - 300
Data pords -Flawe. 21GI0014]  Processed 1551 (0027
Noize Indcator: 1137
Wavelergh used: Cukial =] 1 5405 Dl wakee]
Procesmng Oghon Pk Thiethokd.
I SuoctBackgond [ Smocthng
F FndPasks I — e Rk -
Cusierd selting 1
Femeve Pesk. |
1|
it !
g 1
LT |’
ox “
JLAMJ"M SR |
500 10.00 1500 2000 20 Hm rm

Refer section 3.3.1 on page 95 for full Pattern Editor description and
functions.




Pattern Menu

2.8.2 Manual Match/Quantitative.

¢ | Pattern Window  Help
T . f -
Manual Match/Quantitative Against Sample Database al
Against Reference Database

drc

Wiew/Edit Mearest Known Phase, .,
View Frame Image...
‘Wiews Sample Image. ..

Override Crystallinity Indicator...
Cyerride Mixture Analysis, ..

This submenu has the options for manually matching the selected
sample pattern to either the rest of the sample database, or the
database of known phases (references), if present.

This opens a standard PolySNAP Match window, alowing a manual
comparison or anaysis to be performed on the selected pattern. See
section 3.4.1 on page 111 for more information on the Match
window.

2.8.3 View/Edit Nearest Known Phase...

This option is only available if a comparison with a known-phase
database was done during the analysis. If so, selecting a particular
pattern and selecting this option brings up the following window:

Selected zample: ~ FORM & [3] txt atching results to selected known phaze
[Green] Overall Rank: 0.943/1.000
Spearman: 0.925 Kol-Smir: 0117
[;TS;TSI SirenEla. I Formé. bt j _IEhange Parametric; 0960  ParaPeaks: 0.959
1.00
n.an
0En
040 n
" u“b Y
RS M it I
15.00 2000 25.00 a0.00 35.00 40.00 45.00 50.00
= | S

The selected sample is plotted in green, and the known phase the
program considers to be the best match to it is shown overlaid in
blue. The actual matching statistics are displayed on the top right.
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To see how well the sample compares to any of the other known
phases provided, select the name of the phase from the pop-up list,
and click Change:

The pattern overlay, and matching statistics, will update to represent
the newly selected pattern.

To retain a changed assignation of a nearest known phase, click OK,
and answer in the affirmative to the presented dial og box.

To keep the program-cal culated nearest phase, click Cancel.

2.8.4 View FramelImage...

If the original GADDS frame file corresponding to the current
pattern is available, and was saved in the same input data directory,
clicking the View Frame button or selecting this menu item will open
the Bruker GADDS software to display the frame image.

Note that this option requires both the GADDS software to be
installed on the local computer, as well as a script file,
DisplayFrame.slm, to be placed in the GADDS scripts directory. This
should have been done by use of the option Set GADDS.. in the
program options Display & Advanced tab, but if this menu item fails
to work, check that thisfileis correctly placed.

2.8.5 View Sample Image...

If the original sample image file corresponding to the current pattern
is available, selecting this menu item will launch an external image
viewer program. If the program is set to display sample imagesinline
where possible, then clicking on the image preview has the same

2.8.6 View Pattern Using EVA

If the current pattern was imported from a RAW format file, this
option allowsit to be opened in the Bruker EVA software package for
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examination. Note that EVA must be set up as the default editing
software for RAW files, and be installed on the local computer.

2.8.7 Override Crystallinity Indicator...

This brings up a dialog box allowing the user to manually override
the program-calculated crystallinity marker setting:

PolySNAP

To override the program assignation, mark this pattern as either Crystalline or
Mon-cryztalline:

Mon-Crystalline | Crystalline |

The user can then choose to mark the currently selected pattern as
either Crystalline, or Non-crystalline. (The criteria for what the
program considers to constitute a non-crystalline phase are defined in
section 4.6 on page 150).

It may be useful to view alist of all samples from a current run that
are marked as non-crystalline; this functionality is available from the
Tools menu option List Non-crystalline Patterns... described in
Section 2.6.3.

2.9 Other Menu Options

Close Window in the File menu closes the automatic analysis results
window. The user will be asked if they wish to retain any unsaved
changesto either the dendrogram, or the report.

There is also a Save Results to Archive... option, which allows the
current results and analysis to be saved through a standard save
window.

The results can then be recalled and accessed at a later date with no
need to repeat all the analysis. The results are saved as a single
PolySNAP archive file (.psnaparchive). PolySNAP will aso offer the
chance to save the results before PolySNAP is closed through a
dialog box.

PolySNAP 2 j |

Do o wish ko save the resulks Fraom the current run?
The resulks will be lost if you choose nok ko save!

Yes Mo |
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Note that if you do not explicitly save the results, they will be lost
(although by default an archive of each run is retained in the
Program Files/ PolySNAP 2 / Archive folder - see Chapter 4).

The Edit menu, in addition to giving access to the standard text
editing controls (Cut, Copy, Paste, etc.) aso alows access to the
program defaults and preferences through the Options item.

The Window menu contains the following items:
Window List (submenu)

This submenu lists all of the currently open windows within the
PolySNAP program. Selecting a window from the list bringsit to the
front.

View Error Log

This option opens a new window containing an edited version of the
PolySNAP logfile, which contains only lists of errors or problems
that have occurred during arun of the program:

101 x
2l

Error while parging pattemn C:\testbatchD atahFORM A [3).tst for sample information.
Error while parzing pattemn C:\testbatchD atahFORM A [4).tat for sample information.
Error while parging pattemn C:\testbatchiD atahFORM B [2).tst for sample information.
Error while parzing pattemn C:\testbatchiD atahFORM B [3).tst for sample information.
Error while parging pattemn C:\testbatchiD atahFORM B [4).tst for sample information.
Error while parzing pattemn C:\testbatchiD atahFORM C [2).tat for sample information.
Error while parzing pattern C:\testbatchiD atahFORM C [3).txt for sample information.
Error while parzing pattern C:\testbatch\D atahFORM C [4).tst for sample information.
Error while parging pattern C:\testbatch\DataVFORK D [3].tat for zample information.
Error while parging pattern C:\testbatch\Data\FORM D [4).t«t for zample information.
Error while parzing pattemn C:\testbatchiD atabFORM E [2).tst for sample information.
Error while parging pattemn C:\testbatchiD atabFORM E [3).tst for sample information.
Error while parging pattemn C:\testbatchiD atahFORM E [4).tst for sample information.
Error while parzing pattern C:\testbatch\D atabMIXTURE 2.tk for zample information.
Error while parzing pattemn C:\testbatchD atahMisture. bt for sample information.

Mo erors detected.

Error log file clozed at local time: 16:26:02 and date: 07-0ct-2002

[The time difference with respect to GMT [UTC) i +60 minutes.]

=

It may be auseful aid in the determination of where any problems are
occurring.




CHAPTER 3

Usng PolySNAP: Manual Analyss
for a Sngle Dataset

3.1 Database and File Handling

In order to use PolySNAP 2 in manual analysis mode, the user must
first either create a new, empty database and load some patterns into
it, or open an existing database. This chapter describes both these
processes.

The saving procedure is different in Manual analysis mode than that
found in Automatic Analysis. Instead of saving to a PolySNAP archive
file a database (.par) file is created to work from, and remains saved
after the current running of the program is closed. Once a database
has been created to work from there is no need to save results to a
separate location.

3.1.1 Database creation

Having launched the program, select the Work in Manual Analysis
Mode from the PolySNAP welcome window. Alternatively this mode
can be starting by selecting New Database... from the Manual
Analysis section of the File menu.

[ PolySNAP

File |Edit Tools Graph  Pattern Window Help

Automatic Analysis 3
MNew Database... Chrl+M
Open Database. .. Chrl+0
Open Default Chrl+D
Close Database CEr| 4

Exit Chrl+3

Irnpork Patberns, .
Save Results, Chrl4S
Save Copy of Database.,,

Refresh
Recent Databases 3
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A standard Windows file dialog will appear:

Save As 21

saveine [ S (C) H i

11 ~mazetup.t Cd Corel [ Hagw L
|1 scrobat3 ] Debwin2 [0 Macas [
21 acs CaDel @& M athtype [
|_1 &dabeapp (21 Drawing Files (2 mawk [
4t [ dvd 1 Mouze [
-1 Backup G Graphicorkshop 21 Multimedia Files [
|_1 Cdrom G gstools G Muppet [
<] | |
File name: roceszed.pa Save I
Save as tpe: | Archive Files [*.par) j Cancel |

i |

This will initially suggest the filename processed.par and a location
at the root directory of the C:\ drive. The filename and location can
be changed in the normal Windows manner.

Note that the .par suffix indicates the database being is saved in the
standard PolySNAP database format.

Once created, the database will be opened in a new window:

2% C:\processed.par M= 3
" D atabase Information

Mame: C:h\proceszed.par
Mumber of items: 0

Chemical Mame Filename

Impaort... | Export... | Ifateh. | Eemoye | Edit... I

The top portion of the window provides some basic information on
the database, including its name and location, and the number of
patterns stored in it. Initially, of course, it is empty.

The central portion of the window will list the patternsincluded in it.
It will be described in more detail on page 88.

The lower region consists of 5 buttons, used to access the main
functions of the program. The buttons all have corresponding entries
in the program menus.

3.1.2 Opening an Existing Database

To open a pre-existing database, select Open... from the File menu. A
standard Windows file browser will appear. L ocate the database, and
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Database and File Handling

either double-click on it, or click once to select it, and then click the
Open button.

A database window will open, and the patterns loaded. Depending on
the number of patterns in the database, this may take some time.
Progressisindicated via a progress bar at the top of the window:

2% C:\unique_par M= 3

-~ Databasze [nformation
Mame: C:\unique. par
Mumber of iterms: 43

Chemical Mame Filename

Graphite

Talc-2k4 upd3-099. cif

Tremalite upd3-098. cif

Anthophyllite upd3-097 . cif

Cummingtonite upd3-096. cif

Grunerite upd3-095. cif

Antigorite-1hd upd3-094. cif

Beryl upd3-093. cif

Crocidolite upd3-092.cif =

Impaort... Export... Ifateh. Eemoye | Edit... I

3.1.3 Default Databases

If you commonly open the same database each time you launch the
program, this process can be speeded up by defining the path of your
database as the program’s default. This can then be opened directly
by use of the Open Default option in the File menu, or by the
keyboard shortcut Ctrl-D.

The default default database is C:/processed.par. This can be
changed in the Program Options dialog, accessed through the Edit
menu’'s Options... entry.

3.1.4 Recent Databases

File | Edit Toole (Grapt Battem wwindew Help
Automatic Analyzis 3
Manual Analysiz Mew Databaze. .. Chil+h
Open Database... Cirl+0
sl e Dsen Defaul LD
[Eloseiatatiase [EfrlHin

|mportEatierms:.,
Saye Hesults. [Etrl#5
Saye Copyof Watabase,.

Hefresh
Recent Databases 3

The four most recently opened databases are stored in the Recent
Databases submenu for easy access. Selecting one of the entries
automatically causes that particular database to be re-opened.
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Note that if you have moved the file since it was last opened you will
have to open it manually.

3.1.5 Importing Filesinto a New Database

Once a new, empty database has been created and opened, the next
stage is to import some patterns into it. Thisis achieved by clicking
on the Import... button at the bottom of the database window (or
using the Alt-1 short-cut, or choosing Import Patterns... from the File
menu).

A standard Windows file selection dialog will appear, and either
single or multiple pattern files can be selected for import. Multiple
files of different types can be easily selected using the shift or option
keys, or by dragging the mouse across the names to select them.

Click Open to begin the data importation process.

3.1.6 Processing

Once files have been selected for import, a dialog box will then
appear, informing you how many patterns will be imported, and
offering several data processing options:

Processing Options

“Y'ou are about to process 1 pattern,
Fleaze zelect any processing options required:

— Options
¥ Momalise intensities [required for matching)
¥ Subtract Background

¥ Srmooth
¥ Find Peaks

Cancel |

Normally, the default settings at this stage are to perform all three
options:

» Background subtraction

* Smoothing and noise removal

* Peak finding.

All of the processing choices are optional, although in order to

perform basic matching operations, at least the main 'Normalise
intensities (required for matching)' checkbox should be selected.

Selecting OK will begin the import process.
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A progress bar indicates progress through the processing:

2% C:\processed.par M= 3
" D atabase Information

Mame: C:h\proceszed.par
Mumber of items: 0

Flease wait while the items are loaded...

Import... | Export... | Ifateh. | Eemoye | Edit... I

If any selected patterns cannot be loaded - for example if they are not
in the correct format, or afile is corrupted, awarning will be shown:

PolySMAP 2 |

Sarry, that file {C:iNotapattern.bxt) could not be opened.
Please check it is in one of the Formats that SMAP understands.

In such a case, the rest of the selected patterns should still load
correctly.

Once the import procedure is completed, the list of patterns
contained in the database will appear in the centre of the database
window:

2% C:\processed.par [_ (O] x|

-~ Databasze [nformation
Mame: C:h\proceszed.par
Mumber of itemns: 98

Chemical Mame Fil |
Grapite upd3-100.cif [ |
Talc-2k4 upd3-099. cif

Tremalite upd3-098. cif

Anthophyllite upd3-097 . cif

Cummingtonite

Grunerite upd3-095. cif

Antigorite-1hd upd3-094. cif

Beryl upd3-093. cif

Crocidolite upd3-092.cif LI

Impaort... | Export... | Match | Bemove | Edit I

Each entry in this list corresponds to one imported pattern. The left-
most column contains the pattern name or ID associated with that
pattern, if oneisknown. (Thisis either read from the CIF datafield if
present, or can be entered manually in the pattern editor - see Section
3.3.3) If no name is known, this column shows the filename.

The rightmost column lists the filename from which each pattern was
loaded.
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3.1.7 Sorting Database Entries

Initialy, this list of patterns is shown in the order that patterns were
added to the database. It is often more useful to seethelist of patterns
sorted in order of either chemical name/ID, or individua filenames.
This is done by clicking once on the relevant column header.
Clicking again on the same header will reverse the order of the
sorting, e.g. from ascending to descending, or vice versa.

3.1.8 Exporting patterns

Individual patterns contained within a PolySNAP database can be
exported to either text or pattern format files, for easy viewing or
editing in other programs, or for transferring to other PolySNAP
databases. This means PolySNAP can be used as a general purpose
pre-processing tool for patterns that are to be used in other programs.

Click once on the pattern you wish to export. It should become
highlighted in the list:

2% C:\processed.par [_ (O] x|
-~ Databasze [nformation
Mame: C:h\proceszed.par
Mumber of itemns: 98
Chemical Mame [Fil |
Grapite upd3-100.cif [ |
Talc-2k4 upd3-099. cif
Tremalite upd3-098. cif
Anthophyllite upd3-097 . cif
Cummingtonite
Grunerite upd3-095. cif
Antigorite-1hd upd3-094. cif
Beryl upd3-093. cif
Crocidolite upd3-092.cif LI

Impaort... | Export... | Match | Bemove | Edit I

Then click once on the Export... button (or use the Export... option
under the Pattern menu). A standard file saving dialog box appears:

Save i I_‘Jlamp = o« = BB

ile Pame: [Phase 1.7%7 | Save
. =

ve a3 type: [Patter Files % pat) Cancel

Select the desired location for the file, and edit the filename if
required. The default format for export isa .pat pattern file, but a .txt
text file format option can also be selected from the Save as type
drop-down menu at the bottom of the dialog box.
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Database and File Handling

Click Save, and the file will be saved to the chosen location.

Note: This process saves a copy of the selected pattern to a separate
file, it does not remove the original pattern entry in the database.

This option saves the processed version of the pattern (i.e. the
version with smoothing, background subtraction etc. applied) if one
is present, so if the raw pattern is required, remove any processing
using the Edit window before exporting.

3.1.9 Removing Patterns

Select the pattern or patterns you wish to delete from a database.
They should become selected in the list:

2% C:\processed.par [_ (O] x|
-~ Databasze [nformation
Mame: C:h\proceszed.par
Mumber of itemns: 98
Chemical Mame [Fil |
Grapite upd3-100.cif [ |
Talc-2k4 upd3-099. cif
Tremalite upd3-098. cif
Anthophyllite upd3-097 . cif
Cummingtonite
Grunerite upd3-095. cif
Antigorite-1hd upd3-094. cif
Beryl upd3-093. cif
Crocidolite upd3-092.cif LI

Impaort... | Export... | Match | Bemove | Edit I

Then click once on the Remove button (or select Remove from the
Pattern menu, or press the Delete key on the keyboard). A warning

appears:

Are you sure you wank to remove the selected patternis)?

es Mo |

If you change your mind, select No. Selecting Yes removes the
selected pattern(s) from the database permanently. To retrieve them,
you would then have to re-import the pattern from the original data
file. (The original data files are not affected in any way by the
Remove command.)
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3.1.10 Viewing and Editing Patterns

Click once on the pattern you wish to examine. It should become

selected inthe list;

=% C:\processed.par

ISI=] E3

-~ Databasze [nformation

Mumber of itemns: 98

Mame: C:h\proceszed.par

Chemical Mame

[Fil

Graphite
Talc-2#
Tremolite
Anthophyllite

Cummingtonite
Grunerite
Antigorite-1hd
Beryl
Crocidolite

Impaort... | Export... |

upd3-100. cif
upd3-099. cif
upd3-098. cif
upd3-097 . cif
upd3-096. cif
upd3-095. cif
upd3-094. cif
upd3-093. cif
upd3-092.cif

Match | Bemove | Edit I

L]

|

Then click once on the Edit button (or select Edit Pattern from the
Pattern menu).

The Pattern Editor window should appear. This is described in detail
in section 3.3.1 on page 95.

3.2 Matching and Analysing Patterns

If you have a new, unknown pattern you wish to analyse or compare
to entries in an existing database, the first step is to import the new
pattern to the existing database.

Having done this, select it in the list of patterns, and click Match (or
select Open in Match Window from the Pattern menu).

The matching window is described in detail in Section 3.4, Pattern
Matching and Analysis.

3.2.1 Refresh Database

This feature is accessed through the menu item Refresh found in the
Manual Analysis section of the File menu. This option updates the
local copy of the database in memory by reloading all pattern
information from the copy on disc.

3.2.2 Save Copy of Database

This feature, accessed through the Save Copy of Database... Menu
item located in the Manual Analysis section of the File menu, brings
up a standard Windows Save As file dialog. The process asks for a
new database name, and copies the pattern contents of the existing
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Matching and Analysing Patter ns

database into the new one. Note that you cannot use the existing
database name as that file remains open during the process.

Once completed, the resulting database will be saved with the name
selected and can then be opened by PolySNAP in the usual manner.

3.2.3 Apply Processing to Database

This feature is accessed through the Tools menu item Apply
Processing...

If you wish to change the way in which all of the patterns are
processed at once, it is possible to do so without having to change
them individually, or having to re-import them from the original files.

Select Process, then select the new required processing options as
required from the resulting dialog:

Processing Options

“Y'ou are about to process 1 pattern,
Fleaze zelect any processing options required:

— Options
¥ Momalise intensities [required for matching)
¥ Subtract Background

¥ Srmooth
¥ Find Peaks

Cancel |

The selected processing will then be applied, which for a large
database may take some time.

3.2.4 Mask Regions

This option, accessed under the Tools menu, is used to mask a
particular region of the diffraction pattern to zero for every pattern in
adatabase. (For more information on masking regions, section 3.3.10
on page 105)
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Selecting this option brings up a window which displays the
currently selected pattern:

Diag to select regions of the pattern to be ignored during analysis, and then click Apply to remove them...

Selected region: 4 lo a0 ¥ Apply to all patters in current database

1.00
0.80
0.60

0.40

l
| S ,An,ﬂm”JLqu-.JuMJ\_.LA,JJL,,. AL iﬂ‘,miﬂ_,&k

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7SO0 80.00

Reset All Done

To mask aregion, either enter the start and end x-values of the areato
be ignored in the text boxed on the upper left, or drag the mouse
across an area of the pattern with the left mouse button held down.
This will enter the start and end angles for the selected ranges in the
text boxes automatically.

Click Apply. By default, the region selected will be set to zero for all
of the patterns in the current database. Depending on the size of the
database, this may take some time. To apply the masking just to the
current pattern, deselect the Apply to all patterns checkbox.

The image of the current pattern will be updated to show the area
now masked.

Multiple regions can be masked by repeating this process; click Done
when complete.

Note that applying any additional processing to a pattern after this
point will remove any masked regions. Masking can also be re-
applied or changed for an individual pattern in the Pattern Editor (see
Chapter 3).

To remove al masking from all patterns for a particular database,
select the Mask Regions menu option, and click the Reset All button
in the lower left corner. Again, this may take some time.
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3.3 Pattern Editing and Processing

3.3.1 ThePattern Editor

After selecting a pattern in the database, and selecting the Edit option
in the Database window, the Pattern Editor window will appear:

a Pattern Editor: Alrefit.bxt in G\ processed.par
File Edit Tools Graph Pattern ‘Window Help

=lol x|

— Pattem Infarmation
Basic | Advanced I

Peak List. 9 peaks marked

Pattern Mame/D: |!ALF|EFLT 2

Formula: |[U k)

Imported from file: .. \Data\BrukersBruker TutorialtAlref]
5 -70.
Processed: 3251
018416

2-theta range:
[rata points - Raw: 2607 [0.025°%]

Moize [ndicatar:

‘Wavelength uzed:

IEu Kal 'l: 154056 [Default value)

btk

[0.027)

Processzing Option:

¥ Subtract Background ¥ Smoothing:

¥ Find Peaks

Current zetting:

Process |

Current Setting:  0.05

1

Remove Peak |

: : l
LJ ) J_JUL

1000 1500 2000 2500 3000 35

00 4000 4500 5000 5500 6000 6500 70.00

Note that while the editor window is open, no other changes can be

made to the open database.

The File menu option, Close Window, closes the editor and returns to
the main database window. (The same result is achieved by clicking
the close box on the titlebar of the window.) If any changes to the
pattern have been made, a dialog box will appear asking if those
changes should be retained or not:

Pattern Editor [ %]

Do you want to zave

your changes?

Mo | Cancel |
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Selecting Yes saves the changes and returns to the database listing
window, No discards any changes made and Cancel returns to the
Pattern Editor.

One of the other File menu option available, Export..., performs the
same function for the pattern currently being edited as the Export...
button in the main database window. Selecting it causes a standard
file saving dialog box to appear:

Savein: [ temp x| & e B+

File name: [Phase 1.7%7 =l
&l

Save as wpe: [Patter Files " pat)

Save I
Cancel
7|

Select the desired location for the file, and edit the filename if
required. The default format for export isa .pat pattern file, but a .txt
text file format option can also be selected from the pop-up menu at
the bottom of the dialog box.

Click Save, and the file will be saved to the chosen location.

Note: This process saves a copy of the selected pattern to a separate
file, it does not remove the original pattern entry in the database.

This option saves the processed version of the pattern (i.e. the
version with smoothing, background subtraction etc. applied) if one
ispresent, so if the raw pattern isrequired, remove any processing by
turning off all processing options and clicking Process before
exporting.

The Export Peak List option brings up a save dialog box, allowing
the peak list for the current pattern to be saved to an ASCII text file
for usein other programs.
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Pattern Editing and Processing

3.3.2 Graph Pane

The lower part of the window, where the pattern is displayed, is
called the graph pane:

1.00

080

0.0

0.40 1

0.20 \ \
0 I e

20.00 40.00 50.00 60.00 70.00 a0.00

The x-axis is normally displayed as a 20 range and the y-axis an
intensity. For positive data, all values are normally scaled to between
0.0 and 1.0 for use in PolySNAP, unless no processing has been
performed at al upon the data.

Individual peaks in the graph pane are marked by peak markers,
which are seen as a single large dot at the top of the peak. (For more
information on peak markers, See “Find Peaks’ on page 102.)

Clicking and dragging to draw a rectangular box on the graph pane
using the left mouse button causes the graph to zoom in into the
selected region, for example:

|

IR A
| NV

0.o0

1073

400.00

26.00 28.00 30.00 32.00 34.00 36.00

It is possible to zoom in repeatedly using this method. Clicking on
the graph with the right mouse button causes a pop-up menu to

appear:

Reset View

Hemove Feak
Add Peak

Set Peak Threshold

Optionsin this menu are:

* Reset View - selecting this after the graph scale has been changed
returns to the default zoom level.

* Remove Peak - if the click was in the vicinity of a marked peak,
the marker will be removed.
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* Add Pesk - the nearest maximato the click location is marked as a
peak on the graph.

» Set Peak Threshold - sets the y-value of the current mouse posi-
tion to the minimum allowed peak height.

The same options are aso available from either the Graph or
Pattern menus respectively. The central region of the Pattern Editor
contains the pattern information controls in two tabs. Basic and
Advanced.

3.3.3 Basic Pattern Infor mation

— Pattern Infarmation

Basic | Advanced I Peak List: 12 peaks marked
| Foziti |tensit |
Fattern MamesD: IZN o<1 ST UL
Formula: |(Unknm) 21.180 0.078
256.060 0211
Irnported from file: C:5Manual_datahZnos1 .t 32 540 1.000
Data Range: 10 -70. 36,480 0104
D ata points - Raw: 2401 [0.025%) Processed: 3001 [0.027] 38660 0124
Maige [ndicator: 0.22451 42.800 0108
“Wavelength used: ICu Kal LI :|1 54056 [Defaulk value] 45.620 0.163
51.400 0.098
53.720 0574
E2120 0113 LI
Processing Option: Peak Threshald:
¥ Subtract Backaground v Smoathing: —%J—
..........
i = |— Apply
MifrdPesks i o e 4' Current Setting:  0.05
Current setting: 1
Remove Peak |

At the top left corner is the pattern name/ID text box. If no name has
been read in for the pattern from the datafile, thiswill normally read
"(Unknown)". This name can be edited by clicking in the text box,
and deleting or adding text as required. It is recommended that
pattern names do not exceed 256 characters. Standard text-editing
commands, such as Cut, Copy and Paste are all available from the
Edit menu. Thisfield is used by default to identify different patterns
in the database and match windows.

Below thisisthe Formula field, which isalso an editable text field. If
formula information is present in the datafile, it will be read in and
displayed automatically. Otherwise, it would need to be entered
manually. This field is not required for operation of the program, but
may be useful for reference.

Below that is a text field displaying the path and filename of the
original data file the pattern was obtained from. If this path is longer
than 100 characters, it will be truncated, and only the right-most 100
characters will be displayed. To see the entire path, leave the mouse
cursor hovering over the text for a few seconds to see a 'tool tip'
containing the full path.

Next is the range the current pattern spans on the x-axis (normally in
degrees.)
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Following this is the number of raw data points in the pattern: this
corresponds to the number of data points read from the original data
file.

The number in brackets after this is the resolution of the raw data
calculated using:

(End angle - Start angle)
No. of raw data points

This corresponds to the magnitude of the x-difference of the
difference between two adjacent data points.

Next to this is a similar indicator for the processed data. The
processing referred to is the basic processing undergone by every
pattern imported into a PolySNAP database. This involves scaling
the intensity data between 0.0 and 1.0, and interpolating the data
(using 5th order polynomials) so that all of the patterns in the
database are the same standard data resolution. Thisis normally 0.02
degrees per datapoint, or 50 data points per degree.

Below thisis noise indicator for the pattern calculated in the wavel et
domain, using the MAD estimator (see section 3.3.8, References). A
larger number corresponds to a more "noisy" pattern.

The wavelength field reads in avalue for the wavelength at which the
data was recorded, either from a CIF or RAW data file. If another
import format was used, or the information was not present in the
file, the default value is used. In this situation, the legend 'Default
Value' appears next to the wavelength value to warn the user that it
may require to be changed manually.

4
Cukal Vl :|1.54058

Cukal
Cu Kalave)
Crkal

This can be done by either selecting a standard value from the
scrolling list, or by choosing the 'Custom’ option at the bottom of the
list of choices, and entering a numerical value in the adjacent text
box. The pattern display is updated for a new standard wavelength
immediately, and for a custom one after the changes to the pattern
have been saved.

The final pattern information display only appears when the pattern
is being edited was originally imported from a CIF or RAW datafile.

Extra Data Fields:
|Pd meas datetime initisted : 19911271 =l
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Any other data fields that were imported with the data are able to be
examined via the list obtained by clicking on the small disclosure
triangle:

Extra Data Fields:
Pd meas datetime initiated : 19914124 j

1335

md - Tl ATER INY adibed b MDOINTI0 OCC 4bie

Only thefirst line of each datafield isdisplayed in thelist; if viewing
of amultipleline field isrequired (for example, an author’s address),
select it from the list. A button will be enabled beside the pop-up
region, labelled Details:

Extra Data Fields:
IF'd meas info author address Chemistry DepartmentliU niversity of Gj Dietailz |

Clicking this produces a dialog box containing the full text of the
field:

Pd meas info author address B
University of Glazgow
Chemistry Department
University Avenue
Glazgow G12 300

The fina region of the of this pane contains the pattern processing
options:

Frocesszing Option:

[¥ Subtract Background ¥ Smoothing:
. Process |
¥ Find Peaks .I

Current gefting: 1

Although patterns will normally have been processed automatically
upon import, it is easy to override those general processing options
for an individual pattern using these controls.

The operation of these controls maybe most easily illustrated upon a
pattern that had no processing performed upon import. Such data
would look something like the diagram below:

1.00

ol
|l
H]
" A T

22.00 24.00 26.00 28.00 30.00 3200 34.00 36.00 38.00 40
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A raw data plot is generally shown in green on the graph pane when
processing has been applied. Blue represents the processed profile. It
is this processed profile that is used throughout the rest of the
program for matching and analysis.

3.3.4 Background Subtraction

Checking the Subtract Background option under Processing Options,
followed by clicking the Process button, causes a second pattern to
appear on the graph pane, generally in blue:

1.00

0.0

060

0.40

020 i L]
- J \FH AY \u._,f\_ﬂ

22.00 24.00 26.00 28.00 30,00 3200 34.00 3E.00 3800 40.00

This is the same pattern as the raw data one, but with any unwanted
background removed. This processis achieved by best-fitting several
linked polynomials to the base of the raw data pattern, and then
subtracting them fromit.

If results from this are unsatisfactory, this processing option can be
switched off by simply unchecking the box, and clicking the Process
button again.

If the actual curve that has been subtracted is required to be
examined, select the Show Background Curve option in the Pattern
menu. A new window opens, and the cal culated background regionis
then outlined in blue above the green raw pattern data.
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0.60

0.40

101



The same pattern with background subtracted:

1.00

0.a0

060

0.40

A A

22.00 24.00 26.00 28.00 30.00 3200 34.00 36.00 38.00 40.00

3.3.5 Smoothing

Selecting the Smooth option, and clicking Process causes the pattern
to be smoothed using a wavelet-based SURE thresholding procedure
(see section 3.3.8, References). This allows obvious noise to be
removed without the loss of small or fine peaks.

For example, a detail is shown below of the same region of the same
pattern, before and after smoothing has taken place.

T s i

e
| —

The upper green line is the origina unsmoothed profile, and the
lower blue is the same after smoothing has been performed.

To alter the amount of smoothing applied to the individual pattern
being examined, move the sider to the right to increase, or to the left
to decrease it. The display is updated automatically.

The amount of smoothing performed by default can be controlled by
changing the 'Smoothing Factor' value in the program Options
dialog.

3.3.6 Find Peaks

Finally, selecting the Find Peaks option, followed by clicking the
Process button tells the program to use a simple first-derivative peak
search algorithm to locate the main peak maxima in the pattern.
These are then marked with coloured circles on the graph pane.
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For example:
1.00 n
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In order to stop small, unwanted peaks being marked, a peak
threshold level can be set, via the dlider on the right hand side of the
window:

Peak Threshold:

Current Setting:  0.05

The default value is 0.05, meaning that no peaks will be marked
below 5% of the maximum peak height. A globa default value for
the peak threshold can be set in the Options dialog (see Chapter 4.6,
Matching Options). This value is used when processing multiple
patterns automatically on import. Changes made to the threshold
level in the pattern editor override the global value for the individual
pattern in question.

For example, note the differences in the number of marked peaks for
the same pattern as above, but with the peak threshold level set to
zexo:
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Individual peak markers can be removed by clicking on them once to
select them (a differently coloured border will appear round the spot
on the graph pane), followed by either clicking the Remove Peak
button, or by selecting the Remove Peak option from the Pattern
menu. After apeak isremoved, the peak immediately to theright of it
becomes automatically selected.

It is also possible to remove a peak by clicking on its entry in the
Peak List box to select it, and then clicking the Remove Peak button.
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The number of peaks field reports how many points in the pattern
have been marked as peaks. These are shown by round dots on the
profile displayed on the graph pane.

A scrolling list of al the marked peaks showing their x-position and
corresponding y-value is displayed on the right-hand side of the
pattern editor window:

Angle Intensity

30175 1.000
31.313 0152
34.965 0.234
50.247 0622
53.773 0370
62733 0.071
73.952 0.062

Clicking on a particular peak in thislist causesit to become selected,
and the corresponding peak marker to be highlighted on the pattern
itself to aid in identification.

3.3.7 Noteson processing

Although the processing options (such as subtracting the
background) can be made on a pattern by pattern basis, best results
are obtained in the matching and analysis sections of the program
with databases whose constituent patterns are al processed in a
consistent manner. For example, two otherwise identical patterns
may appear very different if one has been smoothed and background-
subtracted, and the other has not. Consistency in how patterns are
processed generally leads to the best matching and analysis results.

3.3.8 References
Wavelet SURE thresholding is discussed in:

Donoho, D.L.; Johnstone, I.M.; (1994). Adapting to Unknown
Smoothness via Wavelet Shrinkage. Technical Report, Department of
Satistics, Stanford University.

3.3.9 Advanced Pattern Information

The advanced tab has two main regions. one alowing the ability to
mask sub-regions of the pattern, and the other to enter additional
information and thus cal cul ate various constants for the pattern.
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3.3.10 Masking

The upper section in the advanced pane contains the controls to mask
selected regions of a pattern.

Mask the region of the pattern between: Eeset Al |
|5 and |?5 to & value of: IU_U Apply |

If a pattern contains a spurious peak or unwanted standard, or for
some reason the user wishes to only compare a certain region from
the pattern, this option allows a chosen sub-range to be set to a
particular value. (This is generally zero, although non-zero values
may be useful when a high background signal is present.)

To use this option, first decide on the angle range to be masked. Enter
the start and end angles in the relevant boxes. The value in the
magnitude box sets the signal to that value over that range.

Masked regions can also be applied in one step to every patternin a
database using the Mask Regions... option. This can be found under
the Tools menu, when the database window is frontmost. See Section
3.2.4, Mask Regions.

In the exampl e below, the user wishes to mask the central of the three
main peaks:

i

25.00 30.00 35.00 40.00

Asit is at approximately 35° 20, the start angle could be 34°, and the
end angle 36°. There is no noticeable background, so the mask value
can remain as zero.
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Clicking the Apply button results in the following:

J

25.00 30.00 35.00 40.00

Notice that the peak is still visible in green. This shows that the
original data - the unprocessed pattern - has not been modified.
However, there is no peak visible in blue - it has been removed from
the processed pattern. It will not appear in the Match window or
other regions of the program which only make use of the processed
pattern profile.

Multiple regions in the same pattern can be masked by repeated
application of the same technique.

To reset all masking, and make the processed profile available again,
click the Reset All button. The same effect is obtained by re-
processing the pattern using any of the standard controlsin the Basic
tab.

3.3.11 Additional Patter n Information

Flease enter additional known information:

Unit cell contents: |[Unkn0wn] a:|1 b: |1 & |1

i |1 alpha: ISU beta: |90  gamma: ISU
Using the abowve infarmation, the following have been calculated:
Unit cell volume: <Mot enough infarmation:
Formula Mass: <Mot enough infarmation: Update |
Denzity (g cm3): <Mot enough infarmation:
Linear &bz, Coeff. [em-1]:  <Mat enough information: Enter manually |

Mazz Abz. Coeff. [cm2/g):  <Mot enough information:

This section of the pattern editor contains fields for entering other
information that is known about the sample.

This information is used to calculate various useful constants and
numbers about the pattern. The information calculated here is
required if you wish quantitative analysis to return results as aweight
fraction.

The first time the Advanced tab is used for a pattern, the Unit Cell
Contents field is taken to be the same as the Formula field from the
Basic tab. However, they are saved separately in the pattern, and
changes to one do not affect the other. The Formula field is
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completely free format, whereas the Unit Cell Contents field has a
fairly strict format, as described below.

The unit cell contents should be entered in the form:
<Atom Symbol><No. of that atom><Space or comma><Next atom symbol ... etc.

For example, the following entries would be valid:

C3H802
C3,H8,02
Al O3H
c3H8 02

Non-integer values are permitted.

The following entries would not be valid, for the reasons described:
C3H802

-has spaces between the element types and the number.
C3H802

-has no spaces at all between each separate entry!
AlI(OH)3

-Contains brackets.

Any invalid entries should result in an error:

SNAP-1D <]

Fleaze enzure the Unit cell contents are of the type Atom Symbol Mumber ete.
For example, C3 HE 0, C3.HE,0 would be valid entries.
Flease do not use brackets within the formula.

Note however that it is possible to enter a string that does not
generate an error message, but that does not produce correct results.
For thisreason, entriesin thisfield should be checked carefully. Also
please note that entries are not checked for chemical sense during
calculation.

The field Z represents the number of formula units per unit cell. It
should be a numerical value greater than zero. It can be non-integer.

The fields for unit cell dimensions ( a, b, ¢, a, B, y ) al expect
numerical non-zero entries. The angles should be in degrees, and the
lengths in angstroms (A).
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Once al known information is entered, click the Update button.
Depending on what information was provided, some or all of the text
fields at the bottom of the pane will update with new values.

For example, with the following information entered:

Flease enter additional known information:

Unit cell contents: |AI2 [iE] a |4_?53 b: |4_?53 = |12_93
i |1 alpha: ISU beta: {90  gamma: ISU

Clicking Update results in the following results:

Using the abowve infarmation, the following have been calculated:

Unit cell valume: 2593.85

Formula Mass: 101.98 Update |
Denzity [g cm3): 058

Linear Abs. Coeff. [cm-1): 18.21 Enter manually |

Mazz Abz. Coeff. [cm2/g):  31.4

Asin this case all of the fields have been successfully calculated, this
pattern could potentially be used as part of a quantitative analysis
resulting in aweight fraction being calculated.

3.3.12 Additional Calculation I nfor mation

For reference, the items above are calculated as follows:

e Unit Cell Volume:
Given unit cell lengthsa, band cin A, the volume V is then:

V = abc[1-cos?a - cos®B - cos?y + 2cosacosBcosy]Y?

* Density:
Given the molecular weight MW in atomic mass units, the num-
ber of formula units per unit cell Z, and cell volume V in cubic
angstroms, the density p may be calculated by:

_ MWxZx1.66
v

» Linear Absorption Coefficient:
Given the cell volume V,, and the total photon interaction cross-

section o; in barng/atom for each atom in the unit cell, the linear
absorption coefficient i/ is calculated by:

_13
_chai

» Mass Absorption Coefficient:
Thisis calculated by dividing the linear absorption coefficient
by the density, p:
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W=y p

* The database of atomic information is contained in the file
SNAPdb.dat, which should be located inside the folder containing
the SNAP.exe program itself. The format is discussed below:

3.3.13 Atom Info Database For mat
There are 11 lines per entry:

Line 1: Format(a3,i4,2x,al2)
Element symbol, charge or oxidation state, full element name

Line 2,3: Format(6f12.6/6f12.6)

X-ray atomic scattering factors in parameterised form:
al a2 a3 a4 & ¢
bl b2 b3 b4 b5 O

Sources:

- Fit parameters of al atoms/ions (with the exception of O1-)
from publication "New Analytical Scattering Factor Functions
for Free Atomsand lons’, D. Waasmaier & A. Kirfel, Acta Cryst.
1995, A51, 416-431)

- Fit for O1- based on the tabulated values of Table 2 (D.Rez, P.
Rez & |. Grant, Acta Cryst. (1994), A50, 481-497).

- Fits for al other atoms/ions based on the tabulated values of
Table 6.1.1.1 (atoms) and Table 6.1.1.3 (ions) (International
Tablesfor Crystallography, Vol. C, 1992)]

f(atom)=a(1)exp[b(1)] +a(2)exp[ b(2)] + a(3)exp[ b(3)] +a(4)exp[ b(4)] +a(5)exp
[b(5)]+c]

Line 4: Format(f12.6)
Neutron scattering cross section.

Line 5: Format(i6)

Flag for the source of the electron scattering factor.

[In some cases, values for atoms have been filled in' for ions. In
this case the key is the same except the flag is negative (e.g. flag
is-1if have used scattering factors for a neutral atom from Smith
& Burgefor anion).]

Line 6,7: Format(5f12.6/4f12.6)
Electron scattering factors in parameterised form:
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albla2b2a3b3adbdc
f(atom)=a(1)exp[b(1)] +a(2)exp[b(2)] + a(3)exp[ b(3)] + a(4)exp[b(4)] + ¢

Line 8: Format(7e12.4)
U (for the following radiations:
Ti,Cr,Fe,Co,Cu,M0,Ag
All ions have the same 1 value as the neutral element. p values
are taken from International Tables Volume C 193-199

Line 9: Format(7f12.6)
df* for the following radiations:
Ti,Cr,Fe,Co,Cu,M0,Ag

Line 10: Format(7f12.6)
df" for the following radiations:
Ti,Cr,Fe,Co,Cu,M0,Ag
All ions have the same df* and df" as the neutral element. df' and
df" are taken from International Tables Volume C 219-221.

Line 11: Format(2f12.6)
Covalent radius, van der Waals radius.

Note: Many Covalent radii and most van der Walls radii are
approximate. The ions are given the same van der Wallsradii as
the neutral atoms. For heavy atomsthere is very little knowledge
of these parameters

In addition to the items specified above, information is taken
from the following sources:

1. “New Analytical Scattering Factor Functions for Free Atoms
and lons’, D. Waasmaier & A. Kirfel, (1995) Acta Cryst. A51,
416-431.

2. Rez, D, Rez, P. & Grant, I, (1994) Acta Cryst. A50, 481-497.
3. Smith, GH. & Burge, R.E. (1962) Acta Cryst. 15, 182-186.
4. Doyle, PA. & Turner, PS. (1968) Acta Cryst. A24, 390-397.

5. Jiang, J.S. & Fang-Hua, L. (1984) Acta Physica Snica 33,
845-849

6. A Bondi, (1963) J. Phys. Chem., 68, 441-51.
Note: The 'Format' described above refersto Fortran-style fixed

format numbers. For exampleif the format is (314,2F8.2), the
program expectsto find 3 integers, each of 4 characters, followed

110



Pattern Matching and Analysis

by 2 floating point numbers, each of which total width 8 charac-
ters (including the decimal point, with 2 places after it).

3.4 Pattern Matching and Analysis

3.4.1 TheMatch Window

After selecting a pattern, and clicking the Match option, the Pattern
Matching window appears. At first the display is mostly empty like
S0

[ Match Patterm: MastoretxT ~ioix]

Pattem Matohing | Quantitative Analysis | Informaticn

e Edit | Close
Rank weightings:

Spearman: 050 KolSmin 000 g [Unknawn)
Parametric: 050 Para Pks:  0.00 —

Match All Save Results
I Refine linear/non-linesr shift [zlow] Current D atabase:
...toptManual_datahgquan
Hatch Eesk I~ Limit s-asis range to between [1 and [20 B e Frin...

|Readu. I

Marne10 Rank Parametric Spearman K.al-Srnir Pars Pesks

0.40

0.z0

LI | WY

000 e Y & WONPS. F  P : b £ e
10,00 20.00 30.00 40.00 50.00 B0.00 70.00 80.00




But once the matching analysis has taken place (this can be done in
different ways, described later) the window changes to display the
match results.:

=¥-Match Pattern: Aluminas (ALUMINIUM PECHINEY) =] |
Fatiem Matching | Quartitative Analysis | Irformation
(e Edit.. | Close |
Rank “eightings:
tatch | Spearman: 050 Kal-Srmir: 0.00 Set Alumnitas (ALUMINILIM
Parametric:  0.50 ParaPks:  0.00 — IREERET

batch Al | Save Hesullsl

[~ Refine linear/norelinear shift [slow) Current Database:

Cihprocessed.par
M atch Peak. | I Limit -z range to between [10 and [53 i = Prirt.. |

|Results [larger Ranks are better): I

I amne /10 Rank Parametric Spearman K.ol-S mir Fara Peaks -
1 Alurnings [SLUMIMI| 1. 0000
2 MIORE 01715 01173 0.2251 0.0816 04300
g ASPIRIM - PRIMAR 0.1449 00375 0.32732 0.3920 04276
4 ASPIRIM - MO FRIF 0.1280 -0.0436 0.2057 0.26M 04653
5 W1 0.1230 0.0075 0.2384 01397 0.2600
[ POLYMER DATA | 0.1103 0.0871 01334 0.2224 03057 LI
1.00
o.e0 ] i
0.60 ] N
o H T T H f ” 1 “ T ]
15.00 2000 2500 30.00 3500 4000 4500 5000 5500 6000 6500 7000 7500 80.00

The two main active modes of the program are accessed from this
central window.

3.4.2 Graph Pane

The pattern being matched appearsin red the graph pane in the lower
part of the window. It can be zoomed in and out in the same manner
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as in the Pattern Editor, by using the mouse to drag a rectangle over
the relevant area:

1.00 -

L]
0.80 =
06D -
L] L]
0.40 g
L]
0.20 | 1
om L _JUl__L_ S U M I aan A
20.00 40.00 E0.00 80.00 100.00
103
R00.00
400.00 ‘
1

300.00
200.00 H n
100.00 } I \ [ \
0.00 L _j k Jk

25.00 30.00 35.00

3.4.3 Results Pane

The central part of the window is a scrolling list where any matching
results are displayed. This results pane contains, from left to right,
the following fields:

Mame/|D Rank Parametric Spearman K.ol-5 mir Para Peaks -
1 ASPIRIN - MO PRI 2.0000 1.0000 1.0000
2 ASPIRIN - PRIMAF 1.8248 0.9217 0.9030 0302 0.9258
3 SaMPLE H 0.3602 0.o8z2 0.2780 0.2615 0.2506
4 ALREFHT 0.3449 0.2667 0.0783 0.0080 0.4468
B Aluminas [GLUMINI 02890 00267 0.3157 01729 0.3824
E SaMPLE EB 0.2068 00137 0.2205 0.0733 0.4255 LI

The first field contains the number of the pattern, where No. 1 is at
the top of the list. Clicking once in this leftmost column for a
particular pattern entry results in a coloured dot appearing, and the
corresponding pattern being shown in the graph pane, superimposed
upon the matched pattern. The spot is the colour the pattern is
displayed on the graph pane.

Clicking the same column again removes the pattern from the graph
pane.

The next field is the Name/ID field. This normally shows the
chemical name, but if this is "(Unknown)", it shows the short-
filename of the pattern instead.
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Next is the Rank value calculated for each pattern. This is obtained
by summing the results from the four different matching tests, in a
user-defined manner. By default the two are combined in a oneto one
ratio - see Section 3.4.8.2, Rank Weightings.

The Parametric field displays the result of the parametric correlation
coefficient.

The Spearman field displays the result of the Spearman non-
parametric correlation coefficient.

The Kol-Smir field displays the result of the Kolmogorov-Smirnov
non-parametric statistics test.

The Para Peaks field displays the result of the parametric correlation
coefficient, applied to marked peak regions only.

These individual tests are described in detail |ater.

The first two tests are applied to the entire full profile (i.e. every
single datapoint) of each entry in the database. Consequently, they do
not require any peak markers to have been located in the individual
patterns. The last two tests are performed only upon individual
marked peaks that coincide between the sample and database
patterns.

3.4.4 SatusBar

Above the resultsfield is the Status Bar display:

[Fieady. |

The left side of this displays any status messages or errors. The right
hand side consists of a progress bar. This indicates how far through
the matching process the program is at any one time.

3.4.5 Mode-independant Controls

The upper-right portion of the window contains the matching
controls. These are common to al of the operational modes:

 Information

Selected : |
Pattarm Edit... Cloze

[Unknown)]

Save Results
Current D atabaze:

C:hamall. par

FE b

Frint...

Information display:
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The top section contains the chemical name for the selected pattern
(if known). The Edit button allows direct access to the Pattern Editor
for the current pattern. This means that, for example, peaks could be
added or removed at this stage.

The bottom section shows the name and location of the database the
user is matching the unknown pattern against.

If either of these are too long to be displayed in the space, then the
details are truncated, but the full information can be accessed by
resting the mouse cursor over the appropriate region for a few
seconds to reveal a'tool tip' containing the full details.

On the far right hand side are the window controls:

Close - closes the window and returns to the database display. If any
matching has been done, and results from it have not been saved,
then the program will check if the user wishes to save them to afile.

Save Results - once a matching calculation has taken place, this
option allows the tabled results to be exported to a either an ASCII
text or Microsoft Excel compatiblefile. Enter the filename and select
the filetype from the list in the standard File Save dialog box. This
option is also available from the File menu. (N.B. only the results
from the most recent matching run will be saved by this method,
hence separate saves would be required to keep results from multiple
runs.)

Print - brings up a standard Windows Print dialog, and causes the
current contents of the graph pane to be sent to your selected printer.
This option is also available under the Graph menu.

Note that printing to a postscript printer may be very slow as every
single datapoint (usually severa thousand) is sent to the printer.
Much faster results can be obtained with a non-postscript printer, for
example an inkjet.

The remaining controls in the window are the mode-dependant
controls.

The user can switch between the two matching modes by means of
the tabsin the top left of the window:

Pattern Matching | Quantitative Analysis I
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3.4.6 Pattern Matching

The first tab represents the Pattern matching program mode:

Pattern Matching | Quantitative Analysis I

Fiank ‘Weightings:
Match Spearman: 050 KobSmir  0.00 g,

P tic: 050 ParaPks:  0.00
Match Al |
[~ Refine inear/non-linear shift [zlow]
Match Peak... | [~ Limit #-axiz range to bebween I‘ID and |83

This process involves the repeated comparison of pairs of datasets,
the sample and the database patterns.

The sample pattern is the pattern that is being compared to the rest of
the patterns in the database. For each pattern, a comparison is made
asfollows:

1. The full profiles of the patterns are compared on a point by point
basis using the non-parametric Spearman rank-order coefficient test.
The result from this appears in the results column headed
‘Spearman’. A score of 1.0 represents a perfect match, 0.0 the worst
possible match, and -1.0 a negative correlation (see Section 3.6,
References).

2. A parametric Pearson equivalent of the Spearman test is then
applied, both to the full intersecting profile (results shown in column
Parametric), and to individual corresponding peaks (results shownin
column Para Peaks).

3. If any peaks have been marked in the sample and database
patterns, the probability of correlation between the two is also
calculated using the Kolmogorov-Smirnov test (see Section 3.6,
References).

4. The range of each peak to be tested is taken to be the intersection
of the two peaks ranges, calculated by tracing their shoulders until
either the intensity falls below a set threshold, or the intensity starts
to increase again.

5. The pattern with the greater number of peaks is taken as a
reference, (its number of peaks = m).

The Kolmogorov-Smirnov test is then performed on each of these
peaks, and a probability value p returned for each one. Thisis 1.0
where peaks are identical and zero when apeak is matched against no
peak.

Then K-Svalue for the overal patternis:
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(P1+p2+P3t... +Py)/m

which returns a value between 0 and 1.0. Note that the test results for
each individual peak can aso be examined in the Single Peak Viewer
- see Section 3.4.8.6, Match Peak.

6. Results are reported in the Kol-Smir column, where aresult of 1.0
corresponds to a perfect match. This is aso true of the Para Peaks
result, which is calculated in asimilar manner.

7. Finally, a Rank value is calculated for each database sample after
comparison, comprised of a weighted mean of each of the available
statistics. These weights are user-definable - see Section 3.4.8.2,
Rank Weightings.

3.4.7 Non-quantitative Peak Matching:

Click the Match button (or press F1). Matching will commence.
Progressisindicated by the progress bar and status bar:

[Matching...

Once matching has completed, the results will be displayed in the
results pane:

|F| ezultz [larger Ranks are better]: |

Mame/|D Rank Parametric Spearman K.ol-5 mir Para Peaks -

1 ASPIRIN - PRIMAF 2_l]l]l]5 1.0000

2 ASPIRIN - NO PRIF 1.8248 09217 0.9030 0.1485 0.9247

3 ALREFHT 0.4619 0.4137 0.0482 0.0063 0.4543

4 SAMPLE H 0.34Mm 01171 0.2230 0.1766 0.35885

5 Boldenone undecyl | 0.3182 01953 01229 0.0115 0.3295

g SAMPLE EB 0.1502 -0.0095 0.1597 0.1984 0473 Ll

The best overall match is shown at the top of the list, which is sorted
by default in descending order of Rank. The best match is always the
pattern you are matching against. This provides a useful check that
everything is operating correctly, since the unknown pattern matched
against itself should give a perfect match in all four tests.

i.e. it should have a

Spearman of 1.0
Parametric of 1.0
Kol-Smir of 1.0
Para Peaks of 1.0

and arank (calculated from 0.5xSpearman + 0.5%Parametric) of 1.0
(assuming default weightings).
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To view a pattern overlayed on the matched pattern, click once in the
leftmost column of that pattern (the third row in the example below):

[Mame/D [Rank [ Parametiic [Speaman [ Kal-Smir [ParaPeaks =
1 upd3-045. cif 2.0000 1.0000 1.0000 1.0000 1.0000
2 Misture 20% Boehr 1.4596 0.7860 06737 0.0791 0.7146
4 upd3-004. cif 1.3153 0.5507 0.7246 055929 05437
5 Misture 50% Boehr | 1.2896 0.7006 0.5830 01770 0.5570
[ Misture 80% Boehr| 0.4972 01021 0.3951 0.0591 0.55962 LI

1.00
080

0.0

o] L‘ Ll Lk

20.00 40.00 60.00 a0.00 100.00 12000 140.00

Clicking once in this column for a particular pattern results in a
coloured dot appearing, and the corresponding pattern being shown
in the graph pane, superimposed upon the matched pattern using the
colour of the spot.

Clicking the same column again removes the pattern from the graph
pane. Up to seven different patterns can be displayed at once in this
manner. To remove multiple displayed graphs in one step, a Remove
Overlaid Graphs option is available from the Graph menu, or the
pop-up menu obtained by right-clicking on the graph region.

The sort-order in which the results are displayed can be changed by
clicking the header of the column on which you wish the results
sorted. Clicking the same header again causes the results to be sorted
in that same column, but in the opposite order i.e. repeatedly clicking
on one header causes the sort order to switch between ascending and
descending.

If the top few patterns appear to be a really bad match, the chances
are that the list has been sorted in descending order. Click againto re-
sort.
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3.4.8 Advanced Options

Pattern Matching | Quantitative Analysis

Fiank ‘Weightings:
Match Spearman: 050 KobSmir  0.00 g,

P tic: 050 ParaPks:  0.00
Match Al |
[~ Refine inear/non-linear shift [zlow]
Match Peak... | [~ Limit #-axiz range to bebween I‘ID and |83

3.4.8.1 Refinelinear/non-linear offset

Selecting the Refine linear/non-linear offset checkbox causes an 26-
axis offset to be computed when comparing patterns.

For example, if two patterns are very similar, except that one is offset
by +0.3 degrees adong the 20-axis from the other, selecting this
option should reveal this.

The maximum amount by which patterns are allowed to be offset can
be changed from the default of 0.4 degrees by changing the valuesin
the Advanced pane of the program Options dialog box. The program
attempts to maximise the correlation between patterns by varying the
values ag and g, in the equation A26 = a; + a, sin 6, although cos 6 or
sin 206 may optionally be used instead.

After turning the option on, click Match to begin the matching. This
process will be much slower than the default matching, as many
more calculations are being performed for each pattern.

Once complete, the results are displayed as before, with one
difference. Thereisnow an additional column on the far right - Offset
used:

Mame Rank Parametric Spearman K.ol-5 mir Para Peaks Offset uged «

1.0000

1 .

2 ASPIRIN - PRIM 0.2191 0.0143 0.4233 0.3330 0.4276 04,038

g ASPIRIN -NO P 02109 0mm 04117 0.2501 0.4653 04,023

4 HIORE 0.1867 01732 01342 0.0a16 0.4300 0.25.0

b FRAME 0.1399 01703 01033 01455 n.2a72 04,04

3 W1 0.1383 0.0193 0.2574 01337 0.2600 04,038 ;I

This corresponds to the amount of offset (a;, &) required to
maximise the correlation coefficients for each pattern.

As a shift of up to about one degree can be possible when dealing
with patterns of the same substance recorded with different
experimental conditions, and this option may be useful to reveal
matches between patterns that at first appear to be different.
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Note that at present the shift only applies to the profile based tests
and that this option can slow down the operation of the program
substantially.

3.4.8.2 Rank Weightings

For patterns of a particular type, it may be the case that one particular
correlation coefficient provesto be more useful than others.

In order to relate thisfact to the overall ranking of pattern matches, it
is possible to change the way the overall rank is calcul ated.

Normally, thisis of the form:
Rank = wqx (Parametric score) + w,X (Soearman Score)
+WwsxX (Kol-Smir score) + w,x (Para Pks score)

where w; and w, are the rank weightings, normally both 1.0. By
varying these weightings.

. Aank Weightings H=1E3

Fleaze enter the required weights for
each tesh:

Spearman; IW
Farametric: IW
K.ol-5mir: Iw
Fara Peaks: Iw

Cancel | ()3 I

It is possible to ater the overal rank order of the matched patterns,
for example:

Fiank ‘wWeightings:
Spearman: 200 K.ol-5mir: 0.00 Gt
Parametric:  1.00 ParaPks:  0.00

Once the weighting have been altered, the Apply button is activated.
Clicking it applies the new rank weightings to the current list of
matched results:

Mame/|D Rank Parametric Spearman K.ol-5 mir Para Peaks

1 Corundum. bt A 1.0000

2 upd3-003. cif 2.3966 0.7482 0.8242 01534 09124
3 upd3-004. cif 2.3810 0.7426 0192 01700 0.9047
4 upd3-045. cif 2.2111 0.5541 0.8285 0.0758 0.7421

If rank weightings are changed from the default values before a
match has taken place, the new values are used automatically when
the results are displayed.
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3.4.8.3 Limit x-axisrange...

[~ Limit #-axis range to between |5 and 120

Turning on the Limit x-axis range checkbox has the effect of limiting
the analysis calculation to a subset of the entire x-axis range of the
unknown pattern. This can be useful if a particular feature of the
pattern is causing problems for the calculation.

The default values in the textboxes are the full range of the unknown
pattern, although these can be changed by either:

1. Typing in the desired start and end angles of the required range
into the textboxes, or:

2. Zooming in to the desired range by clicking and dragging a zoom-
rectangle on the graph pane. The start and end ranges of the 26-range
of the zoomed region of the pattern will be automatically placed in
the textboxes.

To use this feature, turn the checkbox on, enter the desired start- and
end- details, and click the Calculate button.

3.4.8.4 Difference Plots

When comparing two very similar patterns it can be useful to get a
different kind of visual feedback as to their smilarity. One such
feedback method is the difference plot, which subtracts the selected
database pattern from the unknown pattern and displays the
remainder. This feature is accessed by first clicking once to select a
database pattern from the list of match results, and then either
selecting Show Difference Plot from the Pattern menu, or clicking
once with the right-hand mouse button to access the results pane pop-
up menu:

[Mame/D [Rank [ Parametric [Speaman [Kal-Smir [Para Peaks

1 Zincite. bt 2.0000 1.0000 1.0000 1.0000 1.0000
2 Cpd-1a.tst 0.4877 -0.0010 0.4887 0.0246 0.6458
Fluarite. bt 0.2389 (Wi @ it 0.0405 0.3254

4 Corundurn. kst 0.1575 PR E— 0.0478 0.2903
Show Difference Plat
Show Peak Comparizon \
MarkUnmark thiz Pattern az |gnored
MarkUnmark Al Patterns az |gnored

| 1.00 Edit zelected pattem |
| | | | T | Matrh anainzt zelerted nattern | | | |

121



Selecting the Show Difference Plot option brings up the following

window:

r— Difference Spectum of:
Test Pattern: Dickite Frint... |
D atabase Patterm:  Montmorillonite-Ca

[shown as 100 % of total pattern]

1.00

HEIEEEED
1

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00

050

The Print button outputs the graph pane to the local Windows printer.
The Close button returns to the main Match window.

The Export button saves the difference profile to an ASCII text file.

3.4.8.5 Match All

This option is only available for a maximum of 1000 patterns in a
database. It matches every pattern in the database against every other
pattern in one step, and displays amatrix of results.

Please note that with this large number of patterns the matching
process will take some time to complete, and thiswill be exacerbated
if the allow x-offset option is enabled.

Clicking the Match All button produces a dialog in which to select
the individual teststo be used:

. Match All Options |

—Match Optian:
Fleaze zelect the type of Match you wish to peform:

¥ Spearman - with a weighting of lﬁ
¥ Patametric - with a weighting of lﬁ
I Kol-Smir - with a weighting of IW
[ Para Peaks - with a weighting of IW

— Digplay Option:
Highlight any results better thar: l ns

Cancel |

122



Pattern Matching and Analysis

Select the tests of choice, their required weightings and enter the
highlight cut-off value (any results greater than this value will be
highlighted in the results table).

Clicking OK initiates the matching process. This may take some
time, as n%/2-n matching tests are being performed (where n is the
number of patternsin the database). When over 50 patterns are being
matched, awindow with a progress bar is displayed. When complete,
the results are displayed as follows:

upd3- -1.958017E 1 0.856992 -2.006313E 737 2.7
upd3- -1.340543E 0.856992 1 -1.073085E 0.940968 -1.025334F -1.904620F -7.160435E -6.045203E -56.203728E
upd3- -1.788726E -2.006313E -1.073085€E 1 £.384563E -1.180575E -2.063083E -3.256530E -6.849316E -6.128250E
upd3- -1.675135E 0.925139 0.940968 £.334565E 1 -1.396583E -2 443125E -8.601345E -8.519933F -6.433925¢
upd3- -6.313147E -0.0153797 -1.085334E -1.180575E -1.396583E 1 0.733269 3637835E 3.371770E 0.2762358
upd3- -1.085731E -2.706573E -1.904628E -2 063083E -2 443125E 0.733269 1 01153216 | 8542537 0.548274
upd3- -1.5796159E -5.597485E -7.160435E -9.256530E -8.5013453E 3.687335E 0.1153216 1 01743346 02046806
upd3- 5.26832E-0 7.042118E -6.845203F -6.849316E -8.519933F 3.371778E 8.542597E | 01743346 1 0.548263
upd3- 69302186 0.0161234 -5.209728F -6.128250E -6.493925F 0.2762358 0.548274 02046306 0.548263 1

The results pane is automatically vertically enlarged to show more of
the results. To toggle between this enlarged size, and the standard
size, click on the grey region between the results table and the graph
pane.

Any test scores that are above the cut-off level selected in the
preceding dialog box are highlighted in bold. This procedure may
reveal hitherto unnoticed correlations between different patternsin a
database.

All the matching results obtained against upd3-004 are shown in the
first column, upd3-005 in the second, and so on. By looking at the
intersections between patterns, an idea of the similarities between
any two database patterns may be obtained.

To view a particular correlation of interest graphically, click once on
the grid square containing the result. For example, the patterns upd3-
005 and upd3-008 have a match score of 0.9251 in the above result.
Clicking on the sguare containing the 0.9251 results in the two
patterns of interest being superimposed on the graph pane below to
allow visual comparison.

If the option to refine pattern shifts was selected, after clicking on a
given correlation, holding the mouse steady for a second brings up a
tooltip containing the calculated best offset for the two patterns, in
the form (&, &) as discussed above.
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In cases where a large volume of correlations are being managed the
display may appear overcrowded. This can be overcome in two ways.
Oneisto enlarge the display by clicking the enlarge button on the top
right of the main match window. The other isto save the results as a
text file to be viewed outside PolySNAP, which can be done by
selecting Save Results... from the File menu, using the shortcut Ctrl-S
or by clicking the Save Results button in the upper portion of the
match window. A window will then open asking for a location and
filename for saving the results.

3.4.8.6 Match Peak

Individual corresponding peaks can be easily compared in this mode.
This can be particularly useful to spot very small differences between
otherwise amost identical patterns: click once in the results list to
select the pattern you wish to compare the unknown pattern with.

Then click the Match Peak... button (or select Show Peak
Comparison from the Pattern menu). The window will appear for the
first of the matched peaks:

Fiesults: Kol-Smir d-walue: 0.314 Fied: Sample

Kol-Smir prob: 0.010 Blue: Database

Para Peak: 0.949
Cancel |

1.00

080

0.0

0.40

020

0.o0

1170 1180 1180 1200 1230 1220 1230 1240 1260 1260

Clicking Next Peak closes this window and opens another for the
next peak common to both patterns. Cancel returns to the match
window.

Detailed results of the Kol-Smir and Parametric Peaks test results are
shown on an individual peak basis in this window (these individual
values are combined to give the result for the whole pattern displayed
in the main match window results pane).
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Quantitative Analysis

3.5 Quantitative Analysis

The second tab represents the second of the main program modes:
Quantitative Analysis:
Pattern Matching  Quantitative Analysis |
Calculate | r Egﬁgﬂz KokSmir < W Para Pks < W
with:  Speaman < [020° Parametric < [0 20

I Scale Graphs

[~ Refine inear/non-linear shift [zlow]

Fesidual.. | [~ Limit #-axiz range to bebween I‘ID and |83

This is used with patterns of mixtures to estimate their percentage
composition from pure component patterns contained in the
matching database. Note that for the method to work successfully,
patter ns corresponding to all pure phasesin the mixture must be
present in the current working database.

3.5.1 Sandard Quantitative Analysis:

Click the Calculate button (or press F3). Analysis of the selected
unknown pattern will commence. Prior to analysing, a pattern
matching calculation is performed.

The progress and status bars indicate this:

[Matching...

Before showing that analysisis taking place:

|D ecomposing, Please Wait...

Note that this process may take some time, depending on the number
of patterns included in the calculation. The progress bar is not
updated during the calculation of relative proportions, so patience is
required as the calculations are very processor intensive, and may
take several minutes. The screen is not updated or redrawn while this
is happening.

Once analysis has completed, the results will be displayed in the
results pane:

[&malsis Results: |

Parametric Spearman Offset uzed
1.8144 0.9935 0.8149 0.0000 0.0000 45
Gibbsite 01672 0.0219 0.1454
Fluorite 0.5043 n.omzz2 0.4922

20.6356
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Note that the headers have changed. Although the first 6 columns are
the same as before, there are 3 new columns:

1.

Offset used:

The offset given to a particular pattern that gave the best match;
seesection4.4.2.1

. Scale % or Weight %:

Displays what proportion of the mixture is accounted for by an
individual database pattern. This is normally displayed as a scale
percentage i.e. what percentage of the mixture pattern does each
individual phase constitute?

If all the required advanced pattern information has been entered
(see Section 3.3.11, Additional Pattern Information), the program
converts this scale percentage to an actual percentage of the mix-
ture by weight. In this case, the column heading is changed to
Weight %.

Note that this information must have been entered for ALL phases
in the mixture to be able to calculate a weight fraction.

. Std Dev.

The standard deviation of the percentage composition calculation
reported for each pattern.

By default, the maximum number of patterns that will be reported as
included in a mixture is 6, although this is easily changed. (see
section 4.6, Matching Options)

As before, patterns can be displayed over the unknown pattern by
clicking once in the leftmost column:

UpDS-UUSCH | £UDEd b U143 w1 .oy 6.2 0.0 o
2 upd3-004.cif | 2.0333 0.55307 0.7246 0.5529 0.0000 42.1 6.5

LJR& CNRS 4: 0.2545 oz |
4 Misture 50% B 1.6786 0.7006 0.5830 01770 0.0000 0.5 1.0
g Minture 80% B 0.8923 0021 0.3931 0.0691 0.0000 0.3 07
B NH4NO3 -70 01100 0.0000 0.0550 0.0936 0.0000 0.0 0o j

1.00
0.80
0.60

0.40

T st Ll

20.00 40.00 60.00 80.00 100.00 120.00 140.00
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Quantitative Analysis

This can provide valuable visual feedback for the user to check if the
suggested constituents of the unknown mixture are indeed correct.

To view a phase pattern on top of the mixture pattern scaled to the
percentage result suggested, check the Scale Graphs checkbox, and
then click on the pattern to display it in the usua way. If the Scale
Graphs option is checked, and the Show Difference Graph option is
selected, the individual phase pattern will be subtracted from the
mixture pattern scaled to the relevant %. The amount of scaling
performed is shown in the difference graph window:

Difference Spectum of:
Test Pattern: [Unknown)]
Database Pattern:  HALLOWSITE-724

[shown as 11.6 % of total pattemn]

Additional feedback on the results is given by the calculated error on
the suggested percentage, and by how good the matching results of
the Spearman, Parametric and Kol-Smir tests were for each phase.

Occasionally if an incorrect pattern has been suggested by the
program, this may be shown by extremely low values of the
Spearman, Parametric and Kol-Smir tests, and such patterns can be
marked to be ignored during subsequent runs - (see 3.5.2.2, Exclude
patterns...).

3.5.1.1 Automatic Missing Phase Detection

The program examines the results from the analysis, and based on the
calculated error and residual trace can suggest if the result does not
account sufficiently for all of the unknown pattern intensity:

SNAP-1D [ <]

Posszible missing phases detected; recalculate to include them?

This would occur in a case where not all of the phases present in a
mixture pattern were in the database being used.

Selecting Yes in the above dialog causes the program to ssimulate a
pattern corresponding to the intensity unaccounted for by the current
results. (This simulated pattern is equivalent to the pattern obtained
by saving the positive intensity trace from the Residual window; see
Section 3.5.2.6, Residual Window for more details.)
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The calculation is then re-run to include this simulated missing
phase, and results re-cal cul ated:

Mame Rank Parametric Spearman K.ol-5 mir Offset uged | Scale % Std Dew.
Mixture. TT | 2.0000 1.0000 1.0000

Phase 2TAT | 1.1987 0.9619 0.2368 (0.6EES 0.0000 443 0.8
Simulated Mis: 0.8548 0.2642 0.5905 0.2242 0.0000 53.8 30
Phasze 1.TAT | 0.0000 0.0000 0.0000 0.0866 0.0000 1.3 05

1
2
3
4

Note that results cannot be calculated in terms of weight fraction
when simulated missing phases are included.

After doing an analysis, and choosing to include a missing phase,
when the user closes the match window, the program checks to see if
the simulated phase should be retained in the current database or
discarded.

If the pattern is retained, it shows up in the database window with a
name of 'Simulated Missing Phase', although this can of course be
altered in the Edit window later.

The settings used by the program to determine if a missing phase
may be present can be controlled by the user; see section 4.3.10 on
page 144.

3.5.2 Advanced Analysis

3.5.2.1 Refinelinear/non-linear shift

This option works as described in Section 3.4.8.1, Refine linear/non-
linear offset.

3.5.2.2 Exclude patterns...
Exclude  Kol-Smir < W Para Pks < W

I~ pattems

with: Spearman < IU_2U Parametric < Ig_zg

Selecting the Exclude Patterns with: checkbox can be extremely
useful to narrow down the number of patterns to be considered as
components of the unknown pattern. It does this by excluding
patterns that are below user-set thresholds on any of the matching
tests to be included in the quantitative cal culation.

The default values may be easily atered by changing the relevant
valuesin the text boxes. The best values to use can change depending
on the type of data being considered.

Generdly, the best approach is to perform a standard analysis with
defaults to begin with, and see if any poorly matching patterns have
been included. The results from this will then give a feel for what
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Quantitative Analysis

values the cut-offs should be set at. This option also has the side
benefit of speeding up the process as | ess patterns are used.

To use this option, turn on the checkbox, enter the desired values, and
click the Calculate button as normal.

3.5.2.3 Limit x-axisrange...

[~ Limit #-axis range to between |5 and 120

Turning on the Limit x-axis range checkbox has the effect of limiting
the analysis calculation to a subset of the entire x-axis range of the
unknown pattern. This can be useful if a particular feature of the
pattern is causing problems for the calculation.

The default values in the textboxes are the full range of the unknown
pattern, although these can be changed by either:

1. Typing in the desired start and end angles of the required range
into the textboxes, or:

2. Zooming in to the desired range by clicking and dragging a zoom-
rectangle on the graph pane. The start and end ranges of the x-range
of the zoomed pattern will automatically be placed in the textboxes.

To use this feature, turn the checkbox on, enter the desired start- and
end- details, and click the Calculate button.

3.5.2.4 Ignore selected pattern

[Mame/D [Rank [ Parametric [Speaman [Kal-Smir [Para Peaks

1 Zinite. xt 2.0000 1.0000 1.0000 1.0000 1.0000

2 Cpd-1a.tst 0.4877 -0.0010 0.4887 0.0246 0.6458

3 Fluorite. tat 0.2389 -0.0034 0.2423 0.0405 0.3254

Corundurm. kst 0.1575 -0.0042 niriz nna7a n2903

Overlay on Graph
Show Difference Plat
Show Peak Comparizon

MarkUnmark thiz Pattern az |gnored
MarkUnmark Al Patterns az |gnored

| 1.00
| | | | I | | | | | Edit selected pattern

If a particular pattern included in the list of suggested results is
known to be incorrect, it can be excluded from the calculation, by
clicking once on it in the results pane to select it, and then by either
right-clicking to bring up the results-pane pop-up menu, using the
Mark/Unmark Pattern as Ignored option in the Pattern menu.

Select Mark/Unmark this Pattern as Ignored. A large, bold X will
appear next to the pattern name in the first column, to indicate it is
being ignored for the purposes of the calculation.
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Once a pattern has been selected as ignored, click the Calculate
button again to re-run the calculation, which will be performed
without any the ‘Ignored’ patterns.

If the pattern was incorrectly marked asignored, it may be unmarked,
by simply repeating the above procedure, and selecting Mark/
Unmark this Pattern as Ignored once more. The large X will
disappear.

It is possible to mark multiple patternsto be ignored by repeating this
process with different selected patterns.

3.5.2.5 Ignore All patterns except.

[Mame/D [Rank [ Parametric [Speaman [Kal-Smir [ Para Peaks
X | Zincite. tat 2.0000 1.0000 1.0000 1.0000 1.0000
X | Cpd-latst 0.4877 -0.0010 0.4887 0.0246 0.6458
X | Fluorite.txt 0.2389 -0.0034 0.2423 0.0405 0.3254

Corundurm. kst 0.1575 -0.0042 01617 el Sooos
Overlay on Graph

Show Difference Plat
Show Peak Comparizon

MarkUnmark thiz Pattern az |gnored

MarkUnmark All Patterns az |gnored

1.00
‘ ‘ ‘ ‘ I‘ ‘ ‘ ‘ ‘ ‘ ‘ Edit selected pattern

In situations where the particular constituent patterns of an unknown
mixture are known, but only the relative percentages of each are
unknown, it is useful to be able to only include the correct
components in the calculation. This not only speeds up the process
but can generally improve the accuracy of the results.

The simplest way to achieve thisisto first mark all of the patternsin
the database to be ignored, and then un-mark the individual patterns
that are known to be present in the mixture.

To achieve this, right-click on the results pane to bring up the pop-up
menu, or use the Pattern menu: select Mark/Unmark all Patterns as
Ignored from the options presented. A black bold X will appear in
thefirst column of the results pane next to every pattern shown. (N.B.
if any patterns have previously been marked asignored, these will be
un-marked by this process).

Next, individually unmark the patterns that are to be included by
selecting them singly, and selecting Mark/Unmark this Pattern as
Ignored from the pop-up menu. Then select Calculate as normal.

To unmark all of the marked patterns simultaneously, select Mark/
Unmark all Patterns as Ignored again from the pop-up menu. All
patterns that were marked as ignored will become unmarked, and
vice-versa.

N.B. If the patterns that have been marked and unmarked become
confused, it is possible to reset al of the patterns in the database to
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Quantitative Analysis

the default state of all being included in a calculation, by closing the
match window and then re-opening it.

3.5.2.6 Residua Window

To see if the suggested results are correct, or if they include a pattern
not present in the mixture, or if they miss out a pattern that should be
there, the residual window constructs a calculated pattern made up
from the various individual patterns suggested as mixture
components, in the proportions calcul ated.

Clicking the Residual button brings up the following window:

. Residual 19 =] B

Cloze |

Simulated Pattern and — [:
Test pattern overlayed: L

1.00
080
0.0
0.40

020

= bl

10.00 20.00 30.00 40.00 50.00 60.00 70.00 a0.00

Difference Pattern
(Test - Simulated) Export ... | Addto Databasel

1.00

0.50

0oo . e J 4 4

10.00 20.00 30.00 40.00 50.00 60.00 70.00 a0.00

The upper window overlays the origina mixture pattern (in blue)
with the calculated one using the suggested results (in red/brown).

The difference between the two profiles is shown in the bottom
window. Large negative peaks in this correspond to incorrect peaks,
and would suggest one or more of the suggested constituent phases
are incorrect. Positive peaks here would represent peaks in the
original pattern not accounted for in the suggested results.
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The simulated mixture pattern can be saved to an ASCII text file
using the Export Smulated button. The difference plot can be saved
to an ASCII file using the Export Difference button.

In the latter option, two different formats are available from the pop-
up list at the bottom of the Windows Save dialog. The first (Full
residual) saves the difference profile as it is shown in the window,
with some peaks negative and some positive. The second (Positive
residual) ignores any negative peaks and saves only positive onesin
order to make a pattern comprising only intensity not accounted for
by the current pure phases.

Exported difference profiles can be re-imported and treated as new
patterns, and further quantitative analysis can be performed using
them if required. This can be done manually or by using the Add to
Database option.

3.5.3 Other Options
Edit Selected Pattern

Having performed a match or analysis procedure, it may be that one
pattern listed in the results table is of particular interest. It is possible
to view the Pattern Editor window for such a pattern directly, by first
clicking once on the pattern of interest in the list, and either selecting
Edit from the Pattern menu, or Edit Selected Pattern from the pop-
up menu.

Either option brings up the editor window allowing detailed
information about a pattern to be viewed or edited.

Match Against Selected Pattern

Having performed a match or analysis procedure, it may be that one
pattern listed in the results table is of particular interest, and the user
my wish to perform an additional match or analysis with that pattern.

It is possible to open another Match window for such a pattern
directly, by first clicking once on the pattern of interest in thelist, and
either selecting Match from the Pattern menu, or Match Against
Selected Pattern from the pop-up menu.

Either option brings up a new Match window. The original Match
window is still open and may be viewed as desired. As many Match
windows as required may be open at the same time.
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CHAPTER 4

Usng PolySNAP: Prescreening

4.1 Introduction

Pre-screening mode assumes you have a single new unknown sample
file, which you wish to compare to alarge number of existing patterns
(e.g. > 10,000). On a reasonably modern PC, 10,000 patterns should
taken around 10 minutes to process. This alows an effectively
unlimited number of patterns to be narrowed down to a size suitable
for full PoOlySNAP analysis.

The existing library patterns correspond to samples already collected;
the user wishes to know which of the many library patterns the new
sampleis most similar to (if any).

PolySNAP is limited by default to performing cluster analysis on up
to 1500 patterns per single dataset. It doesn't make sense however to
perform amatch everything-against-everything for the large library of
data, so pre-screening it to identify the most relevant patterns is the
obvious solution.

Once the most similar patterns have been identified in this manner,
they can then be examined in PolySNAP, either in Manual mode, or
Automatic mode, incorporating the normal cluster analysis and
dendrogram display, etc.

4.2 Running Pre-screening Mode

Launch PolySNAP, and select File Menu > Automatic Mode > Pre-
screen data. ..

Alternatively, click the Pre-screen Large Dataset button on the
Welcome window.
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The pre-screening dialog box appears:

x
— Select the data file to be compared to pre-existing data files:
File... |

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

CY Falder.. |
— Select the folder to zave the output files:

EA Falder... |
Fieturmn the top |5U best matches greater than IU_Uz Stop
Files examined: 0 Files Matched: O Tatal Files: 0
I

Filename [Match Result |

Cancel | Copy Fesults | anual Analpsis | AutoAnalysiz |

Select the location of the new, unknown pattern data file, by clicking
on the File button.

This can bein any of the normal formats that PolySNAP imports; e.g.
RAW or txt. A thumbnail view of the pattern is then displayed in the
dialog box for reference.

Select the data file to be compared to pre-exizting data files:

Select the location of the folder containing the library of existing data
files. The files can be in any mixture of formats that PolySNAP can
read in. Subfolders of the selected folder will also be scanned for

suitable patterns.
— Select the folder containing the pre-existing data files:
C:hdata_looked_ath Falder... |
r— Select the folder to zave the output files:
C:Abesting Folder... |

Select a folder location to store the results from the analysis. This
should not be the same location as either input location. Two files are
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Running Pre-screening Mode

output; a log file, and a SNAP Database file containing the returned
best match patterns.

Return the top |5U best matches greater than IU_Uz Stop | Start |
Files examined: 0 Files Matched: O Tatal Files: 0

Decide how many of the top matches to the new sample you wish
returned. This can be any number between 1 and 1500 (default of
50). To help not return poor matches, a default minimum rank
threshold (default of 0.02)can also be set here. The matching rank is
calculated using the match tests selected in the Options dialog box
(default is 50-50 Spearman-Parametric full profile matching tests).

Counting files, please wait...

Click the button labelled Sart to begin the analysis. The number of
filesinthelibrary folder is then calculated; depending on the number
of files and folders this may take some time. During this process,
Counting Files, Please Wait is shown. To stop the filescan at any
time, press the Escape key.

Files examined: 1281 Files Matched: 867 Tatal files: 18116
(T[]

Once matching begins, the total files found, the number examined
and the number matched is shown aong with a progress bar.
Matching continues until all the files found have been examined, or
until the Sop button is clicked. Sop can be clicked at any timeto end
the process.

Files examined: 240 Returned: 50 Matched: 240 Taotal files: 1456
I
Filename Match Result |
C:Mbutorial_normal\Copy of gsimple_t<t\FORM E3. bt 1.000 _I

C:Mbutorial_normal\Copy of gsimple_tstsEnownFORM E | 0.926
C:Mbutorial_normal\Copy of gsimple_t<t\FORM E1 bt 0.926
C:Mbutorial_normal\Copy of gsimple_t<t\FORM E2 bt 0.849
C:Mbutorial_normal\Copy of gsimple_t<t\FORM B3ata | 0.708

C:Mbutorial_normalsother\FORM B3 bt 0,708

C:Mbutorial_normalsmanual\FORK B3 bt 0,708

C:Mbutorial_normal\Copy of gimple_ttFORM D3kt 0,688

C:Mbutorial_normalscrock refef bt 0.E72

C:htutarial normalherock 25506, bkt 0.672 LI
Cancel | Copy Results | Manual Analysiz | Auto Analyzis |

Once the matching is complete, or has been stopped by the user, the
top n best matches to the sample pattern are displayed in the results
grid.

The options then available are:

Copy Results from the table to the Clipboard, from where they could
be pasted into e.g. areport or MS Excel:
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Manual Analysis: This opens the identified patterns in a database
window, from which the new sample pattern, labelled as 'New
Sample, can be selected and matched against:

Auto Analysis: This brings up the PolySNAP Analyse Data window,
with the database of best-fit patterns automatically selected. Cluster
analysis, metric multidimensional scaling, etc. can then be performed
and the results presented graphically using dendrograms and 3D plots
asnormal.
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CHAPTER 5

Usng PolySNAP: Quality Control

5.1 Introduction

This option is designed for situations where the stability of a material
is being monitored over time; for example as part of a production line
system, or for periodic checks for alignment or other issues compared
to the last time a standard sample was col | ected.

A certain number of Reference patterns must be available; these are
patterns that for the purposes of the analysis are considered to be a
good representation of what is expected to be seen.

Various Sample patterns are then imported and compared to those
reference patterns, and any that vary significantly from the ideal are
noted and highlighted.

The results are displayed graphicaly with 'good’ sample patterns
shown within the surface of reference patterns, and 'bad’ sample
patterns appearing outside it. The tolerance for what is considered
worth warning the user about can be adjusted to suit.

5.2 Worked Example

The best way to illustrate the value of this mode of operation is
through aworked example. The datafor this example can be found in
the quality folder, within the tutorial folder installed along with the
program.
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Selecting Quality Control from the Automatic mode menu brings up
the following control window:

— Select folder containing new zample data files:

CA Falder... |
— Select folder containing reference data files:

<Mone> Falder... |

r— Current run settings:

Highlight patterns with a distance from the reference centroid of more than: 0.5

Cancel |

The user simply identifies a folder containing the new sample
patterns to be checked, and a folder containing some pre-existing
reference patterns to compare them to. In this case we select
tutorial\quality\samples and tutorial\quality\references accordingly.

The lower section shows the current setting of the Quality
Threshold value in the program Options window, Display &
Advanced pane:

Guality Control Mode: " arn about samples with a
distance from the reference centroid of more thar:

05

This acts a 'strictness control. The lower the number (ranging from 0
to 1.0), the less far the sample patterns are alowed to vary from the
centroid position of the reference patterns before they are highlighted
as potentially a problem.

Clicking OK brings up the standard PolySNAP data |oading window.
During the analysis phase of the calculation, a warning dialog is
displayed if any of the sample patterns are considered to be outwith
the set threshold; in this case:

PolySMAP wal |

‘Warning - Check: 21

A smplified version of the standard PolySNAP results window is
then displayed, showing just two tabs, the 3D Plot and the Logfile.
By default the pattern information pane is hidden, but this can be
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Worked Example

shown by selecting Show Pattern Information from the Display
menu.

dit Tools Display Patbern Window  Help

T ot

The main plot can be interacted with like the standard 3D plots. The
red spheres are the new sample patterns, and the reference samples
are represented by the shaded green area. Sample patterns within this
shaded zone are considered to have passed the analysis, whereas
samples outwith it, such as P21 in the above example, have failed.

Clicking on the Logfile tab brings up a PolySNAP audit trail log,
which notes details of the patterns imported, and highlights any
thought to be suspect.
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CHAPTER 6

Program Options and Defaults

6.1 Accessing Options

The Options screen can be accessed at any time from the Edit menu.
It iscomprised of four tab sections which can be selected from the top
of the window. These are each described in turn below.

. PolySNAP 2 Options

[rata Input & Processing | Matching & References I Cluster & Quantitative Analysis I Dizplay & Advanced I

6.2 Datalnput & Processing.
E

Diata Input & Processing | Matching & Fieferences | Cluster & Quaniitative Analysis | Display & Advanced |

i~ Default File Location

Input directory containing data files:

ch Browse:
Input Directory containing known phase files:

<Mone> Browse.

I~ Lok for sample praparation information in an extemal fle

[¥ Estiact pattem D label from filename in the patter in the form

' Lapelpat Use format infarmation for B0 plot from: (click to change]

" kw_Label.pat
= C:hshapdewhSupatvbal olysnaphsample_info_format it
" w_Labell_Label2.pat P P el s

- Default Frocessing Option:

For XRFD Data:

[~ Sublract Backaround
I~ Stict subtraction

[~ Denoiss Pattems

[~ Calculate optirnal x-shit

[¥ Identify Amorphous

Default Peak Thieshald: [o05

Smaathing Factor
1010 1

For Raman Data:

[~ Sublract Background

[~ Denoiss Pattems

[~ Calculate optirnal x-shit
I~ Remove cosmic 12y spikes

Smaathing Factor
1010 1

For DSC Data:
[~ Sublract Backaround
[~ Denoiss Pattems

[~ Calculate optinal x-shit

Smaathing Factor
1010 1

For Other Data Types:

[~ Sublract Background

[~ Denoiss Pattems

[~ Calculate optirnal x-shit
I~ Remove cosmic 12y spikes
[~ Identify Amorphous

Smaathing Factor
1010 1

Expecttoreceive [ 9g datafies every [ 7 seconds. Time-outasfter [ 5 minutes with no new data

IVEDmmar’\d-llne mod

ResetAll. Cancel oK

6.2.1 Default File L ocations

If no working input directory has been specified via a command-line
argument or other input method, the program uses the directories
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specified here asits default. To alter any of them, click on the Browse
button to bring up adirectory selection window:

. Select a folder location: S [=]E3
Select Diive: [ o [wiN3E_SE] =l
Select a folder on this drive:

S0

(_j POLYSHAP

MNew Folder...l Cancel | oK |

Selection of a new working directory is carried out by first selecting
the correct drive letter from the pop-up menu at the top, and then
navigating to the desired folder via the lower navigation box. To open
afolder to see what other sub-directories it contains, double-click on
it. When the desired folder has been located, double click on it to
ensure it is selected, and click OK.

Extract label from filename in the pattern in the form - With this
option on, sample ID information contained be parsed and used to
identify the pattern on the Cell Display and Dendrogram Display.
With thefirst option, Label.pat, the entire unique part of the filename
isused (though only thefinal 7 characters are displayed; the full label
can be seen in atooltip by hovering the mouse over a sample). With
the second option, xxx_Label.pat, only that portion of the filename
after the final underscore character is used as a sample label. The
third option, xxx_Labell_Label2.pat uses the information after the
final two underscores as the label, and ignores any previous part of
the filename.

Look for sample preparation info in external file: with this option on,
the program looks for afile in the input directory called <input>.dat,
where <input> is the name of the containing directory.

Use format information for 6D plot from: - clicking this option
allows the user to select a different sample_info_format.txt file. The
default format file is installed with the program in its Program Files
folder. If an alternative location is selected here, it is used until a
different location is selected.

For more information on the sample info_format file, see
Section 2.4.2.

6.2.2 Default Processing Options

Selecting items here cause them to be selected by default in the main
Analyse Data dialog box. In addition, if running the program from
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Data Input & Processing.

the command line, then the options selected here are used. Note that
different defaults can be set up for each of the four main datatypes
(PXRD, Raman, DSC, Other).

Some of the options are common to different datatypes, some are
specific to a particular datatype. Some, like Background Subtraction,
behave subtly differently depending which type of data is being
processed.

6.2.2.1 Subtract Background

Selecting the first checkbox performs the standard background
subtraction routines. This option isavailable for all types of data, but
different algorithms will be applied depending on what type of
dataset is present. The second checkbox, available only for PXRD
patterns, Srict subtraction, applies an additional pass that is intended
for use when there is a large amorphous contribution to the patterns
that is required to be removed. It should be used with caution as the
possibility of removing more pattern than is required is more likely.

6.2.2.2 Denoise Patterns and Smoothing Factor

Varying the number in this box controls the amount of noise removal
performed by the wavelet smoothing routines. The larger the number,
the smoother the resulting pattern. Be careful of oversmoothing and
either losing valuable information, or introducing artifacts into the
signal. The default valueis 1. Available for all datasets.

6.2.2.3 Default Peak Intensity Threshold

For PXRD data only, this control changes the default peak threshold.
Only peaks whose maximum intensity are above this cut-off value
will be marked as peaks, and therefore included for comparison in
the peak-based tests. The number of peaks marked can also be used
as an indicator of crystallinity of a sample. The default value is 0.05;
the acceptable range isfrom 0 to 1.0.

6.2.2.4 Calculate optimal x-shifts

This section controls how patterns will be shifted in an attempt to
maximise the correlations between them. By default the program
attempts to maximise the correlation between patterns by varying the
values gy and g, in the equation A20 = g, + & sin 6, athough cos 6 or
sin 26 may optionally be used instead by selecting the relevant item
from the drop-down menu (accessed under the Matching &
References section).
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The values of ay and & represent the maximum values that will be
allowed by the program during the refinement.

6.2.2.5 ldentify Amorphous

For PXRD only, attempt to identify which patterns are amorphous,
using the criteria define in the Cluster & Quantitative Anaysis
section (see 5.4.1).

6.2.2.6 Remove Cosmic Ray Spikes

For Raman data only, check patterns for cosmic ray spike features
(normally identifiable as very large intensities with very narrow pixel
ranges) and remove them from the signal.

6.2.3 Command-line mode

Expect to receive [ ] data files, every[ ] seconds. Time-out after [ ]
minutes with no new data

If not set otherwise by means of a command line argument, the
program looks here to see how many data files it should expect to
receive before completing importing. The default is 96, any integer
between 1 and 1500 is acceptable. Note that at least 4 patterns are
required to be able to do any cluster analysis.

The latter number sets how often PolySNAP looks in the input
directory specified above to see if any new data files have appeared.
The default is every 0.05 seconds, and any numerical value between
0.01 and 60 (i.e. 1 minute) is acceptable. Note that between each
check, the interface will be unresponsive, as the program is sleeping
to conserve system resources. As aresult, it make take up to the time
set here for the program to respond to user inpui.

If no new datafiles have been found [x] minutes after the last file was
imported, the program stops waiting for data even if the number of
data files expected has not been met. The default is 5 minutes, a
numerical value between 0.5 and 720 (12 hrs.) is required.
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Matching & References

6.3 Matching & References

. PolySNAP 2 Dptions x|
Diata Input & Processing | Matching & Fieferences | Cluster & Quaniitative Analysis | Display & Advanced |

- Matching Olptions - FXRD

Please select the type of Match you wish to peform; weights shauld sum ta 1.0

[¥ Spearnan weight [0.50 v Parametric - weight [n,50 I~ Kol-Smir - weight [050 [~ Para Peaks - weight (0,50

Where known phases are provided, mark sample as unknown/possible misture when it best match rank value is less tha: (0,78

- Matching Options - Raman
Please select the type of Match pou wish to peform; weights should sum to 1.0

[ Spearman weight 050 [ Parametiic - weight (1 50 I~ KolSmir-weight [050 [~ Para Peaks - weight (050

Wihere known phases are provided, mark sample as unknown/possible misture when its best match rank value is less than: [0.9

~Matching Options - DSC
Pleass select the typs of Match you wish ta peform; weights should sum ta 1.0

[V Speaiman weight [050 [ Parametiic - weight [0.50 [ KobSmi-weight [050 I ParaPeaks - weight [0.50

Where known phases are provided, mark sample as unknown/possible misture when it best match rank value is less tha: (0,78

~Matching Options - Other
Pleass select the typs of Match you wish ta peform; weights should sum ta 1.0

[V Speaiman weight [050 [ Parametiic - weight .50 [ KobSmi - weight [050 I ParaPeaks - weight [0.50

Where known phases are provided, mark sample as unknown/possible misture when it best match rank value is less thar: (0,78

—-shift optimisation method

alf 04 +81| 04 |sintheta ¥
Reset All.. Cancel oK

6.3.1 Matching Options

For each of the four main datatypes, individual settings can be
applied as to the combination of different full-profile matching tests
that are applied to them. Different combinations of tests may prove
more effective with particular types of data.

The matching performed by PolySNAP takes all of the loaded
sample patterns are compared to each other, and a correlation matrix
produced. It is this correlation matrix that is analysed further by the
cluster analysis and related routines in PolySNAP.

Therefore, matching is the key phase of the analysis, and a suitable
selection of tests and weightings is often the deciding factor between
a useful or less viable analysis. These settings should not normally
need to be altered in day-to-day usage of the program.

Any combination and weighting of the four tests listed may be
employed, however note that the combined weights of the teststo be
used must sum to 1.0 if sensible results are to be obtained. It is not
recommended to mix Kol-Smir and Para Peaks with Spearman and
Parametric.

The tests available are:

Soearman - with a weight of [ ] - this can have any value between O
and 1.0. The default valueis 0.5.

Parametric - with a weighting of [ ] - this can have any value
between 0 and 1.0. The default value is 0.5.
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Kol-Smir - with aweighting of [ ] - this can have any value between O
and 1.0. The default valueis 0.5.

Para Peaks - with a weighting of [ ] - this can have any value
between 0 and 1.0. The default value is 0.5.

All of the above options can be selected by clicking on the check box
beside each. By default only the Spearman and Parametric tests are
selected with equal weightings.

Where known phases are provided, mark sample as unknown/
possible mixture when its match rank islessthan | ]

If known phases are provided, each sample is compared to the known
phases on import. If the best match to a known phase is below this
cut-off level, the sample is marked as being a possible unknown, and
also then has quantitative analysis performed upon it. This option can
have any value between 0 and 1.0; the default valueis0.78 for PXRD
samples.

6.3.2 X-Shift Optimisation Method

This option allows the program to calculate if a small x-axis shift of
up to the selected amount will improve the matching results. This
option is very slow, and can add considerably to the run time, so
should only be turned on if needed.

By default, the program to attempt to find the coefficients ag and &
for the equation ay + a; sin 6, such that the matching result between
two patternsis maximised. The user can also select to use cos 0 or sin
20 instead by means of the drop-down list. The ay term corrects for
the zero point error. The cos 6 option corrects for varying sample
heights in reflection mode, the sin 6 option corrects for transparency
errors or, for example, transmission geometry with constant
specimen-detector distance, or the sin 20 option provides
transparency and thick-specimen error corrections.

Note that the calculated offsets can be investigated interactively
through the Numerical Results pane (see Section 2.3.14).

The values in the text-boxes correspond to the maximum shift
amount allowed in either the + or - direction, in terms of the
coefficients gy and &.
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Cluster & Quantitative Analysis

6.4 Cluster & Quantitative Analysis

i, PolySNAP 2 Dptions x|

Diata Input & Processing | Matching & Ficferences  Cluster & Guaniitative Analysis | Display & Advanced |

i~ Detecting non ample
[ Separate out non-crystalline samples in dendragram plot.  Peak counting is done after applying smocthing factor 5

Consider pattems to be non-crystalline when:

No. of peaksislessthan| 2 AND Amorphous valueis greaterthan | 95 OR [ Fourier Power Spectrum Indicator is less than| 120

— Quantitat

[¥ Flun quanttative analysis on pattems that are not similar to any known phasss provided

I~ Run quanttative analysis on ALL input patterms

[V Caloulate Weight Fractions i all required information is pressnt

™ Hide zer % components when displaving results.

I~ Autamaticaly recaleulate phases % if missing phases are suspected - when Scale ¥ enor> [ 18 o when residualhas> [ 1 peak
™ Use S¥D-based analysis routines

™ ‘Wwiite detailed results to logfile

™ Use original raw data intensity scale in Buantitiative Analysis

[¥ Use raw profile iather than processed profile to calculate residuals Advanced settings: Matrix tolerance: W

Ignore pattsm below: [ o1

Refinement loops: [ 3

Lirit mber of possible phases in a misture to: [ & MinF=2 value: [ 05
lanore any resuls below [ 5 %, or where the lamgest enar on the largest resultis areater than [ 100 % Mak R profie value: [§75

- Clustering Option:

I~ Automatically Select Best Method [~ Match 3D Plot Orientation [ with sealing
€ Single Ik method " Complete link method I~ Werbose Output [ Debug mede output
" ‘Weighted average link method  ( Centroid method Cutoffs for Fuzzy Clustering: Law: [ 05 High [ 05
& Group Average Link method [¥ Use random staring point for Automalic Weights

ResetAll. Cancel oK

6.4.1 Detecting Non-crystalline Samples

Powder Patterns that are imported are examined and marked as
possibly non-crystalline when the conditions below are met:

Separate out non-crystalline samples in dendrogram display

The final option controls how the program behaves when it
encounters a pattern marked as possibly non-crystaline. With this
option checked, such patterns are not included when constructing the
dendrogram, and so stand out as individual patterns not connected to
anything on the right hand side. With it turned off, amorphous
samples are not distinguished from other samplesin any way.

Patterns that are marked as possibly non-crystalline are highlighted
as such in the results display for the cell layout; see Section 2.3.4 for
more information.

Peak counting is done after applying smoothing factor [] - this sets
how much the pattern is smoothed as part of the amorphous pattern
identification calculation; the default is level 5; with very noisy data
this should be reduced to 1 or 2 to prevent he occurrence of false
positives.

No. of peaksislessthan [ ] - this can be any value between 0 and
100. The default value is set a 2. This can be overridden by the
program if less than two peaks are present, but they have high
intensity values.
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Amorphous value is greater than [ ] - this can have any value
between 0 and 100. The default value is set at 95. The amorphous
value used above is a measure of the percentage of a pattern that is
considered to be amorphous as opposed to crystalline.

Fourier Power Spectrum Indicator is less than [] - as an additional
check, the power spectrum of the Fourier transform of the pattern
profile is examined to see how much signal is present at higher
frequencies. If there is no signal about the default value of 120, the
pattern is marked as amorphous if the peak setting requirements
above are also met. This option is off by default.

6.4.2 Quantitative Analysis

6.4.2.1 General Options

Run quantitative analysis on patterns that are not similar to any
known phases provided - This option can be activated or deactivated
by clicking on the check box, and controls whether or not the
program performs quantitative analysis on samples it considers to be
possible mixtures.

Perform analysis on all files regardless of similarity - normally, the
program only attempts quantitative analysis of samples that do not
much sufficiently well to any of the known phases, and ignores
samples that do match above a certain threshold. With this option on,
it will attempt to perform analysison al input samples. Note that this
may result in spurious results, so use with caution.

Calculate Weight Fractionsif all required information is present

This checkbox allows the program to automatically display analysis
results as a weight fraction rather than proportional to scattering
power, if al the necessary pattern information is available.

With it turned off, a scale percent is reported even if al pattern
information is present. (See section3.3.11 on pagel08 for
information on what details are required to calculate a weight
fraction).

Hide zero % components in results

With a database containing alarge number of patterns, performing an
analysis usualy results in a few patterns contributing towards a
mixture, with the rest being ranked at 0.0%. This option hides any
patterns that are not considered contributors to the mixture.

Recalculate for Missing Phases...
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Cluster & Quantitative Analysis

These controls set the values beyond which the program considers
that missing phases may be present in a mixture (see section 3.5.1.1
on page 128 for more information).

Thetwo criteriaused are the size of the largest calculated error on the
guantitative results, and if the residual intensity trace has any peaks
above the default minimum peak height.

In addition, if the Automatically Recalculate for Missing
Phases option is checked, the program will recalculate to include
missing phases automatically, without consulting the user first. The
default value for thisis to consult the user.

Use SVD-based analysis routines - by default, stepwise regression is
used to caculate the proportions of pure phases in a mixture;
selecting this option returns to the alternative method used in earlier
versions of PolySNAP. This may be useful to recreate results
obtained from a previous version.

Write Detailed Results to Logfile

For debugging purposes, detailed output from the stepwise
regression calculation can be added to the logfile.

Use Original Raw Data Intensity Scalein QA

For stepwise regression, it may give more accurate results to use the
original intensity values stored in the imported pattern files, rather
than the scaled versions used within the matching sections of
PolySNAP.

Use raw rather than processed profile for residuals...

This checkbox determines whether the original pattern profiles, or
the processed profiles (e.g. with background subtracted, etc.) are
used to construct the ssimulated pattern in the Residual window.

Limit number of possible phasesina mixtureto| ]

This can have any integer value between 1 and 15. The default value
is 6; if the initial number of results returned is greater than the value
set here, only the top x results are reported (where x is the value
entered here). The results which are reported can be further filtered
by means of the following two options:

Ignore any results below [ ] percent - can have any value between 0
and 100. The default value is 5%. This sets the smallest percentage
value which will be returned as significant; anything below this
cutoff level will be ignored.
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or where the error on the largest result is greater than [ ] percent -
can have any value between 0 and 1000. The default value is 100.
This setsthe level for the error value calculated for each phase. If the
error on a particular phase exceeds the amount entered here, it is not
considered as a possible phase in the mixture pattern.

6.4.2.2 Advanced Options
Matrix tolerance

The second controls what proportion of the patterns that do not
contribute significantly to the overall pattern are ignored. This should
be a number between 1 and 0. The default is 1x10°°.

Ignore pattern below...

This (default is 0.001) controls how much of each database pattern is
treated as background upon inclusion in the calculation. Thisis done
to ssimplify the problem and reduce the effect of background noise.

Refinement loops

The Refinement loops field controls how many loops of refinement
the program performs. This should be an integer between 1 and 3. If
itis 1, al patterns are included. If it is 2, all patterns are used, then
only thetop 15 are included the second time around. If it is 3, then all
patterns, then the top 15, then the top N, where N is the number of
components selected above, are included

6.4.3 Clustering Options

The program can use up to five different clustering methods to
attempt to explain the data provided. By default, the Group Average
Link method is selected.

Optionally, the program can use all of the methods, and then apply
various internal tests to automatically select the method which
produces the most self-consistent results. The disadvantage to thisis
that program run-time may be dramatically increased as aresullt.

The overall method employed is agglomerative hierarchical
clustering, using a distance matrix derived from the PolySNAP
match results correlation matrix. Initially all the patterns are assigned
to individual clusters which are then joined one pattern at a time.
When two clusters are so joined, a measure of the distance between
them is needed, and each clustering method has its own way of doing
this.
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Cluster & Quantitative Analysis

In general, when two clusters i, j are combined, a new distance
between the cluster and an existing cluster k is calculated as:

dyii ) = A0y +04dy; + Bd;j +y|dy; —dy
The parameters a;, a;, B, and y are different for each clustering
method used:

Single Link Method:

_1 _ _ 1
=5 B=0 y=-

Complete Link Method:

1
Q; 5 B=0 y=20
Centroid Method:
—-N:n:
o; = n(n; +n) Bz—lj—z y=20
(i +n;)
Group Average Link Method:
n n
CXI = I GJ = —_—l
(nj+ny) (nj +n)

Advanced Options

Match 3D Plot Orientation

By selecting this checkbox the MMDS and PCA plots are both
rotated so as to be as closely in the same orientation to each other as
possible. This is to make for easier comparison. By default this
option is turned off.

With Scaling
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Selecting this checkbox scales the plots up or down if necessary in
order that they take up roughly the same volume of the cube. Again
this option is available to make comparison easier. By default this
option is turned off.

In addition to the output methods displayed graphically in the main
PolySNAP output window, the clustering algorithms also all output
textual information to the logfile for the current run of the program.
This may be found in the program output folder with the name
NAPIog.txt. The detail level of the text output can be modified by
the two checkbox options:

Verbose and Debug Mode Output

The Verbose and Debug Mode options control the level of output the
cluster analysis section of the program writes to the logfile for each
run. In normal program usage, both options are turned oOff.
Occasionally it may be useful to see more detailed information on the
clustering results, in which case Verbose option may be turned on.

The Debug Mode option causes the program to output all of the
working matrices generated during analysis to the logfile, to aid in
debugging or solving very difficult problems. Note however that use
of this option can cause the logfile to become very large - possibly up
to tens of megabytesin size. It should be used with caution, as usage
of this option may also slow the execution of the program, especially
when large numbers of patterns are being analysed.

The two cut-offs for fuzzy clustering determine which patterns are
displayed in the fuzzy clustering output. As the fuzzy clustering is
only interested in outliers, only samples which score either below the
low cut-off, or above the high cut-off value are shown in the output.

Use random starting point for Automatic Weights

This determines if a random starting point for automatic weights is
used in order to optimally calculate the combined datasets when
working with multiple data.
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Display & Advanced

6.5 Display & Advanced

i, PolySNAP 2 Dptions x|

Diata Input & Processing | Matching & Ricferences | Cluster & Quanitative Analysis “Display & Advanced |

- Manual Results Displa)
Double-clicking database list entry launches: " Match Window & Pattem Editar

Idenify pattemns in Match window results table by (& Chemical Mame/ID field ¢ Filsname field
Giaph Drawing: (% Slower, Batter qualty (" Faster, Poorer qualty
Graph Display Options: [~ Use Bold arid lines [~ Flip Vettical [ Flip Horizontal

r~ Automatic Results Displa

[¥ Display sampls images inline if pressnt [¥ Show calours in Peak Viewer

I~ Show graphics toolbars when avaisble Paak Viewer Andle Increment of [05

Pie/Stack Display: | 1 pies per row [set ta -1 for best fitto screen]

30 Plots: Labels are off by default for mare than [ 50 patterns Set GADDS Integration..

i~ Quality Control Miod:
“wlarh about samples with a distance from the reference centroid of more thane 05 ———— J—

- Other Advanced Option:
™ Require Admin privileges to change program settings
[¥ Auto-save a copy of report tor - C:hsnapdew\Supaiwhapp_polysnap
[ 'wan before deleting anp output files

[~ &llow logfile to be deleted iather than appended to

[ wain when areas of low signal are detected (without any marked peaks]

ResetAll. Cancel oK

6.5.1 Manual Results Display
Double-clicking Database List Entry

The first option controls whether double-clicking a pattern entry in
an open database window brings up the match window or the pattern
editor window. By default thisis set to being the Pattern Editor.

There is also a toggle to switch between displaying the Chemical
name/ID or the Filename of patterns in the Match window and other
resultslists.

Graph Drawing

Decides whether the patterns are displayed in a high-quality, but slow
to draw mode, or afaster but lesser quality mode. The slower option
isthe default.

The three Graph Display checkboxes control whether the patterns are
displayed as read in from their original datafiles, or flipped in either
the x or y axes. These options may be useful when examining
different types of non-powder diffraction x-y data. Use Bold Grid
Lines checkbox controlsif a black grid shown behind patterns on the
graph, or if light-grey lines are used. The latter is the default.

6.5.2 Automatic Results Display

Display sample images inline if present - with this option on,
PolySNAP automatically resizes the graph pane in the Display
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window to show a small preview of the sample images (if present).
With this option off, the images may still be viewed using an external
graphics program. Sample images are expected to be in the same
input folder as the data files, with the same filename, differing only
by having a .jpg file extension.

Show graphics toolbars when available - in the results display
window, several of the graphics panes have toolbars to allow quick
access to commonly used functions. This option sets if they are
displayed by default or not.

Pie/Sack display: Show [ ] pies per row - For adisplay purposes the
number of piesin arow can be altered to suit the users needs. e.g. for
a run of 12 samples the number entered may be 6, which would
create 2 rows of 6. The minimum value is 2 and the maximum value
i1s199. If the valueis set to -1, the program makes its own judgement
as to the best number to display for a given run to fit in the display
window, and this behaviour is the default.

3D Plot label display: if the number of datafilesis greater than the
value set here, then labels will not be displayed on 3D plots by
default to reduce visual clutter. They can still be turned on manually
at any time.

Show colours in Peak Viewer: with this checked, the Peak Viewer
window accessed through Tools > Show Peak Comparison in the
Results display highlights the different peak intensities using colours
as well as numbers. The Peak Viewer Angle Increment setting
controls the width of bin the x-axis is divided up into (default of 0.5
degrees). See Section 2.6.1.

Set GADDS Integration... - clicking this button brings up a dialog
box in which to enter the location of the script directory for the
Bruker GADDS Pilot software. Entering the correct location (by
default, C:\saxi\gadds\scripts\) and clicking OK copies a file,
DisplayFrame.slm, to that directory. The presence of this file in the
correct location permits the integration between the PolySNAP
display window and the GADDS software (see Section 2.3.17).

6.5.3 Quality Control Mode

Quality Control Mode - see “Using PolySNAP: Quality Control” on
page 135.

6.5.4 Other Advanced Options

Require Admin privileges to change program settings - with this
option on, only a user that has Administrative privileges on the local
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Reset All

machine is permitted access to the program Options. Note that
Admin privileges are required to toggle this option.

Auto-save copy of report to: <file location> - With this option
checked, the a copy of the current report is automatically backed up
to the designated location whenever a automatic report is generated
by the user (Section2.3.16). To change this location, with the
checkbox selected, click once on the name of the file. A standard
folder-selection dialog box will appear. The location displayed will
update to reflect the new selection.

Warn before deleting any output files - with this option selected, the
user is always warned when selecting an output folder that already
contains files from a previous program run. The older files will be
deleted if the user continues. If the related option, Allow logfile to be
deleted, is off then logfiles and errorlogs are merely appended to on
subsequent runs, rather than started afresh.

Warn when areas of low signal are detected - this option brings up a
warning dialog box when the program detects large areas of a pattern
that appears to have little or no signal in it. For example, if a pattern
has been collected to 55 degrees, but has no peaks above 30, when
this option is turned on the program will suggest masking the region
above 30, which may reduce the noise and improve the results of the
calculation.

6.6 Reset All
HesetAII...I Bl ok |

Thereis aReset All... button located at the bottom of the options
window. Clicking thisbutton resets all of the program optionsto their
default settings. This option cannot be undone
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CHAPTER 7

PolySNAP 2 Tutorial

This tutorial has been designed to guide the user through a few
examples using PolySNAP 2 with typical data that might be
encountered in general use. It is not intended as a replacement for the
full program manual, but as a basic introduction to actually using the
program. It should therefore be read in conjunction with the manual
itself for a more detailed explanation where necessary.

The tutorial requires the user to have already installed PolySNAP 2,
and be familiar with Windows-based interfaces. The datafilesused in
the tutorial are installed along with the software, and can usually be
found in the tutorial folder in C:\Program Files\PolySNAP2.

There are three main sections to the tutorial: getting used to working
with a single dataset, working with multiple datasets, and working in
manual mode with smaller datasets.

7.1 Automatic Analysison a single dataset

To gain experience with PolySNAP in automatic mode, a
walkthrough of a simple run using 22 X-ray powder diffraction
patterns is presented. The example assumes the program defaults are
used.

To begin, launch PolySNAP 2 from either the icon on the Windows
desktop or via the shortcut in the Windows Sart menu.
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Once PolySNAP has been launched the user is presented with the

PolySNAP welcome window.

%, PolySNAP 2

Welcome to PolySNAP 2.

Fleasze select what you'd like to do from the
lizt of options on the right, or click on one of
the links below for help...

View Full Program Manual

View Full Tutorial

Quick Start Guides:
Working with multiple datasets

Change Preferences

x|

| Wwork in kanual Analyzsiz Mode

EReading a dendrogram Quality Cantrol Mode

| Wiew Saved Results Archive

Interpreting & validating results
Using the 6D Plots

From this, the first step is to define the input folder containing the
necessary data. To do this click on the Analyse Data button.
Alternatively, the same can be done from the File menu, by selecting
Automatic Analysis and then the Analyse Data... option. The

following dialog box should appear.

Analyse: (" Multiple Datasets
i Dataset 1: IPowder *RD ;.'

ch

Falder...

File...

<Mone:

[~ Use folder or database containing Known/Reference data files:

Falder...

File..

I~ Load sample image files fram separate folder:
<Maone:

FIEE e

Falder...

—&dvanced Option:
Allows x-shift calculation [sin 2theta] for datasets [~ 1

Denoize Patterns for datasets [~ 1

Subtract Backaround from datasets [~ 1
Check for amorphous samples in datasets v 1
Remove cosmic ray spikes from datasets [~ 1
Mask specified regions in datasets [~ 1

Set matching range subset in datasets [~ 1

Apply signal transform to datasets [~ 1

CzE 34
CzE 34
CzE 34
CzE 34
CzE 34
CzE 34
CzE 34
CzE 34

[ Include reference files in main calculation if present

Cancel

0K
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Automatic Analysison a single dataset

6.

7.

To specify the input folder containing the sample data files, click
the Folder button in the top section of the dialog box. A folder-
selection dialog box will appear.

gl
SeectDve: [ 52 =

Select & lolder on this drive:

Select the drive containing the tutorial data from the pop-up
menu at the top. In this case, select C:.

Navigate to the folder C:\Program Files\PolySNAP2\tuto-
rial\simplée\. Ensure that the last folder of the desired path (i.e.
simple) is selected by double clicking it (the folder icon should
appear ‘open’).

Click OK. The selected path should be displayed in the upper
portion of the dialog box. Check it is correct; if it is not, repeat
the previous step.

Ensure that the other input sections has no defined folder, indi-
cated by the word '<None>'. If this is not the case, uncheck the
checkboxes labelled Use Folder or Database containing Known/
Reference data files and Load sample image files from another
folder. The use of these settings will be explained later.

Leave the Advanced Options settings to their default values (all
should be off except Check for amor phous samples).

Finally, click OK in the bottom of the window.

The pattern files from the specified input folder will now be loaded
into PolySNAP 2.

If you get an error after clicking OK about no data files being found,
double-check the data location specified is correct.
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PolySNAP now proceeds by reading the sample files from the

Lt b loaded. MECT_200

Each pattern isloaded in turn, with the pattern profiles shown as they
are read in. When al 22 patterns have been loaded, the program
examines the input files, matches the data files against one another,
and then performs cluster analysis. When complete the main results
window will appear; this should only take a few seconds for this

.20 et i,
View Furne = L - o D = —
15 T 25 Y 35 “ 45 58

N.B. Depending on the size of your screen, the layout of the results
window may not be exactly as shown in the screenshots.

There are now a number of ways to view and examine the PolySNAP
results. The first of these - the default view displayed - is the Cell
Display, which visually represents the contents of each sample. Each
cell (shown as a disc) represents a different pattern from the input
folder, with colour being used to denote the suggested grouping of
compounds. In other words, similar samples are given the same
colour. In the lower part of the window the sample information and
pattern display of the selected cell is available. The first sample cell
is selected automatically when the window isfirst opened.
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Automatic Analysison a single dataset

The program can be set to display a certain number of cells per row,
so that the display represents, for example, the layout of a 96-well
sample plate.

1. In the Cell Display click on cell FORMD1. The associated full
pattern profile of pattern D1 is now displayed in the lower region
of the window beside the sample information. In this particular
casetheinformation available is limited, so many of thefields are
blank.

2. Hold down the shift key and click on cell FORMDA4. The cells
from D1 to D4 are now selected, and the sample information
pane now disappears, leaving only an extended view of the pro-
files of patterns D1, D3 and D4 overlaid to allow a visua com-
parison. From this view they are al obviously the same
compound.

3. From the Display menu select Offset Overlaid Pattern Profiles
and click on y-axis. This will now display the multiple patterns
with an offset along the y-axis of the plot, when any further cells
are selected.

4. Hold down the control key and click on the other cell coloured
yellow, MIXT2. The display now includes this new fourth pattern,
and to allow an easy comparison are displayed overlaid with an
offset along the y-axis.

15 20 3 0 5 an a5 50

5. Zoom into the area between around 15° and 20° by holding down
the left mouse button and dragging a box over the desired area.
When the mouse button is released, the graph region is redrawn
to show just the selected area. Zooming in and out smoothly can
also be accomplished by clicking in the display and then holding
down the control key while moving the scroll wheel of the mouse
(if available).

6. To move around the area and position the view more accurately,
hold down the Alt key and left mouse button simultaneously
while dragging with the mouse - the display updatesin real time.
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These zoom and movement functions are the same for all graphical
displays within the PolySNAP program.

To check which of the plotted profiles correspond to which sample,
‘hover' the mouse pointer over part of the plotted line; a tooltip
appears with the sample filename in it.

This closer view of the overlaid patterns makes it easier to see that
the top pattern (MIXT2) is noticeably different from the other
patterns - note the extra peak around 14° for example - and, despite
being coloured the same, may not actually belong to this group of
compounds.

7. Reset the view with aright click of the mouse in the graph pane
and selecting Reset View from the pop-up menu.

There are a series of tabs just below the menu bar, each of which
display a different view of the data. Select the tab labelled
Dendrogram.

The partitioning of the data into groups that were displayed in the
coloured cells is carried out by the cluster analysis of the sample
data. In PolySNAP there are five different methods of clustering
available, each of which tend to give dlightly different results. The
program computes the best, in the sense of the most internally
consistent, dendrogram method and displays the results from that
(although the user can choose to view the results from the other
methods and overrule the selected one if required).
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Automatic Analysison a single dataset

A dendrogram provides a visual display of the results from the
hierarchical method of data classification using cluster analysis. The
dendrogram itself takes the form of a tree-diagram in which each
terminal branch (coloured box) is representative of a single pattern
sample.

The higher up the similarity scale two samples are connected by a
horizontal line (called a 'tie-bar’), the less similar they are. Hence
samples FORMA1 and A2, with a similarity value of around 0.9 are
very similar, whereas samples FORMA1 and FORMC1, which are
only joined much further up the tree by a horizontal line with a
similarity value of around 0.4, are quite different.

In this dendrogram there are 6 separate clusters, each distinguished
by its own colour. These are the same colours displayed earlier in the
cell display and throughout most of the other PolySNAP displays.
The number of clusters are defined by the yellow cut-line which in
this case was initially set to 0.708. The calculation of thislevel isvia
a number of statistics. The confidence levels on this choice of cut
position are shown by the yellow dotted lines either side. Selecting a
cut-line for a dendrogram is a difficult procedure, and the results
must be treated with caution. The program-cal culated level therefore
should always be carefully examined by the user to see if looks
sensible.

Adjusting the cut level upwards creates fewer separate clusters, and
effectively reduces the discrimination between differences; adjusting
the cut-level downwards creates more separate clusters.

1. Inthedendrogramclick on the yellow square cell FORMD1. The
pattern profile of the sample is displayed.

2. Using the control key, also select cell MIXT2. These are the two
patterns that appeared different from one another when they were
overlaid in the cell display.

Looking at the position of the cut-line it is seen to be only very
dlightly above the similarity line between cell MIXT2 and the other
yellow cells. With the confidence levels indicated by the yellow lines
being between 4 and 8 clusters, it is possible that the present level is
not ideal.
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3. Tomanually adjust the cut-line, either click in the Dendrogram
area and use the scroll wheel or hold down control and the left
mouse button while dragging up or down. Move the cut-line
down dlightly so that it is still above the lower confidence line but
so there are now 7 different clusters. Notice that the assigned
colours change, and that MIXT2 is now in clusters of its own.

4. Inthe dendrogram areaclick the right mouse button and select
Save Modified Trees...., to ensure that the changes are retained.

5. From the Tools menu select List Pattern Cluster Members.... A
dialog box will appear containing alist of the clusters.

PolySNAP 2 x|

The current clusters at cut-level 0,761

Group At
sample # 1@ FORMALtst.
Sample # 3 FORM Ad.tzt.
sample # 2 FORM AZ.tst.
Sample # 4:  FORM Ad.tzt,

Group B
sample # 131 FORMDL.tst.
Sample # 14 FORMD3.tzt.
sample # 15 FORMDa.tzt.

Group C:
Sample # 21:  MIXT 2t

Group D
sample # 16:  FORMELxt,
Sample # 18 FORME3.bxt,
sample # 19 FORME#.bxt,
Sample # 17:  FORMEZ/bxt,

Group E:
sample # S FORMELxt,
Sample # 6 FORME2/bxt,
sample # 8 FORME4.xt,
Sample # 7:  FORME3.bxt,

Group F:
sample # 20:  MIXT_Lbxt.
G

roup

ample # 9 FORM C1.bxt,
ample & 10: FORM CZ.txt,
ample #  11: FORM C3.bxt,
ample # 12 FORM C4.txt,

This dialog box displays the different clusters with their sample
numbers and actual file names. From the file names used in this
demonstration example it can be seen that the samples are now all
properly grouped, with the two mixtures separate from the rest.
Notice in the dendrogram display that these two mixture patterns are
quite dissimilar to anything else, having a low similarity connection
value to their neighbours.

The differences between samples can aso be viewed by making use
of the distances derived from the correlation matrix to give a
representation of the data in three dimensions. There are two
methods used for calculating the resulting 3-D plots: these are Metric
Multi-Dimensional Scaling (MMDS) and Principle Component
Analysis (PCA). They both give different views of the samples
because of the differences in calculation and will therefore give
dightly different results. The control of each plot is the same so only
the MM DS will be described here in detail.
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Automatic Analysison a single dataset

Select the tab 3D Plot (MMDS) (or PCA if you wish).

The initial view shows only the x and y axis, while the z axis lies in
projection. Each point represents a sample. The position on the plotis
taken from the MMDS calculation. The colour of each sample is
taken from the dendrogram display to allow easy comparison of the
results from these different methods. Allowing the mouse to hover
over a sample displays the sample label in atooltip popup.

Samples that are ssimilar are plotted close to one another, so are seen
to clump together in groups. Note that different coloured samples can
also be close, this shows that they also have similarities. This can be
seen by the yellow group being very close to the green sample, which
is pattern MIXT2. When comparing with the dendrogram display, the
MIXT2 sample is only separated from the yellow group by the
current level of the cut-line.

Also notice the number plotted at the top-left of the display, in this
case, 0.96. Thisis acorrelation coefficient called the goodness of fit,
that measures the quality of the 3D representation to the origina
data. The closer to 1.0 it is, the greater the reliability of the results.
This value tends to decrease when larger data sets are used.

Use the following methods for exploring the 3-D plot.

Action Control

Rotate the 3-D plot Drag while holding shift key
and left mouse button

Move plot laterally Drag while holding alt key and

|eft mouse button

Alter size of spheres Drag up or down while holding
control key and left mouse but-
ton

Zoom on centre Click in area, hold shift key and
use mouse scroll wheel
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Zoom on area Hold left mouse button and
draw box over area

Select asample Click on sphere

Select multiple cells Hold control key and select
additional cell

Alter rendering quality | PressF2 and adjust scale

(lower values are better for
slower graphics cards)

Centre view Right click mouse and select
Centre Selection

Reset view Right click mouse and select
Reset View

The 3D plot is useful to spot patterns that are quite different from the
others, as they tend to stand out on their own and are not easily
grouped. Also, cases where the colours (from the dendrogram) and
the positions (from the MMDYS) of the samples appear to contradict
each other are the samples that should be looked at manually in more
detail.

Finally, notice that some of the spheres have white 'spikes' protruding
from them; these show which samples are the Most Representative
Patterns of that cluster. Clicking on one brings up a dialog box
showing the mean pattern-pattern distance for that cluster. The
smaller the distance, the tighter the cluster, and the more similar the
samples are within it.

7.1.1 Creating a Report describing theresults

A basic report of the calculated results can be automatically
generated using PolySNAP. This contains the information gained
from the data and optionally some of the graphical views of the
results that have been obtained.

1. Select the Report Writer tab.
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Automatic Analysison a single dataset

2. From the Tools menu select Generate Report.... A dialog box will
appear.

. Report Writer Options =10 x|

— Optionz
Please zelect from the following options for the automatically
generated report:

" Detaied Hepnrt

v Include graphics output in report
v Include detailed sample preparation information in repart

I B. After clicking OF., the screen may flicker while araphics
are generated and zcreenzhots taken. Please be patient and
wait for the cormpletion meszage before proceeding.

Cancel k.

3. Select Summary Report. Deselect the checkbox labelled Include
detailed sample preparation information, and then click OK. The
report will now be generated and screenshots taken. This may
take afew moments.

4. A Diaog box will appear confirming that "Report generation is
now complete.” Click OK.

L

Fie Edt Tool Display Pattem Widow Help

Dataset Ecun splay | [} De dgamsl.SDP\t[MMDE] | M8 20 PP | B 0 ot | [ Vo | [ Numeice Fesite | I Vi Logte. 5 Repat e |
DIiz AF = [el7 ] =E = lele 2@ &l

PolySNAP Autorun Report

[Basic Information

\Run started at: 26/07/2007 130958 b
[Run completed at: 26/07/2007 13:10.03

[Run implemented by: gbarr on KOMANDO

[Dataset 1 - Powder XRD
[Processing Options selected for this dataset:
Notmalising to mazitum mtensity of 1

The peak threshold is 0.05
MNutnber of samples analysed: 21

Cluster analysis sunmary

IThe estimated mumber of chisters is §
(The confidence fimits are 4 to 7

[For dendrograms, the program used the group average link method.

[Results summary

A ol

The report begins by detailing when the calculations were done, who
was the user and on which computer. It then continues with the
settings used for the analysis and a summary of the results, including
the cell display and dendrogram. If the Detailed Report option had
been chosen, a more detailed report is presented, including output
from all of the main graphic displays. The report may be edited, or
additional information can also be added to the report manually, asin
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a standard word processor, by using the ssmple formatting tools
supplied.

For example, to add one of the profile plots to the report, switch to
the Cell Display, and select say Form A1l. In the profile pane at the
bottom, right-click in the graph area and choose Copy from the pop-
up menu. Then select the Report Writer tab, click in the report at the
point where you want the image to be inserted, right-click and select
Paste from the pop-up menu.

5. To savethereport, click the right mouse button and select Save
as....

6. A dialog box will appear. Use thisto navigate to a suitable folder
where the data can be saved and select afile name. e.g. C:\PolyS
NAP Report.rtf.

The report is now saved as an RTF file and can be opened and edited
in any standard word processing package.

To end this session select Close Window from the File menu. If
prompted to save changes to the report, select No because this has
already been done. A second window will open asking if the results
from the current run are to be saved. This would save the current
results as a PolySNAP archive file (.psnaparchive) that could be
accessed later, but thisis not necessary at the moment. Select No.

Instead we will now run this dataset a second time, but thistime there
will be extra information and options used to give a more advanced
understanding of the dataset. To begin, click on the white PoOlySNAP
window background to bring up the welcome screen, and click
Analyse Data, or select Analyse Data... from the File -> Automatic
Mode menu.
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Automatic Analysison a single dataset

The following dialog box should appear.

Run PolySNAP on...
Analyse: l (" Multiple Datasets

- Dataset 1: IPowder *RAD ;.'
Falder... |
ch
File... |
[~ Use folder or database containing Known/Reference data files:
<Mone> Falder... |
File... |
I~ Load sample image files fram separate folder:
<Hanez Falder... |

—&dvanced Option:
Allowe x-shift calculation [zin 2theta] for datasets [~ 1 [© 2 [T 3 [T 4

Denoise Patterns for datasets [~ 1 [© 2 [© 3 [© 4

Subtract Backaround from datasets [~ 1 [~ 2 [~ 2 [ 4
Check for amorphous samples in datasets v 1 - 2 [© 3 [T 4
Remove cosmic ray spikes from datasets [~ 1 [~ 2 [© 2 [T 4
Mask specified regions indatasets [~ 1 [~ 2 [T 2 [ 4

Set matching range subset indatasets [~ 1 [~ 2 [© 3 [ 4
Apply signal transform to datasets [ 1 [~ 2 [ 2 [ 4

[ Include reference files in main calculation if present

Cancel | ()8 |

1. Todefinetheinput folder containing the sample datafiles, click

the Folder button in the top section of the dialog box. A folder-
selection dialog box will appear.

gl
SelectDrive [ 2 — ]

o Pk | e |

Select the drive containing the tutorial data from the pop-up
menu at the top. In this case, select C:.

Navigate to the folder C:\Program Files\PolySNAP2\tuto-
rial\ssimpl€\. Ensure that the last folder of the desired path (i.e.
simple) is selected by double clicking it (the folder icon should
appear ‘open’).

Click OK. The selected path should be displayed in the upper
portion of the dialog box. Check it is correct; if it is not, repeat
the previous step.

Click on the checkbox next to the option Use folder or database
containing Known/Reference data files. The Folder button can
then be sdected Navigate to the C:\Program
Files\PolySNAP2\tutorial\ssmple\Known and double-click to
select thisfolder.
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6. The Load sample image files from another folder section should
still be empty and unchecked.
7. Finaly, click OK in the bottom of the window.

After the analysis has been performed the results open with the new
cell display:

FORMAT FORMAZ FOAMAT FORMAL FORMB1 FORMB2 FORMBI FORMB4

FORMA

Il'lfleiNl'I

II'CIFIML'
N N X N N X X |
[

FOHMC1 FORMCZ FOHRMCH FORMCA FORMDT FORMD3 FORMDA FORMEY

D v

FORMEZ? FORME3 FORME4 MIT_1 MIXT_2

By selecting an extra option and including known reference files
three important changes have been made to the cell display.

The reference files that were provided to the program are known
patterns of pure phases that the samples in the dataset are to be
compared to. Because of this the cells in the cell display are now
coloured according to the known phases that they match and not
according to the results from the dendrogram.

The presence of reference files has a more profound affect on the

mixture samples.
@. W

IXT_1, group FORMC, 30%

MIXT_1 MIXT_2

Instead of being assigned to a particular cluster they are now
analysed using the known phases as a reference, and how much of
each known, pure phase present in each mixture is calculated. The
cell is now displayed as a pie chart, divided up and coloured
according to the percentage of the mixture that each known phase is
thought to account for. Holding the mouse cursor over a slice of the
pie chart will open atooltip box displaying the phase, and percentage
that the slice represents.
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Amorphous and Pattern Shifts

Finally, there are two extra keys that have been added onto the cell
display legend.

Each known phase hasits own entry, however thereis now also akey
called Other. Any pattern that did not match any of the known phases
provided above a set similarity cut-off would be assigned here.

NB. - the Other group is not a group of similar patterns, but a
collection of patterns that do not match the standard reference
phases. However none of the samples in our dataset are in this group
asthey all match one of the phases, apart from the mixtures.

Switch to the Logfile tab. Scroll down through the information to the
section headed Quantitative Analysis. The numeric output from the
analysis can be found here.

You can now close the Results window, as the first section of the
tutorial is now complete.

7.2 Amorphous and Pattern Shifts

Thispart will cover some of the more advanced options available that
include pattern matching while allowing for a 26-shift, and automatic
identification of non-crystalline samples.
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7.2.1 Loading Pattern Data from a Database

From the File menu, select Automatic Analysis and the Analyse
Data... option. The following dialog box will appear.

Analyse: + Single Dataset { Multiple Datasets
— Dataset 1: IPowder #RD x| A\
Falder... | '
C:Abutorialtadvanced\PS_advanced. par ‘

[~ Use folder or database containing Known/Reference data files:

<Mone> Falder... |
File... |
I~ Load sample image files fram separate folder:

C:htutarialsmultiple2yjpea®s Faolder... |

—&dvanced Option:
Allowe x-shift calculation [zin 2theta] for datasets [~ 1 [© 2 [T 3 [T 4

Denoise Patterns for datasets [~ 1 [© 2 [© 3 [© 4

Subtract Backaround from datasets [~ 1 [~ 2 [~ 2 [ 4
Check for amorphous samples in datasets v 1 - 2 [© 3 [T 4
Remove cosmic ray spikes from datasets [~ 1 [~ 2 [© 2 [T 4
Mask specified regions indatasets [~ 1 [~ 2 [T 2 [ 4

Set matching range subset indatasets [~ 1 [~ 2 [© 3 [ 4
Apply signal transform to datasets [ 1 [~ 2 [ 2 [ 4

[ Include reference files in main calculation if present

Cancel | ()8 |

1. Todefinetheinput database containing the sample data, click the

Folder button. A file-selection dialog box will appear.

Select the drive containing the tutorial data, in this case C..

Navigate to the folder C:\Program Files\PolySNAP2\tuto-

rial\advanced\.

4. Ensurethat no known phases are used by making sure the rele-
vant checkbox is turned off.

5. Leavethe Advanced Options settings at their default values.

6. Click OK.

wn

The pattern files in the specified folder are now loaded into
PolySNAP, where it checks for amorphous samples, matches the
patterns with one another, and performs a cluster analysis. This may
take a little time to complete, but once finished the results window
will appear with an initial view of the Cell Display.
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Amorphous and Pattern Shifts

7.2.2 Analysisof the Results

The 35 samples contained within the database are now presented in
the Céell Display.

ol nesols psptey o0 -ioix
Fie Edt Took Owplyy Potbeen Window Help

Dataset [ ol Dy | B mervtogzas | B 200 Prot e = | [ 20 Piot Pt | (BB o Pt | (B vkaion | 20 Mz e | I iew Lo | I Peoor wivs |
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L N N N N
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The program is using the last few digits of the filename of each
sample to label them. Selecting pattern number 25505, the pattern
information display shows that it has been labelled as a non-
crystalline sample, which seems reasonable given its profile.

Sebactesd Sarpie (1]
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The other two patterns, 25506 and 26702 are similarly labelled for
the same reason. Identification of such amorphous samples is done
on the basis of checking to seeif any signal (corresponding to peaks)
would be left after subtraction of the entire amorphous hump. The
method tends to err on the side of caution.

Looking at the Dendrogram tab:
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It is seen that three non-crystalline labelled patterns are placed on the
far right of the diagram with a zero similarity to the rest. This is
deliberate, in order to remove them from the main clusters. Compare
thisto the 3D (MMDYS) plot:

@25505

Again, the three non-crystalline samples are quite separate from the
rest of the patterns. Both the dendrogram and 3D plots suggest a
loose grouping of the rest of the patterns, suggesting there may be
some differences between them.

Using the control key, click two patterns which are on opposite sides
of the dendrogram, for example patterns 17401 and 25402.
Examining their profiles, it appears that in addition to some preferred
orientation issues, there seems to be a noticable 26-shift between the
otherwise relatively similar profiles:

Generate a full detailed report of the data including the graphics by
selecting the Generate Report option from the Tools menu.

This completes the initia analysis of the data, but the 268-shift in
some of the samples could be examined in more detail. From the File
menu select Close Window, and do not save the results.

7.2.3 Reprocessing the Data allowing for an x-shift

When collecting powder diffraction data from a diffractometer the
sample or instrument alignment can result in linear or non-linear
shifts along the x-axis of the resulting pattern. This can especially be
a problem if the sample height varies from sample to sample, giving
rise to systematic errors in the pattern matching unlessit is accounted
for. However, to allow for this is a time consuming process and
should therefore not be used unless such a shift is suspected - it is
switched off by default.

A genera expression for the shift is:
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Amorphous and Pattern Shifts

A(20) = a;+a;sinb (7.2

where the g, coefficient corresponds to a linear (zero-point) shift
described earlier, and the a; coefficient a non-linear component
[Zevin & Kimmel, 1995]. The requirement then isto find values of a
and &, that results in a maximum matching correlation result between
two patterns.

The same data as in the previous run will now be examined again.
Unlike the last time, the program will vary the x-offset parameters to
attempt to maximise the match result.

Define the input database, known phases and output folder as before:

1. From the File menu, select Automatic Analysis and the Analyse
Data... option. Define the same input data folder as used beforein
the previous run of PolySNAP.

C:\Program Files\PolySNAP2\tutorial\advanced\

2. Select None for the known phases directory.

3. In the Advanced Options area, turn on the Allow x-shift calcula-
tion (sin theta) checkbox.

4. Inthe Run PolySNAP on... dialog box click OK.

The same data as before is now run allowing x-shifts on the patterns.
The time required to process this will take longer than a normal run
of PolySNAP.

Now look at the 3D MMDS plot. Previoudly, it looked like this:

@®25505
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Now, with the option to calculate the best-offset value for each
pattern turned on, it looks like this:

The three non-crystalline patterns are still quite separate, but the rest
of the patterns have condensed together as aresult of allowing for the
20-shift, showing that a large part of the differences between the
pattern profiles was due to variation in sample heights during data
collection. The program still separates them out within this grouping
due to the preferred orientation problems.

Similarly with the dendrogram display, the smilarity values between
the patterns are much improved. The remaining differences appear to
arise from preferred orientation effects, which are quite noticable in
some cases. For example, overlay the profiles of samples 401 and
69402:
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To see how much the patterns have been shifted as part of the
calculation, switch to the Numerical Results tab. Locate 401.txt in
the list on the left hand side, and read along to find where this row
crosses the 69402.txt column:

F Cell Display | B3 Dendrograms | M8 30 Piot (mDS) | BB 30 Plot (PCa) | M8 60 Plot | [ validation [ Numerical Resuts |
Rlark: 6712 b 407 1] a0z b 40314 = 53402 twt ’ (]
7401 04489 05308 05404 16588 0 G ———r i
702 0 466 15203 0 08738 0867 08773 0t
7403 1| 04706 15045 oma 16045 ana 11562 0t
70 047 15258 R 1652 oav 15783 0
75 ] 04562 115268 a2 6654 a1 08783 0
706 ] 4z 05164 omm 16643 0 15663 0t
0405 1] 027 08174 o 08517 07261 173688 v
20406 14| 0 06472 el 05104 0z 07881 0
25407 1| 02062 5108 0 AE 11 5665 0756 07502 0
25402 1] 0441 1563 086 05121 0 15442 e
25403 1| [ 15625 A 15603 o 1526 0t
25404 1] [ 05167 Dz 05773 s 8137 v
25405 1| am 115689 0 56 1562 0 f56n 08732 s
25406 1] [ 05313 0 aR 0872 0 7aE 08118 v
25505 1| 0 aEa na01a ama 13603 04843 14738 e
25505 1| 05z 0331 g 112644 0 450 14503 04
1 03747 av 13261 02 i

407 1] q ik 0t
ava 115648 1 115627 oo 0t

403 1] R 115638 DAz T 867 8624 0t
53407 1] 0 6854 [ 18673 1 1563 0t
5302 1| 04756 08137 oM 116624 0963 T 0t
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Multiple samples - Dataset 1

Clicking on the rank value shows the two profiles overlaid in the
bottom pane; hovering the mouse over this value shoes a tooltip with
the calculated values of a0 and al for this pair of patterns.

Create an auto-report on the run. This report will not have detailed
any manual changes that might have been made to the dendrogram
cut level. Therefore any information that has been changed can be
included by adding them manually or copying from the Logfile pane,
which details al the calculations and changes made during the
PolySNAP session. Note that the use of an x-offset calculation has
been noted in the output, as has the identification of the non-
crystalline samples.

In cases where there are alarger proportion of amorphous samplesin
a dataset, it may be helpful to remove these samples and re-run the
analysis without them to give a clearer idea of what isgoing on. This
can be done automatically by selecting the Tools menu item Rerun
Analysis, and from the sub-menu selecting Ignoring All Non-
crystalline Samples.

A dialog warning box appears.
&

Are you sure?
The entire analysis will be re-run using only patterns not currently marked as amorphous in the present display.
You will bs asked ko save the results of the current run before continuing.

e ]

Select Yes. After being prompted to save the current results, a new
analysisis performed, and a new results display window is opened as
before. Note that this time, there are no amorphous samplesvisiblein
either the dendrogram or the 3D plots.

7.3 Multiple samples - Dataset 1

This tutoria involves the input and comparison of multiple datasets
at the same time. This will demonstrate how combining results from
different techniques can be useful and how looking at multiple
datasets can yield extrainformation not available from just one.

As before, first select Analyse Data from the welcome window:
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This opens the data input window. When first opened there is only
one section for inputting a single dataset. To input multiple datasets
at the same time select the Multiple Datasets option from the top of
the window:

Analyze: {© Single Datazet {+ Multiple Datazets

This expands the data input window:

Analyse: (~ Single Dataset +

r~Dataset 1: Powder %R0 7| ~Datazet 2 |None =

Falder... Folder...
C:MutoriahmultipleTypsrd' chhutorialvps2dema_suthaztraman's
File... File:..

[~ Use folder or database containing Known/Reference data files I Wse folder or database contaiing Known/Reference data files

<None> Folder Ch Folder
File... File...

T Load sample image files from separate folder, ————————— ~Dataset 3 |Nope <]
Wi Folder... Folder...
)
rAdvanced Dptior File:..

Allaw w-shift calculation [sin 2theta] for datasets [~ 1 [T 2 7 2 [ 4
Denoise Pattems for datasets [~ 1 [ 2 [ 2 [ 4

Subtract Background from datasets [~ 1 7 2 7 2 7 4

Check for amarphous samples in datasets [ 1 [7 2 7 3 7 4

R i kes fiom dataset Il e
emove cosmic ray spikes fiom datasets [~ 1 7 2 [T 3 [T — m
Mask specifid 1egions indatasets [~ 1 [ 2 [ 2 7 4

I Wse folder or database contaiing Known/Reference data files
Ch Falter

Falder
Set matching range subset in datasets [~ 1 [T 2 [T 2 [ 4 L
File...
Apply signal ransfom to datasets [~ 1 7 2 7 3 [T 4 =
I Include refsrence fles in main calculation f presert I=| Use folder or database containg Krown/Reterence data fles
- Dutput options: Ly Falder...
Combine the multiple datasets using weights: @ Automatic ¢ None ¢ Manual

Dataset1: 1.0  Dataset2 [1) Dataset3 |1 Datasetd |1 File...

o
=

el el el el e el

Cancel

It now has four sections for entering up to four datasets; we will be
using just two in this example. Each input section isidentical:

—Dataszet 1; Powder R0 {ad
Folder. ..
C:h
File...
[T Use folder or database containing Known/Feference data files:
G Falder...
File...

There is a pull-down menu near the top that allows selection of the
type of dataset that is going to be used. To the right there are buttons
at the side that allow the location of the dataset to be specified. There
is also the option to input known or reference files can be entered
however these will not be used in this example.
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Multiple samples - Dataset 1

For this example the first dataset is a dataset of powder X-ray
diffraction data and the dataset is contained inside a folder. Ensure
that the dataset type is set to Powder XRD and click on the Folder...
button. This opens the following window:

i, Select a folder location:

Select Dnve: I =

Select a folder on this drive:

|
£ tutarial
) multiple

1. Select the drive containing the tutorial data from the pop-up menu
at the top. In this case select C..

2. Navigate to the folder C:\Program
Files\PolySNAP2\tutorial\multiplel\ and open the folder called pxrd.
This contains the Powder X-Ray diffraction data. Ensure that the last
folder of the desired path (i.e. pxrd) is selected by double-clicking it.
The folder icon should appear open, as in the screenshot above.

3. Click OK. The  selected path (C:\Program
Files\PolySNAP2\tutorial\multiplel\pxrd) should now be displayed
in the upper portion of the section for Dataset 1. Check it is correct. If
it is not, repeat the previous steps.

If we were to click OK in the main input window now, it would start
an analysis run using the single dataset that has just been entered.
However for this run two different datasets are going to be used.

The second dataset is a folder of Raman data. In the input section for
Dataset 2 select Raman from the pull-down menu.

—Datazet 2 | Mone vI—
Poveder =RD
Ch
DsC
IR
Murneric
[T Uze fil Ether
CA ane

Click on Folder... for Dataset 2 and select the Raman folder located
in same location as the pxrd folder and click OK. The filepath of the
second dataset should now be displayed in the main window (i.e.
C:\Program Files\PolySNAP2\tutorial\multiplel\raman). Now both
datasets have been entered and both will be used in the analysis.

181



Below the input sections there is a section of advanced options.
These are al the processing that can be applied to the data as it is
being input and before it is fully analysed.

—Advanced Dptionz
Aillawy 5-shift caloulation [sin 2theta] fordatasets [~ 1 [ 2 [T 2 [T 4

Denoize Patterns for datasets [~ 1 [~ 2 [ 2 [ 4

Subtract Background from datasets @ 1 W 2 [ 3 [T 4
Check for amorphous samples indatazets w 1 [ 2 [T 2 [T 4
Remove cosmic ray spikes from datasets [~ 1 [ 2 [ 2 [ 4
Maszk specified regions in datasets [~ 1 [~ 2 [ 2 [ 4

Set matching range subset indatazets [~ 1 [ 2 [ 32 [ 4
Apply zsignal tranzformn bo datazets [~ 1 [ 2 [ 3 [ 4

[T Include reference files in main calculation i prezent

These options can be applied to individual datasets selectively. In this
case only Datasets 1 and 2 are being used, so only these two datasets
have selectable checkboxes. The checkboxes for Datasets 3 and 4,
which are both currently empty, are grey and unselectable.

Select to Subtract Background from both datasets 1 and 2.

All of the relevant instructions have now been provided to the
program. Click OK in the main input window to start the analysis.

A progress window will open as PolySNAP reads in the two datasets
in turn, before performing analysis on both of them.
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After analysis is performed on each dataset separately, a third
analysis is carried out to create the combined results using
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Multiple samples - Dataset 1

information from both datasets. Once this analysis is complete the

progress window will close and the results display will appear:
-loix

File Edt Tools Display Pattern Window Help

Dataset H EE“D\SD‘W,l Dendmgvamsl D Plat MMDS] ”| 0 Plat [PEA]l ED Plotl \/al\datlonl MNumerical Hesu\lsl Yigw Laghle| B Hepmantev'
O PxRD
ORaman

G eee0n oe0ne
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@ o0 ® o

183 194 204 21-2 222 234 244 253 263

303

31-3 322 332 343 352 364 373 362 393

Ioc Mmoo @
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ﬂ Mate: &% ha reference phages were pravided, this display is generated from the Dendragram plot.

2 i~ Selected Sample: (1)

% | Datafie: OT-4ran

g

§ | AngleRange  1B50°-4385° 1.00
§ | DaaPoris- Faw 531006 Pocessd 10 002) | o

Most similar to: None
SanpleCaunls: g o
Max 17875 )

Mean 2102 0.40

caromn. | 020 My
e [ LA WA

20.0 250 30,0 35.0 40.0

GJC_107_Remwn3 01

By default it will display the cell display of Dataset 1 which is the
Powder X-Ray dataset. Thereisalist of all the available datasetsin a
menu running along the left hand side of the display.

Dataset

O PXRD

] Raman

[ P<RD&Faman

In this case there are three available datasets - the origina datasets
that were input (PXRD and Raman) and the combined dataset that
was obtained using both the Power X-Ray and Raman data
(PXRD& Raman).

Click on the label name e.g. Raman (not the checkbox) to switch to
the results display for that dataset. The tab bar along the top can be
used to switch between the display screens (Cell Display,
Dendrogram, 3D plot etc.) within each datatype as before.
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At the bottom of the results display is the display pane that shows the
spectra for the sample patterns as well as any image files that were
specified when inputting the data.

Selected Sample: (1)
Datafile: 01-41am

pndeRange:  1650°-4365° 1.00
DataPaints - Raw: 543(0.05°)  Processex d 1360
Mast similar to: None

[Raman | PwRD

.02
J 0.80

Sample Counts:
Maw 17875
Mean 210.2 0.40

-
—— T A WV

20.0 250 30.0 35.0 40.0

GIC_101_Renn3_01

Thereisatab bar running vertically along the side of this display that
allows the spectra being displayed to be changed between showing
either the original PXRD or Raman spectra for the currently selected
pattern.

........

| Raman2 |

Spectra are only available for the two original datasets and these can
be alternated between at anytime by using this tab. Changing the type
of pattern shown has no effect on the main display.

Switch to the PXRD results display, by clicking on the label PXRD
in the list in the top-left. Now, using the control-key, select two
patterns of the same colour in the cell display - for example, 01-4 and
06-4. The two PXRD profiles are displayed overlaid in the bottom
portion of the window:

i~ Selected Samples (1, 5 - P¥RD Rank: 0.95]:

1.000

0.750

0.500

0.250 A\’J\‘J h
20.0 25.0 30.0 35.0

Based on the profiles, it looks reasonable that these have been
clustered together. Now, switch to viewing the Raman profiles of the
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selected samples, by choosing Raman from the vertical tab-bar on the
lower |eft corner.

—Welected Samples (1, 6 - FXRD Rank: 0.95):

=
-
(22}
=

v

250 500 ?S—I] 1000 1250 1500 1750

By comparing the profiles from the two separate methods, and seeing
they are in agreement, we can have greater confidence that the
analysis has been correct.

As well as switching between different displays, the results can aso
be compared directly in a new window. To do this select al of the
checkboxesin the dataset list.

Dataset
P+RD
Raman

PXRD%F aman

Select Compare results... from the Tools menu.

Tools Display  Pattern  Window  Help

Generate Report, ..

List Mon-crystalline Patterns. ..
List Mixbure Patterms, . .

List Pattern Cluster Members. .,

Export Pattern Clusters. ..

List Most Representative Fatterns. ..

s MARPs a5 known Phases on Fie Risplay.,.
Undo Saved Dendrogram Modificakions. ..

Change Cluster Method. ..
Set Cut Level To...
Re-Run Analysis., .. 3

Compare Results. ..
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This opens a new window where the visual results from the three
selected datasets are displayed next to each other. By default it opens
with the 3D (MMDS) plot.

. Comparing results for: PXRD, Raman, PXRD&Raman = D|5|

Display Type: [MMDS Plot =]

In this way the features of the different 3D plots can be directly
compared, as the display can be rotated and zoomed into like a
normal 3D plot. Here, we can easily see that the clusters for the
combined PXRD& Raman dataset seem to be better than for either of
the individual original datasets.
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Multiple samples - Dataset 1

There is a pull-down menu in the top-left of the window that allows
the 3D plot (MMDYS) to be changed either to the 3D plot (PCA) or the
dendrogram display.

. Comparing results for: PXRD, Raman, PXRD&Raman = EI|5|

Display Type: [Denchogram =~

Now, let's look in more detail at the dendrograms of each of the
datasets. Close the Compare Results window, and switch to the
PXRD dataset view, then select the Dendrogram tab.

This dataset consists of three forms of a particular compound. The
last character of the pattern labels show if a given sample should be
Form 2, 3 or 4.

From the initial default cut-level of the PXRD dendrogram, it can be
seen that using PXRD data alone has done quite a good job of
partitioning the data into clusters corresponding with the different
forms; with the only problem being the Form 3 samples have been
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split into different places on the dendrogram (blue cluster, and group

of patterns at the far right):
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in the list on the upper left. The display will update to show the

Now, switch to looking at the Raman results, by clicking on Raman
dendrogram based on purely the Raman spectra provided:

, with the

the red cluster has forms 3 and 4 all mixed up

Raman unabl e to distinguish between them.

Clearly, Raman by itself has not done as good a job as the PXRD in

this example;

Now switch to the dendrogram for the combined PXRD& Raman

results:
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This hasidentified the 'correct’ cluster for every pattern in the dataset,
showing the value of combining results from multiple techniques.
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7.4 Multiple samples- Dataset 2

Close any open results windows, and click in the white background
of the main PolySNAP window to bring up the welcome screen.
Select Analyse Data, and select the following options:

Dataset 1: Powder XRD

Datafolder: C:\Program Files\PolySNAP2\tutorial\multiple2\pxrd
Background subtraction on.

Set Matching Range Subset to 5 - 30 degrees.

Dataset 2: Raman

Datafolder: C:\Program Files\PolySNAP2\tutorial\multiple2\raman
Background subtraction on.

Set Matching Range Subset to 250 - 1750.

Finally there is an option that allows image files of the samplesto be
included and displayed along with the results.

<M ones
Faolder... |

Click on the checkbox to activate this option then click on the
Folder... button. Select the jpeg folder from the same location as
before and click OK. The filepath  (C:\Program
Files\PolySNAP2\tutorial\multiple2\jpeg\) should now be displayed.

|'|_ |oad zample image files fram zeparate folder:

Click OK to begin the analysis.

The results window appears, including in the bottom-right, a
thumbnail view of the sample image corresponding to the currently
selected sample in the display. To see this image full-size in a
separate window, click on the thumbnail view.

| .
1 U A VI

10.0 15.0 20.0 25.0
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Look at the cell display for the combined results (PXRD& Raman).

®
B1

L N N N ® ®
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A7 B2
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C1 c2 C3 Cca C6 c7 cé D3 D4 D5 D& D7

E1 E2 ES EG6 E7 E8 F1 F3

D8
F7 F8

G2 G3 G4 Gh G6 G8 H5 H8

E3 F2 ]

Most of the patterns have either been grouped into the red cluster or
the green cluster; interestingly the yellow pattern F7 has been
assigned to a cluster of itsown.

Switching to the dendrogram it can be seen that F7 is quite isolated
and highlighted as markedly unusual compared to everything else:

Thereis avery high tie-bar between it and the any other pattern. The
combined results have identified this as pattern of interest. The
results from the dendrogram are very similar to those 3D (MMDYS)
plot where F7 is plotted noticably far from the other samples.
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Multiple samples - Dataset 2

To understand this, switch to the dendrogram of Dataset 1 - PXRD.
In the X-Ray data results there appears to be nothing unusual about

pattern F7. It isin the same cluster asa similar sample, F8.

Switch back to the dendrogram for the Combined results. Lower the

cut-level to around 0.6, separating out G4, G5, G6 and G8.

According to the Raman data, these two samples are in completely

different clusters, contradicting the PXRD results.

Switch to the raman dataset dendrogram.
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Switch to the 3D MMDS plot, and see that the cut-level chosen
describes the clusters shown there as well.

We now have a result that well describes the dataset; two large
clusters of pure material A and B, four mixtures of A&B (the yellow
cluster), and the one odd outlier.

Looking at each individual dataset display aone there would be no
indication that there is anything unusual about F7. However by
combining the results, it becomes clear there is a contradiction
between the two methods, and this results in this particular pattern
being highlighted for further investigation by the user.

This shows the value of having different techniques available to
examine a sample, and the worth of combining the results from each.
With a single dataset this unusual sample that needs to be brought to
the user’s attention can end up hidden amongst the rest of the results.
It is only when the results are combined that the discrepancy
becomes clear, drawing the attention of the user to that sample and
allowing it to be investigated in more detail.

7.5 6-Dimensional Plots

There are a number of methods for analysing groups of patterns,
some of which were detailed in the previous examples. However,
these methods only concerned the powder diffraction pattern itself
and not any other associated data that may be available. For example,
this additional information can include sample preparation details
such as the solvent used, concentration, pH, volume, temperature,
etc., and up to three of these can be incorporated into the 6D-plot at
onetime.

To begin, start with only the empty PolySNAP window containing
the menu bar.

From the File menu, select Automatic Analysis and the Analyse
Data... option.
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6-Dimensional Plots

Input Folder: C:\Program Files\PolySNAP 2\tutorial\6D-plot\
Known Data Files: <None>
Datatype: Powder XRD

Click OK. The pattern files in the specified folder are now loaded
into PolySNAP, which carries out pattern matching and cluster
analysis of the data as before. Once complete, the results window
will appear with aview of the Cell Display.

7.5.1 Analysing Resultsusing 6-D Plots

The 16 patterns samples contained within the input folder are
presented in the Cell Display, where it can be seen that there seem to
be five different types of pattern.

When an individual pattern is selected it can now be seen that not
only is there a view of the pattern profile, but there is also textual
pattern information (on the left).

AR AR B ) +
] ll [, L L ey = ey O T

i
[|!

[
|||I|Ir

]

193



The sample information shown is embedded in the pattern data file,
Select the tab labelled 3D Plot (MMDS). The following display

appears:

Thisview displays several distinct main clusters with the cells spread
out along the x-axis. By selecting the cells individualy, and
examining the sample information pane, it can be seen that there
appears to be a correlation between the solvent used in preparing the
samples, and the different groupings of patterns. For example, all of
the red samples are ones that were prepared with ethanol as solvent.

This information can be viewed more easily in a graphical manner,
by enhancing the 3D-plot by plotting additional information on it, in
the form of extra dimensions. For example, we can plot the different
types of solvent used in terms of different shapes, and different
reaction times in terms of different sizes of each plotted point.

1. From the main toolbar select 6D Plot.... At the top of the frame
several options are presented.

Plot (& MMDS (" PCA wih @ Ball Size s [Mass ~| ¥ BallColow as [Totalvolume x| [# Ball Shape as [Reactor ldentty =] Apply

2. Set the Plot option to MMDS.

3. Make surethe Ball Sze option is checked, and select to plot
Reaction Time.

4. For the Ball Colour option, select Dendrogram Colours.

5. Ensure Ball Shapeis selected and set to Solvent.
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6-Dimensional Plots

6. Click Apply.

It can be seen that while the plotted points are in the same positions
and colours as before, there are now severa different sizes and
shapes on the display. Note that the different shapes are clustered
together - spheres are next to spheres, cylinders are next to cylinders,
etc. Select one of the sphere-shaped patterns by clicking on it. Note
that the solvent used in al of the patterns plotted as red spheresis
ethanol; whereas all the patterns plotted as cylinders, for example,
used methanol. While this information was available before, it is
easier to spot trends in the data when viewed in this manner.

From the different sizes of shapes plotted, it can be seen that there
were three different reaction times used in this set of experiments.
This may be seen more clearly by replotting the display, using colour
instead of sizeto represent the different amounts.

Deselect the Ball Sze option, turn on Ball Colour and set it to plot
Reaction Time, and ensure Ball Shape is still set to Solvent. Click

Apply.
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The new plot now looks like this:

The different colours - green, grey and striped, represent the differing
reaction times used. It is interesting to note that the two patterns 4
and 8 come up as separate colours - and hence times - from the rest of
the patterns they are similar to.

Switch to the Dendrogram tab. From the Display menu, uncheck the
option Show WEl Identity If Available. Notice that pattern 8, in
yellow, seems more separated than any of the rest of the yellow
patterns.

We need to consider if the cut-line is positioned correctly. Switch to
the Validation tab and check that Scree Plot is selected in the pop-up
menu in the upper left corner.
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The scree plot is one of the many methods used for estimating the
cut-level of the dendrogram, and can be a useful visual aid for the
user. It is derived from the eigenvalues of the pattern correlation
matrix. To interpret the scree plot the gradient between the values
(number of clusters) need to be analysed. Where the eigenvalues are
very different from one another there will be a steep gradient
between clusters. This is one of the methods used to select the
number of clusters.

For this dataset the number of clusters suggested from thisis between
4 and 5, because it is here that the plotted line changes colour, and the
gradient starts to level out. 5 clusters corresponds to the current cut
level; 4 would correspond to raising the cut line such that the green
and blue patterns were considered part of asingle cluster.

In cases such as this where the graphic displays may not give a clear-
cut solution, it can often be useful to examine the detailed statistical
output from the analysis. This is shown in the Logfile tab. Switch to
it, and scroll to the very bottom of the output. Scroll back up slowly,
until you see the output from the cluster analysis. One section of it
reads as follows:

Summary of the estimates of cluster nunbers:

From princi pal conponents analysis (non transformed matrix): 5

From princi pal conponents anal ysis (transformed matrix): 4
From nul ti di nensional netric scaling: 4
From the gamma statistic using single |inkage: 5
From the Calinski-Harabasz statistic using single |inkage: 5
Fromthe C-statistic using single |inkage: 5
From the gamma statistic using group averages: 5
From the Calinski-Harabasz statistic using group averages: 5
Fromthe C-statistic using group averages: 5
From the gamma statistic using the Ward nethod: 5

From the Calinski-Harabasz statistic using the Ward method: 5
Fromthe C-statistic using the Ward net hod: 5
From the gamma statistic using conplete |inkage: 5
From the Calinski-Harabasz statistic using conplete |inkage: 5

Fromthe C-statistic using conplete |inkage: 5

Maxi mum estimate is 5
M nimum estinate is 4
Conbi ned wei ghted estimate of the nunber of clusters is 5

The nedi an value is 5

This suggests that 5 is indeed the correct number of clusters.
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Go to the Dendrogram view, and select patterns 8 and another of the
yellow patterns. Consider their overlaid profiles - the similarity
between them suggests that the program was correct in its initial
placement of the cut line, and the reason 8 is separated somewhat
from the rest appears to be down to an x-shift.

7.5.2 Manual Matching

Select pattern 7. To get a better idea of what is going on with
particular patterns, sometimes it is useful to compare them manually
to the rest of the patterns. From the Pattern menu, select Manual
Match/Quantitative, and from the resulting sub-menu, select against
Sample database. A new window will appear.

I r[- i

N
U R WYY Y W S S S ]

S00 1000 1500 2000 2500 000 500 4000 4500 SO0

This window, the manua match window, has the selected pattern
shown in the bottom half. The upper half has the controls for the
manual matching. Click the Match button in the top left, and the
selected pattern is compared to each of the other patterns in the
database in turn.

The results are then displayed in a table in the centre part of the
screen. The most similar pattern to the selected pattern is that pattern
itself, which appears at the top of the list, with perfect correlation
scores of 1.0 in each of the 4 tests displayed. The results are sorted in
descending order of Rank value, which a user-controllable
combination of some of the individual matching tests. By default, it
isthe average of the Spearman and Parametric tests.
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6-Dimensional Plots

Click on the number 2 in the first column of the second row. The
corresponding profile for that pattern is shown overlaid on the
original to allow visual comparison.

|Results [larger Ranks are better): |

|Rank | Parametric | Speaman | Kal-Smir |Para Peaks |
1.0000 1.0000 1.0000 1.0000 1.0000

0.7808
0.4687 0.3034 06283 0.2673 0.2930
0.4478 0.3106 0.5851 0143 0.3643
5 22083714 bt 0.3848 01656 0.6040 ni1a12 0.2456
[ 22089712 bt 0.2276 0.0323 0.4230 0.0653 0.3362 L‘
1.00
0.80
060 !

4l
A

L AL A

5.00 o000 1500 2000 2500 3000 3500 4000 4500 5000 5500

This pattern is the most similar to the selected profile, but has quite a
few obvious differences. Thisisreflected in the relatively low scores
that the pattern gets in each of the matching tests. This pattern
corresponds to pattern 11 on the dendrogram earlier, which that
method also identified as being most similar. It seems there are
preferred orientation problems here.

Click again at the same place in the first column to make the overlaid
pattern disappear. Now click on the number 3 to see what the next
most similar pattern is. This corresponds to pattern 3 on the
dendrogram display, part of the green cluster.

Notice that the numerical results are much lower than for the
previous pattern, which supports the choice of the program to place
these patternsin separate clusters.
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To examine the differences between them on an individual peak-by-
peak basis, click the Match Peaks button.

ol-Smir d-value: 0.353 Red: Sample
I prob:

b: 0.021 Elue: Database
‘eak: 0.042

1.00

[ukii]

0.60

0.40

0.20

550 560 570 5.80 590 600 610

A small window appears showing the first two coinciding peaks, and
individual matching tests results between them. Clicking the Next
Peak button repeatedly moves through the marked peaks on the
selected patterns. Click Cancel to dismiss the window.

7.6 Manual Matching Options

The rest of the examples in this tutorial demonstrate the manual
analysis section of PolySNAP. This mode can be accessed from the
Manual Analysis section of the File menu.

File | Edit Toals (Grapt Batter window Help
Automatic Analyzis
Manual Analysiz Mew Databaze. . Chil+h
Open Databaze. . Chrl+0
Open Default Chil+D
[Elaze [atatiase [EtlEen

Chil+3

|mportEatiems..,
Save Hesults [Etrl#5
Saye Copyof Watabase),

Hefrest
Recent Databases

The first thing to do is to create a new database of patterns with
which to work.

We first need to create a new database, which will initially be empty
We will then load some powder patternsinto it, and work with them.
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Manual Matching Options

Choose New Database from the Manual Analysis section of the File
menu. A standard Windows file dialog box appears, and you are
invited to choose a name and location for the new database.

Save As 21

saveine [ S (C) H i

11 ~mazetup.t Cd Corel [ Hagw L
|1 scrobat3 ] Debwin2 [0 Macas [
21 acs CaDel @& M athtype [
|_1 &dabeapp (21 Drawing Files (2 mawk [
4t [ dvd 1 Mouze [
-1 Backup G Graphicorkshop 21 Multimedia Files [
|_1 Cdrom G gstools G Muppet [
4] | |
File name: oG a Save I
Save as type: IArchive Files [*.par) j Cancel |

i |

Enter tutoriall as the database name, select a location (C:/ for
example), and click Save. The dialog box disappears, and a new
window opens inside the PolySNAP workspace.

This is our new empty database; its filename is displayed in the
window title bar. Like any other window, it can be moved around the
screen by clicking and dragging on the title bar, and can be re-sized
by dragging at the edges of the window.

&% C:\tutoriall.par —|o] x|

" D atabase Information

Mame: C:Abutoriall. par
Mumber of items: 0

Pattern M ame/|D Filename
[Mone]

Impaort... | Export... | Iatch | Eemove | Edit I

The filename and your selected location appear in the Database
Information section of this new window.

The number of patterns in this database is aso displayed - as
expected, it is currently zero.

Severa buttons are arranged along the bottom of this window. Most
of these are unavailable as there are no data files in the database. The
only onethat is available for useisthe Import button.

We now need to bring some pattern data files into the database.
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Click the Import button. We need to navigate to where the data is
stored. Locate the folder

C:\Program Files\PolySNAP2\tutorial\manual

Oncein the correct location, alist of different files in the folder that
the program recognisesis listed.

We want to open al of the files in this particular folder, so hit
control-A on the keyboard to select them all, and then click Open. A
new window appears with the pattern processing options.

Processing Options

“Y'ou are about to process 1 pattern,
Fleaze zelect any processing options required:

Options
¥ Momalise intensities [required for matching)

¥ Subtract Background
¥ Srmooth
¥ Find Peaks

Cancel |

These will be discussed in more detail later, so leave them with their
default values for the moment and click OK. A progress bar appears
at the top of the database window to allow progress to be monitored.
Asthere are only afew patternsin the folder, this process should only
take a couple of seconds.

% o butorial L.par — ol x|

Mame; C:Abutoriall. par
Mumber of items: 13

" D atabase Information

Flease wait while the items are loaded...

Import... Exzport... Iatch Eemove | Edit I
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Manual Matching Options

Once importing has finished, the patterns will be listed in the main
part of the database window:

&% Cohbutorial L.par . —|ol x|

— Databasze [nfarmation
Mame: C:Abutoriall. par
Mumber of itemz: 31 2-theta display mode

Pattern M ame/|D Filename

MNH4MNO3 -70 to 149°C C al

18P100 ma.bat

3 PHASE MIXTURE PIGMEMT_3.tst
ALREFHT Alrefht. st
ALREFLT 2 Alrefl bat

Alurninas [SLUMINIUM PECHINEY] 3.kt

ASPIRIN - NO PRIMARY SOLLER SLI Asnosoll bt

ASPIRIN - PRIMARY SOLLER SLITS | Assoller bxt
A+RD-0U4000L10C0R20CAL30 Aa_3bet =l

Impaort... | Ezport... | Iatch | Eemove | Edit I

If the window istoo small to see all of the patterns, the scroll bar on
the right hand side can be used to view the rest, or you can drag the
window border to enlarge the window.

Each entry in the list represents one pattern file that has been
imported.

Initialy, the patterns are listed in the order they were imported. The
list can be sorted by either Pattern Name/ID, or Filename, by
clicking on the headers at the top of thelist.

If some of the chemical names here look very similar to filenames
thisis because the ASCII files we have imported do not contain any
chemical name information, so the filename is used instead. The
actual chemical name, if known, can be added manually later.

You can select a particular pattern in the list by clicking once on it.
When you do so, the other buttons along the bottom of the window
become activated.

The Import button has already been used. The Export button lets you
make a copy of a particular database entry to a separate file, in either
ASCII text or PolySNAP pattern format.

Remove del etes the selected pattern or patterns from the database.

Experiment with these options by exporting a pattern to a separate
ASCII text file under the name exporttest.txt. Make sure to note
where you saved it! Then try importing the file you have just saved.
Finally, select the exporttest.txt pattern in the list and delete it from
the database using the Remove option.

Removing patterns from the database does not in any way affect the
original datafiles which are left intact and unchanged throughout all
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operations performed using PolySNAP - the program works on a
copy of the data only.

The Match and Edit options will be dealt with in following sections,
so leave them be for the moment.

Now quit the program by choosing Exit from the File menu. All
windows will close. Note that any changes made to a database are
automatically saved, so there is no need to manualy save any
changes before closing.

Relaunch the program again in the same manner as before. We want
to return to the database we have just been working with. You could
select Open Database from the Manual Analysis section of the File
menu, navigate to where the database was saved, select it and click
Open, but there is amuch easier way.

The program keeps a record of the last four databases used in the
Recent Databases submenu of the Manual Analysis section of the
File menu. Open this now; one of the entries should be the

[~ PolySNAP

File Edit Tools Graph  Fattern SWindow  Help

Automatic Analysis

Manual Analysis Mew Database. .. Chrl+M
Open Database. .. Chrl+0
Open Default Chrl+D
Close Databiase Chrl

Chrl+Q

Irnpork Patberns., ..
Save Results, . CErlHS
Save Copy of Database. .,

Refresh

Diisnap_tutorialiguant, par

tutorial 1.par database we were using earlier. Select it from the menu,
and it should start to open automatically.

Next, we want to examine some of the patterns we have just imported
in more detail.
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Manual Matching Options

7.6.1 Editing Patterns

Select the pattern nh4no3.txt from the list in the database by clicking
once on it. Click the Edit button, and the Pattern Editor window

appears.

aPattern Editor: nh4no3.txt in C:processed.par

File Edit Tools Graph Pattern  Window  Help
— Pattem Infarmation

=lol x|

Basic | Advanced I

Pattern Name/ID: [NH4NO3 70 to 143°C Courtesy of Fraunhofer ICT

Formula: |[U ki)

Imported from file: C:h\snap_tutorialsnhdno3. bt

[rata Fange: 10 - 99,987,
Drata points - Raw: 4784 [0.015%] Frocessed: 4500 [0.02°)
Moize [ndicatar: 0.47247

‘Wwiavelength uzed: IEu Kal 'l: 154056 [Default value)

Frocesszing Option:

[¥ Subtract Background ¥ Smoothing:

¥ Find Peaks — .I

Current gefting: 1

Peak List: 21 peaks marked

-
18.041 0.377
22,261 0.484
28.841 1.000
31.702 0.557
33682 0.738
35.562 0.23
38.442 0.284
40.002 0.541
43.483 0.064
44.863 0.209
50.703 0126 LI
Peak Threshold:

Current Setting:  0.05

Remove Peak |

1.00
080

0.0

Al

0.40

— e &

020

R T T e

20.00 30.00 40.00 50.00 60.00

70.00 a0.00 90.00

Severa useful pieces of information about the pattern you have
selected are displayed in this window, and a plot of the pattern itself

is shown at the bottom.

The chemical name or pattern ID can be changed here by editing the

current name in the white text box.

Details such as the pattern filename, its start and end angles, and the

number of data points are also displayed.
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There are three check boxes labelled Processing Options just above
the region where the pattern is displayed. To begin with, click oncein
each of the checkboxes, so that they are all turned off:

Frocesszing Option:
[~ Subtract Background
[~ Find Peaks

Current gefting: 1

Then click Apply. The graphing region should now look like this:

1.00
080
0.0

0.40 i ||

|
,_..Hu J JWU@MMWWJW

20.00 30.00 40.00 50.00 60.00 70.00 a0.00 90.00

Asyou can see, the data has been scaled along the y-axis to run from
0.0 to 1.0. This operation is performed for all data being imported
into PolySNAP in order to alow for suitable scaling between
different data sets.

The raw data has aso been interpolated from its original resolution,
to the PolySNAP standard 0.02 degrees. Again, this is for
consistency between patterns.

You can zoom into the pattern display, by clicking and dragging a
rectangle on the region you wish to see more closely:

1.00

0.80

0.0

0.40 ! ||

|
BRIV I —
L LA LUALS A bdcando s

20.00 30.00 40.00 —1'50.00 £0.00 70.00 a0.00 90.00
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Manual Matching Options

The view will then change to just the selected region:

£00.00
500.00
400.00

300.00

200.00

100.00

s e
26.00 28.00 30.00 3200 34.00 36.00 38.00 40.00 42.00 44.00

To return to original view, right-click anywhere on the pattern
display, and select Reset View from the resulting pop-up menu.
Multiple zooms are possible by repeating the process.

Now click the Subtract Background checkbox, and then click Apply.
The pattern display should change:

1.00
0.80
0.60
0.40
0.20 R :

0.00 : " ol

20.00 30.00 40.00 50.00 60.00 70.00 a0.00 90.00

The green line represents the raw pattern data. The blue line shows
the same pattern after the background level has been subtracted. To
see what the program considered to be background before
subtractions, select Show Background Curve from the Pattern menu.
A new window will open showing the subtracted background curve
where the blue line now represents what is subtracted as background.
Once you are finished looking, click Close to close this window and
return to the standard view.

Now click the Smoothing checkbox, so both it and the Background
Subtraction boxes are checked, and click Apply again.
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The graph pane will be updated, and any noise in the pattern will be
smoothed out (shown here zoomed in).

JW

Finally, check the Find Peaks option, and click Apply.

The pattern display will update, and several small blue circles should
appear on the top of the larger peaks:

1.00
080
0.0
0.40

020

0.00 Ao

20.00 30.00 40.00 50.00 60.00 70.00 a0.00 90.00

These mark the location of what the program considers peak regions.
Thereisaminimum peak height below which any peaks are ignored.
Thisis set as a default to 0.05, which is why the smallest peaks are
unmarked.

A list of the peaks the program has found is shown in the upper right
corner of the pattern editor:

Peak List: 20 peaks marked

o7z M
22.261 0.479
26.641 1.000
31.702 0.554
33662 0.754
35.562 0.237
36.422 0.254
40.022 0.536
43.463 0.054
44.563 0.205
50.703 0123 |

This lists the peaks found in order of increasing angle, and displays
the corresponding intensity for each.

If the program has missed a peak you believe should be included, itis
easy to add manually. Note that peak locations are added to the blue,
processed pattern line, not the green, raw data line on the graph
profile.
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Manual Matching Options

For example, if we wish to add the small peak that is located at
around 54°, just right-click once at the point on the graph where you
judge the peak maximum to be:

Al LIRLA )

Reset View

Hemove Feak

Set Peak Threshold

Then select Add Peak from the resulting pop-up menu. A round blue
peak marker should appear at the top of the peak, and an entry for it
should be added to the peak list:

w.ry

th\ﬂy

£2.00 70.00

If this does not appear, try clicking as close as possible to the top of
the peak. It may help to zoom in to the area of interest.

It is also possible to remove peaks you believe to be incorrect. For
example, say we wish to delete the marker from the peak around 18°:
| |

]

Reset View E
Sd Beak ! L

Set Peak Threshold
100 5200 54.00 56.00 58.0C

Right click as close to the peak marker as possible, and select
Remove Peak from the pop-up menu that should appear. The peak
marker, and its corresponding entry in the peak list, should vanish.

1600 17.00 1800 1300 2000
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If the Remove Peak option is unavailable from the pop-up menu, you
have not clicked close enough to the marker. Zoom in to make this
easier, and try again.

Finally, it is possible to adjust the minimum peak height threshold to
include less of the smaller peaks. Look at the dider just below the
peak list - it should be set to 0.05.

Peak Threshold:

Current Setting:  0.05

Drag the handle on the slider until it is set to about 0.25.

Severa additional peaks that were marked before should now show
up without peak markers, as they are now below the new minimum
threshold of intensity.

1.00
080
0.0
0.40

020

0.00 LS

20.00 30.00 40.00 50.00 60.00 70.00 a0.00 90.00

Finally, return the slider to 0.05. The peaks that previously became
unmarked should show up again.

Now click on the Advanced tab in the top-left of the window.

Basic Advanced |

Mazk the region of the pattern between: Feset Al |
|1 il and [99.987 o avalue of: ID_D Apply |

The top section revealed allows us to mask selected regions of the
pattern to be ignored during matching or analysis processes. This
may be useful where a particular peak is negatively affecting results.
Say we wish to mask the peaks in the region of the pattern between
15° and 25°. Enter the start and end angles of the region to be masked
in the relevant text boxes.
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Manual Matching Options

Examine the blue processed pattern in this region to determine its
average background level — in this case, a value of zero should
suffice, so enter 0.0 in the level text box, and click Apply.

0 1800 1300 2000 2100 2200 2300

The change in the pattern should be quite noticeable — while the
green line of the raw data is untouched, the blue processed data line
no longer has any peaks or features between the ranges we have
entered:

1.00
080
0.0

0.40

o : .J m,.l..mmmme,.imm v

20.00 30.00 40.00 50.00 60.00 70.00 a0.00 90.00

Now repeat the process and mask the peak at approximately 90°
using the same method.

Once finished, return the pattern to its initial state by clicking Reset
All.

The rest of the Advanced tab options will be discussed in the
Analysing Mixtures section later in this tutorial.

Choose Close Window from the File menu to dismiss the editor
window. The program will check if you wish to retain any of the
changes made in the editor. At present you do not want to keep any
changes, so click No. You are returned to the main database window.

Feel free to look at some of the other patterns in the database in the
editor window, and investigate the various processing options.

7.6.2 Matching Patterns

Assume that you have just obtained a new, unknown, powder pattern.
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You want to find out what pattern in your existing database it is most
similar to - and hence possibly identify what substance it may
represent.

First, close any currently open database or editor windows.

Now, go to the Manual Analysis section of the File menu, and select
Open...

Open the pattern database you created earlier, c:\tutorial 1.par.

A new database window will open, and the pattern data will be
loaded into it.

&% Cohbutorial L.par . —|ol x|
— Databasze [nfarmation

Mame: C:Abutoriall. par

Mumber of itemz: 31 2-theta display mode

Pattern M ame/|D
MNH4MO3 -70 ta 149°C Cou
18P100
3 PHASE MIXTURE PIGMEMNT_3.txt

ALREFHT Alrefht tat

ALREFLT 2 Alreflt bat

Aluminas [SLUMINIUM PECHINEY] | m3.kst

ASPIRIN - NO PRIMARY SOLLER SLI Asnosoll bkt

ASPIRIN - PRIMARY SOLLER SLITS | Assoller.bxt
AxRD-QU4000LT0CORZ20CAL30 Aa_dbxt 1=l

Impaort... | Ezport... | Iatch | Eemove | Edit I

The first step would normally be to import the unknown pattern into
this existing database in order to examineit. In our case however, itis
aready loaded in the database.
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Manual Matching Options

L ocate the pattern Unknown.txt in the scrolling list of patterns in the
database, click once to select it, and then click on the Match button.

The main program match window wi

2% Match Pattern: Unknown.txt

Pattern Matching | Quantitative Analysis I

Rank Weightings:
Match Spearmar: 050  KolSmir: 0.00
- B tic. 050  ParaPks:  0.00

Match Al |

[~ Refine inear/non-linear shift [zlow]

I appear.
] 59
— Infarmation
Pattern: Edit... | Close |
[Unknown)]

Set...

Save Results |
Current D atabaze:

C:\processed. par
Match Beak.. | [~ Limit #-axiz range ta between |5 and |35 & P Print... |

|Fieady. |

I ame/ID Rank Parametric

Spearman K.ol-5 mir Para Peaks

1.00

080

0.0

0.40

0.2

=

10.00 15.00 20.00

A .

25.00 30.00 35.00

Our unknown pattern is displayed in the graph pane in the bottom
half of the window. Note that the pattern name and the database we
are using are listed at the top right. On the top left of the window are
the matching and analysis controls contained within two tabs —
Pattern Matching and Quantitative Analysis. The default tab is

Pattern Matching, which iswhat we

wish to do first.

Click on the Match button. A progress bar appears as the program
runs through various tests in order to compare our selected pattern to
every other pattern in the database. Once matching is complete, the

[Matching...
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centre section of the window fills with the numerical results, sorted
by the column in bold type, Rank.

|F| ezultz [larger Ranks are better]: |

Mame/|D Rank Parametric Spearman K.ol-5 mir Para Peaks

Unknawn, bt

1
2 ASPIRIN - NO PRIM 0.9887 1.0000 0.9774 0.9337 1.0000
g ASPIRIN - PRIMAR 0.9067 0.9333 0.8745 01204 0.9423
4 ALREFHT 0.2931 0.4734 01123 0.0753 05133
b SAMPLE H 0.2378 0.2336 02413 0.4701 0279
3 QUARTZ 01737 01652 01821 01187 0133 LI

To sort the results by a different column, click once on that column’s
header. To change the sort order, e.g. to sort a column ascending
instead of descending, or vice versa, click the header again. For the
moment, click on the Rank header to re-sort by this column, and
ensure the largest value (normally 1.0) is at the top of thelist.

Look at the pattern associated with this value. This is what the
program considers the ‘best match’ to our unknown. If it looks
familiar, that is because it is — it is the Unknown.txt pattern itself.
Because it isin the database, it is compared to itself. If this does not
result in perfect match scores, there is a problem somewhere, so this
isauseful check.

More interesting is the next entry down in the list. The next best
match has a rank value of above 0.9, quite close to the perfect score
of 1.0. The individual test scores reading along the row reflect this:
al close to 1.0. The rank value is calculated by default by summing
the Spearman and Parametric test scores and dividing by 2.0.

To see these scores reflected visualy, we can overlay the best-match
pattern with the unknown pattern. Click once in the left-most column
of the pattern you wish to overlay (the one with ‘2" init in this case).

|F| ezultz [larger Ranks are better]: |

| [ Mame/ID |Rank | Parametric | Speaman [ Kal-Smir |Para Peaks |
1 Lnknovn. st 1.0000 1.0000 1.0000 1.0000 1.0000
ASPIRIN - NO PRIk
3 ASPIRIM - PRIMAR 0.9067 09383 0.8745 01204 0.9429
4 ALREFHT 0.2931 0.4734 01129 0.0753 05193
5 SAMPLE H 0.2378 0.2336 02419 0.470 0.279
[ QUARTZ 0.1737 01652 01821 01187 01381 |

1.00
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10.00 15.00 20.00 25.00 30.00 35.00

The ‘2’ is replaced by a coloured dot, and a pattern in this colour
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appears in the graph pane. It is obvious the two patterns are very
similar. Click on the coloured dot in the left-hand column once again
to remove the extra graph.

This suggests our unknown sample is aspirin.

Experiment with overlaying different graphs on the unknown; this
helps to get a feel for how the pattern scores correlate to similarity
between patterns. Several patterns can all be overlaid at once on the
graph; to clear them all in one go select Clear Overlaid Graphs from
the Graph menu.

7.6.3 Analysing Mixtures Manually

Using PolySNAP, open the database file quant.par in the tutorial data
folder. (Normally found in

C:\Program Files\PolySNAP2\tutorial\manual)

It contains four patterns — one mixture, and the three pure component
phases.

2% C:\quant.par H=E3
" D atabase Information

Mame: C:hquant. par
Mumber of items: 4 2-theta display mode

Pattern M ame/|D Filename
bimturel bimture. bt
Phasel Phasel.tat

Phase2.tut Phase2.tut
Phased.tut Phased.tut

Import... | Export... | Match | Bemove | Edit I

We will use the program to quantify the amounts of each phasein the
mixture. Select the mixture from the list of patterns, and click Match
to bring up the match window.

Go to the Quantitative Analysis tab, and click Calculate. After afew
seconds when a progress bar is displayed, the program should display
its answers.

Pattern Matching  Quantitative Analysis |

@ Exclude  Kol-Smir < IU_2U Fara Pks < Ig_zg
[ pattems
4 with: Spearman < IU_2U Parametric < Ig_zg

I Scale Graphs

[~ Refine inear/non-linear shift [zlow]

Fesidual.. | [~ Limit #-axiz range to bebween |4 and ISU
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These are in a similar form as before, except that there are two
additional columns — Scale % and Std Dev — the amount of each
phase in the mixture, and the error on the calculation.

[enalysis Resuls: [

Offset used | Scale %

Parametic | Speaiman
09612 05525 03811
01862 03149 02716
Misturs TXT 1,000 1.0000 1.0000 1.0000 0.0 oo

Phase 1.7TXT  0.0015 0.0000 0.0031 01111

K.ol-Smit

There are various ways available to see if the programs suggested
percentages are sensible. First, check the Scale Graphs box on the
upper left.

Pattem Matching  Huantitative Analysis |

Exclude  Kol-Smir
Calculate I~ patterns
with: Spearman

>

Then click on the left-most column of the results table for one of the
phases.

Parametic | Speaman | KolSmir [Offsetused [Scale Z  [Std Dew

09612 10,5525 0.3811 80.2 03
T [ I T T N
1.0000 1.0000 0.0 00
0.0031 01111 0.0 00

1.00

0.80

080

040

0.20 j“ JL AFL

R N JL_J Ak
10.00 20.00 30.00 40.00 50.00 £0.00 70.00 80.00

As before, this overlays the selected pattern over the mixture, but is
now scaled to the percentage intensity suggested by the programs
analysis. The pattern should hopefully look sensible.
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Manual Matching Options

Another option is to click the Residual button, which brings up a
window with two graph panes.

. Residual 19 =] B
Simulated Pattern and g
Test pattern overlayed: Ll
1.00
0.80
0.60
0.40 +
0.20 l L | |
0.00 el ._L_A tad ..JI.\ JL . R A LI\_
10.00 20.00 30.00 40.00 50.00 £0.00 70.00 80.00
Difference Pattern
(Test - Simulated) Export ... | Addto Databasel
1.00
0.50
0.00 T e J[ JU Inl iy N -
10.00 20.00 30.00 40.00 50.00 £0.00 70.00 80.00

The upper one superimposes a simulated mixture pattern, made up of
combining the pure phases in the amounts suggested by the program,
on top of the original mixture. The bottom panel is then the
difference between the two. This difference plot helps show up either
missing phases or extra intensity which is not part of the mixture. If
required, it can be output to afile to be imported as a new pattern at a
later date. In this case, the small amount of residual intensity suggests
the calculated answer is quite good.

Click Close to dismiss the window.

So far, we have quantified the mixture in terms of how much of each
of the pure phase patterns are required to make it up. A more useful
number in the real world would be in terms of the weight of each
phase used in the mixture.
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In order to calculate this, we need to add some additional information
to each of the pure phase patterns. To do this, first select the database
guant.par from thelist of open windows in the Window menu.

an | Window Help
it Liz

L . X v 2 Match Pattern: Misturel
m Tile Horizontally

Tile Wertically
Lascade
Armange lcong

term uantitative |

woffset upta (1.0 degrees
Calculate

This brings it to the front. Now select the first pure phase pattern:
Phase 1. Click Edit to bring up the pattern editor window, and click
on the Advanced tab.

Flease enter additional known information:

Unit cell contents: [412 03 afarsaz [ bfa27sa2 | e12992
z Is alpha: ISU beta: {90  gamma: |120

Using the abowve infarmation, the following have been calculated:
Unit cell volume: 228.97
Faormula Mass: 101.96
Denzity (g cm3): 4.44

Linear &bz, Coeff. [cm-1):  23.37 Enter manually |

Mazz bz, Coeff. [cm2/g):  5.26

We need to enter information into the lower region of thiswindow, in
particular the chemical formula of the phase, its unit cell dimensions,
and the number of formula units per unit cell.

Phase Formula a b c a B vy
Phasel Al203 47592 47592 12992 90 90 120
Phase2 CaF2 54649 54649 54649 90 90 90
Phase3 ZnO 32501 32501 52071 90 90 120

N » O N

Using the information in the table, enter the relevant details for this
phase, and click Update. The fields showing molecular weight and
absorption coefficients and so on for this phase should update. If not,
be sure to enter the formulain the form

<Atomic Symbol><No. of atoms> <AtomicSymbol><No. of atoms> etc.

(The allowed formats for formula entry are discussed in more detail
in section 3.3.11, Additional Pattern Information in the main program
manual).

Repeat for the other two phases.

Click on the mixture pattern database entry to select it, before
clicking the Match button to bring it up in the main match window.

Return to Match window, and in the Quantitative Analysis tab, click
Calculate again.
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Conclusion

This time, the results table should be dightly different — the results
should be headed Weight % rather than Scale %. If not, go back and
check that all of the three pure phases has had the extra information
added successfully.

aaaaaa ol-S it Offsst used | 'Weight 2 | Std Dev.

2 021

01862 0.43

Misture TT | 1.0000 1.0000 1.0000 1.0000 0o 0.on

Phase 1.7TXT | 0.0015 0.0000 0.0031

7.7 Conclusion

This completes the basic tutorial. There are many other features and
options in the program that should allow much more complex
problems to be examined. Each of these are described in the full
program manual, which should be consulted for more information.
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CHAPTER 8

PolySNAP Release Notes

Please report any bugs or problems encountered that are not already
listed in the ‘Known Problems sections below via email to
snap@chem.gla.ac.uk

Version 2.1

A new pre-processing feature has been added for situations when a
large set of reference patterns is available, and needs to be narrowed
down to find a smaller subset of the most similar to a particular
sample pattern. This alows for databases of far more than 2,000
patterns to be scanned quickly and efficiently. This new mode is
accessed via the Pre-screen data... option in the Automatic Mode
main menu option, or viathe Welcome window button.

A new display feature has been added allowing an easy visud
comparison of the marked peak positions between selected patterns.
Thisis accessed via the View Peak Comparison... option in the Tools
menu. The colours and angle-step size can be altered via the Display
& Advanced pane of the Options window.

Infra-Red (IR) and Near-Infra Red (NIR) data in Bruker Opus format
can now be read in by PolySNAP.

A bug where a "Type Mismatch' error dialog was displayed when the
first pattern read in for a given dataset had problems has been fixed.

Version 2.0.1

A bug where DSC data was not being correctly interpolated to a
constant step size was resolved.
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A problem that could cause errorsto be displayed if the last imported
pattern did not have any marked peaks was fixed.

Version 2.0

Initial release of Version 2 incorporating multiple dataset
combinatorial functionality and a re-designed Options screen.

Version 1.7.2 - Build 3-4-07

Data files load much more quickly using the default settings than in
previous versions.

Updated copyright information in the Automatic Report Writer.

Fixed a problem where 'Rerun analysis..." options were not working
in Default mode.

A bug where paths entered at the command line would not work
correctly if the were enclosed in quotes has been rectified.

Fixed an issue in countries using the comma as a decimal point where
shifted patterns were not being displayed correctly in the Numerical
Results pane.

The 'Find' option for a selected Silhouette or Fuzzy Cluster isnow F4
(previously F5).

A 6D-plot issue where the first two 'shapes were shown as the same
shape has been fixed.

Selecting patterns from the Key in the Cell Display, and then
choosing 'Rerun Selected Samples now works as expected.

Entering information in the Advanced tab of the Pattern Editor is
now much easier, as tabbing between fields now works as expected.

The main Run On... dialog box has been dightly re-arranged.
A new program splash screen and window background are displayed.
The program version number is now displayed in program title bar.

The program, documentation and website now use the new Bruker
logo.

The main clustering analysis code is now more efficient and uses a
smaller memory footprint.
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Version 1.7.1 - Build 1-3-07

Version 1.7.1 - Build 1-3-07

Feature Additions

When x-shifts have been refined, clicking on an entry in the
numerical results pane of the Results window now showsthe relevant
two patterns superimposed with the calculated optimal shift value.

A new feature highlights areas of a dataset where there is little or no
signal or marked peaks, and whose removal may improve the results
of the analysis (this notification can be deactivated by deselecting the
‘Warn when areas of low signal are detected...' checkbox is the
Automatic: Advanced section of the program Options dialog box).

A new option has been added to force quantitative analysis to be
attempted on al input samples regardless of how similar they are to
the reference phases. This can be selected via the 'Perform analysis
on all samples regardless of similarity’ checkbox in the Options:
Automatic: Advanced / Quantitative options dialog box.

Bug Fixes

Fixed a bug where a dialog box would repeatedly appear and could
not be dismissed when using the automatic report writer.

Quantitative results were not previously correctly showing up in
View Results mode; now they are.

Version 1.7.0 - Build 14-2-06

A new program operating mode has been added - Quality Control
mode. This allows the user to investigate if new samples are within a
user-specified cut-off of similarity to known reference materials - e.g.
for taking several samples over time to monitor production. Results
are shown on a 3D plot, with the references shown as a 3D surface; if
new samples are within this surface, they pass; if they fall outside the
surface, they fail, and the user is warned.

A new option in the Run On... dialog box allows reference phases to
be included in the main calculation - rather than keeping them
separate as before, they will also now show up on the dendrogram,
3D plotsetc.

Two new tools have been added to the Validation pane - Parallel
Coordinate Plots and Space Exploration. These allow the user to
check that the suggested clustering remains valid in higher-
dimensional space. As a result of these additions, the Tools menu
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option to Export Results for ClusterVision has been removed as it is
no longer required.

A new option in the Options dialog to Use Sample Preparation
information from an externa file rather than the data file headers has
been added. When it is turned on, PolySNAP will look for a
<foldername>.dat file in the current data input folder; if that doesn't
exist, PolySNAP checks as before in the sample _info_format file for
adifferent filelocation; if that failsit then looksin the file headers.

If a database containing reference phase patterns with their unit cell
contents known is provided, PolySNAP can now calculate the weight
% for quantitative results as well as the scale %.

A new option allows the user to decide if the calculated smulated
mixture patterns used for checking quantitative results output are
constructed from the original raw profiles, or with processed (e.g.
background-subtracted) profiles. The default is to use the original
raw profiles.

A new Mask Regions dialog in Manual Mode (accessed through the
Tools menu) allows easier selection of multiple pattern regions to be
ignored during matching.

A new option has been added to the Matching Options dialog box,
allowing the user to set how much the pattern is smoothed as part of
the amorphous pattern identification calculation; the default is level
5; with very noisy data this should be reduced to 1 or 2 to prevent he
occurrence of false positives.

To aid the clarity of interpretation, patterns on the dendrograms are
no longer drawn with a white border round them for very large data
sets.

ASCII data where the angle range runs from high to low can now be
correctly imported.

It is now possible to use the control-key to select multiple items on
the cell display key.

Asaresult of the use of a new, more flexible copy-protection system,
the License menu item has been removed from the Help menu asit is
no longer needed.

A copy of al of the PolySNAP tutorial data is now automatically
installed along with the program itself in a subdirectory of the main
program folder; normally C:\Program Files\PolySNAP\tutorial

Bug Fixes
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Version 1.6.4 - Build 29-9-05

A bug where the incorrect mu value for sulphur was being used in
absorption coefficients cal culations has been corrected.

Combining peak-based and profile-based tests when also allowing an
x-shift no longer causes an incorrect correlation matrix to be
generated.

An issue where the residual pattern was not calculated correctly after
guantitative analysis when there were zeroes in the error column has
been fixed.

A problem introduced in PolySNAP v1.6.4 where it was no longer
possible to copy text from the numerical results pane has been
resolved.

A problem where reported errors on quantitative results were off by
one when patterns in the results list had been marked as ignored is
now fixed.

A bug in the absorption coefficient calculation that could cause a
crash under certain circumstances has been resolved.

It is now possible to correctly manually match a sample pattern
against a reference database using the option in the auto-mode
Display window.

Version 1.6.4 - Build 29-9-05

The PolySNAP manual and other documentation has been
comprehensively reorganised.

A new PolySNAP logo and program splash screen has been
introduced.

The user can now set the location of the sample_info_format.txt file
(used to specify parametersfor 6D plots) in the Advanced pane of the
program Options window.

A bug that prevented more than 500 entries being displayed in the
Numerical Results display has been fixed.

A bug that prevented dendrogram colours being overlaid on 6D plots
has been resolved.

An issue where RAW v4 format files did not have their 'Comment’
and 'Chemical Name' fields read correctly was fixed.

Calculations of mu-star for quantitative analysis are now correct in
cases where different phases have different values of Z.

PolySNAP now supports basic read support of Bruker RAW files in
the new 21 CFR Part 11 compliant format.
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Version 1.6.3 - Build 4-7-05

The basc menu structure has been smplified to clarify program
operation; the 'PolySNAP sub menu is now named Automatic
Analysis, and al manual options are in the new 'Manual Analysis
submenu.

The tabs in the program Options dialog have al so been renamed to fit
this new pattern.

The menu item 'Run Automatically' has been renamed 'Run on
Defaults.

The 'Run On' dialog box now includes details of which shift method
iscurrently selected (sin theta, sin 2theta or cos theta), and also if the
'Strict' background correction option is turned on or not.

In unlocked demo copies, a new dialog box reminds users when the
demo will expire and how to register their copy.

More detailed information about the checking for amorphous
samplesis now included in the logfile.

If no known phases were provided, the menu item to match against
them is now correctly disabled.

The user is now correctly informed if the fuzzy clustering did not
find any problems with a data set.

The requirement that a user have Administrative privileges to change
program settingsis now off by default.

An issue where the Strict background subtraction could be turned on
without first selecting the 'normal’ subtraction has been fixed.

A bug where re-running silhouettes caused the graph pane to
disappear has been resolved.

L ocation of known phases are now reported correctly when they have
come from a database file, not afolder.

A bug in manual quantitative analysis where the presence of an
ignored pattern was preventing weight fraction calculation has been
resolved.

The Average Link method has been removed from the Clustering
options dialog box as it is the same as Group Average Link.

The program now checks if there are any other copies of the program
already running & exitsif so.

A bug where selecting patterns to overlay from the numerical results
pane could cause a crash if shifts had been calculated has been
resolved.

A new graphics toolbar option has been added allowing line sizes to
be changed on the graphical plots.
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Version 1.6.2 - Build 27-5-05

Any changes made to the graphics colours are now reset when the
program is closed and opened again.

Version 1.6.2 - Build 27-5-05

A bug where the program would refuse a valid registration code if it
was entered after the initial time-limited demonstration period had
expired has been corrected.

Version 1.6.1 - Build 27-4-05

The splash screen has been updated to replace the University of
Glasgow logo with the new WestCHEM logo. Additionally, alist of
relevant references for the software has been added to the About
screen, which can be copied to the clipboard by right-clicking on
them.

The calculated % crystallinity is now output to the logfile for all
patterns, not just those considered to be amorphous.

Version 1.6.0 - Build 4-3-05

Feature Additions

The Display menu now features the option Show Current Display in
New Window, which opens a copy of the current main graphics
display (e.g. dendrogram or 3D plot) in a separate new window. This
new display window can be resized, zoomed into etc., but changes
made here are not reflected in the main display; it is only a snapshot
of the current view which can be used to view severa different
displays at once for comparison purposes. This menu item can be
used multiple times to open as many new display windows as are
required.

A new option in the initial Run On... settings dialog allows for the
selection of a restricted subset of the full angle range. With this
option selected, only this range of the patterns will be used for the
matching comparison.

A new sub-menu Tools -> Re-run Analysis... gives access to the
existing using Most Representative Patterns option, as well as two
new options: Using Only Currently Selected Patterns, which takes
the current user selection of at least 4 samples on the display, and
performs a new analysis on just those items, and Ignoring All Non-
Crystalline Patterns, which performs an analysis of all samplesin the
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current run that were not flagged as possibly amorphous. Both the
latter two options give the option to select alocation to store the new
output files in; the default location is a sub-folder of the current
output folder.

The way samples are labelled in the display has been drastically
changed. New options allow the format of a label in the filename to
be set - either the full filename, or various subsets of it may be
selected. If the label is longer than 7 characters, only the last 7
characters are displayed; the full label may be shown by hovering the
mouse over the display until atooltip appears. Labels are now always
off by default on the 3D plots, but can be accessed at any time by the
tooltip method described above. Finally, the menu item Show Well
Identity if Available has been retitted Show Sample Labels If
Available, to better reflect their new flexibility.

It isnow possible to import data from ASCI| text fileswith the .UXD
extension.

Bug Fixes

When the system locale is set to use the comma as the decimal
separator, ASCII files containing commas within the values for angle
or intensity are now correctly read in.

A bug where the fact that an x-axis shift was calculated was not
recorded in the automatic report writer has been fixed.

An issue where manually matching against a reference phase
database gave incorrectly scaled Rank values has been resolved.

A bug that could cause a crash in certain situations where the View
Mixtures option was selected has been fixed.

Version 1.5.4 - Build 10-1-05

When zoomed into the dendrogram display, and changing the
selected pattern by means of the keyboard, it is now possible to
navigate across the entire dendrogram, not just the currently visible
portion.

An issue where nonsense results were generated in the quantitative
analysis when a pattern start angle was less than 0 has been resolved.

Version 1.5.3 - Build 5-11-04

A bug where quantitative results were not being calculated correctly
has been fixed.
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Version 1.5.2 - Build 15-9-04

An issue where the report-writer pane did not resize correctly when
the Pattern information screen was hidden has been fixed.

Version 1.5.2 - Build 15-9-04

Feature Additions

An additional technique to help identify amorphous samples has been
added. This uses a Fourier Transform Power Spectrum to determine
if a given pattern has any useful structure. New options have been
added to the Advanced Matching Options dialog to control this. As
an experimental feature, it isturned off by default.

When using reference phases, the generated known phase database
file is now created in the program output directory, and not the
reference data directory as before. This approach means we need
only read access to the data, and not read-write to be able to use
known phases.

The Hide Group menu option has been renamed Mask Group, and is
now available for the dendrogram display as well asthe 3D plots.

When a particular cluster grouping is selected using the Mask Group
option in the 3D plot, pressing the space bar toggles between hiding
just that selected group, or hiding all of the other groups instead
while showing only the selected group.

It is now possible to show the colours from the Dendrogram as part
of a Modified 3D Plot (6D Plot), by selecting Dendrogram Colours
from the Ball Colour drop-down list.

Selecting two patterns to be overlaid in the main results window now
automatically shows the Rank correlation coefficient for the two
patterns in the Pattern Information pane titlebar.

The Toggle Mode option in the right click menu on the pattern graph
now displays all but the most recent pattern in the same colour, to
allow easier comparisons between a particular pattern and multiple
other samples.

An additional option in the 6D Plot allows the dendrogram colours to
be used as the Colour field for a plot. This is accessible from the
Colour drop-down menu item Dendrogram Colours.

The option to mask selected pattern regions from the Run On...
dialog box has been turned from a button into a checkbox. Selecting
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the checkbox brings up the settings dialog. This makesit easier to see
if masking will be used for a given data set or not.

If appropriate, the installed serial number and the demo expiry date
are now displayed on the program splash screen.

The report writer has been updated to display additional program
references.

Bug Fixes

The program should now behave more reliably on international
systems when the system locale decimal separator symbol is set to
something other than "."

An issue where the use of the F5 key failed to |ocate patterns on the
graphic displays after azoom or rotate operation was resolved.

A bug where patterns of different data ranges were not masked
correctly has been fixed.

Some issues that prevented the program being run in command line
mode were resolved.

Some issues that prevented the program running correctly when the
output folder was set to be on a remote network drive have been
fixed.

A problem where the 6D plot did not fill the screen when the pattern
information pane was hidden was fixed.

An issue where the labels in the cluster member listings were not
output in the correct order in the logfile has been resolved.

Version 1.5.1 - Build 1-4-04

Feature Additions

The ability to display a colour-coded key for which patterns are
which on the graph display has been added; it may be toggled by
means of the item Show Pattern Key on Graph in the Display menu.

A new option has been added to the preferences to set the number of
datafiles above which label display will be off by default on the 3D
plots; this helps to prevent confusion when large numbers of patterns
are being plotted. The default is 60.

The ability to import data from the MDI ASCII output format has
been added.
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Version 1.5.1 - Build 1-4-04

The ability to hide or show the dendrogram axes has been added; it
may be toggled using the right-click menu item Show Axes.

A new option in the dendrogram and 3D plots allows the user to
locate a particular pattern by either pattern index, or pattern label.
This option, accessed via the right-click menu item Find Item...
brings up atooltip to show where on the display the particular pattern
islocated. The located item can optionally be selected and centred in

the display.

The new find pattern option is a so integrated with the silhouette and
fuzzy clustering results display. Clicking on a silhouette selects the
corresponding patterns, after which repeatedly pressing the F5 key
3D plots are visible highlights each of them in turn. This allows
outlier or other suspicious patterns to be easily located.

An option to change the equation used to try to refine pattern offsets
has been added; aswell asthe default of D2q = g5 + & sin g, it isnow
possible to select D2q = ay + a; cos q and D2q = a5 + a; Sin 29 as
aternatives, giving more flexibility to dea with different data
collection geometries.

Severa program output files have been renamed to make them more
self-descriptive and consistent.

References to the PolySNAP software have been added to the
automatic report writer.

The Advanced tab has been renamed the Validation tab to better
reflect its usefulness.

The default sphere size on the 3D plots is dlightly smaller than in
previous versions.

Bug Fixes

Severa bugs relating to updating the 3D plot colours after the cut-
level was altered have been resolved.

A bug where pattern selection was not possible on the 6D plot has
been fixed.

A bug where known phases were not displayed on the Cell Display
when Well 1Ds were showing has been corrected.

The program manual has been reorganised to give greater
prominence to the PolySNAP sections, and the installation chapter
has been rewritten to reflect the new installer mechanism.
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Version 1.5 - Build 20-3-04

Feature Additions
PolySNAP can now work with up to 1500 patternsin asingle run.

A new option has been added to the Run On... dialog allowing up to
three independent regions of the pattern to be masked at the start of a
standard program run. This makes this facility much more easily
available than in previous versions.

Several new graphics options are available in the various 3D plots.
These include the ability to render the spheres with either partial
transparency or as dots, allowing any hidden features to be more
easily spotted. Facilities to employ aclipping plane, aswell asto hide
or bring forward a selected colour group, make dealing with complex
plots and large data sets more practical. The ability to manually drag
pattern labels on 3D plots into different positions has also been
added, alowing for the creation of more professional looking plots
when creating diagrams for use elsewhere. These features are all
accessed through the right-click pop-up menu.

A new tab, 6D Plot, has been added to make access to the multi-
dimensiona plot easier. A more intuitive interface also acts as a key
as to what dimension is representing what information field. Once
created, a 6D plot now is not deleted automatically, so it is now
possible to switch between the other displays and the 6D plot without
having to redraw it each time. The Tools menu option previously
used to access this feature has been removed.

Another new tab, Advanced, has been created and contains severa
options that may not be required in a straightforward program run,
but that could be useful in trickier cases. The Scree plot has been
moved here. New plotsinclude Minimum Spanning Trees, Slhouettes
and Fuzzy Clustering. MSTs give a different way of splitting up the
patterns into different clusters, based on the maximum distances
between samples. Silhouettes and Fuzzy Clustering can give
information about particular members of clusters that should perhaps
be looked at in more detail - borderline cases, or possible mixtures.
New options in the clustering advanced options pane give upper and
lower cut-off values for the fuzzy clustering. Full details on these
new plots, their meaning, and how best to utilise the information they
give, can be found in the full program manual.

A new Tools menu item, List Most Representative Patterns...now
givesalist of the patterns considered to be the most representative in
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Version 1.5 - Build 20-3-04

each cluster. A list is displayed on the screen, and is also
automatically added to the logfile. Note that the results depend on the
current dendrogram cut-level, and also that different results will be
obtained depending on if the MMDS or PCA displays are selected
when this option is chosen.

A new Tools menu item, Rerun Analysis using Most Representative
Patterns... takes the current list of MRPs, and uses it to create a
known phases database using those patterns. The entire analysis is
then re-run for the current dataset, but now additionally using the
MRP known phases for comparison. The output from this re-run is
saved inside a new folder called MRP_rerun, which is created inside
the original output folder. This may help to identify possible mixture
patterns. However, caution should be used when examining the
results, as it is entirely possible one of the MRP patterns could be a
mixture itself.

A new Display menu item, Show Amorphous Samples on 3D Plots,
toggles whether or not samples flagged as amorphous are plotted.
This can make quite a difference to plots in some cases - especially
the PCA - as it often removes extreme outliers and therefore makes
seeing the actual clustering simpler.

When several profiles are displayed on the graph plot, control-
clicking to deselect one of them on the cell, dendrogram or 3D
displays now correctly results in the relevant profile being removed
from the graph plot.

A new setting in the program Options dialog box, Extract Well 1D
from Filename toggles if the last 3 or 4 characters of the pattern
filename (after a separating underscore character) represent the Well
ID of the pattern, and are parsed and used to identify the pattern on
the Cell Display and Dendrogram Display.

The Dendrogram cut-level is now drawn as a solid yellow line; the
upper and lower confidence lines are now dotted yellow linesto help
increase their visibility.

The format of the report has been changed very slightly to output the
list of clustersincluding a separation colon, in order to make turning
itinto atable in Word later more feasible.

If the user selects an output folder that already contains PolySNAP
output files, they are now warned before the older files are deleted.
An option to turn off thiswarning is available in the program options.
Additionally, an option to start each logfile afresh rather than
appending to any existing fileis also available.
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The Tools menu option List Pattern Clusters has been renamed to
List Pattern Cluster Members.

Program options are now saved in a file, snap.ini, in the program
directory (normally C:\Program Files\SNAP). This means settings
are persistent across multiple users on the same machine, and can be
more easily edited by hand if necessary allowing for simpler
troubleshooting.

Entriesin the error logfile are now time and date-stamped. Some list
entries in the main logfile are now tidier.

Bug Fixes

An issue where an amorphous sample may sometimes appear by
itself on the left-hand side of the dendrogram rather than on the right
has been corrected.

Version 1.0.5 - Build 13-11-03

Feature Additions and Bug Fixes

Identified an issue that occurs on machines with Office 2000
Professional installed, when logged in as a non-administrative user,
who has never run an Office program on that particular computer,
and PolySNAP is run for the first time. The Office Installer pops up
repeatedly at various points when running PolySNAP, and great
persistence is required to dismiss it. This appears to be an issue with
the MS Office program, and the current workaround is to launch any
Office program, e.g. Microsoft Word, once and then exit it, before
launching PolySNAP for the first time. If this is done once, the
problem does not reoccur. For more information, see Microsoft
Knowledge Base Article Q298385:

http: //support.microsoft.com/default.aspx?scid=Kkb; EN-US Q298385

An issue where the list of clusters obtained by selecting List Pattern
Clusters from the Tools menu was not correctly updated after saving
changes to the dendrogram was resol ved.

An additional menu item, Show Graphics Toolbars, was added to the
Display menu. This allows the toolbar visibility to be set persistently
for an entire session.

The program installer now creates a shortcut to PolySNAP on the
Windows Desktop which is available to al users, and not just the
user who initially ran the installer.
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Version 1.0.4 - Build 1-11-03

An issue where the currently selected graph was reset to the initial
view when switching to the report or logfile panes was fixed - the
current view is now retained.

An issue where the colours used to display peak profilesin the Peak
Compare window were reversed from those used to display the
profilesin main graph window was resolved.

A display bug where the Cell Display was failed to draw correctly
when the Display window is first created with some datasets was
fixed.

Various small issues with the tutorial documentation were corrected,
and some wording changed to make certain steps clearer.

Version 1.0.4 - Build 1-11-03

Feature Additions and Bug Fixes

The PolySNAP Run On... window has been redesigned to make it
easier to use. Options are given to turn on processing controls such as
background subtraction and allowing x-shift calculation on a per-run
basis. It has also been made the first entry in the PolySNAP main
menu.

The security feature that prevents users without Administrative
privileges to access the program options can now be disabled if
required. Admin privileges are required to toggle this particular
option however.

A new preference option has been added to allow the location of any
installed GADDS software to be specified. Upon specifying a
location, the PolySNAP copies a script file to the GADDS script
directory automatically. This script file, DisplayFrame.slm, allows
for the basic integration between the Display window and GADDS
software.

A bug where a manual match against a known phase database failed
to work with certain patterns has been resolved [Bug ID: 000121].

A problem where turning off the option to separate amorphous
samples caused the cluster analysis to fail was fixed [Bug ID:
000122].
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Version 1.0.3 - Build 7-10-03

Feature Additions and Bug Fixes

A bug where the program sometimes crashed when attempting to
view the numerical results pane after performing a match with an
offset has been resolved.

Version 1.0.2 - Build 13-8-03

Feature Additions and Bug Fixes

The program has been updated to read in and display the revised,
expanded format of sample preparation information. Fields that are
empty of information are now no longer shown in the sample
information pane.

It is now possible to view two patterns that have had a best x-offset
caculated shifted by the correct amount. This is accessed by
selecting the two patterns of interest in the Numerical Results display
pane, when the Display menu item Show Calculated x-shift is
selected. Additionally, the calculated offset values are shown in the
tooltip text for that cell after clicking.

A new option, Include Detailed Sample Information In Report, lists
each pattern by Well ID (if present), and the corresponding sample
information fields, in the standard order and separated by semi-
colons. When the saved report is opened in Word, the Convert to
Table feature can then be used to turn this into a table for easier
reading.

Fixed a problem that prevented 6D customisable plots from working
in View Results mode, or when a database was used as the pattern
source [Bug 1D #000117].

A bug that could cause patterns that were not mixtures to appear asif
they were after some settings has been changed has been fixed [Bug
|D #000116].

Anissue where using the Reset All option for preferences did not take
effect for the matching settings has been fixed [Bug ID #000115].

PolySNAP no longer asks if you want to save the report when it has
no actual content.

A problem where a predefined masked pattern region in a SNAP
database would be lost when running PolySNAP on the data has been
resolved.
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Version 1.0.1 - Build 7-7-03

A bug which prevented the Most Representative Pattern (MRP) from
being highlighted on the 3D plots has been fixed.

The bug in which only the first page of the report or logfile would
print should hopefully be resolved.

A serious memory leak that occurred when non-linear shifts were
being calculated has been repaired [Bug |D #000118].

Version 1.0.1 - Build 7-7-03

Feature Additions and Bug Fixes

Added the facility to alow for a non-linear offset x-shift that varies
with sin g. Thisis accessed through the Options -> Matching Options
screen, and slows the matching operation down by around afactor of
4. Output from this is saved in the file distances offsets.txt in the
program output folder.

A new facility, accessed through an extra checkbox in the PolySNAP
Options dialog that enables a 'strict’ background subtraction on
import has been added.

To speed up the analysis, the default clustering method is now Group
Average Link (previously known as the Ward Method), instead of
Auto-Select.

A new option in the Display menu to toggle between showing
profiles with or without processing has been added.

If one of either of the PCA or MMDS plots are giving markedly
better results than the other, then that display will have two stars (**)
next to its name in the tab bar header to highlight that fact.

Fixed abug that caused al but thefirst cell to be grey with aquestion
mark under it after the dendrogram cut-level had been modified
manually (Bug ID: 000054).

The default program wait between loading each pattern has been
changed to 4 seconds.

Fixed an issue where the standard background subtraction checkbox
setting was not being retained.

An issue where the program timeout was triggering far too soon
when |oading data from a network drive should now be resolved.
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An irritating problem where spurious error messages about images
were displayed when opening main results window has been fixed.

Fixed an issue that prevented Bruker Frame (*.gfrm) files from being
viewed in the GADDS software despite it being installed correctly.

Fixed an issue where the amorphous indicator failed to behave as
expected when any of the background subtracting options were
turned on.

Fixed a bug where the well identities on the dendrogram/cell display
were |ost after changing dendrogram method.

Fixed a problem where DSC data was not importing correctly.

Version 1.0 - Build 30-4-03

Feature Additions and Bug Fixes

PolySNAP now pre-screens for patterns that have no signal, and does
not include them in the analysis. The logfile is updated accordingly.

After selecting a particular pattern in the cell or dendrogram display
with the mouse, the left and right arrow keys can be used to quickly
select and scan through adjacent samples.

The mechanism used to highlight the currently selected sample on
the 3D plots has been improved.

The agorithm to identify samples that are entirely amorphous has
been enhanced, and now has a much higher success rate. See the
program manual for a description of the modified method.

The algorithm to calculate components of a mixture has been
improved to make it less likely spurious phases are included in the
answer. See the program manual for a description of the modified
method.

The dialog box that allows the user to list and examine all the
samples marked by the program as amorphous now lists patterns by
filename, rather than chemical ID field, as the latter is not aways
present. It also now optionally displays the amorphous-subtracted
profile calculated by the program to alow the user a better
understanding of why a particular sample may have been flagged.

The clustering method previously known as Ward is now referred to
in the program and documentation by its correct name of the Group
Average Link method. Additionally, the option to use the Sum of
Squares method has been removed due to its poor performance.
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Version 1.0 - Build 30-4-03

Program instability and occasional crashes that occurred when a
large number of samples were marked as 'amorphous has been
corrected.

An issue, aso present in SNAP-1D, where the calculated error on
guantitative analysis could produce unrealistic values when going
from a scale to aweight fraction is now fixed.

A serious bug where changing the cluster method several times on a
large dataset, and then returning to original could give different
resultsin certain situations has been corrected.

Amorphous phases are now correctly labelled as such on the cell
display.

An issue where the automatic report generation could cause the
program to crash was resolved.

The 6D customisable plots are now more robust and reliable.
Additionally, the initial 'large’ ball size no longer dwarfs the entire

display.

An issue where the Simplified Dendrogram option was not selecting
the expected patterns for display has been corrected.

Known problems/bugsin this build

Opening a Frame file in GADDS is untested and requires the user to
manually install a script file.

Printing from the report or logfile panes can be unreliable at times,
depending on the current printer and operating system combination.
The recommended workaround is to save a copy of the document,
open it in Microsoft Word or similar, and print from that application.
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Beta Version - Build 10-04-03

Feature Additions and Bug Fixes

The pattern profile graph has been replaced with a more flexible
OpenGL based version. This allows for overlaid profiles to be offset
in the x or y directions, and individual profiles can be identified by
'tooltips containing the corresponding pattern filename. The limit on
eight overlaid profiles has been lifted, and up to 1000 profiles can be
shown at once on the same display. The graph can now be copied to
the clipboard and pasted into the report or elsewhere. New options
have been added to the Display menu to allow control of these
features.

A basic automatic report can now be generated to order using the
Generate Report option in the Tools menu. The use can select a
detailed or summary report, and whether or not to include copies of
the graphics output.

Added the ability to directly import all current types of Bruker RAW
format files, including Diffrac-AT.

Code to change the behaviour of the program to prevent a non
Administrator user from changing program settings has been added.

When importing data from a network drive, the program should
recover transparently from most types of temporary network failure.

A goodness of fit indicator has been added to the 3D MMDS plot
(shown in the upper |eft corner), to give an indication of the quality
of the clustering results. Numbers closer to 1.0 are more reliable.

A new option in the preferences alows a backup copy of any report
to be automatically saved to a pre-defined location whenever areport
is saved manually.

Added the ability to save the report in ASCII text format.

Added the ability to open Bruker Frame files in the GADDS
software, assuming it is installed on the current machine, and the
relevant script file (DisplayFrame.sdm) is installed in the GADDS
software scripts directory.

If filenames include the well ID of a sample (e.g. 1A01) this may
optionally be shown automatically in the cell and dendrogram

displays.

If sample images are present in the data directory, they are by default
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Beta Version — Build 04-02-03

shown in thumbnail format next to the pattern profile when a
corresponding sample is selected. Clicking on the thumbnail opens
the full-size image in the system image viewer.

Fixed a problem where re-running the same datasets multiple times
could cause a memory overflow, resulting in nonsense results being
generated.

An issue where the Run On... dialog box did not remember the last
number of files set to import was resol ved.

An issue that prevented the program from running to completion
when a database was selected as the data source in the Run On...
window was fixed.

An issue where the busy cursor was not shown during Change
Cluster Method operations was fixed.

The label to identify the 'Simplified" dendrogram has moved to the
top-left to be more obvious.

The program installer now checks to ensure that the system is
Windows 2000 or more recent, and refuses to install if this
requirement is not met.

Known problems/bugsin this build

Opening a Frame file in GADDS is untested and requires the user to
manually install a script file.

Printing from the report or logfile panesis not yet fully implemented.
The recommended workaround is to save a copy of the document,
open it in Microsoft Word or similar, and print from that application.

Crystallinity Problems - the program occasionally mis-identifies
patterns as being non-crystalline. Thisis currently being investigated
and a revised methodology is planned for the next release.

Mixture problems - the mixture identification routines are
unfinished. Additionaly, the facility to manually override a program
suggested mixture component is not yet available.

Beta Version — Build 04-02-03

Feature Additions and Bug Fixes
An issue with the parsing of the sample info where the 11th datafield
was not being read in was corrected.
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Added a 'None' button available in Options for the Known Phase
Database location, and fixed issue where it didn't work. The default
location for Known phasesis now '<None>'.

Beta Version — Build 17-01-03

Feature Additions and Bug Fixes

The underlying SNAP-1D program is now upgraded to version 1.2.
See the SNAP-1D Release Notes for more information on changes.

A new menu item in Pattern Menu, Open Pattern Using EVA, allows
a selected pattern to be opened for viewing in EVA from PolySNAP.
This only works for single RAW files in the standard data directory,
and assumes EVA is set asthe default editor for RAW files.

The Toggle Mode option in the right-click menu for the dendrogram
display now switches between the standard dendrogram, and a
'smplified” dendrogram. The latter displays only the first, last and
middle pattern in each cluster.

Upper and lower confidence bounds on the suggested number of
clusters are now plotted as dotted lines on the dendrogram display.

A new option in the right-click menu of the numerical results pane
brings up a window to show a difference plot for the selected pair of
patterns.

A new button has been added in the Options window to allow the
user return al preferences to their default values.

The program now checks that the weights entered by the user for the
selected matching tests sum to 1.0, and warns when they do not.

The Find Peaks preferences option is now no longer available as a
separate preference in PolySNAP, as there is no good reason for it to
ever be turned off.

The selection of the default input, known and output directories for
Automatic runs of PolySNAP has been simplified, and the user
interface improved.

Within a given program instance, the Run On... dialog box now
remembers the last location for each folder used each time it is
opened. Thefirst time it defaults to the default program locations set
in the Options dialog box.

The interface to override the default amount of pattern smoothing has
been simplified to being avalue from 0 to 10. 1 isthe default amount.
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Beta Version — Build 17-01-03

The contents of the PolySNAP data import window now resize
correctly when displayed on screens larger than 1024x768.

The print mechanism for the report and logfile panes has been
changed in an attempt to circumvent printing problems where
spurious extra pages were being printed. There are now separate
Print Selection and Print options in the right-click menus; the latter
uses the experimental new printing mechanism, but requires to be
tested on-site.

A problem on slower machines where the Pattern Editor window was
opened, and the pattern display flickered badly, has been fixed.

An issue where the directory listing in the Select Folder screen was
not updating after the New Folder button was used has been resolved.

Fixed a problem where the program would sometimes not exit
properly after an automatic run had been cancelled by the user.

Experimenting with the changing the clustering method in the results
screen no longer changes the default cluster method for the next run.

Fixed a problem where trying to plot too many profiles on the graph
caused the same error message to be repeatedly displayed.

Pattern filenames instead of chemical names are now shown in
results fields of the match window.

Fixed a problem where nonsense values were sometimes being
written to the distances_offsets.txt file.

A problem with the parametric Pearson test behaviour, where results
between -1.0 and 0.0 were not reported correctly, has been rectified.

The Match All progress bar is now only displayed with more than 50
patterns, or more than 15 when an x-offset calculation is being
performed.

A new version of the program installer is now being used to prevent
problems that kept occurring when trying to install on certain
Windows 2000 systems.

Known problems/bugsin this build

[Bug ID: 000100] Amorphous phases are not correctly labelled as
such on the cell display yet.
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[Bug ID #000085] Customised 3D plots (aka “6D Plot”) are still
largely untested due to lack of data containing varied sample
information.

[Bug 1D #000084] Graph Pane cannot be copied to the clipboard.
[Bug 1D #000083] Button to open Frame files not working yet.

[Bug ID #000071] Amorphous Indicator calculation not always
reliable.

[Bug 1D #000064] Preference setting to Subtract Background is not
always retained correctly.

[Bug ID #000056] Hardware graphics acceleration needs to be
switched off on some PCs or graphics display strangely.

[Bug 1D #000054] View Results option does not take any notice of
known phases.

Beta Version — Build 17-12-02

Feature Additions and Bug Fixes

Match All code has now been optimised, resulting in roughly halving
the time taken for that part of an average calculation. For example,
performing Match All on 300 patterns took 3 minutes 20 secondsin
the previous beta version, and now only takes 1 minute 20 seconds.

A new option to alow a variable 2g-offset to be calculated for
patterns that may incorporate a shift has been added. Thisis accessed
through the Edit menu -> Options -> PolySNAP tab -> Matching
button -> Allow x-offsets of up to... checkbox. Note that the process
greatly adds to the program run-time, and at present, only offsets for
the Spearman and Parametric tests are calculated. A new results file
in the program output folder, distances offsets.txt is now created.
Thisresolves [Bug | D/Feature Request 0000075].

New code has been added to improve system performance when the
program is waiting for the input directory contents to change during
an automatic run - the program now goes to sleep until it is sent a
signal by the system to wake and continue processing. This new
function does mean the interface is unresponsive during the sleep
period however. The maximum sleep time has been changed to one
minute as a result since system resources are not being used
otherwise in that time.
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Beta Version — Build 17-12-02

It is now possible to change the number of files expected by the
program once an auto-run importing has started; the display and
internal counters are updated accordingly [Feature Request/Bug 1D
#000061].

An option is added in the Display menu to view the dendrogram-
generated version of the cell display even when known phases are
present. This resolves [Feature Request/Bug | D: 000086].

A new feature is added that displays the multiple-pattern overlay key
in appropriate colours for the patterns, thus making it easier to see
which profile corresponds to which filename; this resolves [Feature
Request/Bug I1D: 000069].

A new standardised function is used for all operations that involve
writing to the program logfile. This is more robust, as it checks for
the existence of the file, and creates it if necessary. It also uses more
modern file-handling methods, and resolves [Feature Request/Bug
D 000096].

PolySNAP will no longer allow the user to set the program output
directory to the same location as the input directory. Error checking
of the input directoriesis also improved.

A problem where writing the cluster members list to the logfile with
more than 26 groups caused strange ASCII characters to appear has
been fixed, resolving [Bug ID 000046].

A problem where in some cases, switching between display modes,
or clicking twice in succession on the Dendrogram tab, causes a
saved, modified cut-level to be lost & replaced with the origina
calculated version should now be resolved [Bug ID #000048].

The known phases key on cell display no longer repeatedly uses the
first file name for al entries; thiskey islimited to 8 characters, so the
last 8 characters of the filename (minus the extension) are used,
resolving [Bug ID: 000099].

Fixed [Bug ID: 000101] where the Match Now button on the import
screen did not work correctly in some situations.

Some problems with parsing sample data should now have been
resolved [Bug 1D 000102].
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Beta Version — Build 08-11-02

Feature Additions and Bug Fixes

The most representative pattern (MRP) for each cluster can be
(optionally) shown in the 3D plot (it has spikes coming out of it);
selecting it brings up a dialog box reporting the mean pattern-pattern
distance for that cluster.

The colouring of the different clusters has been improved using
shading, so larger numbers of separate clusters can be told apart more
easily.

The quality of the plotting of the spheres in 3D plots can now be
user-controlled (press F2 when 3D plot is shown).

Improved cluster analysis code automatically selects the best
clustering method for the problem; this can be manualy set or
overridden by the user if required.

The option to re-run using a different clustering method is much
faster than in previous versions.

Added an option to use an externa graphics viewer (whatever the
system default for JPEG format images is) to look at sample images,
rather than the internal SNAP viewer.

[Bug IDs #000094 & #000095] Progress bars are now shown and
correctly updated during long, computationally intensive pattern
matching and cluster analysis calculations.

[Bug ID #000073] Fixed very annoying bug where changing the
dendrogram cut-level manually caused colour assignations in Cell
and 3D plots to become incorrectly sorted into ascending numerical
order.

[Bug ID #000066] Fixed a bug where some RAW data files were not
being fully imported correctly, and as a result data points were being
lost (e.g. with pattern DOMAXL_AOL1.RAW).

[Bug ID #000076] Fixed a problem parsing pat names of known
phases in certain situations that caused more known phases than
actually existed to appear in the cell display key.

[Bug ID #000070] We now display the short not full path name in
multiple pattern overlay key.

[Bug 1D #000065] Fixed parsing code of sample information to not
expect units in the concentration field.
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Beta Version — Build 17-10-02

[Bug ID #000050] We now hide 'x pats loaded out of y' labels on
import screen when doing View Results only.

[Bug ID #000074] On import screen, long file-paths no longer wrap
and look messy; they are truncated if necessary, and the full path can
be reveaed viaatooltip.

[Bug ID #000077] The icon for 3D (PCA) plot is now no longer
incorrect in display screen toolbar - was showing icon for 2D plot.

[Bug 1D #000052] Groupswritten to log file now do not use incorrect
carriage return character and thus display all on oneline.

[Bug ID #000060] Online run with GADDS should not now cause
targets.txt file to be mistakenly imported as a pattern.

[Bug 1D #000081] The graphics configuration preferencefiles (*.cfg)
are checked for consistency before saved settings are read; this
should prevent problems where dendrogram lines appear to vanish
due to corrupted preferences values.

[Bug 1D #000072] The estimated number of clusters and dendrogram
cut-level should now be correct and internally self-consistent.

[Bug ID #000097] Cell display no longer sometimes incorrectly
shows results as if known phases present even when they are not.

[Bug ID #000098] Re-running the clustering method no longer
causes tree3d.dat and score.dat files to be deleted incorrectly.

[Bug ID #000055] Hourglass cursor no longer often appears
randomly and for no good reason when left hovering over the

graphics displays.

A problem where program could hang when the return key was
pressed to dismiss the ‘Save Modified Dendrogram? dialog was
shown has been fixed.

Beta Version — Build 17-10-02
Modified test version.

Fixed bug where program would not run correctly given data on a
network drive.

Added an option to allow a re-run of the cluster analysis using a
different clustering method, via an option in the Tools menu of the
display screen.
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Beta Version — Build 14-10-02

Initial test version.
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