RMS k ------- Testing < Research « Consulting

Workshop , Rietveld Refinement with Profex”

Lesson 4: Introduction to Profex - Phase Identification

Nicola D6belin
RMS Foundation, Switzerland

March 07-08, 2024
Forschungszentrum Jilich, Germany




e g ETy o Zar - - ——
== % 2 7‘*AP!.J'*.a.‘viirvll.dwliick.n.i,.‘,,ﬁt'n...ﬁ‘.r
AAooC?Nl‘..' ;;!1 NTEYQiEae T
k“.r_,_a.ruu..nr..ca. CETE B o T R S
Hi/?:..«ltb.?@.lq’!!.Tl.#ll"x."ﬂl"u""'ufu.tn -
< N> @ 4

a9 e weg

Windows / Linux / OS X (Intel / SiIicon)

GPL v2 or later (open source)
https://www.profex-xrd.org

BGMN (legacy: Fullprof.2k)
5.2.7

2003 (for personal use)

2013
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First public release:
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Website:
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Facts about Profex




Profex User Interface

¢ Profex 5.2.6 - O *

File Edit Yiew Project FRun Results  Instrument Toels Lecations Window Help

BEEE0C L

Projects [E3]
Mame Status ~ lteration  y°

Main Window
Dock Window

Plet Options &6

Dock Window

LG NE N (s GT) =i T =

Dock Window Dock Window
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Profex User Interface

Docked

Floating

' Profex 3.2.6

File Edit View Project Run Results |nstrument Jools Loc

EEELC L

Projects ®
Mame Status [teration  y°
Plet Options (=]ES)

To re-arrange:

' Profex 3.2.6

File Edit View Project Run Results |nstrument Jools Loc

EEELC L

Plot Options (=]

Name Status ~ lteration ¥

Refinem

Grab title bar of dock windows with the mouse and drag.

Stacked

2 Profex 5.2.6

Eile Edit View Project Run Results |nstrument Jools Loc

BEEDC L

Projects 3]

Mame Status ~ lteration  y°

Plot Options Projects

Refinement Protocol
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Profex User Interface

s Profex 5.2.6 * Profex 5.2.6

File Edit Wi Project R Results  Insti . ] ] : . "
Ele Edit View Projec un  hesults  Instrume File Edit View Project Run  Results  Instrument Tools Locations Help

EERCLLB Y _— o e

Projects (&) | Plot Options

’ B 2 Projects [=ES) )
Mame Status “ Ilteration ¥ i o = 2 V| Refinement Protocol
» RMS Found... ame atus eration

Chemical Compaosition
Context Help
Convergence Progress
Peak Integrals

Peak List
Search/Match Phases

@ v | Refined Parameters
Peak Fitting

Plot Options [=ES]
Plot Options [=ES)
Scan Vertical Offset
v Commander Sampyyf 1D 0.00 CIOSEd dOCk WindOWS can be

opened from the ,Window” menu

Use splitters to resize dock windows

Refinement Protocol @ ® Refined Parameters @@=
Parameter Value ESD 3
= Statistics

Rwp
Rexp

:II l': :
Background Coefficients
Global GOALs

Local GOALs RMS ).

GM\Auftr_Proj\S-Auftraege'2024\,524 0007 XRD-Workhop FZ Jalich\N | 1 Project | | A = 1.54060 A 28= 28.739° I= 354537 cts d= 3104 A "
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Loading Scan Files

+ Profex 5.2.6 -
[ZI8 Edit View Project Run Results |nstrument Tools Lod

v | 0 Example 1 - Basic refinement .. @
[ Open Text File... Ctrl+0 7

Open Raw Scan File... Ctrl+G

51 Open Refinement Project.. CrlR GroBe |Free format XY scan (*acy *.XY *axyp *XYP *axye “XYE *.csv *.CSV *.dat *.DAT *.asc *ASC *.txt *.TXT)
; . ,

Open Praject Archive.. WBruker BRMI archive (Cheml ZAERI
Bruker RAW scan version (DIFFRAC-AT V1 RAW, DIFFRAC-AT V2 RAW, DIFFRACpIus V3 RAW, DIFFRACpIus V4 RAW (".raw *.RAW)

~—

|l Insert Scans.. Ctrl+l
TChI ASLTT scans (Lohil LHn
Remove Scan... Ctrl+D pdCIF Powder Diffraction Data (*.cif *.CIF)
) Fullprof DAT version 10 (*.dat *.DAT)
B save Ctrl=5 Fullprof Sub Phase pattern (*.sub *.5UB)
B Savefile as... Ctrl+Shift+S GMR ESG File (*.esg *.E5G)
R ) o ) . G5AS Standard Powder File (*.fxy *.FXY *.fxye ".FXYE)
3 Save all text files in all projects Ctrl+Alt+5 MDI Jade ASCII scan (*.mdi *.MDI)
Recent Graph Files b MDI Jade XML Scan ("xml *.XML) % . .
ot T i PANalytical XRDML scan (*xrdml *XRDML) For *.raw files:
ecent Text Files L4 B *
Philips RD scan (*.rd *.RD)
S s Philips UDF scan (*.udf *UDF) Select the correct format, else
o Reynolds PLT data (*.plt *.PLT)
= Print all Graphs... Ctrl+Shift+P Ri?aku BIM scan (”.bis*.BIN] error message
Export all Graphs to SVG... Rigaku DAT/RIG scan (*.dat *.DAT ".rig *.RIG)
— Rigaku DIF scan (*.dif *.DIF) . .
* Close Project Ctrl+W Rigaku RAS scan (*.ras *.RAS) AIternathEIy select ,,A” files (*.*)”.
Close All Projects Ctrl+Shift+ W i i - i i
Jose All Projec 11+ Shift+ [Rigaku T eYr—— Profex will determine the format
Import Structure File... TgakU STara neT . ML) automatica”y
Scan Batch Conversion... Seifert/FPM VAL scan*(".l.ral MAL)
Save Batch Refinement Script... [ Stoe RAW scan (".raw *.RAW)
) (eIl EP I correced roc kg e (*oul*.0VL)
E_ Quit Crl+Q [Thermo Fischer RAW scan (*.raw *.RAW)
Refinement Protocol FTRerme FIsner AL TIE (el o ThL)

v| | Bruker BEML archive (*.brml *.BRML)

RMSh
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Loading Scan Files

Drag & Drop:

View Project Run Results

SEBD LN

[EE]

Projects [E1E]
Name Status ~ |teration  y°
File format is determined
automatically
1+ = | Example 1 - Basic refinement - m] X
Start Freigeben Ansicht o m
&« v <« Win.. * Example 1 - Basic refinem.., v @ Example 1 - Basic refinement durchsuchen -]
2 Mame - Anderungsdatum Typ GraBe
1 optimized Dateiordner
[5] ex1-filedl.raw RAW-Datei 32K
= =] Infoubet Textdokument 1KB
!
m [E®  Refined Parameters
cts
w
3 Elemente =

RMSh
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Loading Scan Files

+* Profex 5.2.6 - O =

File Edit View Project Run  Results Instrument Tools Locations Window Help

EEBLLLBE DHBYLSIT A L~ »  Q [<Repo..| - || <Referencesru.. |~ L/ | (0000000 [2

Projects @ et-filedt.raw
ame Status ~ lteration  y°
RMS Forschung 50% HA ink 1000deg Amy W) ex1-filell.raw
3 _I TTTT | TTTTTTTTT | TTTTTTTTT TTTTTTTTT TTTTTTTTT I TTTTTTTTT | TTTTTTTTT I TTTTTTTTT
B RMS Forschung 50% HA ink 1000deg Amy WI
Refinement projects 25000 - ]
— 20000 — —
= C ]
3
8 - -
Z 15000 | 7
WPlot Options (&]ES] E r 1
= L i
Scan Vertical Offset - r B
v|  RMS Ferschung 50% HA in.. 000 10000 I~ .
. 5000 — —
Scans in the - .
current prOJeCt o ‘T_I I TT 'I 1| | N N i Ji ! T l|j| et T |l JI—I-'JI“
10.00 20,00 30.00 40.00 50.00 &0.00 70.00 80,00
Diffraction Angle ["26]
Refinement Protocel [E & Refined Parameters (e
Parameter Value ESD =
v Statistics
Rwp
Rexp
GoF
Background Coefficients
Global GOALs
Local GOALs % RMS k

0.000 cts d= 0.000A "

G:\Auftr_Proj\S-Auftraege\2024\524_000T XRD-Workhop FZ Jalich\E |1 Project | | A= 1.54060 A 268 = 0.000°




Loading Scan Files

N\

Eile

Marm

Plot

v

-+ Profex 5.2.6

Edit View Project

Projects

e

b ex1-filed

Opticns
Scan

Status

Run Results Instrument Tools

B

~ |teration

3
Wertical Offset

RMS Forschung 30% HA in..  0.00

ex1-file0l.raw

PN

Locations  Window Help

EBBLLLBE DY LIT A L » QO [<Repo..|~

RMS Forschung 50% HA ink 1000deg Amy W) ex1-fileDl.raw

30000

23000

20000

15000

Intensity [counts]

10000

5000

|
RMS Forschung 50% HA ink 1000deg Amy W)

“LU. .L..Ih

1000 20.00 30.00 40.00 50.00 6000 70.00 80.00
Diffraction Angle [°26]

,Help 2 Mouse and Keyboard commands”

(egce Stru., | ¥

Context Help

L[ | | 0.000000 |+

Interacting with graphs

Mouse actions

Left Mouse Button

Ctrl + Left mouse button
Shift + Left mouse button
Left double click

Ctrl + Left double click

Right mouse button
Middle mouse button

Scroll wheel
Cirl + Scroll wheel

Keyboard actions

Zoom

Drag view

Select scan

Load reference structure
with strongest peak at click
positicn

Print current coordinates to
refinement protocol console
Reset zoom

Scale intensity of reference
lines

Zoom horizontally

Zoom vertically

The graph must have keyboard focus,

Special cursors

RMSh
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Phase Identification

3 Different approaches to phase identification in Profex

< 1: Double-click strongest peak
¥ + Fast
+ - Can be unreliable
+ - Only searches internal database (~1000 phases)

< 2: Run full-pattern search-match in Profex
+ -Slow
+ + Reliable
+ - Only searches internal database (~1000 phases)

<+ 3: Run peak detection in Profex, import peak list to other search-match software
<+ Can be slow
+ Requires other software
+ Searches COD or ICDD database (> 400000 phases)

RMSh
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Phase Identification: Double Click on Strongest Peak

-+ Profex 5.2.6

File Edit View Project Run

v RMS Forschung 30% HA in...

Refinement Protocel

Results  Instrument Tools

Projects @

MName Status ~ |teration

b oex]-filedl

Plot Opticns (=]ES)
Scan Vertical Offset

0.00

Locations

ex1-file0l.raw

Window Help

EBBLLLBE DY LIT A L » QO [Repo.|~

RMS Forschung 50% HA ink 1000deg Amy W)

Intensity [counts]

30000

23000

20000

15000

10000

5000

e e | wllf | | 0.000000 |«

ex1-filel1.raw

T
C — . ]
N Double-Click on strongest Peak 1
1 i |||||]|‘|1!.LJ.....—. J.—."MJ 'LLLL‘L‘L “'-i"'“
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
Diffraction Angle [°26]
[&® Refined Parameters [=]ES)
Parameter Value ESD 3
¥ Statistics
Rwp
Rexp
GoF
Background Coefficients
Global GOALs
Local GOALs b
2 = 1.54060 A 28 = 0.000° I= 0.000 cts d= 0.00DA

G\Auftr_Proj\S-Auftraege\2024\524_ 0007 XRD-Workhop FZ Jalich\E | 1 Project
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Phase Identification: Double Click on Strongest Peak

QA

> - oo
went Tools Locations Window Help
. » @ » O |<Repo..| > ||Apatite-OH - |,/ | |0.000000 |+
Best matching phases are also DYTVLSIT AL -
. i @
shown in Search-Match module: ex-file01.raw search/Match Phases g
i . Phazes Restrictions Controls Results
RMS Forschung 50% HA ink 1000deg Amy W) ex1-filel1.raw
. Score List
Window s0000 f ‘ ] :
RMS Forschung 50% HA ink 1000deg Amy W] File
- Search/Match Phases r ] .
25000 — — HAP.5TR
9 ReSUItS L ] Hydroxylapatite.str
- B CaSrApatite-refined.str
— 20000 _ Apatite-O.str
= L i
] L 4
£ 15000 — ] r] b
= B ]
E o - Pinned Phases [t
10000 I~ i File Phase Fraction Source
5000 — —
0 I|=f|'r|'=' ||||nl'rHﬁ1J-¢-0' ”L'L
10.00 20.00 30.00 4000 5000 60.00 T70.00 80.00
Diffraction Angle [°26] ] 3
Refinement Protocel [® Refined Parareters [=]ES)
Clicked at d=2.81534 Parameter Value ESD =
Best matching phases: * Statistics
1: Apatite-OH.str (0.0001) Rwp
2: HAP.5TR (0.0001) Rexp
3 Hydroxylapatite.str (0,0001)
4: CaSrApatite-refined.str (0.0001) GoF
5 Apatite-O.str (0.0001) Background Coefficients
Global GOALs
Local GOALs % RMS k
GA\AUftr_Proj\S-Auftraege\2024\524_0007 XRD-Workhop FZ Jalich\E |1 Project | [A= 1.54060A | [20-= 0.000° = 0.000cts d= 0.000A "




Phase Identification: Double Click on Strongest Peak

13

Limit the search to a sub-directory to improve the hit rate

2t Profex 5.2.6

Eile Edit Wiew Project PRun Results Instrument Tools Locations Windew Help

L_Eﬂ @ %‘:’ @ L‘T A o "::7' :> D’ 'J_]- E.\, (-‘\\ Phosphatel | | Apatite-OH i

Double-click phase identification is often good enough
to identify the strongest phase.

If not: Use Search/Match Module (Window = Search/Match Phases)

|l 0.000000 |+

a

RMSh
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Full-Pattern Search/Match Module

: Profex 5.2.6 - O *

File Edit View Project Run Results Instrument Tools Locations Window Help

E E E P M M B h;? [:j @ @ @ L? )_R‘ SiE 0 & » V) <Repo..| ™ | | <Reference Stru.., | = wll 0.000000 |+

ex1-fileDl.raw Search/Match Phases @

Phases Restrictions Controls Results

RMS Forschung 50% HA ink 1000deg Amy W) ex1-filel1.raw
30000 _I TTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT I TTTTTTTTT | TTTTTTTT I_ Fa!orites 0 phESES ?
- RMS Forschung 50% HA ink 1000deg Amy W] ® Directories 1578 phases
B T Repository Mumber
B B * @ CARMSPRG\Profex-5.2.6-64bit\Structures 1
25000 = SiC 26
- Select a repository to search in » [v| Phosphate 73
B T Organic 12
B b Minerals 100
B T MetalsAlloysOxides 46
20000 [— — MarsMineralCompendium 241
B T Ceramics 101
= - B Cement 12
g B b Cement-PST 53
M - - BGMM 413
%‘ 15000 [~ — Alumina-Titania-Zirconia-Yttria 17
E - - 4 G\Ressourcen', G036 XRD_Bruker D2 Advance.. 209
£ - B Cih\Users\doebelinn\AppData\Roaming\doebe.. 69
10000 —
5000 [~ —
P by | Uu J
DlllTFllllllllerul-n-r imt 1 1
10.00 20,00 30.00 40,00 50,00 60.00 70.00 80,00
Diffracticn Angle ["26] ] 3 RMS .

G:\Auftr_Proj\S-Auftraege\2024\524_ 0007 XRD-Workhop FZ Jalich\E |1 Project | | = 1.54060 A 20=0.000° = 0.000 cts d= 0.00DA "




Full-Pattern Search/Match Module

: Profex 5.2.6 - O *

File Edit View Project Run Results Instrument Tools Locations Window Help

El El El D M M B h;? [:j @ @ @ L? )_R‘ oo» @ » @ D |<Repo..|~ ||<Reference Stru... | = At | [0.000000 |5

exc1-fileD] raw Search/Match Phases @
. . Phases Restrictions Controls Results
RMS Forschung 50% HA ink 1000deg Amy W) ex1-filel1.raw |
TTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT I TTTTTTTTT | TTTTTTTTT
30000 — 1 112| [3]|4]5|6]|7|8]9]|10]11|12]13]|14]15]16]17| 18
- RMS Forschung 50% HA ink 1000deg Amy W] 1|H He
i ] 2 |Li|Be B|CIN|O|F|Ne
- B 3 |Naj ... AllSi|P |35 |Cl|Ar
25000 1= No R L . 4|k |Ca| [Sc|Ti|V|Cr|.. FelCa|Ni|Cu|Zn|Ga|Ge|As| Se|Br |Kr
- O Restrictions i 5 |Rb|Sr| |Y |Zr|Nbj... | Tc |RulRh|Pd|Ag|Cd| In |5n|Sk|Te| | |Xe
B b 6 |Cs|Ba|” |Lu|HF| T2 | W |Re|Os| Ir Pt |Au/Hg Tl |Pbk| Bi |Po At|Rn
I _ - ke
20000 |- — 7 |FriRal
- B L La|Ce|Pr|Nd|... | ... |Eu|Gd|Th|Dy|Ha| Er [Tm|Yb
e i 7 A “lac/thlpal U INplPul .. ... |BK|CF
= L -
s - - Change all
£ 15000 [~ =
é B T Optional At least one Discard optional
B - . Mandatory Discarded
10000 |~ —
5000 —
[P oy 4 UU i
DlllTFllllllllerul-n-r im M} I 1
10.00 20,00 30.00 40,00 50.00 0.00 70.00 80.00
Diffracticn Angle ["26] RMS .

G:\Auftr_Proj\S-Auftraege\2024\524_ 0007 XRD-Workhop FZ Jalich\E |1 Project | | = 1.54060 A 208 = 69.241° = 11390.325 cts d= 1356 A "




Full-Pattern Search/Match Module

2+ Profex 5.2.6 — O X
File Edit View Project Run Results Instrument Tools Locations Window Help
E B B D l& IM B 37 [j @ @ @ ﬂ )_R‘ oo @ » (W Repo..| * | | <Reference Stru.., | = wdl 0.000000 |+
exc1-fileD] raw Search/Match Phases @
. . Phazes Restrictions Controls Rezults
RMS Forschung 50% HA ink 1000deg Amy W) ex1-filel1.raw
TTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT I TTTTTTTTT | TTTTTTTTT |r|gtrument:
30000 — —
- RMS Forschung 50% HA ink 1000deg Amy W] Instrument configuration RMS-D8-ADS-15- =
L i ®) Characteristic radiation cu =
25000 _— IMPORTANT: Adi Is: __ Synchrotron radiation 0.0182100 nm
: Adjust controls:
- - Refinement:
: Instrument: RMS'DS'ADS'lS-LynXEYEXE : MNumber of iterations 10 -
20000 - Characteristic Radiation: CU m V| Minimum angle 10.00 =
7 - Angular range: Include the first peak . V| Maximum angle 4100 .
= L 4
(=]
= B InCIUde the StrongESt peaks T Set number of background coefficients | 10
£ 15000 [~ —
é B b Unit cell variability Strict =
B - B Allow anisetropic parameters
10000 __ __ Refine sample height displacement
- _ Sample properties:
B ] Crystallinity High -
5000 [~ —
[P l b I L 4 U U i
DlllTFllllllllerul-n-r im M} I 1
10.00 20,00 30.00 40,00 50,00 60.00 70.00 80,00
Diffracticn Angle ["26] RMS k
GA\AUftr_Proj\S-Auftraege\2024\524_0007 XRD-Workhop FZ Julich\E |1 Project | [A= 1.54060A | [20= 0.000° = 000Dcts d= 0.000A "




Full-Pattern Search/Match Module

O\

2t Profex 3.26

File Edit View Project Run  Results Instrument Tools Locations Window Help

Intensity [counts]

Pinned Phases

— [ap]
El El El '_'!h !!h B w’ [ﬁ @ ﬁ’ @ ‘/_?' A T » @@ | » \/ |<Repo..| ¥ ||<Reference Stru.. |~ mis 0.000000
ex1-filedl.raw Run Search-Match Search/Match Phases
. i Phazez Restrictions Controls Rezults
RMS Faerschung 30% HA ink 1000deg Army W) ex1-filell.raw
|IIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII' |n;trumer|t:
* Profex 5.2.6 - O X
File Edit View Project Run Results Instrument Tools Locations Window Help
SEBDLLBY DOROF L L > ®> O [fgl-][Fdmmcs |- 4| [omoomn |2
ex1-filed raw Search/Match Phases a®
i . Phases  Restrictions | Controls | Results
RMS Forschung 50% HA ink 1000deg Amy W) ex1-filed1.dia
L A B L B R R mEaw e Ee seore it (R~
E —— lobserved ] r
E ] Fil Fol
25000 |- lcalculated = =
F | terence T Apatite-OH-Cu.str 0.405951
3 F Background Apatite-OH-m.str 0.336738
0000 | P Apatite-OH-m2.str 0333686
r Apatite-OH.str 0.331687
15000 | CDHAstr 0326402
E Apatite- CO3-B.str 0314427
10000 Apatite-CO3-Adstr 0283563
E Apatite-F.str 0.277350
F Apatite-0-P63.str
3000 | Apatite-Oustr
Ex . o E Apatite-F-Mn.str
0 Apatite-Cl.str
Ca4PE019.str -

File Source
. . ‘JJL AL
PRl A A A A AU S IO AT A AR i M A el o
12.00 14.00 1600 18.00 20.00 22.00 2400 26.00 28.00 30.00 32.00 3400 36.00 38.00 40.00
Diffraction Angle [*26]
G:\Auftr_Proj\S-Auftraege\20241524_0007 XRD-Workhop FZ Jilich\E |1 Project | A= 1.54060 A 28= 40371° | = 30908.850 cis d= 22224

B

RMSh
) | 4



Full-Pattern Search/Match Module

' Profex 5.2.7 - O *
File Edit View Project Run Results [nstrument Tools Locations Window Help
HEFARDLLBE DORRF L L > ®> O [l [dpcorm [=] X i [ [sooom 2
ex]-fileDl.raw Search/Match Phases =S
i . Phazes Restrictions Controls Results
RMS Farschung 30% HA ink 1000deg Amy W) ex1-filell.raw
TTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTITT | TTTTTTTTT I TTTTTTTTT Score L|§t
30000 — —
F RMS Forschung 50% HA ink 1000deg Amy W) o File FoM =
- B Apatite-OH-Cu.str _
- B Apatite-OH-m2.str 0.333686
- B Apatite-OH.str 0.331687
25000 — CDHA.str 0.326402
- ReSiduaI SearCh' - Apatite-CO3-B.str 0.314427
F ’ - Apatite-C03-A.str 0.293563
- B Apatite-F.str 0.277350
- . N B Apatite-0-P&3.str 0.208056
20000 Select a matching phase and pin it. | Apatite-O.str 0155605
- _ H H - Apatite-F-Mn.str
- i Then run search-matching again i Atite st
5 - - OCP.str
E L i TCP-beta-Mg.str
%—. 15m [ _ 7 TN KN I e .
=4 - -
E L - Pinned Phases ‘ f W
: i File Source
10000 _ Apatite-OH-m.str matched
5000 =
\..__'. I, 4 Il i q ]
0 I YA P o v r (11 | |
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
Diffraction Angle [*26] RMS .
Coxrd\524_000T\Ex\ex1-fileD1.raw 1Project | A= 154060A | 26- 69.621° = 13052696 cts d= 1349A | 4




Full-Pattern Search/Match Module

o Profex 5.2.7

ex1-filell.raw

File Edit View Project Run Results

E E E D IJL_UL IM B ﬂ? l:j {ﬁ} @ @ g A - » @ » O |<Repo..| ™ || TCP-beta-Mg v

RMS Forschung 50% HA ink 1000deg Amy W)

Instrument Tools Locations Window Help

Search/Match Phases

Phases Restrictions

ex1-filel1.raw

14000 —

12000 —

10000 —

Intensity [counts]

2000 —

OIIIIIIIIIIIIII

Different Apatites match again 1
(but we already pinned one)

i

- Next matching phase: TCP-beta-Mg 1
L (= natural minerals Whitlockite and Merrillite) i

T IIIIIIII”I'""""I""""'I"""'"IIIIIII

RMS Forschung 30% HA ink 1000deg Amy W] —|

| 5
m -

| i

30.00 31.00

Chard\524_0007\Ex 1hex 1-fileD1.raw

32,00

33.00 34.00 35.00 36.00
Diffraction Angle [°26]

1 Project | |A= 154060 A 26 = 34.659° [=

Score List

File
Apatite-OH-Cu.str
Apatite-OH.str
CDHA,str
TCP-beta-Mg.str
OCP.str
TCP-Cr0_29.str
Apatite-CO3-Astr
MCPA,str
Apatite-CO3-B.str
NaCaP04.str
Na2HPO4.str
CaP206-beta.str
Li3PO4-beta.str

(NNl T P
1

Pinned Phases

File
Apatite-OH-m.str

6227.255 cts d= 2586 A

[FLI

Controls

Results

FoM

0.058434

Source
matched

@

RMSh
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Preview: Create Rietveld Refinement Project

o Profex 5.2.7

File Edit View Project Run

Results  |nstrument Tools

A
Locations W%p

i b B DHYPRVRSY

Y

D> OOk Q

+ Add/ Remove Phases >
v Generate default control file for instrument configuration: RM5-D8-ADS-15-LynxEyeXE -
Add Phases — RemovePhases
Filter: & |-
File Name * Phase =
Apatite-CO3-A.str CO3Apatited
F Apatite-CO3-B.str CO3ApatiteB
u Apatite-F.str Flucrapatite
r Apatite-F-Mn.str CaMnApatite
20000 Apatite-F-Sr.str CaSrFApatite
r Apatite-O.str Onyapatite
% r Apatite-OH.str Hydroxyapatite
2 r Apatite-OH-Cu.str CuHydroxyapatite
= r v Apatite-OH-rm.str HydroxylapatiteM
-‘,?;:1 15000 [~ Apatite-OH-m2.str HydroxylapatiteMonoclinic2
5 B Apatite-O-P&3.str CalciumOxidePhosphate
= r Ba3P208.str Ba3P208
B CaZP6017.str CaZPe017
B Ca3Cu3P4016.str Ca3Cu3P4016
10000 = CadP6019.str Ca4PE019
B CaP20¢g-alpha.str alphaCaP206
B CaP206-beta.str betaCaP206
: CaP4011.str CaP40m
<000 CDHA.str CDHA
L CPP-aloha,str alehaCPP b
- Owerwrite existing files =
o WITTTTIT 1T OK Cancel
10.00 20T SUOU FUUT OO TUOT TUOT BT
Diffraction Angle [°26]
Chxrd\524_0007\Ex Thex 1-fileDT.raw 1 Project | |A= 154060 A 28= 78.126° | = 30723.002 cts d= 1.222A

Controls

Results

0.006626

Source
project
project

@

RMSh
) | 4



Preview: Rietveld Refinement

.+ Profex 5.2.7 - O X
File Edit View Project Run Results Instrument Tools Locations Window Help
B
kil B DY LI A + 1% > OO Q
B | o1fildldia | exi-filed.sav | extfileon.dst [
“ lteration  y°
20 1.18 RMS Forschung 50% HA ink 1000deg Army W) ex1-filel1.dia
T T TT TTTT L T TTT TT 1T T T TT T T TT TTTT LI L LI T T TT LI L
30000 I I I I I I I I I I I I I
r | ohserved ]
- | calculated -
N | difference 1
23000 - Background B
r HydroxylapatiteM 7]
- betaTCPMg 4
20000 — —
E C ]
Plot Options @ | 2 r ]
. 2 15000 . .« . -
R o= 2 . Hydroxylapatite monoclinic: 94.89 + 0.12 wt-% ]
observe: X E - —
v | calculated 0.00 2 r Beta-TCP-Mg: 5.11 +£0.12 wt-% ]
V| I difference -795.08 ~ 1oom —
v Background 0.00 B b
v HydroxylapatiteM 0.00 L 4
v betaTCPMg 0.00 - -
5000 [~ —
il e LY ]
0 .
|||||||||||||||5|||||“1||||||||||||||||||||||||||I||||r[||||||||||||||
1500 2000  25.00 30.00 3500 4000  45.00 50.00 55.00 60.00 65.00 7000 7500  80.00
Diffraction Angle [*26]
Refinement Protocol [E1# Refined Parameters E3]
""""""""""""""""""""""""" *| Parameter Value ESD =
1th pattern file named RMS-D8-ADS5-15-LynxEyeXE-bkgrxy: assuming free XY[E] format ) Statistics
1-rho=0.324% ~ Global GOALs
1th pattern file named RMS-D8-ADS-15-LynxEyeXE-bkgrxy: assuming free XY[E] format QHydraxylapatiteM 0.9489 0.0012
Refinement completed in 00:01:12.205 hh:mm:ss.ms = QbetaTCPMg 0.0511 0.0012
1 L4 (M v % RMS k
Cxrd\S24_D00T\Ex T\ex 1-file01.dia 1Project | [A=154100& | [28= 0.000° =  0.000cts d= 0.000A "




Search-Match with 3rd Party Software

22

Use 3rd-party search/match software to search in large databases:

1. Run peak detection in Profex

(extremely reliable, but slow)

2. Export peak list

3. Import peak list in 3"-party software

4. Run search/match on large database

2 About

QualX version 2.24
Build data:22.11.18
A program for qualitative analysis by diffraction data

by
Institute of Crystallography (IC)-CNR - Bar, Italy
Authors: 4. Altomare, N. Corriero, C. Cuocci,
A Falcicchio, &, Molitemi, R. Rizzi

Support: corrado.cuocci®@ic.cnr.it
nicola.corriero@ic. chr.it
http:/wwwic.cnr.it/

< About Match! 7

+MATCH!

Phase Analysis using Powder Diffraction

Version: 3.15 Build 262 for Windows 64-bit (created 18.04.2023)
Author: Dr. Holger Putz

Licensex d to: RMS Foundation

Li type: Site License

Serial numbe

Your update permission expires 15.12.2025 Extend update permission

Install new license

Match! uses the Qt library under LGPL version 3.0 licensing (http://www.gnu.org/
licenses/Igpl-3.0.html).

— CRYSTAL
— IMPACT

Match! Copyright (C) 2003-2023 ‘
Crystal Impact, Bonn, Germany.

2 different Structure Databases

Crystallography Open Database (COD)
http://www.crystallography.net/cod
Open access

ICDD PDF-4+
https://www.icdd.com/pdf-4-minerals/
Commercial

RMSh
) | 4


http://www.crystallography.net/cod
https://www.icdd.com/pdf-4-minerals/

Peak Detection

+ Profex 5.2.7 - O 4
File Edit View Project Run Results Instrument Tools Locations Window Help
|
BEEEBELCLLB® B9 LHT A = 7% > OO Q
ex1-fileDl.raw Peak List =
RMS Ferschung 50% HA ink 1000deg Amy W ex1-filedlraw | Phases: |All phases T & Y7
||||IIIIIIIII|||||||||||||||I|||I|| |||||||||||||||||||||||||||||||||||||||
30000 17 _ Ph h k| Angle(28) d Int
C RMS Forschung 50% HA ink 1000deg Amy W) | = ngle (°26) (nm} _|inte
25000 L :* Select Instrument Configuration = - 1. Open peak ||St
C ] (Window = Peak List)
- Instrument Configuration File | RMS-D8-ADS-15-Glass-LynxEyeXE v - A
20000 - — 2. Run - Peak detection
B r Wavelength ] .
< r ] 3. Select instrument and
3 L 4
E‘ 15000 C ® Characteristic cu v hi| Wavelength
ﬁ B Synchrotron 0.070000 nm ]
[ = = -
10000 =
i QK Cancel ]
5000 [~ -
0 | | J’)‘V‘P‘J ]
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
Diffraction Angle [*26]
1 ]
Refinement Protocol 3]
Chxrd\524_000M\Ex hex 1-file0T.raw 1 Project | A= 154060 A 28 = 0.000° = 0,000 cts d= 0.000A

RMSh
) | 4



Peak Detection

+ Profex 5.2.7 - O 4
File Edit View Project Run Results Instrument Tools Locations Window Help
b
EEEBELCK LB BV LHT A L i > OO Q
ex1-fileDl.raw Peak List =@
RMS Ferschung 50% HA ink 1000deg Arny W) ex1-filedlraw = Phases: |All phases - Y7
T TT | T 1T | T 1T I T || || | ||r|||| T | T |rl||l T 1T | T 1T I”l 1T I L | 1T
L | ] : -
6000 - RMS Ferschung 50% HA ink 1000deg Amy W) (ex1-filell.raw) | Phase h | k | | |Angle(®20)) d(nm)
- RMS Ferschung 50% HA ink 1000deg Amy W) peak data () T 11| RMS Forschung.., 0 0 0 25,8606 0.344
<000 — _ 12| RMS Farschung... 0 V] 0 26,6806 0.333
r T 13| RMS Forschung... 0 0 0 27.6079 0.322|
— a0 [ N 14|RMS Forschung... 0 0 0 27.9768 0318
5 - Add missed peaks by 1 15|RMS Forschung..| 0 0 0 28118 0.317
z [ Ctrl+ Doubleclick on peak ] 16|RMSForschung.. 0 0 0 289337 0308
[ = = -
o
E L ] 17| RMS Forschung... 0 0 0 20,8178 0.299
2000 __ __ 18| RMS Ferschung... 0 V] 0 31.2298 0.286/
C 7 18|RMS Forschung... 0 0 0 317733 0.281
1000 - _ 20/ RMSForschung... 0 0 0 321863 0.277
L ] 21 RMS Farschung... 0 0 0 32,9108 0.271)
0_|||||||||||||||||||| ol b by e Pl v Py 22| RMS Forschung... 0 0 0 24,0566 0.263
30.50 31.00 31.50 32.00 32.50 33.00 33.50 34.00 34.50 35.00 RMS F h o o o pp— 0259
Diffraction Angle [*26] = orsenung.. ; i
q »
Refinement Protocol 3]
0=956.81 -
terminating fast startup peak scanning
closing iteration. Q=956.80
Peak detection completed in 00:00:11.807 hh:mm:ss.ms
2theta=31.229806 |=2035.453764 d=2.861733 RMS
Ci\xrd\S24_ D0OT\ExT\ex1-file01.raw 1Project | [A=154080A |[26= 0000° = 0000cts d= 0.000A | 4




Export Peak List

(o Profex 5.27 — O
Eile Edit View Project Run Results Instrument Tools Locations Window Help
— B
EEBLKLBE DBDPVIILT A L L= D> OO Q
ex1-fileDT.raw ReakllEt
RMS Forschung 50% HA ink 1000den Amw W1 ex1-fileOl.raw | Phases: | All phases - Y7
[T T 17| Save hkl listto CSV X (39 Apply filters to other projects
6000 |~ SRR  / save peak data to file
L ]« xrd > 5240007 > Ex1 v @& | Ex1durchsuchen ) avepeacaaato e
L 0 0 = Remove selected peak
5000 L Organisieren + Meuer Ordner = - e 0 0 0 i () Reload data from disk
C ] 2 _ _ 0 0 0 = Clear selection
L Es wurden keine Suchergebnisse gefunden,
— 4000 [ 0 0 0 27,9768 0.31g
§ r 0 0 0 28,1186 0.317
2 300 o o 0 28937 0.308
i r 1 * Aif ok
£ - ™ Select file format ,d values (*.dif *.DIF) ol ol o zem7m| oz
2000 - m 0 0 o0 321228 0.296
L 0 0 0 31.7733 0.281
Jo00 |- o o o 32183 0.277
L ¥
L 0 0 0 32.9108 0.271)
A einame: | exl-filed.dif v
o L 0 0 0 34.0566 0.263
30.50 Dateityp: | d values (*.dif *.DIF) ~
0 0 0 34.5837 0.259/
» Ordner ausblenden Abbrechen
Refinement Protocol
0=956.81
terminating fast startup peak scanning
closing iteration......w.. Q=956.80
Peak detection completed in 00:00:11.907 hhimm:ss.ms
2theta=31.220806 1=2035.453764 d=2.861733
Chocrd'\524_0007Bx Thex 1-fileD 1. raw 1 Project | |2 = 1.54060 A 28 = 34.354° = 3697.741 cts d= 26084




Importing Peak List in QualX2

o - O X
File View Pattern Search Help
l New Ctrl+N i ity
Import Diffraction Data Ctrl+1
. Exp-2th Exp-l ~
Open Project (*.qkx) Ctrl+O
View file Ctrl+V
View Output File
2 Open File >
Save Ctrl+5
Fern e E12 1 <« Examples » Windows » Example 1- Basic refinement » ~ | @ | Examplel - Basic refinement .. O
Save Graphic Area M Organisieren « Neuer Ordner = M @
Print Graphic Area Ctrl+P ~ B
X i L MName Anderungsdatum Typ Grafe
Export Diffraction Data
- - optimized 14.02.2024 14:23 Dateiordner
t ¥ =
SeEmes [ exi-filedl xy 15.02.2024 15:55 XY-Datei 134 KB
e Moy sE e [] RMS-D8-ADS-15-LynxEyeXE-bkgracy 15.02. XV-Datei 208 KB
Exit
]
2 Set wavelength radiation >
Select wavelength
Uzer Defined
Cr
g Fe
n: 1
@ Ca
No. | GM| CARD Mi
\ lambda:
to me: | ex]-filedl.xy v| All readable files (".dat,xy, “xy ~
40
o
8

[ A I

<

RMSh
) | 4



Importing Peak List in QualX2

27

O

GM\Auftr_Proj\5-Auftraege\2024\524_0007 XRD-Workhop FZ Jalich\Examples\Windows\Example 1 - Basic refinermnent\ex1-file01.xy] - O *
File Pattern  Search  Help
L= Range L& 4 |0 S ||| A uk | s
10007— Create Background Exp-2th Exp ~
9004 Eackqeincpto — Experimental pattern (ex1-file01 xy)
Subtract Background
800 Peak Search
el eare 2 Open File x
Peak Search Options
y 201 Peak List « v <« xrd » 524 0007 » Ex1 v | D Ex1 durchsuchen y
:S Delete Peak Del
Seiereaks c Organisieren * Meuer Ordner = + [H 0
= Import peaks from file
= “
LC,-. 500 Radiation Wavelength
= K-alpha Stripping
4004 [
Zero Point Correction
3004 Smoothing
ex1-file01.dif
2004
1004
\~—__..._.l | N hJ. AJ A A
g 10 15 20 i 30 5 4%-thet
n: 861 Counts: 406.64 Ztheta: 14
v
Mo, | O CARD Compound Name
Dateiname: | ex1-file01.dif ASCI data (d values)(*.dif) w
i
S
=
Q¥
=
=
[

RMSh
) | 4



Search/Match in QualX2

¢ QualX - [GA\Auftr_Proj\S-Auftraege\20241524_0007 XRD-Workhop FZ Jilich\Examples\Windows\Example 1 - Basic refinement’ex1-filel1.xy] - O *
File View Pattern Search Help
LR | i 7#\ Search-Match P -.. J‘_ J:L |
Search-Match Options
Exp-2th Exp-l g
9004 Accept selected phase — Experimental pattern (ex1-file01.xy) 10,84 B30
Remove selected phase(s) Del —[00-901-1095] Apatite-(CaOH) 1an | 23
800+
Show card of selected phase 16.84 407
7004 Modify scale 17.03 232
@ I 18.83 30.2
600 ENEE 2177 | 50
= Find in the results list Ctrl+F 21.98 16.4
g 5004 Sort phases > 27 86 560
E . 25.36 2349
- b Restraints
400 T ; 25.84 1805
200 et Entry number mar | 272
Database Indexation 9668 133
2004 2781 133
2797 284
1004 812 | 55
e SRR T O 1 O, 4 O b, " s |
peats T T I || | | I =
00-901-1095) | .23 434
NFF 89634
I | | 1 J |!||l | | .“” “ ||I|||I|||I TR “ll” I:Ill| TRENT |||||||“ II|I|J|| =18 =000
3291 5324
g 10 15 20 i 30 35 4%-theta 15 50 55 60 65 70 75 . . v
n: 1 Counts: 742.27 2theta: 0.632 d: 139.556 ZOOM IN
Mo, | Gk CARD Compound Name Chemical Formula Peakpos. Intensity Scale Fakd S-Quant. "
1 C | 00-301-1095 | [4patite-(Ca0H]] Ca5HO13P3 083406 064815 096653 088357 1815 | <
2 C|00-301-10971 | [Hydrowylapatite] CafHO13P3 083406 064815 096653 088357 1E15 |
3 C | 00-721-7894 [Calcium phosphatey) hpdroside (10.08/5.9/2.32) Cal0.084 (P 04)5.54 (0 H)339 091952 0559502 0.97561 028449 1514 | &
4 C [00-300-3548 [ [Hydrowylapatite] CafH1.44 013012 P2.928 090556 0.60270 097313 0.eg31e 1886 [
5 C |00-300-3552 | [Carbonate-hydroxylapatite] CafH1.44 013012 P2.928 090556 0.60270 097313 0.8g318 1886 [ 'gn
E C | 00-901-0052 | [Apatite-[Ca0H]] CafH2 013 P3 091952 0.58473 0.97094 088254 1520 | =
7 C | 00-300-2216 | [Hydrowylapatite] CafH2 013 P3 091932 0.58473 0.97034 088254 1520 @
g C [00-210-5284 304 P).0SC.0.82(0H).5(Ca) 0.90261 0.E0T18 0.95216 0.88235 187
g C|00-152-1038 [Ca9.692 Mal.04 Sm0.271 [PO9E3 Si0.037 04)6 (0 H)2 H Cad.85 Nal.02 013 P2.89 5011 Sm0.14 092323 0.57467 092415 0230 1ESF |
10 C [00-152-1037 [Ca3 616 Mal.064 Md0.317 [P0.952 5i0.048 O4)5 [0 H)2 H Cad.81 Nal.03 Hd0.16 013 P2.86 5i0.14 092283 0.57133 093576 083073 180 v

Matched POW_CC 26?4 Selected Card 00-901-1095 Ca5H 013 P3 "



Search/Match in QualX2

¢ QualX - [GA\Auftr_Proj\S-Auftraege\20241524_0007 XRD-Workhop FZ Jilich\Examples\Windows\Example 1 - Basic refinement’ex1-filel1.xy] - O *
File View Pattern 5Search Help
Nod K23 ko5 @ luwsar (o o | A | s
Exp-2th Exp-l ~
9004 — Experimental pattern (ex1-file01_xy) i) pill
8004 — P.1 [00-901-1095] Apatite-(CaOH) 1371 223
— P.2 [00-901-0491] Whitlockite 16.84 407
7004 COD database records: _[;;.;;._g-;;._g 81] : 709 | 2
L (omit the leading ,,00-“ and remove ,-“) 1883 | 302
% 2177 570
< 5004 2198 | 164
= 400} 9011095 (Apatite-OH) Z& | 50
25.36 2349
3004 9010491 (Wh|t|OCk|tE) 25,04 1805
200] 25.87 2772
26.68 133
1004 L “ 2761 133
I SO S .'. .I ) Ny Wb 7737 | 288
e AN ! " TR A MMH/W”'M I ey e
00-210-2781 | | (I o AR CIORRLNEO O (O L8| 1EC
P.100-201-1p9 I e N I T R ey [N 282 | 138
P.200-901-0481 || | | | HI ||| ||| CE DU T EOCO o e ||||||||||I|||||| ||||||||I|||||||||I||II I||||||||||||I|||||||IH|||||||||||I g || %
/ 1 L . | | NI IR .“IIII.“.[HI a1l il |||.||I“|I|.|I|| 3121?; 233;
3291 5324
5 /U 15 20 pridl ] 35 4%-Itheta 45 50 55 60 [ 70 ] . > v
n 4121 Counts: -398.69 2theta: 54.479 d: 1.683 ZOOM IN
[ CaRD Compound Name Chemical Formula Peakpos. Intensity Scale Fobd S-Quant. ~ 5@
C |00-301-1095 | [Apatite-(Ca0H]] CafHO13P3 083406 0.64815 0.96653 0.88357 S0.2% | <
C |00-901-0491 | Pwhitlockite] Cad.06 Fe0.073 HO.87 Mg0.921 028 P7 0.53405 0.28843 |0.B1910E-01| 071691 8% |
=g CalOH2 026 PE 085793 0224689 |0.84374E-01) 074034 o3y Eb
C | 00-230-0273 [hydrowyapatite Cal[P O4)60 H)2 085386 016258 |0.99071E-01) 0.70560 1729 |
C | 00-300-1310 {Phase-B-anhydrous Mol4 024 5i5 055156 019515 |0.32434E-01) 069487 0se1 Ign
C | 00-301-1091 | [Hydrowylapatite] CaiHO13P3 085044 022320 |0.88313E-01) 069475 1E15 | =
C | 00-200-2477 [Dibarium copper(l] dioxide iodide Ba2 Cu02| 054326 0.2me2 072623601 069193 BOET @
C [00152-2162 Ba3 2 Si 057693 [0.71954E-07(0.21538E-01] 0.63011 AT
C |00-154-6018 BaF7Fezn 055127 022020 |0.38423E-01) 068335 2883 |
C |00-210-2731 03%4 Ea 0.57586 0.26716 [p47239E-01( 063393 2155 ™ v
—t—t————————— ——————— — e —— RMS‘

Matched POW_CC| 2674  Selected Card 00-210-2781 09V4, Ba "



Importing Peak List in Match!

<MATCH!

Phase Analysis using Powder Diffraction

<& Match! - O X
Edit View Pattern Peaks Search Entries Quantify Database Tools Options Help
Ctrl+N il A MAA RS PR SO D08 0RY DRy Q
Ctrl+0
+ Composition Structure Properties Peaks/Ranges References Subfiles
Open recent » | Il -
H < Please select the file(s) you would like to open/import: *
A saveas... Ctrl+Shift+5
“ v <« Lokaler Datentrager (C:) » xrd » 524 0007 » Ex1 v O Ex1 durchsuchen 2
Import »
Export » Organisieren « MNeuer Ordner = ~ [N o
LCombine » -
Print... >
Print » ﬂ
+ Finish Ctrl+W
Run batch script... ex1-fileD1.dif ex1-fileDl.raw ex1-filedlxy  RMS-D3-ADS-15-  RMS-D8-ADS-15-
File info... LynxEyeXE.geq LynxEyeXE.ger
0 Quit Ctrl+Q
5T ]
300+
250
200 4 RMS-D8-ADS-15-  RMS-D8-ADS-15-  RMS-D8-ADS-15-
150 4 LynxEyeXE.sav LynxEyeXE.tpl LynxEyeXE-bkgr.
u xy
100+
50+ v
T T T T T T
20.00 40.00 60.00 80.00 100.00 120.00 Dateiname: | ex1-fileD1.raw ~ | Any file (**) -
Cu-Ka (1.541874 A)
Please import diffraction data (e.g. press <Ctrl+1=), and/or select restraints on the upper right-hand side! Mo matching phases selected up to now.
Open Match! document file, or import diffraction pattern into new document 2th: 46.62 d:1.9482 Irel:1000.00 430309 entries PDF-44 2023 "



Importing Peak List in Match!

/NN
<& Match!* — O b4

File Edit View Pa Search Entries Quantify Database Tools Options Help \,} Set Experimental Details W
DEEI b 3 Peaksearching Po P EFPF@ 0 90 B o Ry w Y

|* Add peak(s) Alt+K =
1% Import from file

+ | compositon | stracm - Please select the radiation type and wavelenath applied in
2 uctre | FTOPEN the diffraction experiment 'ex1-file01.dif

3 Forschung S0% HA ink 1000deg Amy Wl | I Nl
iz [aa Lan Lan on lan [ o

d Type of radiation
o004 < Select the peak data file to import: - B
* @) Xrays | Meutron

2504 J% 4N < Lokaler Datentrdger (C:) » xrd > 524 0007

ac

Organisieren MNeuer Ordner Wavelength

700+ " 1.5418740 A (Cuka) =

600 Abscissa (value range: 1,22-8.15)
) () 2theta [ | (® d [Angstrom]

ex 1-file01.dif

i

400 4 i Add peaks to user database

| i b MJJ N .,

T T T
10.00 20.00 30.00 40.00 50.00 60.00
Cu-Ka (1541874 A)

Dateiname: Peak list (2 columns: 2theta/d | ~

Please run raw data processing (e.g. press <Ctrl+Axz)! Mo matching phases selected up to now.

RMSh

Import peak data from a 2-column or Stoe PKS file, and add them to the current experimental pattern 2th: 67.46 d:1.3884 1rel:510.39 43030%entries PDF-4+ 2023 "




Search/Match in Match!

& Match!™ - O X
File Edit View Pattern Peaks 5Search Entries Quantify Database Tools Options Help
DEB8 = A% Lbi AP ARARASRES P RaEr@ SO 9~ B 0 - Wi~ Q
Irel + || |\osition Structure Properties Peaks/Ranges References Subfiles* | 4
1000 RMS Forschung 50% HAink 1000deg Anmy Wl
Cale. (exp. |:eaL5 (Rp=68.8 %) Subfiles or compound dasses:
00 Battery materials ICSD patterns Qrganic
200 4 Cement materials v | Inorganic Pearson's Crystal Data
Ceramic Intercalate Pharmaceuticals
700 4 Common phases Tonic conductors Pigments
. Polymers
&00 - Metals and alloys Superconducting mat.
ICDD PDF-4+ database records: S G-I Bl
500 | Explosive MBS
Forensic NIST patterns ool Sdect o8
400 - .
01-089-6437 (Hydroxyapatite) Databace
0] 04-009-2106 (Whitlockite) -
200 4 |
100 ' . l
|
e Ll UL
L EE AT IR kY
I I I
| ” | | | ”l ||| ”I | || "l | | |I| "Il" I "ll I I| I Preset: None [ new set - Save Delete Reset
10!00 20?00 30?00 40
Cu-Ka (1.541874 A) " Restraints (426647) + add (38) = Peak list |=| Data sheet FF 3
Color Qual. Entry Formula  Cryst. Candidate phase P(2theta) P{1/10) | scale fct. I/lc FoM = |* Entry Formula Cryst. Matched phase ™ Quant.(3%)
D 00-002-0786 Ca3(P0O4)2 X  Caldum Phosphate (Whi... 0.0000 0,0000 1.0000 0.0000 01-089-6437 Cal0.042 (P. H  Calcum Phosphate H... 93.0
D 00-003-0713 Ca3(P04)2 X  Caldum Phosphate (Whi... 0.0000 0.0000 1.0000 0.0000 04-009-2106 Ca2.59 Mg0. | H  Caldum Magnesium P 7.0
D 00-006-0426 Ca3(PO4)2 X Calcium Phosphate (Whi... 0.0000 0.0000 1.0000 0.0000
00-009-0169 Ca3(PO4)2 H Calcium Phosphate (Whi... 0.0000 0.0000 1.0000 0.0000
00-013-0404 (Ca,Mg).. H  Caldum Magnesium Phos... 0.0000 0.0000 1.0000 0.0000
00-015-0389 HCaBFeP... M Hydrogen Calcum Iron ... 0.0000 0.0000 1.0000 0.0000
D 00-042-0577 Cal3Mn2 .. H Calcium Manganese Hyd... 0.0000 0.0000 1.0000 0.0000
D 00-042-0578 Cal3Mg2 .. H Calcium Magnesium Hydr ... 0.0000 0.0000 1.0000 0.0000 b’ RMS k
RMS Foundation, Site License 2th: 4.00 d:22.0902 Irel:1000.00 36entries PDF-4+ 2023 "




Matches in Match!

& Match!™ - O X
File Edit View Pattern Peaks 5Search Entries Quantify Database Tools Options Help
D8 = A% LA AL ARAARS P wazr@ SO0 9~-0- 8 0 - @iy Q
! rel1. 200 + Composition Structure™® Properties Peaks/Ranges References Sul
RMS Forschung 50% HAink 1000deg Amy W)
550 Calc. (exp. peaks) (Rp=65.8 %) Crystal system(s)
500 B jround
850 | Cubic | Tetragonal | Orthorhombic
800 4 v | Hexagonalftrigonal +| Rhombohedral | Monodinic
750+
700 V| Triciinic/anor thic Clear all Select all
650+ . . .
oo Rietveld Refinement requires
. . Space group: | %
50| full crystal structure information
5004 Unit cell parameters [A] {min..max)
450 ; .
. . . . a: B 8 alpha: Bl | 38
400 Activate this option in Match!
350 4 b: | % beta: B %
3004 < | % gamma: ER| %
250+
2004
150
100 | Entries must contain full crystal structure {induding atomic coordinates)
7 il
504 | l l 1 Activate to accept only entries that contain a full crystal structure (incl. atomic coordinates]i
P I i 444 5 I
T v A S R O AT Preset: | Nonme /new set ~ || save || Delete || Reset
1 1 1 1 1 l 1
10.00 20.00 30.00 40.00 50.00 60.00 70.00 £0.00 o -
Cu-Ka (1.541874 A) Ztheta U Restraints (305478) + Add H Peak list |Z] Data sheet “F Rel
Please run search-match by pressing <Ctrl+M:=! Mo matching phases selected up to now.
RMS Foundation, Site License 2th: 80.01 d:1.1992 1rel:995.16 305478entries PDF-4+ 2023

13

L3

RMSh
) | 4



Importing new Structures to Profex

Importing from COD:
+ Needs COD installed in Profex
+ Needs internet connection

Importing from ICDD PDF-4+ . COD « PDF-4+ _

v Needs valid license for PDF-4+ v \-/

< Export structure from PDF-4+ as XML file

g w
Note: 4 I
ICDD PDF-2 does not contain crystal » o . 4
structure information. ) (
v /o o <«
) . \ | 4
- Can‘t be used for Rietveld Refinement PN

RMSh
) | 4




Importing Structure Files from COD

o Profex 5.2.7

Edit View Project Run  Results  Instrument Tools Locations Window Help
[ Open Text File... Ctrl+0 ® Q N = [>
E Open Raw 5can File.., Ctrl+G . S - :
&3 Open Refinement Project.., Ctrl+R
Open Project Archive...
L Insert Scans... Ctrl+1
Remove Scan... Ctrl+D
B save Ctrl+S
' Savefile as... Ctrl+Shift+5
[y Save all text files in all projects Ctrl+Alt+5
Recent Graph Files 4
Recent Text Files b
= Print.. Ctrl+P
= Print all Graphs... Ctrl+Shift+P
Export all Graphs to 5VG...
* Close Project Ctrl+W
Close All Projects Ctrl+Shift+W
o |
Scan Batch Conversion...
Save Batch Refinement Script..,
[ Quit Ctrl+Q
Refinement Protocol [® Refined Parameters

B&

RMSh
) | 4



Importing Structure Files from COD

;5‘ Import Structure Files X
STRFile | (===

' Open local file ; ’ﬁ;* COD Structure Retrieval %
Retrieve frem COD Database
V Structure Reference
Enter COD IDs [
CoD I [ Title: I

| [ |
Mineral Name: | | Authors [ [ |
Number of Elements: | min 2| | max 2 Joumak [ |
Elements: |<include> || <exclude> | Volume [ |
Space Group: | <Hermann-Mauguin symbol> | Ve | oldest % | mostrecent |3
Temperature: [ Restrict to: | Room temperature ¥ | DOL: |<10.1107/52052520616015675> |

Search Database connected
CODID  Mineral | Formula | SpaceGroup  Year | Bibliography

[©][r]
Messages hkl Plot

(] (B &) [cukan -] - RMS h




Importing Structure Files from COD

s COD Structure Retrieval s COD Structure Retrieval
Structure Reference Structure Reference
COoDID: Title: COoDID: 9011085 Title:
Mineral Name: Apatite Authors: /Miﬂeral Name: Authors:
Mumber of Elements: | 4 =] = Journal: Mumber of Elements: | min | | max = Journal:
Elements: CaHPO <exclude> Volume: Elements: <include> <exclude» Volume:
Space Group: <Hermann-Mauguin symbol> Year: oldest most recent Space Group: <Hermann-Mauguin symbol> Year: oldest most recent
Temperature: v Restrict to: Room temperature ~ Dol <10.1107/ Temperature: Restrict to: Room temperature ~ DOl
Search Databasze connected Search Databasze connected
COoD I Mineral Formula Space Group Year Bibliography CoD I Mineral Formula Space Group Year Eibliography
1 1011242 Hydroxylapatite |Ca5H P &83/m 1932 Hendricks, S B; ... 1 9011095 Apatite-(CaOH) | Ca3HO13P3 P 63/m 1969 Sudarsanan, K ...
2 9001233 Hydroxylapatite Ca5HO1 P 63/m 1989 Hughes J M; ...
3 9002213 Hydroxylapatite CaSHO13P P 63/m 1999 Wilsan R M;
4 9002214 Hydroxylapatite ' Ca5H2 013 P3 P 63/m 1999 Wilson, R,
5 9002215 Hydroxylapatite  Ca3H2 013 P3 P 63/m 1999 Wilsan,
6 9002216 Hydroxylapatite ' Ca5H2 013 P3 P 63/m 1999 Wils
E NHE NI oK =||=| |5 0K Cancel
1. Enter m|nera| propertles or COD ID CoD D Mineral Formula Space Group Year Bibliography
2‘ Clle «Search» 13 9011092 Hydroxylapatite ' Ca3HO13P3 P 63/m 1969 Sudarsanan, K. ...
3' Check the phaseS you Want tO download 14 9011093 Hydroxylapatite ' CaSHO13P3 P 63/m 1969 Sudarsanan, K,; ..
4' C||Ck ((OK)) to download \ 15 9011004 Hydroxylapatite 'Ca3HO13P3 P 63/m 1969 Sudarsanan, K.; ...
\.PG v 8011085 Apatite-(Ca0OH)  Ca5HO13P3 P &3/m 1969 Sudarsanan, K,; ..
17 9011096 Apatite-(CaOH) | Ca5HO13P3 P 83/m 1969 Sudarsanan, K. ...
18 9011097 Apatite-(CaOH) | Ca5HO13P3 P &3/m 1969 Sudarsanan, K.; ...

=|[=| (g

0K

Cancel




Importing Structure Files from COD

2 Import Structure Files

SRR L)

Apatite-(CaOH)_COD_9011095.cif

#SDate: 2023-11-10 21:21:08 +0200 (Fri, 10 Nov 2023) §

#SRevision: 287519 §

#SURL: filer///home/ coder/svn-repositories/cod,/ cif /9/01/10/9011095.cif §
2.

=
2 This file is available in the Crystallography Open Database (COD),
# http://www.crystallography.net/. The original data for this entry
9 #were provided the American Mineralogist Crystal Structure Database,
10 # http://rruff.gec.arizona.edu/AMS/amcsd.php
#

12 #The file may be used within the scientific community so long as

13 # proper attribution is given to the journal article from which the

14 # data were obtained.

15 #

16 data_9011095

17 loop_

18 _publ_author_name

19 ‘Sudarsanan, K.

20 "Young, R. A
CIEIE 11|21 publ section title

Downloaded CIF file

Messages | hkl Plot

“** Import Structure Files

B (2% L)

(CaOH)_COD_9011095.cif

1 PHASE=ApatiteCaQH // cod2011
2 Reference=cod%011095
3  Formula=Ca5_H_013_P3
4 SpacegroupNe=176 HermannMauguin=P8_3/m Setting=1 UniqueAxis=c Lattice=Hexagonal
5 PARAM=A=0.842400 0.932976*0.951824 PARAM=C=0.687900_0.6810210.684779
& RP=4k1=0k2=0 PARAM=B1=0_0"0.01 GEWICHT=5PHAR4
7 GOALApatiteCaOH=GEWICHT*ifthenelse(ifdef(d), exp(my*d*3/4),1)
8  E=CA Wyckoff=f x=0.333333 y=0.666667 z=0.001300 TD5=0.006643
9 E=CA Wyckoff=h x=0.246800 y=0.993400 z=0.250000 TD5=0.005795
10 E=P Wyckoff=h x=0.398700 y=0.268500 z=0.250000 TD5=0.004658
11 E=0 Wyckoff=h x=0.328400 y=0.484800 z=0.250000 TD5=0.008381
12 E=0 Wyckoff=h x=0.587300 y=0.465100 z=0.250000 TD5=0.010435
13 E=0 Wyckoff=ix=0.343700 y=0.257900 z=0.070200 TD5=0.013631
14 E=0(0.5000) Wyckoff=e x=0.000000 y=0.000000 z=0.195000 TDS=0.010878
15  E=H(0.5000) Wyckoff=e x=0.000000 y=0.000000 z=0.060800 TDS=0.029473

Converted BGMN STR file used by Profex

O >||® 11

Messages | hkl Plot

] ]
2w o
Ezg | s Lo ﬂu || 1 Ezg il s T i || i ||‘]||w|lll L
0 10 20 30 0 0 20 30 40 50
Diffraction Angle [* 26] Diffraction Angle [* 26]
&||B| & |cukes ~ Close || B & |cuka ~ Close
Stick pattern and calculated density for verification Messeges | hid plot
Filtering by symmetry operators: -
--> Mo matching settings found. Skipping this test,
Running BGMN to verify the structure and calculate hkl line positions:
. . . . i ound in spacegroup ne -1 setting no -1
If conversion fails due to corrupted CIF file, no stick pattern is e e )
shown and errors are reported in «Messages» protocol. 7 —— e

NIvi



Saving STR Files

Organisieren «

0O = O Ln ofa WP =

STRFile | Source File

PHASE=ApatiteCaOH // cod3011095
Reference=cod3011095 //
Formula=Ca3_H_013_P3//

SpacegroupMe=176 HermannMauguin=P&_3/m Setting=
PARAM=A=0.942400_0.932976"0.951824 PARAM=C=0.63]
RP=4 k1=0 k2=0 PARAM=B1=0_0"0.01 GEWICHT=5PHAR
GOALApatiteCaOH=GEWICHT ifthenelse(ifdef(d), exp(my|
E=CA Wyckoff=f x=0.333333 y=0.666667 z=0.001500 TDS<
E=CA Wyckoff=h x=0.246800 y=0.993400 z=0.250000 TD'55

E=P Wyckoff=h x=0.398700 y=0.368500 z=0.250000 TD5=0
E=0 Wyckoff=h x=0.328400 y=0.424200 z=0.2
E=0 Wyckoff=h x=0.587300 y=0.465100 z=0.2
E=0 Wyckoff=i x=0.343700 y=0.257900 z=0.070200 TD5=0
E=0(0.5000) Wyckoff=e x=0.000000 y=0.000000 z=0.19!
E=H(0.5000) Wyckoff=e x=0.000000 y=0.000000 z=0.0

Save STR File

T <« doebelinorg » Profexd » Structures

Neuer Ordner

~ Name

(& AlooH.str

[ BaYCezrOustr

@ Ca2Ga04-hypothetical.str
[ caFz.str

D{ CaGa204-hypothetical.str
|2 caGa204-5G014.str

|2 caGa204-5G033.str

& CaGa204-5G062.str

[ - hAnIAan0onD e

LR I

*
+ ¥ <

D{ BariumCalciumTitaniumZirconiumOxide...

Structures durchsuchen

Bz -

Anderungsdatum

17.05.2022 09:05
24,08.2022 02:44
14.11.2023 08:51
01.12.2022 10:58
28.09.2022 14:59
29.11.2022 15:03
30.11.2022 11:52
30.11.2022 11:52
30.11.2022 11:52

NE 10 1017 16,08

*

P

Typ

STR-
STR-
STR-
STR-
STR-
STR-
STR-
STR-
STR-

cTD

Ll

Dateiname: | HAp-Workshop2024.stq

Dateityp: | BGMM Structure Files (*.str *.5TR)

# Ordner ausblenden

(O] [>][®] "

Messages | hkiPlot |

_ oo

=

¥
3 Lo |

t 20

= 0 il ' L L lIl || PN [T TR S ll||||l| s |

0 10 20 30 40 50 /
Diffraction Angle [* 28]
i | (@] (8] (]| cuke ~ ||

| @ I Cloze | ‘

Speichern | | Abbrechen

RMSh
) | 4



Saving STR Files

+ Profex 5.2.7 - O 4
File Edit View Project Run Results Instrument Tools Locations Window Help
EEBELLLB® BYPVSLHT A L% © | <Repo... ~ || HAp-Workshop2024 | ~ f | uly/ | [0.000000 |2

Projects B | o1-filedlraw

Name Status “ lteration  y°

b el -filed] RMS Forschung 30% HA ink 1000deg Army W) ex1-file0l.raw

TTTTIT | TTTTTTTTT | TTTTTTTTT I TTTTTTTTT TTTTTTITTT I TTTTTTTTT | TTTTTTTTT | TTTTTTTTT

30000 [— =

B RMS Farschung 30% HA ink 1000deg Army W) :

25000 =
20000 — =
z C ]
=] | -
3 L i
Plot Opticns (&S] g 15000 N ]
Scan Vertical Offset £ r ]
v RMS Forschung 50% HA in..  0.00 - - _
10000 [ =
5000 [~ =
0 ‘r-l 111 : FTTTT JI. T ‘I I IL 1 T |'| “‘ “"L*‘L"l“ j“hh N

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
Diffraction Angle [*26]

Refinement Protocol [## Refined Parameters @&
Parameter Value ESD 3
~ Statistics

Rwp

Rexp

GoF -\ RMSh
Coxrd\524_000T\ExT\exc1-fileDT.raw 1Project | | A=154060A | [20= 0.000° = 0.000cts d= 0.000A | 4



Exporting XML from PDF-4+

@ PoF-4+ 2023

E

Preferences

S &
- > -2 -

Search History Results

&
Open PDF Cards

Composition Graph

>

L= BN

Sleve+ Microanalysis

@ PDF-4- 2023
File Window Help

D®.% 7.

Search History Results

@ @a

Composition Graph | SIeve+ Microanalysis

& -

Open PDF Cards Preferences

@ Select PDF Cards

PDF Mumber = |04-003-2106|

X

Sort by Most Recent -

Clear List

Open PDF Card

Cancel

41

Ca2.59 Mg0.41 (P 04)2 - 04-009-2106

File Plots
I Export - Temperature Series Structure n SAED Pattern = | %] Simulated Profile
= Print B Toobox 1 30 Structure | [l EBSD Pattern ~ | Bl Raw Diffraction Data
Property Sheet 3K Bonds ~ . Ring Pattern
(®) X-ray Diffraction Simulated Profile {Calc) 1,000
Wavelength: |CuKall54056 4  « Raw Diffraction Data 900
(O Neutron Diffraction Fixed Slit Intensity  « [l
(O) Electron Diffraction 700
= 600
o) i x @
28 (9 d (k) I h k I g s
10.965 5.06234 93| 0 1 2 Al E 400
13.720 6.44367 214 1 0 4 |
19.266|  6.20318 B 0 |0 | 6 e [ [
17.155 5.16465 356 1 1 0 200 ‘ |
18,594 4.76801 B 1 1 3 100 [
20.404 4,34887 61| 2 0 2 l].’
21,511 4.12753 16| 0 1 8
I 111 IIH T |
22.331 3.96906 71 1 1 & 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8
25.907 3.43634 327 1 0 10 w 28 ()
FDF Status: Primary | Quality Mark: O Indexed
Experimental Environment: Ambient | Temperature: 298.0 K (Assigned by ICDD editor) | Pressure: -
= : Phase:
LR Chemical Formula: Ca; 5o Mgy (PO);
Crystal Structural Formula: -
: Ca, Mg, O P.
Structure Empirical Formula: 2.59 M9p.41
Refined Formula:  Ca; cgy Moy, 41905P~
Classifications  yyeight %: Ca34.18 Mg3.28 042, 14P20,40
TrET s Atomic %o: Ca19.92Mg3.15061.54P15.38
References Compound Mame:  Calcum Magnesium Phosphate
Mineral Name: Whitlockite, syn | IMA MNo: -
Comments Zeolite Name: -
Alternate Mame: -
CAS Number: =
Entry Date:
Modification Date: Modifications: Update

Ca2.59 Mg0.41 (P 04...




Exporting XML from PDF-4+ / Importing in Profex

In PDF-4+:

On the PDF card, click Export = To ICDD XML File

@ POF-2+ 2023
File Window Help

In Profex:

File = Import Structure Files = Open local file
Set file format to ,,ICDD XML Files“

@ @

Sleve+ Microanalysis

Preferences

..

Search History Results

A

Composition Graph

o -
Open PDF Cards

Ca2.59 Mg0.41 (P 04)2 - 04-009-2106

File Plots

I Export ~ ‘ B Temperature Series | ¢ 2D Structure . SAED Pattern ~ | 54 Simulated Profile

4 Print [ Toolbox 181 30 structure | [ EBSD Pattern = | [ Raw Diffraction Data
@ Property Sheet X Bonds ~ . Ring Pattern

Import Structure Files

| |®| smrile | SourceFile
Open local file 1
Retrieve from COD Database

Enter COD IDs

Ca2.59 Mg0.41 (P O4)2 - 04-009-2106
File Plots

b Export - | B Temperature Series | "% 20 Structure .SAED Pattern = | 2% Simulated Profile

To Crystallegraphic Information File (*.cif).. [® Bl essopattern ~ | [ Raw Diffraction Data
To Bruker TOPAS File (*.str) BB Ring Pattem

To ICDD ¥ML File (*xml)

ted Profile (Calc) 1,000

Wavelength; | Cu Kal 1.54058 B “ | Raw Diffraction Data a00

{2 Open crystal structure data files

“ v P s Dieser PC » Dokumente » v | O
Organisieren + Meuer Ordner
(3 Mame

& PDF Card - D4-D09-2106.xml
& POF Card - 04-002-8311.xml
& PDF Card - D0-044-01615cml
& POF Card - 00-050-1171.xml
B & POF Card - 01-077-0724.xrml
& PDF Card - 04-D02-8258.xml

@ POF Card - 04-001-9353.xml

] @ PDF Card - 00-024-1406.xml
@ POF Card - 04-023-5193.xml

- @ PDF Card - 01-079-2435.xml

e PDF Card - 00-029-1389xml

N R V. R T, U
v £

X
Dokumente durchsuchen Q2
=~ I @

Anderungsdatum Typ
20.02.2024 1617 Micr
14.11.2023 1 Micre
1411, Micre
1411, Micre
14.11.20. Micre
14.11. Micre
14.11.20, Micre
14112 Micre
14.11.2023 Micre
14.11.2023 Micre
14.11.2023 08:45 Micre
49 44 9077 12217 YT
>

Dateiname: | PDF Card - 04-008-2106.xml

v‘|ICDDXMLF\IE;(’.me’.XML} v I
A




Saving STR Files

1. Check the stick pattern and density for plausibility
2. Save the STR file
3. Close the import dialog

** Import Structure Files ® Profex 5.2.7 - [m] x

File Edit View Project Run Results Instrument Jools Locations Window

STRFile | Source File EEBD ML BB O | <«epostoy | | whitlockite-Workshap] I~] ‘i [l | [o.000000 |3

SHIEIPRS

PDF Card - 04-009-210L.n... PHASE=CalciumMagnesiumPhosphate // 0 Projects B8 | eet-filedl raw
Reference=04-003-2106 Name Status ~ lteration
Formula=Ca2.59_Mg.41_(_P_04 )2 / b exl-filedl RMS Forschung 50% HA ink 1000deg Amy W) ex-Filedl.raw
Spacegroupho=161 HermannMauguin=R3c Setting=1 Uniquefis=c Lattice=Triganal // qoogp [T T T T T T T T

RMS Forschung 50% HA ink 1000deg Amy W)
RP=4k1=0 k2=0 PARAM=B1=0_0"0.01 GEWICHT=5PHAR4 //

]
2

3

4

5 PARAM=A=1032930_1.022601"1.043259 PARAM=C=3.721910_3.6846913.759129

6

7 GDALCalciumMagnesiumPhosphate= GEWICHT ifthenelse(ifdef{d), ex p(my*d*3/4),1) //
8

=0.724000 y=0.857100 z=0.167500 TDS=0.0' 0000 00

618000 y=0.821500
10 E=CA Wyckoff=b x=0.727100 y=0.850600 z=0.060300 TD5=0.010000

965800 TDS=0.010000

1 E=(MG{D.AT50), CA(D.0250)) Wyckoff= D00DDD y=0.000000 2=0.916667 TDS=0.010000 20000 |- b

12 E=(MG{D.9900), CA(D.0100)) Wyckoft= D00DDD y=0.000000 2=0.737200 TDS=0.010000 E [ ]

13 E=P Wyckoff=a x=0.000000 y=0.000000 z=0.000000 TDS=0.010000 g L ]

14 Wyckoff=b x=0.007100 y=0.861900 z=0.986300 TDS=0.010000 15000 |- b

Plot O (=] ) =

15 E=0 Wyckoff=a x=0.000000 y=0.000000 z=0.040200 TD5=0.010000 Z zt"‘"‘ mremrran | r 1

16 E=P Wyckoff=b x=0,629100 y=0,863500 z=0.868000 TDS=0.010000 = R;:Q Forechuma 0% HA n Oem‘“ > E L E

17 E=0 Wyckoff=b x=0.744200 y=0.920800 z=0.906300 TDS=0.010000 9 10000 |- ]

18 E=0 Wyckoff=b x=0.758400 y=0.772700 z=0.854300 TDS=0.010000 F i

19 E=0 Wyckoff=b x=0.723300 y=0.023000 z=0.846000 TDS=0.010000 [ ]

— 20 E=0 Wyckoff=bx=0.518200 y=0.764200 2=0.866300 TDS=0.010000 F N
QP ||@ 1|21 E=P Wyckoff-b x=0,653500 y=0.245300 z=0.766700 TDS=0.010000 - 3000 17 ]
Messages hkl Plot C 7
) S T
; 100 10.00 20.00 20.00
CE' ig Diffraction Angle [*26]
o Refinement Protocol ® Refined Parameters @
5 ;g ] a8 28
= 0 L | | Lol I 1 L I T | i | | T N Parameter Value ESD. E
0 10 20 30 a0 50 ~ Statistics
R
Diffraction Angle [* 28] R‘;:
X
&8 | cuke ~ Close GoF =
B Ciloerd\524_0007\Ex 1\ex 1 -fileD1.raw 1Project | A= 1.54060 A 20=0.000° = 0.000cts d= 0.000A

RMSh
) | 4




Phase Identification: Summary

44

<+ All phases identified
+ double-click
+ search-match module
+ 3" party software

<+ Missing structure files retrieved from COD or PDF-4+ (or other source)

<+ Retrieved structure files converted from CIF/XML format to STR

+ Next: Rietveld refinement

RMSh
) | 4



