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\simplé\. 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,
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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 waysto 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, smilar 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 availableislimited, 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-calculated 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
dightly 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 plot is
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 smilar 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 M1XT2. 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\simple\Known and double-click to
select thisfolder.

171



6. The Load sample image files from another folder section should
still be empty and unchecked.
7. Finadly, 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

This part 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 isturned 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
PolySNAPR, 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 Cell 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
aproblem 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) = aj+a;sinb (7.0

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 &
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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|
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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, asin 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 afolder 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.
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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

182



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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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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Multiple samples - Dataset 1

selected samples, by choosing Raman from the vertical tab-bar on the
lower |eft corner.

—Welected Samples (1, 6 - FXRD Rank: 0.95):

=
-
(22}
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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. ..

185



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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Multiple samples - Dataset 2

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 thereis 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).

®
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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 (MMDS)
plot where F7 is plotted noticably far from the other samples.
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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).
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The sample information shown is embedded in the pattern data file,
Select the tab labelled 3D Plot (MMDS). The following display

appears:

Thisview displays severa 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 sure the 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.

194



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 WAl 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 Lodfile 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 initia
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.

| iz
L ._]___,.'.L_L-J.t-.,-'.'-_'._,a'\,_u_.a-. S P — i

S00 1000 1500 2000 2500 000 500 4000 4500 SO0

This window, the manual 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 .'_I
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

Once in 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 is too 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 the list.

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 data files 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.
There isaminimum 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, it is
easy to add manually. Note that peak |ocations 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 dlider 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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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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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]

[l 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 visually, 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 fed 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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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.

217



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 dlightly 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.

[Enalysis Resuls: [

Std Dev.

021

Phase 3TXT | 0.2505 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

aaaaaa ol-S it Offset used | 'Weight 2

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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