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CHAPTER 1 INTRODUCTION

1.1 Introduction

This Quick Start Guide helps you to get started with HighScore and HighScore Plus quickly.
The examples in this Quick Start Guide show you how to use the software to do simple tasks.

You will use the measurement "Mixture3.xrdml" for many examples in the Quick Start Guide. The
sample used for this measurement is an artificial mixture of 3 minerals. The PANalytical Example
Database, supplied with HighScore and HighScore Plus, is applicable to this measurement.

For all the tasks in the examples, there can be other possible procedures to complete them, but
then you must experiment with HighScore or HighScore Plus and learn the other possibilities
yourself.

There can be differences between the example screens in this Quick Start Guide and what you see
on your screen. If that occurs, follow the instructions on your screen.

1.2 HighScore Plus

The software packages HighScore and HighScore Plus are almost the same, only that HighScore
includes more functionality, such as Rietveld, Pawley, LeBail refinements and crystallographic
analysis.
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CHAPTER 2 GET STARTED

2.1 Introduction

In this chapter, you will do these tasks:

- Start the software.

+ Set the desktop to default settings.

+ Customize the desktop layout.

- Select PANalytical Example Database, which is supplied with the software.

2.2 Start the software

To start HighScore, use one of these procedures:

+ On the desktop, double-click the icon

+ Click the Windows Start button and then on the list of apps or programs, go to PANalytical
HighScore > HighScore.

To start HighScore Plus, use one of these procedures:

+ On the desktop, double-click the icon

- Click the Windows Start button and then on the list of apps or programs, go to PANalytical
HighScore Plus > HighScore Plus.

Figure 2.1 Initial window of HighScore Plus



2.3 Set the desktop to default settings

Before you start with the examples in this Quick Start Guide, we recommend that you set the
desktop back to its default settings.

NOTE: After you completed the examples, you can change the settings to your preferences.

1. On the menu bar, go to View > Toolbars > Customize to open the Customize window.
2. Go to the Options tab.

3. Clear the Show full menus after a short delay check box.

4. Clear the Menus show recently used commands first check box.

Custornize x

Toolbars | Commands | @ptions

Personalized Menus and Toolbars

Pepus show recently used commands first

Beset my usage data

Cther
Large icons
¥ Show ToolTips on toolbars
Shiowe shorbcut keys in ToolTips

Menu animations:  [Mone] -

@ Close

Figure 2.2 Customize window

5. Click Close.

6. On the menu bar, go to Customize > Program Settings to open the Program Settings
window.

7. Click Reset All to Default.
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Prograrm Settings

Sirmulation | Graphics | General | Reference Patterns | Auktomatic Processing || Fitting/Rietveld | Skinning

Save Display Settings
V| ko save | Shaw multi line tabs V| Generate (BAK files
Auta save time [minutes] | Show skatus bar hints Put in Recent Files
5 -
ks Toolbar draw style: Last opened files
, Use Skins -
Murber of Undo/Redo steps: §) Last saved files
=
) Murnber of recent files:
Brems. Cryst, HEL D-spacing [&]: 10 -
3.136 Edit List Item Digits. .. T

Auta browse display time [ms]:
1000 -

| Use the same recent folder For opening and Far inserting data

Folder for templates:

CriUserstiuyao, zhangiappDatal RoamingiMicrosof b windows) Templates), -

Full User name:

| Reset to Defaulk |

Reset All ko Default D | Ok || Cancel |

Figure 2.3 Reset All to Default

8. When the Confirm windows opens, click Yes.

Confirm @

Figure 2.4 Confirm to overwrite all personal settings

9. In the Program Settings window, click OK.
10. On the menu bar, go to Customize > Defaults to open the Default window.
11. Click Restore Factory Defaults.




Defaults x

5| SamplefContainer Settings | Global Settings | Phase Settings | External Standards

Incident bearn monochromator Goniometer radius [mm]: 240,00 7
Anode material: Copper (Cu) My = Distance focus-div, slit [mm]: a1.00 7
K-ap [A]: 1.540595 Divergence slic bvpe: Fixed -
K-0z [A]: 1.544426 Fixed divergencs slit size [*]: L.oo
K-a [B]: 1541874 ADS irradiated length [mm]: 10,00 3
KB [B: 1.392250 Time per step [5]: L.aoo
K-02 j K-l ratio: 0.500000 5 | Incident beam soller slit present
kB Filter thickness [mm]: 0.0z0 | Incidenk beam mask present
kB Filter material: Mi Inc. beam Soller slit opening [rad]: 0.040 7
Scan axis: Gonia - Incident beam mask width [rmm]: 15.00 2
Rec, slit size [rrm]: 0.1000 Incident beam mask position [mm]: 1o9.00 7

Restore Factory Defaults Ok Cancel

Figure 2.5 Restore Factory Defaults

12. Click OK.

13. On the menu bar, go to File > New to open a new empty document.
14. On the menu bar, go to View > Reset all Toolbars.

15. When the Confirm windows opens, click Yes.

Confirm @

[0] Do you want to reset all Menubars and Toolbars?

e

Figure 2.6 Confirm to reset all menu bars and tool bars

16. On the menu bar, go to View > Panes Default Setting.
17. On the menu bar, go to View and make sure that Lock Pane Positions is selected.

2.4 Customize the desktop layout
1. To show a toolbar or a pane on the desktop, on the menu bar, go to View > Toolbars and
select the pane.

2. To hide a toolbar or a pane on the desktop, on the menu bar, go to View > Toolbars and clear
the selection of the pane.

3. To adjust the relative size of a pane, drag the horizontal and vertical splitter bars of the pane.
4. To save changes to the desktop layout, do as follows:

a. On the menu bar, go to View > Desktop.

b. If you save the desktop layout under the current name, click Save Desktop.

C. If you save the desktop layout under a new name, enter the name in the Desktop Name
field and click Save Desktop.
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5. To put different panes between 2 monitors, do as follows:
a. On the menu bar go to View.
b. Make sure that Lock Pane Positions is not selected.
C. Put panes between 2 monitors.
d. Save it as a desktop layout.

6. To set the desktop layout to a pre-programmed desktop layout, for example Phase-ID, do as
follows:

+ On the Desktop toolbar, select Phase-ID in the Desktop Name field.

I Desktap Marne

T - 2% - g 1 B m @) e i [Phase L [
| Lz’

Figure 2.7 Select the desktop layout

+ Alternatively, on the menu bar, go to View > Desktop and select Phase-ID.
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Pos, 20} it-apaning [A) Counts: Siidy = Beel, ("] = F B Safomatic =
2 <o el S - e 0 A AL N o : f il e
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Figure 2.8 Desktop layout "Phase-ID"
You can switch among different desktop layouts and examine the differences in the desktop
layouts.

NOTE: You can also set the desktop layout to <Noene> to use no pre-programmed desktop layout.
Then the software will save your settings automatically when you close the last document.

For the examples in this chapter, we recommend that you set the desktop layout to Phase-ID,
because a desktop layout with the Main Graphics pane at this size is the most usual layout to
start with.

10
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2.5 Get PANalytical Example Database prepared

A very small database PANalytical Example Database is supplied with the software. You will use it
for the examples in the Quick Start Guide.

NOTE: Do not use PANalytical Example Database to do phase analysis on unknown samples.

Do not use PANalytical Example Database to do a test of the functionality or examine the
phase identification capabilities of the software. Use a large reference database with at
least 100,000 patterns instead, for example an ICDD product or the free COD database.

Do not add your own user reference patterns to PANalytical Example Database. Refer to
the HighScore Help file for the information about how to make a new, empty reference
database.

To get PANalytical Example Database prepared for patterns retrieval, do as follows:

1. On the menu bar, go to Customize > Manage Databases to open the Manage Databases
window.

2. Examine if PANalytical Example Database is in the list.

“Ai Manage Datahases
i | Use | Database L
cample Datsbase | | P ANy

| weritable |

ype |Prop

Diatabase Type

erties | Convert

|:|i.l£| I'u':‘n:n:-reif

E Hil‘;]"'l'_:lIIII'E!“F"|IJ5'I,E;:::j.irl'lp;lE;i:il.El'il !

Total Mumber of Patterns: 16 Disk Usage

Laocal A

{ I A
PaMaly. . tabase 16

D:f A

(ST

LILIL]M

50 100 150 200 A0
Gigabyte

)

[Edd HighScore Database... ] [ ‘.J Search for databases Iv] [ Create new emply database. .. ] Ok ] [ Cancel J

Figure 2.9 PANalytical Examine Database in the list

3. If PANalytical Example Database is not in the list, add it to the list:
a. Right-click in the Manage Databases window.
b. From the pop-up menu, select Add HighScore Database. The Open window opens.

c. Open the folder C:\Documents and Settings\user.name\My Documents\PANalytical
\HighScore Plus\ExampleDb.

d. Select the file "Codes.pdb".

11



e. Click Open. PANalytical Manage Database is added to the list.
4. In the list, make sure that the Use check box is selected for PANalytical Example Database.

5. In the list, click Properties for PANalytical Example Database. If the properties are shown,
the database can be used.

NOTE: It is not necessary to convert PANalytical Example Database before you use it.

In the Manage Database window, the pie chart shows the total number of patterns in
the database.

6. Click * or go to File > Close on the menu bar to close the document.
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CHAPTER 3 LOAD AND SHOW DATA

3.1 Introduction

The most frequent tasks in HighScore and HighScore Plus are to load and show data. In this
chapter, you will do some simple examples.

There are more than 1 possible procedures to show data. Different views can also be used
together.

3.2 Load a scan

1. If the software is not started, start it. Refer to Section 2.2.
2. On the menu bar, go to File > Open. The Open window opens.

3. Open the folder C:\Documents and Settings\user.name\My Documents\PANalytical
\X'Pert HighScore Plus\Tutorial

4. In the Open window, select All files (*.*) from the drop-down list to show all files in this

folder.

i Open (=]
@U‘Fl <« HighScore » Tutarial » - | 4 | | Search Tutonafl D i
Organize - Mew folder e il @

: - CEO2-MBE.RD -
- Faworites o
@ Ced2-RietveldFit
B Desktop = _
Cerarnic.rd
g Downloads _:CI' ¢ .
- @ Clinker | o
‘@ OneDrive 3 =5 (=
. Clinker.RD | &
= Recent Places s
|| Cluster
. : : |& Corundurm#®1976b
= Libraries =y
= Coto.RD
<] Documents i
[ : ___Cr},fstlﬂ.RD
@ Music
’ | | Crysts0L.RD
| Pictures
] || Crystal+.RD
|&] Crystalline + Amarph
- X CEAMDPD3 X
File name:  hdixtured - |-£"-||fi|E5(“'-*’l' "
I Dpen J I Cancel ‘

Figure 3.1 Tutorial folder with all files shown

5. Select the file "Mixture3.xrdml".
6. Click Open to open the file.

w



A copy of the selected file is loaded into a new document. Because this is the first scan of the
document, it automatically becomes the anchor scan.

&
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| : ]
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=
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e
“
| Condivates
o0 | i | et Caae [ =l Compamunt ien. | Cremica Frormets. | Seie. . L bk
ot
v

2 Dwfutt 35 Irdesill 25 IdeCom 555 bomin 355 Minoebinends 5 Moiiint 2 Printidedll

Figure 3.2 Mixture3.xrdml/

3.3 Show a scan

3.3.1 About display panes
There are different panes in the software. Take the desktop Phase-ID as an example.

At the left side of the window, the Main Graphics pane shows the full anchor scan in Analyze
View.



Counts

Mixture3
15000 -
10000
5000
B lL I-'I'.-a. |w |_ l} J\ ,L,.___".L}-L_ﬁ___ |J T P |_Fk Il __1‘ Jl_“___
g e [rrrrereTE I ! | ] T

Position [*28] (Copper (Cu))
[ Analyze View
Figure 3.3 Main Graphics pane in Analyze view

Below the Main Graphics pane is the Additional Graphics pane. It shows where the zooming is
done on the scan in the Main Graphics pane. If there is no zooming, it shows the full range of the
scan in opposite colors.
-;\erlll-'r\gl Graphics B X
Counis
15000

10000

5000

Figure 3.4 Full range in opposite colors

On the right side of the Main Graphics pane and Additional Graphics pane, there are more
panes, for example the Peak List pane, the Refinement Control pane and the Scan List pane.
The first time the software is used, the Pattern List pane is shown on top. Then the pane that is
used the latest is shown on top.
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Pedklist | RefnementControl | Scanlist | StuctwePot |
Quantfication | AnchorSesnDats |  Pattemist X
| Accepted Ref. Pattern: None |
|' :Ne.u_vul... }M.Cane Il‘ ‘Na...;cmmi:al Form...{Scor!
] —T p— »
| Candidates: _ il
| No. Ref.Code  [% 5|Compound Na.. |Chemical Formuia |t

Figure 3.5 Pattern List pane on top of other panes

3.3.2 Use display panes

1.

In the Main Graphics pane, drag a square on a peak to zoom in. Try to show only part of a
peak and examine the changes of the graph in the Additional Graphics pane at the same

time.

2. Double-click in the Main Graphics pane to zoom out.

3. Zoom in along the y-axis:

a. On the Tool Palette, click | to switch on the Zoom Intensity function.

16
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File Edit MWiew Treatm
i [ Pas, [728;
i ada |l et 44

'@ Mixtures m

e
Ih Counts
uh 15000
pl_ZoomIntensi
ty
ey |
@
10000
@
Cps
It =
[
23
5000
L
Ak

Figure 3.6 Zoom Intensity button

b. In the Main Graphics pane, drag a square along the y-axis. The graph is zoomed in along
y-axis. Try to show only part of the peak and examine the changes of the graph in the
Additional Graphics pane at the same time.

4. Set the scale of the y-axis:
a. On the Tool Palette, click the small arrow next to ™ .
b. Select one of these scales:
Linear Y-Axis.
- Square Root Y-Axis
Logarithmic Y-Axis

17
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Figure 3.7 Set y-axis scale

3.4 Retrieve a reference pattern
1. On the menu bar, go to Reference Patterns > Retrieve Pattern by > Restrictions. The
Restrictions window opens.
2. Go to the Strings tab.
3. In the Mineral Name field, enter "calcite".
4. Click Load.
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Restrictions - [Untitled] x
™ Subfiles | Chemistry | Quality | Crystallography P shrinas Mineral/Zedlite Class

Exact Makch

Compound Name; x
Mineral Name: caloite| X
Eormula: 'Y
Calor: 4
Author: 4
Journal: 4

| Clear |

Resulting hits: 1 patterns of 16 \More—wl

Figure 3.8 Retrieve a reference pattern by restrictions

5. Click Close to close the Restrictions window.
6. Examine these changes in the display panes:
The Main Graphics pane shows the reference pattern lines in Analyze View.
- The Additional Graphics pane shows the reference pattern lines in most views.
-+ The Pattern List pane shows a summary of the retrieved reference pattern.
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Figure 3.9 Reference pattern shown in display panes

7. In the Main Graphics pane, go to the Pattern View tab. The reference pattern lines are
shown without the scan data. No peaks are shown in Peak List, because the Peak List pane
is empty.

| B ez B P [ x
B
P
I Peak List
bk
In|
o
%S
2 00-005-0586
&
@
GpsE
L 35 40 45
ﬁ’ -
| (o] _ _ »
n Isalines Wiew S0 Wiew 20 Wiew Comnpare Yiew @ Patkern Wigw

Figure 3.10 Reference pattern in Pattern View

3.5 Show a reference pattern

1. Go to the Pattern List pane.
2. Show the details of the reference pattern:
+ Right-click in the Pattern List pane and select Show Pattern from the pop-up menu.

20



Analyze Pattern Lines...

Show Pattern...

Retrieve Pattern by 4
Paste Patterns from Dataset
Copy To 4

Remove Pattern

Remaove All Patterns

d% Find...
Toggle visibility
Copy Pattern...
Simulate Scan from Pattern
Load 5can from Pattern

Correct Scan with Pattern
Convert Pattern to Phase
User Reference Patterns 4

Save Pattern List as Subset...
Load Subset to Pattern List...

Autosize Columns
Customize Pattern List...
Copy List

Print List...

Save List As...

o {7 E

Figure 3.11 Accepted reference patterns pop-up menu

- Alternatively, in the Pattern List pane, double-click in the Accepted Ref. Pattern grid.
The Reference Pattern window opens and shows the details of reference pattern.

Reference Pattern: 00-005-0586

Name and formula
Reference code:
Mineral name:
Compound name:

PDF indesx name:

Ernpirical farmula:
Chermical formula:

00-005-0586

Calcite, svn
Calcium Carbonate
Caleiumn Carbonate

CCaly
Caloy

Crystallographic parameters

Crystal system:
Space group:
Space group number:

Gamma ()

Calculated density {gfcm®):

Measured density (gfem™):
Yalume of cell {105 pmh:
Z:

RIR:

Subfiles and quality
Subfiles:

- 3 | Save As... |

Rhombohedral
R-3c
167

4.9590
4,9390
17.0620
90,0000
90,0000
120.0000

271
271
367.75
&.00

2,00

Cement and Hydration Product, Comman Phase, Educational
pattern, Forensic, Inorganic, Mineral, MBS pattern,
Pharmaceutical, Superconducting Material

| Print Graphics. .. | Print All... | Intensity Scale = | Angle Scale =

-

Figure 3.12 Reference pattern details




3. Close the Reference Pattern window.
4. Open the Analyze View again:
In the Main Graphics pane, go to the Analyze View tab.
+ Alternatively, on the menu bar, go to View > Main Graphics > Analyze View.

5. On the Display Mode toolbar, click 4] to switch on the Show Reference Patterns function.
Then you can adjust the display of reference pattern lines in the Main Graphics pane.

Eile Edit “iew Treatment Reference Patterns Analysis Beports Tools
Pos. [*28]: 26.643 d-spacing[ﬁ]:3.3431 Counts:

‘@ Mixkured ‘lﬁ | Show Reference Patterns |

Figure 3.13 Show Reference Patterns button

NOTE: The high intensity areas of the scan marked in gray are those features’ of the scan
explained by the loaded reference pattern. The first 20 reference patterns are
automatically matched and scored against the anchor pattern.

6. Save the document:
a. On the menu bar, go to File > Save Document.

b. Use these settings:

File name Mixture3
Save as type HighScore Plus (*.HPF)
c. Click Save.

7. Click = or go to File > Close on the menu bar to close the document.
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CHAPTER 4 USE PATTERN TREATMENTS

4.1 Introduction

Pattern treatment is used to prepare data for phase analysis and crystallographic analysis and
sometimes for a structure refinement. With pattern treatment, you can make changes to the data
and get additional derived data.

The 2 most important pattern treatments are to find background and peaks.

For phase analysis with the measured net profile data, it is very important to find background
correctly. If you include peak data in the search-match-identification process or if you do profile
fitting or indexing, peak search is necessary.

4.2 Find background

1. If the software is not started, start it. Refer to Section 2.2.
2. Open the document "Mixture3.xrdml". Refer to Section 3.2.

NOTE: Be careful that you do not open the document "Mixture3.hpf".

3. On the menu bar, go to Treatment > Determine Background to find the background. The
Determine Background window opens. The background is immediately found and shows as
a bright green line in the Main Graphics pane.

Counts

Midure3

15000

T T [rrrrr T TrrrrrrreT
20 30 40 60 70

Position [*28] (Copper (Cul)

wlml.g_u\\JL_LL_'LLL__HL:_a. I, W T X

[ Tachoes Ve, [[0] 30 Wew 9 20 View| (4 Compare View | [5] Analyze view |

Figure 4.1 Anchor scan with the background

NOTE: Usually the software starts to process data only after you click a button, but after you
g0 to Treatment > Determine Background, the software finds the background
immediately.



4. Read the title bar of the Determine Background window. The title bar shows the parameter
set that you use.

Determine Background - [ldentifyl ] x
Automatic | Manua! | By Search Peaks Subfract
After Sonneveld & Visser Save tolist
Bending factor; 5

E‘ Backoround '
Granularity: 20 Accept
l_/l o _ . Close
v Use smoothed input data

Figure 4.2 Use the Identify1 parameter set

5. Make sure that you use the Identify1 parameter set.
6. If not, change the parameter set to ldentify1:

a. Click More to expand the window.

b. In the Select Parameter Set field, select Identify1 from the drop-down list.
7. Change the bending factor and examine how the background changes:

a. On the Automatic tab, write down the value in the Bending factor field. You will set
Bending factor back to this value later.

b. Move the slider below the Bending factor field to change its value and examine how the
background changes in the Main Graphics pane at the same time.

C. If necessary, zoom in to examine small changes.
8. Change the granularity and examine how the background changes:
a. On the Automatic tab, write down the value in the Granularity field. You will set Bending
factor back to this value later.

NOTE: This parameter changes the number of intervals which are used to find the
background. The default value "20" can be used for most scans.

b. Move the slider below the Granularity field to change its value and examine how the
background changes in the Main Graphics pane at the same time.
C. If necessary, zoom in to examine small changes.

9. Read the title bar of the Determine Background window again. At this time, the title is
changed to Determine Background - [Untitled]. This shows the parameter set is changed
and not saved under a specific name.

10. Set the Bending factor and Granularity fields back to the initial values that you wrote down
in steps 7 and 8.

11. Click Accept to accept the background. The accepted background shows in the Main
Graphics pane.

NOTE: The color of the background is set on the Graphic Colors tab in the Document
Settings window. Right-click in the Main Graphics pane and select Document
Settings from the pop-up menu to open the Document Settings window.
12. Examine the anchor scan data:
a. Go to the Anchor Scan Data pane.
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b. Examine the data in the Iback (cts) column. This is the background data that you just

made.
ists Pane
Quantification Refinement Control | Object Inspector
Pattern List | Scan Lisk Peak List | anchor Scan Data |_
Mo, | Pos. ["2Th.] | lobs [cts] lcale [cts] | Iback [ctg] | CT [s] ESD Dsp o
F:o1 159.9414 90E.9789 906.9789)  19.6850 4. 44
2 15.9584 901.5664 904.0214| 196850 4. 44!
3 189.9754 941.7132 9071.0640|  19.6950 444
4 159.9924 893.4242 898.1065)  19.6850 443
] 20.0094 906.2788 895.1430)  19.6850 443
3 20.0264 910.6924 8921916  19.6850 4. 431
7 20.0434 9057535 889.2341 13.6850 4.421
g 20.0604 901.7400 886.2767|  19.6850 442
9 20,0774 830,27 8833192 19.6850 441
10 20.0944 8385697 880.3618|  19.6850 4.41!
1A 2001114 279.0623 977.4043)  19.6950 441
12 201284 8E5.1569 874 4469 196850 4.40
13 20.1454 870.3448 871.4834| 196850 4.40.
14 20,1624 921.6106 868.5320)  19.6850 4.401
15 201734 9003533 8E5.5745|  19.6850 4.39
16 20.1964 8593.8954 852.6171 19.6850 439
17 20.2134 83,9377 859.6536|  19.6850 438
18 20.2304 8765692 856.7022|  19.6850 438

Figure 4.3 Anchor Scan Data tab

4.3 Search peaks

1. On the menu bar, go to Treatment > Search Peaks to open the Search Peaks window.

2. Read the title bar of the Search Peaks window. The title bar shows the parameter set that you

Search Peaks - [Identify] 3]

use.

Minimum significance: 200
Minirum tip widtb [22Th. 1 0.m
Maxirum tip width [#2Th. ] 1.00
Peak base width [#2Th.]: 200
Method: Minirurn 2nd derivative s
Trial:

Search Peaks

Close

Moare ==

Figure 4.4 Use the Identify parameter set

3. Make sure that you use the Identify parameter set.

4. If not, change the parameter set to Identify:

a. Click More to expand the window.

b. In the Select Parameter Set field, select Identify from the drop-down list.

5. Click Search Peaks. The peaks are found and are shown in the Main Graphics pane:

(On
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Figure 4.5 Anchor scan with peaks and background data

- Solid lines: Kajand Kamixeq peaks.
Dashed lines: Kay peaks.

+ V marks above: peaks that are not explained by a reference pattern
Blue line: the calculated profile

NOTE: The default color of the calculated profile is blue. The color can be changed on the
Graphic Colors tab in the Document Settings window. Right-click in the Main
Graphics pane and select Document Settings from the pop-up menu to open the
Document Settings window.

This is only a preview of the result. If you close the window, no peaks are written into the
diffraction document. You can do a check of the quality of the peak search by the peak lines
and the profile before you accept any result. You can zoom in for more details.

6. In the Search Peaks window, click Accept to add the peaks that are found to the document.
7. Change the display of peaks:

+ On the Display Mode toolbar, click the small arrow next to 1] to select the display of

peaks.

File Edit Miew Treatrnent Reference Patterns Analysis Reports Tools

| Pos. ["28]: | | d-spacing [A]: | | Counts:

P Dl da - ] © Il A2 A A - T
. Showe Peaks Inside and Qutside
-@ Show Peaks Inside

v | Show Peaks Qutside
| col Hide Peaks | ‘ T ﬂ

Figure 4.6 Display of peaks
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+ Alternatively, click [0 £ change the display of peaks. Each time you click, the display of
peaks is changed.

8. Go to the Peak List pane to examine the details of each peak. Peaks derived from the Kap
wavelength are shown with gray background.

Lists Pane
Quantification | Refinement Cantrol Object Inspector
Pattern Lisk | Scan Lisk | Peak List Anchor Scan Data
Mo. | Poz ["2Th.] | PwHM ["2Th.] | Area calc. | Aszignment | h k|1 | Multiplicity | Fc &
R e N i e 00EES1Z|  0.0000
2| 2450766 0117096  0.0000
3 28.27435 0102/ 0.0000
4 2836265 00408 0.0000
5 2940404 00812 0.0000
£ 2949417 00408 0.0000
7 3142304 0036 00000
8 3360781 00816 0.0000
9 3597685 00§12 0.0000
10, 3620969 0036 00000
11 2941504 00812 0.0000
12| 3975338 00§12 0.0000
13 4149192 00812 0.0000
14 41.60407 00512 0.0000
15 431655 00316 0.0000
16 4328667 00812 0.0000
17) 4421186 00316 00000
18 47.00333 0036 00000
19 4714141 00812 0.0000
20 4750092 00316 0.0000
M| 47E3E2 00§12 0.0000
22| 4850757 00216 0.0000
23 A2E4M7 00§12 0.0000
24| BO.22773 00816 0.0000
25  50.36435 00512 0.0000
26 54.85233 0036 00000
27 BE.00677 00816 0.0000
28 B5.7EG05 00316 0.0000
23 ERA1A18 00§12 0.0000
Figure 4.7 Peak List pane
9. Save the document:
a. On the menu bar, go to File > Save As.
b. Use these settings:
File name Mixture3
Save as type HighScore Plus (*.HPF)
c. Click Save.
d. If the Confirm Save As window opens, click Yes.
g )
Canfirm Sawve &5
l__ Mixture3 HPF already exists,
~ Do you want to replace it?
Yes ] [ Mo

Figure 4.8 Confirm Save As window

The document is saved with the background data and the peak data.
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CHAPTER 5 DO AN AUTOMATIC PROFILE
FITTING

5.1 Introduction

In this chapter, you will fit a profile with an automatic fit parameter set. This is called non-phase
peak fitting or single peaks profile fitting.

To do a non-phase peak fitting is to put a calculated profile around each peak and make each peak
follow the original measured scan data as close as possible.This mathematical description of the
profile shows peak parameters much better than a simple peak search. It is used for peak
deconvolution, unit cell refinements, line profile analysis or structure solution.

For phase identification, it is usually not necessary to do a non-phase peak fitting.

9.2 Prepare for an automatic profile fitting

1. If the software is not started, start it. Refer to Section 2.2.

2. On the menu bar, go to File > Open to open the document "Mixture3.hpf" that you saved.
Refer to Section 4.3. "Mixture3.hpf" contains background data, peak data and profile data, but
the profile data is calculated from the peak data and not fitted and not refined.

3. In the Additional Graphics pane, show the differences between measured scan data and
profile data:

a. Right-click in the Additional Graphics pane.
b. From the pop-up menu, go to Show Graphics.
c. Select Difference Plot.
4. In the Main Graphics pane, show the calculated sum profile in Analyze View:

- On the Display Mode toolbar, click /%] to switch on the Show Calculated Profile in
Analyze View function.

Wiew Treatment Reference Patterns Analysis Beports Tools  Customize

: 27.164 d-spacing [&]: 3.2802 Counts: -
Tl Al da - Ae @ N AR Ao Aa - 1

Mixtures @ Mictured JEE m =] | Show Calculated Profile in Analyze Wiewn |

Figure 5.1 Show Calculated Profile in Analyze View button

+ Alternatively, on the menu bar, go to View > Display Mode and select Show Calculated
Profile.

The the calculated sum profile shows in the Analyze View in the Main Graphics pane.
5. On the Desktop toolbar, set the desktop layout to Profile Fitting.
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kL] 65,1205 1.43129 919,43 0.1020 0.600
34 65,3067 1.43116 456,24 0.0616 0.600
40 65,5939 142210 265,11 0.0516 0.600
41 6642 136560 63 0.0516 LA -

4 il | Desktop Mame | »
ldedll (o P T | AR | A - e - AR SEUEL L (@) Profile Fitting [\vﬂ';,l@:
I

Figure 5.2 Select the desktop layout

6. Make sure that the background is used and not changed during profile fitting:
a. Go to Refinement Control pane.
b. Select Background to open the Object Inspector pane.
¢. In the row of Method, click the arrow at the end to open the drop-down list.
d. Select Use available background.

Selected object: Global Settings

izl Background

-
J."I;e avail ,:.._r
Use Extended Backgre?0lynomial
Use ayailable backarolnd
Flat Background Basepoints

1/¥ Background Chebyshev 1

""""" Amoarphous Sinc Functon
| ) Variables Diamped Amarphous Sinc Function
=) Agreement Indices [
‘ R expected 0

Figure 5.3 Use available background

e. Press to save the change.
7. Set the fitting mode to Automatic:
+ On the Fitting toolbar, select Automatic.

Miindow  Help
AL SRE HDE B-¢- @ (AMEApbE
_D— @ 5 g 'ﬁ ﬁ [|> B’;_ Automatic ‘v- 0 Pararneter(s) varied |

Select Profile Fit Mode

Figure 5.4 Select the fitting mode

+ Alternatively, on the menu bar, go to Analysis > Fitting and set Fitting Mode to
Automatic.

9.3 Start an automatic profile fitting

1. Make sure that you prepared for the automatic profile fitting correctly. Refer to Section 5.2.
2. Make sure that the profile fitting will be done to the full range of the scan:

- Fully zoom out the scan in the Main Graphics pane. Profile fitting is only done to the part
of the range that is shown.
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- Alternatively, on the Fitting toolbar, click 4+ to switch on the Ignore actual Zoom Range
for fitting function, or go to Analysis > Fitting on the menu bar and select Ignore Zoom
Range.

Help
HE SBE DB - W (4

- B %J}{"f@' Automati.c m

|Ign0re actual Zoom Range for fitting

Figure 5.5 Ignore actual Zoom Range for fitting button

3. Start an automatic profile fitting:

+ On the Fitting toolbar, click IB and select <Profile fit> Default Profile Fit.

DE D-&- @y (AXRS M
g i ﬁ IE - Automatic - | | 152 Parameter(s)

<Profile fit: Areas anly

<Profile fit> Caglioti

<Phase fit> Clinker

T T‘ﬂ \‘ \‘ I}\ <Profile fit Default Profile Fit

<Phase fit: Default Rietweld

<Phase fit: Pandey
<Profile fit: Size-Strain Analysis P

<Phaze fit: Size-Strain Snalysis B

Figure 5.6 Select <Profit fit> Default Profile Fit

- Alternatively, on the menu bar, go to Analysis > Fitting > Start Fit and select <Profile fit>
Default Profile Fit.

The profile fitting starts. The R-Value window opens.

‘@?ﬁ-*ﬁﬁ!ueﬁ X
:rG ‘H?Dateﬁn’d
16 S e e e
15 N - - - Eoee . ! = — Rexp
14 o | ’ — Rpr
i3] Mmoo bbb ] = Ry
#12 ir=rlngesas
:E 10 LH‘H... e S :
- 9 i N e e S M
® : ; : :
7 ] T
ﬁ‘_‘_\_\—_‘_‘_\—u—l&—.—_
5 ; :
1 2 3 4 5 6 7
Cycles
W& DEE

Figure 5.7 R-Value window

4. Examine how the overall quality of the fitting changes during the fitting process.

After the profile fitting is completed, the profile is fitted to the peaks. The background is used
and not changed. The background is high and cuts into the peak feet. This is good for phase
identification, but is not optimal for profile fitting.
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l‘ﬁmna;ﬂ - = |
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Counts {
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10000
25004
|
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Pottion ["28] (Copper (Cu])
o2 Iaioirees M| AEE] 0 Vel - D e | A Commaiie e f.;‘ Anatyze Yiew | iiz| Fatharn Wi

Figure 5.8 Anchor scan and profile after the first profile fitting

5. Examine the agreement indices:
a. Go to the Refinement Control pane.
b. Double-click Global Variables to open the Object Inspector pane.
c. Open Agreement Indices.
d. Examine the R-values and the value of Goodness of Fit.

Rafinement Cantrol & [ object inspector =
Quantfication | Anchor ScanData | Patternlist | Pesklst | | Selected object: Global Settings

| RefrementContrl X | Seantist | Structweplot | || = Background :

[ Name [1n...|Refine| value Deviation _|cf.| Method se avall..;

5 S cbaivanaes| || @ Asreement indices ]

= — R expacted 475012

R profie 6.38713|

Weighted R profile 9.31467|

D-statistics 0.62428|

Weighted D-statistics 0

Goodness of Fit 1.96093|

Mixture MAC [em”2/g] 0.00/

Figure 5.9 Agreement Indices after the first profile fitting

6. Change the settings which are used to find the background:
a. On the menu bar, go to Treatment > Determine Background.
b. In the Determine Background window, change these settings:

Bending factor 0
Granularity 30
Use smoothed input data Not selected
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Determine Background - [Untitied] x

| Automatic Manual | By Search Peaks |

After Sonneveld & Visser
Bending factor: 0
0
Granularity: 30
[i]
L)

Use smoothed input data

Figure 5.10 New settings

c. Click Accept to save the new settings.
7. Set the asymmetry type for peak fitting:
a. Go to the Refinement Control pane.
b. Double-click Global Variables to open the Object Inspector pane.
c. Open Unassigned Peaks Fitting.
d. Open Common Peak Fit Settings.
e. In the row of Asymmetry Type, click the arrow at the end to open the drop-down list.
f. Select Split Width. This shows the small asymmetry of the peaks at low angles better.
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Obiject Inspector

Selected object: Global Settings
Background &
Method Use available background
Agreement Indices 13 ]
R expected 5.03885
R profile 1211806
Weighted R profile 17.13382
D-statistics 0.41159
Weighted D-statistics 0
Goodness of Fit 3.40133
General Fit Properties A
Job Type ¥rays
Weighting Scheme Against Tobs
Solver Time Limit [sec] 300
Solver Iteration Limit 100
Solver Nu 2
Solver Tolerance 0.001
Max. Mo of Fit Cydes 20
Peak Base Width for Fit 20
Automatic Cell Constraints I
Automatic Anisotropic Displacement ... 1™
Keep ADP's positive definite v
Automatic Atom XYZ Constraints 4
Specmen Displacement [mm] 1}
Zero Shift [726] -0.00928
Wavelength [A] 1.5406
K-a2 [ K-ol Intensity Ratio 0.5
K4 [ K-o1 Intensity Ratio 0
Polarisation Correction Coeffident 1
Use Brindley Microabsorption Correct... r
Calculate Errors O
Unassigned Peaks Fitting 73
Common Peak Fit Settings A i
Profile Function Pseudo Voigt
Use Caglioti Function O
Use Shape Function -

[ Asymmetyype QR v

Caglioti Width IMo Asymmetry Function
Peak Shape {Split Shape
e |5plit Width and Shape
|Finger, Cox, Jephcoat
Instrument Standard 3

Figure 5.11 Select Spit Width

g. Press to save the change.

8. Do step 3 to start an automatic profile fitting again with <Profile fit> Default Profile Fit. The
profile fitting becomes better this time.
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PN 00 M Y

Pasition [*2Theta] (Copper (Tul)

Figure 5.12 Anchor scan and profile with better fitting

9. Examine the agreement indices:
a. Go to the Refinement Control pane.
b. Double-click Global Variables to open the Object Inspector pane.
c. Open Agreement Indices.
d. Examine the values of Weighted R profile and Goodness of Fit:
- The value of Weighted R profile must be approximately 6.80.
+ The value of Goodness of Fit must be approximately 1.44.

Refinement Cantrol | Object Inspector = x
Quantification | Anchor ScanData | PatternList | Pesklist | | Selected object: Global Settings .
|  Refnementcontrol x| Scanlist | Stuctreplot | || Background |a
Name [in..[Retine|vaive _[oeviation [}l | Method Use ...
>/ =+ [Global Variables | o) Agreement Indices _:
| " Tzerosnitn,| | £ | o/  0.000000] R Eipece 472034

! : T : R profile 5.02143

‘ B | — M u'm| Weighted R profile 6.79923|
et IR IS s oD D-statistes 0.9415|

' CYZ N 0] 0000000 Wesghted D-statistics ol
| (G unassign... | Geodness of Fit 144041
Mixture MAC [on*2/g] 0.00|

Figure 5.13 Agreement Indices with better fitting

10. Click % or go to File > Close on the menu bar to close the document. Do not save the
changes.
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CHAPTER 6 DO SEARCH - MATCH -
IDENTIFY

6.1 Introduction

In this chapter, you will search and match possible candidates and then manually identify the
phases of the example document. You will use PANalytical Example Database, which is supplied
with the software. This gives you a good example of what to do in real work.

NOTE: Do not use PANalytical Example Database to do a test of the functionality or examine the
phase identification capabilities of the software. Use a large reference database with at
least 100,000 patterns instead, for example an ICDD product or the free COD database.

6.2 Search and match

1. If the software is not started, start it. Refer to Section 2.2.

2. On the menu bar, go to File > Open to open the document "Mixture3.hpf" that you saved.
Refer to Section 4.3. "Mixture3.hpf" contains background data, peak data and profile data, but
the profile data is calculated from the peak data and not fitted and not refined.

3. On the Desktop toolbar, set the desktop to Phase-ID.

I Cesktop Marme

gL - i - AR T B L . (G)) 5 ¢ Phase-ID N o

Figure 6.1 Set the desktop layout

4. On the menu bar, go to Analysis > Search & Match > Execute Search & Match. The
Search & Match window opens.

5. Read the title bar of the Search & Match window. The title bar shows the parameter set that
you use.

6. Make sure that you use the Default parameter set.

Search & Match - [Default] 3]
Restrictions | Parameters | Automakic
Search
[rata source!

Peak. & Profile Data %

Scoting scheme:

(1 5ingle phase (%) Multi phase

Auta residus Demate unmatched skrong
Match intensity: [ Allow pattern shift

Known Two Theta shift [*2Th.]: 0

Figure 6.2 Use the Default parameter set



7. If not, change the parameter set to Default:
a. Click More to expand the window.

b. In the Select Parameter Set field, select Default from the drop-down list.

8. In the Search & Match window, click Search. The scan shows in the Additional Graphics

pane in the Compare Mode view.

9. Go to the Pattern list pane. The Candidates list in the lower part of the pane gives a preview

of the candidates.

| selected Candidate: 00-038-1479 |

Mo, | Ref, Code Compound Mame Chemical Formula

Scale Fu. | I

k160D 00-038-1479 71 Chromium Oxide Cr2 03

0.157

2icfio 00-005-0586 64 | Calcium Carbonate (Ca CO3
3Efio 00-035-0816 60 Calcium Fluoride CaF2

41D 010772041 | 46 Sodium Erbium Flu... |Na Er F4
5 iefin 00-006-0329 |31 Praseodymium Oxide | Pr 0183

61680 01-075-0134 [N25| Uranium Oxide U o2
7i6Bp 01-073-1667 [WN83 Copper Iron Sulfide | Cus Fe 54
3 )16bo 00-027-1402 [ silicon i

9 igbo 00-033-1161 [ siticon Oxide 5i 02

10 1gfo 00-046-1045 [ siticon Oxide 5i 02

11 16fip 00-006-0694 [ Chromium cr

Figure 6.3 Candidates list

0375
0.996
0922
0.806
0.579
0.454
0.054
0333
0.358
0.008

10. If necessary, click the column header Score to change the sequence of the candidates by

score.

11. In the Search & Match window, click OK to accept the result.

6.3 ldentify

In this section, you will manually accept candidates that have high scores and that match the peaks
and features of the measurement. Some views in the Additional Graphics pane support a visual

comparison of reference pattern lines and the measurement.

1. Set the Additional Graphics pane to the Compare Mode view:

+ On the menu bar, go to View > Additional Graphics and select Compare Mode.

Alternatively, right-click in the Additional Graphics pane, from the pop-up menu, go to

Show Graphics and select Compare Mode.
2. Set the display of peaks to Show Peaks Outside:

On the Display Mode toolbar, click the small arrow next to 1] and select Show Peaks

Counts:

O

Outside.
File Edit Miew Treatrnent Reference Patterns Analysis Reports Tools
Pos. ["28]: d-spacing [A]:
- ||I|'“‘—)nl’l)nl’13&&v’ewwm/:—5—
_@ Show Peaks Inside and Qutside
Showe Peaks Inside
v | Show Peaks Qutside
Iib Co Hide Peaks

Figure 6.4 Select Show Peaks Outside



+ Alternatively, on the menu bar, go to View > Display Mode > Peaks in Main Graphics
and select Show Peaks Outside.

3. Hide the calculated profile to show the measured scan in a better view:

+ Go to to View > Display Mode and make sure that Show Calculated Profile is not
selected.

- Alternatively, make sure that ! on the Display Mode toolbar is not selected.

Wiew Treatrment Reference Patterns Analysis Beports Tools Custornize

]+ 27.164 d-spacing [&]: 3.2802 Caunts: -

el | el - Al @ [ A2 20 s - {1

Mixtures -@ Mixbures E \m ] | Showe Calculated Profile in Analyze Wiew |

Figure 6.5 Show Calculated Profile in Analyze View button

4. Go to the Pattern List pane.

5. Drag the first candidate pattern "00-038-1479, Chromium Oxide" from the Candidates list to
the Accepted Ref. Patterns list to accept it. The Accepted Ref. Patterns list is above the
Candidates list. When you select this pattern, it is highlighted and its lines are shown for
comparison in the Additional Graphics pane.

6. Examine these changes in the display panes:

+ Some peaks in the Main Graphics pane lost the V mark. These peaks are explained by the
accepted reference pattern. Peaks marked with V marks are still not explained.

High intensity areas in the Main Graphics pane are shown in gray. These scan features are
explained by the accepted reference pattern.

NOTE: If no scan features have gray marks, click 24| in the Display Mode toolbar to switch
on the Show Explained Features function.

Eile Edit iew Treatment Reference Patterns Analysis Reports Tools
Pos. [*28]: d-spacing [A]: Counts:

IR =N P Y

@ Mixture3 m B | Showe Explained Features |

Figure 6.6 Show Explained Features button

In the Candidates list, the candidate "00-005-0586, Calcium Carbonate" moves to the top.
The score of this pattern has a small difference than before.

NOTE: If necessary, go to Edit > Undo and Edit > Redo to make these changes occur again
to examine them.

7. Drag the top 2 patterns from the Candidates list one by one to the Accepted Ref. Patterns
list to accept them. When you accept the third reference pattern, examine the large changes of
the scores of the remaining candidates at the same time.

8. Examine if the accepted patterns are minerals and its subfile information:
In the Accepted Ref. Patterns list, examine the information in the Subfiles column.

NOTE: When the information is not fully shown, you can hover the cursor over the cell to
see the full information.



Lists Pane

CGuantification | Refinement Control | Object Inspector

J Pattern List | Scan List | Peak List | anchor Scan Data

Accepted Ref, Pattern: 00-035-05816

Compound Mame | Chemical ... | Score | Se... Display Color | Database D | Subfiles

[l chromium oxide | Cr2 03 72| 13|@Bue | CDocume... |Alloy, metal or
|2 Calcium Fluoride CaF2 E3 B0 Litne CrDocume... mimon Phas
. Calcium Carbonste |Ca C 03 g2 27| Gray CDocume 1}, Common Phase, Educational pattern, Forensic,

Figure 6.7 Complete information of the cell

- Alternatively, right-click a reference pattern in the Accepted Ref. Patterns list and from the
pop-up window, select Show Pattern to show the subfile information.

Reference Pattern: 00-038-1479 x
Fs
Name and formula
Reference code! a0-033-1479
Mineral name: Eskolaite, syn
Compound name: Chramiurn Cride
Comman name: chrome green
PDF index name: Chromium Cride
Empirical Formula: Craiy
Chemical formula: Cry0
Crystallographic parameters
Crystal syskem: Rhombohedral
Space group: R-3c
Space group number: 167
atdn 4,955
b (A 4,9588
c (B 13.5942
alpha (#: 90,0000
Beta {*): 90,0000
Gamma [*): 1Z0.0000
N w
-3 | Save As... | | Print Graphics. .. | Print All... | Intensity Scale ~ | Angle Sc

Figure 6.8 Reference Pattern window

9. In the Display Mode toolbar, click 4] to switch on the Show Reference Patterns function.
The reference pattern lines show in the Main Graphics pane.

Eile Edit ‘iew Treatment Reference Patterns Analysis Beports Tools
Pas. [*28]: 26.643 d-spacing[.ﬁ]:l}ﬂl Counts:

R = %md&a-mgfu\z&_é_' A

‘@ Mixkures ‘Iﬁ | Showy Reference Patterns |

Figure 6.9 Show Reference Patterns button

For this time, these peaks or features cannot be explained:

+ A small peak around 42 °2theta is not explained, but this can be a real peak or just some
noise.

- A second unexplained peak around 79.3 °2theta is a Kap peak, which is incorrectly assigned
as a Kaq peak. You can go to Tools > Spectral Lines to do a check of it.



CHAPTER 6 DO SEARCH - MATCH - IDENTIFY

Counts
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Figure 6.10 Unexplained peaks or features

10. Save the complete document:
a. Go to File > Save As.
b. Use these settings:

File name Mixture3
Save as type HighScore Plus (*.HPF)
c. Click Save.

d. If the Confirm Save As window opens, click Yes.

P )

Canfirm Sawve &5

l_ Mixture3 HPF already exists.
% Do you want to replace it?

Figure 6.11 Confirm Save As window

The document is saved with background data, peak data, reference patterns and a
candidate list.
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CHAPTER 7 CHANGE SCORES

7.1 Introduction

In this chapter, you will change the scores of the search and match results in the Candidates list.

The scores, shown in the Candidates list and the Accepted Ref. Patterns list, are related to the
parameter sets used for the search and match procedures. These scores can also be changed at
any time after the search and match. In real work, if you change scores, other candidates can move
to the top of the Candidates list and this can help you find more phases.

7.2 Change scores

1.
2.

If the software is not started, start it. Refer to Section 2.2.

On the menu bar, go to File > Open to open the document "Mixture3.hpf" that you saved.
Refer to Section 6.3. "Mixture3.hpf" contains background data, peak data, reference patterns
and a candidate list.

. Drag the reference pattern "00-035-0816, Calcium Fluoride" from the Accepted Ref. Patterns

list to the Candidates list.

. Make sure that the Pattern toolbar is shown:

a. Go to View > Toolbars.
b. Select Pattern Toolbar.

AL ][ T il W e

1=
.l

Figure 7.1 Pattern toolbar

. Click ** to change the data source and examine the changes of the score of the Fluorite

reference pattern at the same time.

| Select Data Source U

A8 el - g TR @)

Figure 7.2 Click Data Source button
NOTE: The look of the Select Data Source button is related to the selected data source:
: Profile

- Peak List

42 Both

. Click ®.2 to include or exclude the quality of matching relative intensity in the score and

examine the changes of the scores at the same time.

NOTE: Steps 5 and 6 are frequently used to change the scores of a Candidates list.

. Click & to change the scoring scheme and examine the changes of the scores at the same

time.
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_I Select Scoring Scherne I

LA A -d R R O

b

Figure 7.3 Click Scoring Scheme button

NOTE: The look of the Select Scoring Scheme button is related to the selected scoring
scheme:

¢ Single Phase
Z¢: Multi Phase

4+
8. Click L to switch on and off the pattern shift and examine the changes of the scores and scale
factors at the same time.

NOTE: Steps 7 and 8 are almost never used to change the scores. Usually, the scoring scheme
is set to Multi Phase and the pattern shift is switched off.

9. Click = or go to File > Close on the menu bar to close the document. Do not save the
changes.
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CHAPTER 8 USE A USER BATCH

8.1 Introduction

All actions that you did about pattern treatments and search, match and identification can be done
automatically with pre-programmed pattern restrictions. The default user batches in the software
have pre-programmed pattern restrictions. With user batches, you can do a full analysis with just a
click of a button.

Your knowledge about the sample is the most powerful tool that you have for phase identification.
On the Restrictions tab of the Search & Match window, you can use some reference patterns
for 1 or more conditions which will be used for search and match.

In this example, you will not use any restrictions, but search fully through the small PANalytical
Example Database.

8.2 Use a user batch

1. If the software is not started, start it. Refer to Section 2.2.

2. On the menu bar, go to File > Open to open the document "Mixture3.xrdml". Refer to Section
3.2.

NOTE: Be careful that you do not open the document "Mixture3.hpf".

3. Start the pre-programmed batch "ldeALL":
+ On the Batches toolbar, click IdeAll.

¢ =] ClipAllToZoom 22 Default :;ﬂIde.t'l;«\ll 22 IdeCom 22 IdeMin 22 Merge PDF scans 22 MinorMinerals 2= MultiRiet 225 Overlay Scans 224 Printldedll
" Exarute User Batch: Ideal

Figure 8.1 User batch IdeAll
- Alternatively, on the menu bar, go to Tools and select IdeAll.

Table 8.1 What IdeALL does

1 Find the background.
2 Search peaks.
3 Convert divergence slit from automatic to fixed divergence slit intensities.

NOTE: This step is not used in this example, because the measurement "Mixture3.xrdml" was
done with fixed divergence slit.

Batch step not executed.
For more information please have a look
at the process log.

Figure 8.2 A batch step is not used

Use the full PANalytical Example Database without restrictions for search and match.
5 Automatically identify candidates that have high scores.
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4. After the operation of the user batch is completed, examine the peaks or features that cannot
be explained in the Main Graphics pane.
5. Examine if the accepted patterns are minerals and its subfile information:
Go to the Pattern List pane and in the Accepted Ref. Patterns list, examine the
information in the Subfiles column.

NOTE: When the information is not fully shown, you can hover the cursor over the cell to
see the full information.

Alternatively, right-click a reference pattern in the Accepted Ref. Patterns list and from the
pop-up window, select Show Pattern to show the subfile information.
6. Examine the details of the batch:
a. Go to File > Properties to open the Properties of Mixture 3 window.
b. Go to the Process Log tab.
Process log shows that a batch step is not used.

X

Properties of Mixture 3

General | SUrnnnEEy | Skatistics |§0ntents | History [Process log |

Pracess log:
== L0 quuonian prossasig - 3

--- Start batch: Idedl -

Deterriine Background:
- Modification time = 29 Ock 2009 13:26:37
- Modification editor =

Search Peaks:
- Modification time = 29 Ock 2009 13:26:37
- Modification editor =

L Convert ADS To FDS:
- Mot executed, Fixed Divergence Slit was used
- Modification time = 29 Ock 2009 13:26:38

= Modification editor =

Search & Makch:
- Modification time = 29 Ock 2009 13:26:38
- Modification editor =

--- End batch: Ideall -

[ OFK. ] [ Cancel

Figure 8.3 This batch step is not used

7. Save the document:
a. On the menu bar, go to File > Save Document.

b. Use these settings:

File name MixtureBatch
Save as type HighScore Plus (*.HPF)
c. Click Save.

The document is saved with the identified phases.

N
w
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CHAPTER 9 PHASE IDENTIFICATION
STRATEGY AND TROUBLESHOOTING

9.1 Introduction

There is no recipe for phase identification. However, this phase identification strategy can give you
some simplified and schematic steps on how to identify an unknown sample in the software.

NOTE: In the identification examples, at the start you alway search the full reference database with
no restrictions. This is done to show the capabilities of HighScore in the ‘worst scenario,
but it is not necessarily the best approach to all phase identification problems.

Pattern
Treatments

Change

Restrictons
Search-Match

{Candidates)

Change Rangef
Feaks Included
—

—
Select a

standard
_

|
f

Change scores,
Identification groLr
Ide... candidates,
Batch |
Programs

Al correctty
Explained?

NO

Figure 9.1 Phase identification strategy



Table 9.1 Description of the strategy steps

_

Start
Pattern Treatments

Search and Match
Identification

Ide... Batch
Programs

Change Range/
Peaks Included

Change Restrictions

Change scores,
group candidates

Select standard
All Correctly
Explained?

End

Load a measurement.

Find the background. This helps before you search peaks and it is very important when
you use profile data for identification.

Search peaks with a high significance. Do not try to use very small peaks. Also use profile
data for input.

Convert intensities to fixed slit intensities when an automatic theta-compensating
divergence slit was used. This step is optional, but it makes measured intensities match
the reference data better.

Strip Kay. This step is optional. When you do not use the Strip K Alpha2 function(’“"< )
this step is done by the search and match algorithm. The process is done in the
background and not shown to you. Most users find it is better not to see the process
because then they can see the original measured data in the graphics.

Start search and match to get a new Candidates list.

Use score and scale factor values to identify and accept candidates.

Do a check of the graphics.

Examine the lists for more textual information.

You can use the user batch programs with names that start with "lde" to do the steps
above automatically.

Examine the unexplained peaks or features with the Track Graphics Range function (-=)

or exclude the explained peaks and start search and match again to get a new
Candidates list.

Change restrictions. It is possible that the restrictions that you used were too tight and
excluded some phases in the sample, or they were too wide and included many isotypical
patterns and made the Candidates list full.

Change scoring parameters to put other patterns to the top of the Candidates list, or put
the candidates together to make similar patterns into a group. The idea is to identify as
many phases as possible from the Candidates list before you start search and match
again.

Select 1 identified pattern with simple, fixed chemistry as an internal standard.

Do a check of all the patterns that were identified automatically. An automatic
identification is not always correct.

Save your result as a diffraction document in HDF format.

It is always good to include all information about the sample that you have. Use the subfiles made
by ICDD or give special restrictions for the samples and analytical problems that occur to you.

9.2 Pattern treatment sequence

9.2.1 Find background

You must find the background before you search peaks. When there is no background data, peak
search automatically makes its own background data.

When profile data is used for identification, it is very important to find the background correctly. If
you are not sure, usually for phase identification, it is better to have the background too high than

too low.



9.2.2 Search peaks with a high significance

Do not try to find all small peaks. When you select profile data for phase identification, all intensity
above the background is used as input, which also includes very small peaks that are difficult to
find.

9.2.3 Convert intensity

Convert intensity to fixed slit intensity when an automatic theta-compensating divergence slit was
used. This is optional. The converted intensity will match the reference data better, which gives

better scores when the Match Intensity function (*-) is used.

9.2.4 Strip Kay

If you do not use the Strip K Alpha2 function (%) to strip Kay, Kay stripping is done by the search
and match algorithm. The process is done in the background and not shown to you. Most users
find it is better not to see the process because then they can see the original measured data in the
graphics.

9.3 Identify

Some tools are available to get information about the match of a candidate or accepted pattern:

+ For information about the explained scan regions, click Show Explained Feature button to
switch on the Show Explained Feature feature.

+ For information about matched peak, do a check of the V marks in the Main Graphics pane
and the Matched column in the Peak List pane.

NOTE: If the Matched column is not shown in the Peak List pane, you can right-click in the
Peak List pane, select Customize Peak List from the pop-up menu to open the
Customization window, and then double-click Matched to add it as a column in the
pane.

- For information about matched peaks by reference codes, do a check of the Matched by
column in the Peak List pane.

+ For information about the matched reference pattern lines, right-click in the Pattern List
pane and select Analyze Pattern Lines from the pop-up menu.

- For information about the number of matched lines, do a check of the the Matched Lines
column in the Accepted Ref. Patterns list in the Pattern List pane.

When you cannot identify all phases from the Candidates list of the initial search and match, do
as follows:

1. Change the scores to find more candidates from the Candidates list.

+ Change the data source with the Change Data Source button ™=, 't or ** on the Pattern
toolbar.

+ Match the parameter with the Match Intensity button % on the Pattern toolbar.

+ When you look for minor phases, do not select the Demote Unmatched Strong button E
on the Pattern toolbar.



If you do not have strong solid-solution effects or an incorrect sample height, do not select
the Allow Pattern Shift button . on the Pattern toolbar. For the usual small pattern
shifts, this parameter is usually more applicable to patterns that do not fit very well to the
measurement.

If necessary, change the scoring scheme with the Select Scoring Scheme button # and
do not select the Auto Residue button “* on the Pattern toolbar.
2. Start a search and match again with new, different restrictions or different parameters. It is
possible that the restrictions that you used were too tight and excluded some phases in the

sample, or they were too wide and included many isotypical patterns and made the
Candidates list full.

3. If necessary, do step 1 again with the new Candidates list. This can solve many identification
problems.

4. Optionally, when you identified 1 or several phases , but cannot identify more components in a
mixture, this can be caused by a sample height or an alignment problem. If this occurs, it helps
to select an identified pattern with a well defined, stable chemistry and use it as an internal
standard:

a. Right-click in the Accepted Ref. Pattern list.
b. From the pop up menu, select Correct Scan with Pattern. The measurement with peaks
and background is then shifted to fit optimally to the standard selected pattern.

NOTE: Be careful when you do this step. When you select a pattern with variable chemistry
(= solid solutions possible) as internal standard, it can have a bad effect on the
correct identification of more phases.

+H
Make sure that the Allow Pattern Shift button '_ is not selected on the Pattern
toolbar when you select an internal standard.

5. If you still cannot identify all phases from the Candidates list, do as follows:

a. Switch on the Track Graphics Range function with 22 on the Pattern toolbar.

b. Zoom in on the low-angle region which contains peaks and features that are not explained
and examine the Candidates list again. For this time, only the peaks and features in the
shown, zoomed-in region are used as input.

C. If there are no new matches found in the top of the Candidates list, start a new search and
match only with the zoomed-in range as input.

d. Alternatively, exclude all matched peaks and do a search and match again with only the
remaining peak data as input.

e. If necessary, do steps 1-3 again with the new Candidates list.

9.4 Troubleshooting

If you still cannot identify all phases from the Candidates list or get very bad result, you can do
troubleshooting:

1. Examine the background. A background level that was found too low has an effect on each
reference pattern which match your measurement.

2. Examine the document wavelength, which is usually derived from the anchor scan. If the
document wavelength is not in the anchor data, it is supplied by the default instrument
settings and cannot match the actual scan data.
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3. Examine which databases are used for search and match. Make sure there is a reference
pattern in these databases applicable to your measurement.

NOTE: All patterns in the pattern list are treated as ‘known’ when you start search and match.
They are kept in the pattern list and the first 20 are scored. When the Auto Residue

function (%) is used, these first 20 patterns also have an effect on the scores of all
candidates.
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CHAPTER 10 SEARCH AND REFINE A
UNIT CELL (HIGHSCORE PLUS]

10.1 Introduction

In this chapter, you will do these tasks:
a. Load a measurement, set the correct wavelength, and convert the document format from RFL
to RD, a format in which the data about the used wavelength can be saved.

b. Search diffraction peaks. The first 8 peaks (reflections) are used to start a unit cell search,
which is also called indexing, with the TREOR and DICVOL indexing routines.

C. Refine a good cell candidate with all diffraction peaks as input.
d. Save the results.

10.2 load a measurement

1. If HighScore Plus is not started, start it. Refer to Section 2.2.
2. On the Desktop toolbar, set the desktop layout to Structures.

Desktop Marne
| P

f]_: % ol 2 ¢ Structures [} - |5 >Q -

Figure 10.1 Set desktop layout

3. On the menu bar, go to File > Open to open the document "TaSSE.rfl" in this folder C:\Users
\user.name\Documents\PANalytical\X'Pert HighScore Plus\Tutorial.

4. Set the the wavelength for the data set to Copper Kay only:
a. Go to the Scan List pane.
b. Double-click in the list to open the Object Inspector pane.
C. Open Instrument Settings.
d. Select Incident Beam Monochromator.

£

Lists Pane

GQuantification | Refinement Cantrol Selected object: Scan(s)

Structure Flak | Fourier Map | Distances and Angles

Fattern List Scan Lisk | Peak List | Anchor Scan Daka

Yisible Mame St

Mo
1 5000 Y - [ S N

LR S SR L <

Incident Bearn Monochromat

Spinner used N
Mode Linear Detectar Mone
Anode Material Copper (1
Tube Current [ma] i}
Tube Tension [ky] 0
Divergence Slit Type Fixed
Fixed Div, Slit Size [] 1

Figure 10.2 Select Incident Beam Monochromator
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5. Go to File > Save As to save the document as a PHILIPS binary scan in the RD format. The
wavelength with the scan data is saved in this format.

By this time, the important instrument information is corrected and the scan is converted from RFL
file format to RD file format.

10.3 Search peaks

1. On the menu bar, go to Treatment > Search Peaks.
2. Click More to expand the window.

3. In the Select Parameter Set field, select Default from the drop-down list. The title bar of the
Search Peaks window shows the name of the parameter set that is used.

Search Peaks - [Default] @

Minirum significance: | 'I.DD| [ Search Peaks ]
Iinirurn tip width [#2Th.]: 0.0

Maxirnurn tip width [*2Th.]: 1.00

Peak base widkth [°2Th.]: 2.00

Method: |Minimum 2nd derivative |
Trial:
Select Parameter Set

|DeFauIt W | H ﬁj 3

Figure 10.3 Use the Default parameter set

4. In the Search Peaks window, click Search Peaks to search peaks.

5. Click Accept to accept the results. The Main Graphics pane shows the peaks and a
theoretical profile.

6. Zoom in around 60 to 65 °2theta. You can see that a peak is incorrectly found at about 61
°2theta.

100-

Figure 10.4 Peak incorrectly found

7. Hover the cursor over the peak to see detailed information.
8. On the menu bar, go to View and select Peak List Pane.

9. Find the only peak that is not correctly at its place: No. 17. This peak is selected when you
hover the cursor over it.
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10. Delete the peak:
* Press Delete |.

- Alternatively, in the Peak List pane, right-click in the row of the peak and from the pop-up
menu, select Delete Peak.

10.4 Search and refine a unit cell
1. On the menu bar, go to Analysis > Crystallography > Search Unit Cell. The Search Unit
Cell window opens.
2. Go to General.
3. Set Indexing Method to Treor.

Search Unit Cell - [Default] 5]
El
- ) ’ Execute Cell Search... l
Mininiurn Inkensity [%] 0.1 a[A]
Use the x first peaks 10 b [&]
= c[&]
FOM better than 12 plpha [°]
Maximun Beta [#] 130 Beta [°]
Maximum Ais [8] 25 Gamma [°]
Maimum Yalume [&3] 1000 yalume [8~3]
- Indexing Method
Test Monodl. Super Axis v FoM
Ineclude Monaclinic - Mot Indexed
Include Triclinic -

Indexing Method Treor

Figure 10.5 Set Indexing Method

4. Click Execute Cell Search. The Cell Candidates window opens. It shows some cell
candidates.

5. Click Cancel to close the Cell Candidates window.
6. In the Search Unit Cell window, set Indexing Method to Dicvol.

7. Click Execute Cell Search. The Cell Candidates window opens. All cell candidates are almost
the same. Therefore, there is a very possible unit cell.

Cell Candidates =
Mo, |a[A] b [A] c[A] alpha [#] |Beta [#] | Gamma [#] | Cell Yolume [83] | Indesxing Method | Mok in.., |FOM
i 1 33305 3.3305 21,9013 90,0000 90.0000 90,0000 242.9413 Trear 0 52,0000
Z 33310 33310 21.8633 90,0000 90,0000 90,0000 242.5657 Trear 0 44,0000
3 33310 3.3310 21.8883 90,0000 90,0000 90,0000 2428657 Trear 0 44,0000
43,3309 33309 21.8875 90,0000 90,0000 90,0000 242,8334 Dicvol 0 39,1000
5 21,8%%9 33270 33357 90,0000 90,0000 90,0000 2425581 Dicvol 0 36,7000

Copy Print. .. Delete selected Row Clear Table | | Refine Cell... Ok Cancel
—_———

Figure 10.6 Cell Candidates window

8. Select one of the cell candidates.
9. Click Refine Cell. The Refine Unit Cell window opens.
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i Refine Unit Cell - [Default]

Cell Refinement | Calculated and Observed Peaks | Space Group Tesk

Crystal System
Bravais Type
Space Group

Goniometer Radius [ram]

l

Edit Parameter Set. ..

[#] Always switch ta Calc, and Obs, Peaks Tab on Refinemeant

Start Refinement

Tetragonal al&l 3.3305(8)
Primitive (F) b[A] 3.3305(8)
c[8] 21,90(1)
Alpha [*] a0
240,00 Beta [#] 90
Gamma [#] a0
yolume [&-3] 247,94
2Theta Zero Shift [#]
Specimen Displacement [rmm]
Mo, Unindexed Lines
Mo, Indexed Lines
Total Mo, Calculated Lines
Chi Square
Snyder's FOM
Select Candidate Cell...
OK ] [ Cancel

10.

you use.

11.
12.
13.

Click Start Refinement.

Make sure that you use the Default parameter set.

Figure 10.7 Refine Unit Cell window

Read the title bar of the Refine Unit Cell window. The title bar shows the parameter set that

Go to the Calculated and Observed Peaks tab. It shows the calculated and indexed peaks
and their deviation from the theoretical values.

Refine Unit Cell - [Default]

Cell Refinement | Calculated and Observed Peaks | Space Group Test

Mo, |h

[="R =N, SR TR

Deta 2Theta [°]

=R E=R =R =R =R =

k|l

olololo o oo
=R =R LR TR S

J Caleulated + Indexed Peaks | Unindexed Peaks

Sin2 {c)

Sin2 {a)

S00

1992

4465

2th (ed ] [2Th (ed[®]  [2Th () []  |d-sp. (3 [A]
4.0302 21906330
5 8.0655 8.1118 -0.0463|  10,953200
12,1108 7.302131
-14 16,1712 16,2264 -0.0852 5.476598
20,2523 4.381278
-14 24,3595 24,3979 -0.0384 3.651085
26,7297 3.332449
27,0430 3,294547

d-sp. (o) [] |d-sp. (d)[A] | ~
10,890750 0,062449
5,458091 0018507
3.645405 0.005660

'
1
v
s

[ Start Refinement

a0
Peak Position 2Theta []

[ Copy List

” Copy Graphics ]

K ] [ Cancel

Figure 10.8 Cell refine results
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14. Go to the Unindexed Peaks tab. It must be empty for this time.
15. Click OK to accept the results and close the window.
16. Examine the refined unit cell parameters:
a. On the menu bar, go to View and select Refinement Control Pane.
b. Open the Search Unit Cell Result 1 phase.
c. Open Unit Cell. The refined unit cell parameters is shown.
17. Examine the derived data:
a. Double-click Search Unit Cell Result to go to the Object Inspector pane.

b. Examine the derived data, for example the cell volume and the estimated cell volume error.
It also shows the error of the unit cell axis or angle selected in the refinement control.

18. When a phase color is accidentally red, change the display color:
a. Double-click the phase to open the Object Inspector pane.
b. Open Phase Display.
c. In the row of Display Color, click the arrow at the end to open the drop-down list.
d. Select a different color.

5
Structure Plot | Fourier Map | Distances and Angles Selected object: Phase
Pattern List | ScanList | Peaklist | Anchor Scan Data
Quantification | Refinement Cankral |_ [.lpla';.-'_.:.|.;.r
- Show Phase B ol
MName Info | Refine | Yalue
[ I
+ E] Global ariables e Purple
» = [z Search Unit Cell Result 1 v e .
Scale factor 000011 .se. 358 B ray
Freferred Origntation 0. 1.0000( Fitting Mode
B overall 00000 Mean Particle Dia
E stinction 000000 Standard Weight §
Flat Plate Absorpion Camrection 0.00000 Pseudo Formula Mass -1
Parasity 0L00000 Stale Factor 0,0001
Roughness D.DDDD[ Crverall Displacement Parar i}
% &b Uit Cell : Extinction 0
Atomic coordinates 000000 RDUghness 0
+ Profile Yatiables Porasicy ]
Flat Plate Absorption Corre 0

Figure 10.9 Display color

e. In the Main Graphics pane, examine the peaks. All peaks are assigned to the phase and
therefore have the phase color. By this time, there are no non-phase peaks in this example.

10.5 Save results

1. Go to File > Save Document.
2. Use these settings:

File name TaSSe
Save as type HighScore Plus (*.HPF)
3. Click Save.

4. If the Confirm Save As window opens, click Yes.

The document is saved with scan data, background data peaks, phase data, list of cell
candidates and history of the analysis steps.
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CHAPTER 11 DO AN AUTOMATIC
RIET\/]EI_D REFINEMENT (HIGHSCORE
PLUS

11.1 Introduction

This chapter shows you the Rietveld refinement of an artificial mixture of 2 minerals.

You will do an example for quantitative phase analysis. The example has pre-defined refinement
steps. An automatic fitting parameter set for phase fits is used for this Rietveld refinement.

11.2 Load data

1. If HighScore Plus is not started, start it. Refer to Section 2.2.

2. Go to File > Open to open the document "25-75.rd" in this folder C:\Users\user.name
\Documents\PANalytical\X'Pert HighScore Plus\Tutorial.

3. Go to File > Insert to insert "Example.cry" in this folder C:\Users\user.name\Documents
\PANalytical\X'Pert HighScore Plus\Structures. The CIR / CRYSTIN Import Structures
opens.

NOTE: The "Structures" folder contains some crystal structures supplied with HighScore Plus.
"Example.cry" contains the missing crystal structure data.

4. Select Fluorite and Corundum.

CIF f CRYETIMN Import Structures x
Mo, |Use |Name |F0rmula Space group Comment
1 Eskolaite Cr2 03 R3-cH Comment nok found
2| ¥ |Fluorite CaF2 Frn3-m Camment nok found
3 Calcike Ca(C03) R3-cH Cornment nok found
4 alz 03 R3-cH Cornment not found
5 Tantalum Sulfide/Se | Tas(s,5e)2 T4 frammm Comment not Found
Invert Selection Ok Cancel

Figure 11.1 Fluorite and Corundum selected

5. Click OK. Fluorite and Corundum are inserted into the diffraction document.

11.3 Do an automatic refinement
1. On the Desktop toolbar, set the desktop layout to Rietveld Analysis.
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il | Desktop Narne

~ ﬁ 3 E @ = ¢ Rietveld Analysis n ;N =
b

H
iz

Figure 11.2 Set the desktop layout

2. On the menu bar, go to Analysis > Fitting.
3. Set Fitting Mode to Automatic.

4. On the menu bar, go to Analysis > Fitting > Start Fit and select <Phase fit> Default
Rietveld to start the refinement.

Analysis
5— Cluster Analysis... 3
j) Start Autoscaler 2

Search & Match 3
Crystallography 4

| Eitting 3 IB Start Fit 3 <Profile fit> Areas only
Charge Flipping 4 K Stop Fit =Profile fit> Caglicti
pis|| PLS Regression 3 i" Fitting Mode Automatic < <Phase fit> Clinker
Fix All.. 4 <Profile fit> Default Profile fit
Refine All.. 4 <Phase fit> Default Rietveld
C¥ Start Pattern Simulation <Profile fit> Full Profile fit
g’ Edit Automatic Fitting Steps... <Phase fit> Full Rietveld
Igneore Zoom Range <Phase fit> Pawley
Show Refined Values / Constraints... <Profile fit> Profit
Edit Excluded Regions... <Phase fit> Size-Strain Analysis
Edit Background Base Points...
Edit Scattering Sets...
Show Correlation Matrix...
Enter Ranges by Percentage...
Enter Mew Structure...

Figure 11.3 <Phase fit> Default Rietveld selected

The R-Values window opens.
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HS D™

Figure 11.4 Rietveld refinement

After the automatic refinement is completed, the peaks and the calculated profile show in the
Main Graphics pane.

Py 113 41 W PForaite I &
Counts ¢ i ol Ei it [
25-715
B Fluorite 217 %
B corundum 783 %
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Figure 11.5 Peaks and the calculated profile after the refinement

5. Set the Additional Graphics pane to show the difference plot:
a. Right click in Additional Graphics pane.
b. From the pop-up menu, select Show Graphics > Difference Plot.
6. Hide the dynamic difference scale to show the small differences better:
a. Right-click in the Additional Graphics pane.
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b. On the pop-up menu, make sure that Dynamic Difference Scale is not selected.

7. In the Main Graphics pane, zoom in and examine different parts of the profile and the
difference plot.

8. Examine the agreement indices:
a. Go to the Refinement Control pane.
b. Double-click Global Variables to open the Object Inspector pane.
c. Open Agreement Indices.the values of Goodness of Fit and Weighted R profile.

Hefinement Contral
Quantficxtian e Anchor Sean Data | Pattern List
Refinement Control X Scan List .
Mame (I, ! Refine. Value Deviation Code iCunﬂm... | Maosam
-t ‘Giobal Variables
o T BT | e —— = R profie 16.13671
(] | Fluorite | &
= h T i T Weighted R profiie 20.67873
+ v
aljtenn D-stabstcs 0.20065
Wesghted D-statistics 0
Goodness of Fit 4.92395
Mixciure MAC [om~2/g] 44.17

Figure 11.6 Agreement Indices

9. Examine the phase amounts:

+ Go to Quantification Pane. The pie chart shows that the result is 78.3 % Corundum and
21.7 % Fluorite, which is close to the correct weight percentages, 75 % and 25 %.
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[ B, [ Fluorite 21.7 %

Coruntum 78.3 %) |

Figure 11.7 Quantification pane

- Alternatively, go to the Main Graphics pane. The phase amounts are usually shown with
the phase legend.

11.4 Do a better refinement

N

o v oA~ W

. On the menu bar, go to Analysis > Fitting.

Set Fitting Mode to Manual. In this mode, you can switch on and off the items that can be
refined and automatic fitting parameters are no longer used.

Go to the Refinement Control pane.
Right-click to open the pop-up menu.
Go to Refine All.

Select V's.
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Refine Al
Fize all

Show Refined Yalues [ Constraints. ..

Add New Phase [ Structure

Duplicate Atom

Delete &l Phases

Initislize Global Yatiables

Initislize All Phases

Duplicate Phase

Calculate Background Coefficients from Background

Expand Rook Modes
Collapse Root Modes

Autosize Columns

Customize Refinement Contral. ..
Dj Copy List

o} . .

i3 Print List. ..

]-_{ Save List As...

Sicale Factors
Cells
W's
[ v
U's
Pref, Origntation Parameters
Asymmetry Paramekers
Peak Shape Parameter 1's
Peak Shape Parameter Z's

Peak Shape Parameter 3's

Figure 11.8 V's selected

7. Right-click to open the pop-up menu again.
8. Go to Refine All.
9. Select U's.

11.
12.
13.
14.
15.

. Start the refinement again:

- Go to Analysis > Fitting >Start Fit.
+ Alternatively, on the Fitting toolbar, click IE.

Help

B SRS XDE

| = #’ ﬁ —):?' IB 4 Manual v

Figure 11.9 Execute Fitting button

Right-click in the Refinement Control pane to open the pop-up menu.

Go to Refine All.

Select Peak Shape Parameter 1's.

Do step 10 to start the refinement again.
Change the FWHM to 30:
a. Go to the Refinement Control pane.
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b. Double-click Global Variables to open the Object Inspector pane.
c. Open General Fit Properties.
d. Change Peak Base Width for Fit from "20" to "30".

|Reﬁnement Control 1 | Object Inspector
Quantification | Anchor ScanData | Patternlist || Peaklist | Selected object: Global Settings
-
J Refinement Control | Scan List | Structure Plot imEarrd ¥ =
Mame In...| Refine | Value Deviation C A ¥
b + =] |Global Variables General Fit Properties ~
. +-(0] |Fluorite W Job Type X-rays
. + E] Corundum W Weighting Scheme AgainstI...
Solver Time Limit [sec] 300
Solver Iteration Limit 100
Solver Mu 2

Solver Taolerance

Max. Mo of Fit Cycles

Automatic Cell Constraints

Automatic Anisotropic Displacement ...
Keep ADP's positive definite

Automatic Atom XYZ Constraints
Specimen Displacement [mm]

7ern Shift [=7/1 n

Figure 11.10 Change Peak Base Width for Fit

e. Press Enter|to save the change.
16. Do step 10 to start the refinement again.
17. Examine the agreement indices:
a. Go to the Refinement Control pane.
b. Double-click Global Variables to open the Object Inspector pane.
c. Open Agreement Indices.

-] Agreement Indices
" Rexpected 4.18752
R profie 8.76649
Weighted R profle 11,33908
D-statistics 0.31356
Weighted D-statistics 0
Goodness of Fit 2.70133
Mixture MAC [em”2fd] 44,98

Figure 11.11 Agreement Indices

d. Examine the values of Goodness of Fit and Weighted R profile:
+ The value of Goodness of Fit is 2.70.
- The value of Weighted R profile is < 11.34.
You have a better calculated profile with smaller differences to the measurement.

18. Go to Quantification Pane to examine the phase amounts. The phase amounts have small
changes: 23.1 % for Fluorite and 76.9 % for Corundum, and they are closer to the given values.
The phase quantification is within 2 % of the true values, which is a good result for a phase
analysis without standard.

NOTE: A quantitative phase analysis is not always correct with a good fit and low R-values.
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