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BGMN & Profex
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Rietveld Refinement Software BGMN

BGMN:

- Fundamental Parameters Approach

- Free for academic use

- Device independent

- Very robust automatic refinement strategy
- Slightly less steep learning curve

- Powerful scripting language

- Multi-Platform

- Multi-threaded

Visit: http://www.bgmn.de for tutorials and documentation
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BGMN Website

Prog rarﬂi@cription

Site map

Up Program Description BGMN FAG Download Page

Instrumental Function The following pages serve as a short introduction into the BGMN Rietveld software. A description of an example
(plaster) makes your test runs easier.

Tube Tails and size/strain

estimation First, the generation of the instrumental function 15 described.
Structure Description Second, the construction of structure files 1s explained. In an extra topic the handling of preferred orientation 1s mentioned
in detail

Download Structures

Third, the calculation control during a problem specific control file 1s shown.
Preferred Orientation

Last, we have a look at the different result files.
Calculation Control

A somewhat extended explanation of the used variables 1s also available.
Result Qutput

BGMN Variables

http://www.bgmn.de/program.html
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BGMN Control File (*.sav)

device.geq

Interpolated peak profile

Results

Refinement control file

Measured scan

RUN REFINEMENT

Files referenced in the

refinement control file Sample dlsplacement

le.sav
structure-A.str Sampie.sa «BGMN.EXE sample.sav»
Peak list
structure-B.str
StrUCtUre'C.Str E Polarization E Refined diffraction pattern
Model structures i !
e . ! 20 range

Additional global parameters
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Mac OS X 10.6.8-10.9.2 (64bit)

BGMN, Fullprof.2k
http://profex.doebelin.org

Nicola Dobelin (private)
Windows XP / Vista/7 /8

GPL (open source)
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Developer:

License:

Platforms:

Rietveld Backends:

Current stable version: 3.3.1
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2003: Start of development as an alternative GUI for Fullprof.2k
For personal use only (my PhD)
Linux only

2006: Major rewrite

Support for Windows
2012: Support for BGMN Rietveld backend added
2014: Support for Mac OS X




Eile Edit View PRun Instrument Window Help

TSI IEEL L - ¥= 006

Mame Status

Organisieren « Neuer Ordner =~ 0 @
&= Bilder ' MName Anderungsdatum Typ
Dokurnente x 3 :

. 7] lessonG-exl -filel xrdml 2709.2012 22:23 XRDML-Datei
J’ Musik
B Videos

A Computer Profex

a Lokaler Datentrager (C:)

u Lokaler Datentrager (D)

L8 DATA RMS (\WRMSDATAL\WOLL)
L DOEBELINMN (\WRMSDATANWOL2Y
5 RMSARCHIV (WRMSDATAZVWOL2
L@ PUBLIC PARMSDATAZ\WVOL2) (P:)
L% https:/fwebdav.me.gmxnet (Vi) |
5 PRG_RMS [\WRMSDATAZ\VOLZ) (2 3

“! Metzwerk

Refinement Protocol |74 n | b 8 x

Dateiname: ~ | PANalytical XRDML scan (*aadl ~ |

I Offnen I [ Abbrechen ]

| Global Parameters and GOALs [ Chemistry I

Wavelength: 1.5406 A | |Angle:  8.404° Intensity: 668.726 cts d-Spacing: 10.513 A | |

RMS‘ ¢« <« Testing - Research < Consulting



Lesson 6: Example 1

Eile Edit View PRun Instrument Window Help

BB L PHA %Y .= QOO W a5

Prajects g X lesson6-ex1-file Lrdml [ |

Name Status G:lauftr_Proj\S-Auftrasge!2014\514 0012 ¥RD Bern 20154 essons\Examples Test\Lesson 6\Example 1Yessong-ex 1-file 1.xrdml
|lesson6-exd... idle T T T T T T T T T T T T T T T T T T

lesson6-ex1-filel 0

[ntensity [counts]

30.00
Angle [°2Theta]

Plot Options

® X | Global Parameters and GOALs

| Global Parameters and GOALs | Chemistry |

Wavelength: 1.5406 A | |Angle:  0.000° | |Intensity:  0.000 cts d-Spacing: 0,000 A i

¢« <« . Testing - Research - Consulting



Lesson 6: Example 1

Edit View Run Instrument Window Help

BE 9 °PHM a%Wg .,

Prajects 8 X | lessong-ex1-file Lxrdml [ |

= 00O A

Mame Status
|lesson6-ed... idle

Generate default contral file

[u&ﬁx—ads—l&mﬂ .geq

Structures

ple 1Yessong-ex1-file 1. xrdml

| lesson6-ext-filel 0 -

Cubix-ads-10mm.geq

File Mame

[ Ardealite.str

[7] benzoic-acid.str

[ beta_Ft.str

[7] betaCMP.str

[] betaCPPstr

[ betaCPP-tetrahydrate.str
betaTCP.str

[T] betaTCP-Mg.str

[7] Brushite.str

] €25-Calcio-Olivine.str
[T] c25h-Hillebrandite.str
[T] £25-Larnite.STR

[T C35-Hatrurite.str

[[] C35-p-1.str

] C35-3m.str

] caCl2.str

[Tl o besdenmnm cobfabs e

Projects | Plot Options

Refinement Protocol

Phase

Ardealite

Benzoic-Acid

beta Ft
betaCaMetaphosphate
betaCaPyrophosphate
betaCPP-tetrahydrate
betaTCP

betaTCP-Mg

Dicalciumphosphate_Dihydrat]

C25_orthorhombic
C25H-Hillebrandite
C25-monoclinic
C35 monoclinic
C35 trchinic
C35_rhombohedral
CaCl2

o sl mnmim oo lEmem

Comr #

04-011
CsDB

01-07¢_|
04-00¢

(04-011

Select:

betaTCP.str
Hydroxylapatite.str

04-000 _

nd nne

4]

[7] overwrite existing files

Global Parameters and GOALs | Chemistry

Wavelength: 1.5406 A | |Angle:  0.000° | |Intensity:  0.000 cts d-Spacing: 0,000 A
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Lesson 6: Example 1

Edit View Run Instrument Window Help

CRLPHN %G . 4= OO@ AL

Prajects g X| lessong-ex1-filedxrdml [ | lesson6-ex1-fileL.sav* [ |

Mame Status % Theoretical instrumental function
esonirile idle VERZERR=cubix-ads-10mm. geq

% Wavelength

LAMBDA=CU

% Polarization (CuKa with Graphite monochromator)

POL=sqr(cos(26.6*pi/180))

pi=2*acos (0)

% Phases

STRUC[1]=betaTCP.str

STRUC[2]=Hydroxylapatite.str

% Measured data

VAL[1]=Tesson6-ex1-filel.xy

= Mo Anale Bt BGMN control file

% Maximum Angle (2theta)

WD it was created

LIsT=lesson6-ex1-filel.lst

% Peak list output
OUTPUT=lesson6-ex1-filel.par

% Diagram output
DIAGRAMM=Tesson6-ex1-filel.dia
% Global parameters for zero point and sample displacement
EPS1=0
PARAM[1]=EPS2=0_-0.01A0.01
alpha3ratio=0.02

betaratio=0

NTHREADS=8

PROTOKOLL=Y

sum=betaTCP+HAp
GOAL[1]=betaTCP/sum
Plot Options GOAL [2 ]=HAp/sum

® X | Global Parameters and GOALs

| Global Parameters and GOALs | Chemistry |

Wavelength: 1.5406 A | |Angle:  0.000° Intensity:  0.000 cts d-Spacing: 0000 A | |Line0, Column 0 |

RM{} 10 ¢« <« . Testing - Research - Consulting



BGMN Control File (*.sav)

What Profex does in the background:
- Generate a control file
- Adjust file names in control file

- Copy all selected structure files

from local DB to location of scan fle . |5 5
} 0012 XRD Bern 2015 » Lessons » Examples » Lesson@ » Examplel = - if Evample I.. 02

- Copy instrument configuration

files from local DB to location
of the scan file

ner ==~ 0 @
Marne : Anderungsdaturn Typ GrofBe
| Info.bt 31.01.201317:59 Textdokument 1KB
7] lessonB-exd -filel xrdml 27.09.2012 22:23 HXRDML-Datei 14 KB

ame

betaTCP.str

|| cubix-ads-10mm.geq
| cubix-ads-10mm.ger
7| cubix-ads-10mm.sav
|&'] Hydroxylapatite.str

| Info.bt

7] lessonG-ex -filel xrdml

0012 XRD Bern 2015 » Lessons » Examples-Test » Lesson6 » Examplel -

Anderungsdatum

08.01.2015 16:38
04.06.2012 18:19
08.01.2015 16:53
08.01.2015 16:58
08.01.2015 16:58
31.01.201317:59
27.09.2012 22:23

| . B e ,)' +
B T e iU 5 (o 42 P |

4
=~ 0 @

Typ GriBe

STR-Datei 2 KB
GEQ-Datei 12 KB
GER-Datei S KB
SAV-Datei 6 KB
STR-Datei 1 KB
Textdokument 1 KB
XRDML-Datei 14 KB

RMSh



With Profex:

1. Load scan file

2. Use «Add phase» dialog to select phases, instrument,

and generate control file

3. Run refinement

No need to:
- Copy structure / device files
- Change any file names

- Convert scan files

RMSh
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Lesson 6: Example 1

Instrument  Window Help

BEOLEHA %Y. d=OOO B

Projects g x | lessong-ex1-flel.dia || | lesson6-ex1-file1.sav (£ |

Mame Status % Theoretical instrumental function
esonirile idle VERZERR=cubix-ads-10mm. geq
% Wavelength
LAMBDA=CU
% Polarization (CuKa with Graphite monochromator)
POL=sqr(cos(26.6*pi/180))
pi=2*acos (0)

g —— Context Help:

STRUC[2]=Hydroxylapatite.str
% Measured data .
VAL[1]=Tesson6-ex1-filel.xy

L B Place Cursor on a key word

% Maximum Angle (2theta)

% 'mﬂ\-‘;f-.){?ﬁo1

% Result list output

LIST=lesson6-ex1-filel. st PreSS <« F1 »
Projects | Plot Options % Peak list output

- OUTPUT=lesson6-exl-filel.p

Context Help % Diagram output

EPS2Z is the spedmen out of axis shift DIAGRAMM=T]essonb-e

of the pattern (sample displacement % Global paramej#®s for zero point and sample displacement

errror). May be refined within BGMN as
a global parameter.

PARAM[1]=EP|52=0_-0.01A0.01
alpha3ratio=0.02
3 2 fal

¢ EP5Z*sin(Theta) for
transmission geometry

* EPSZ*cos (Theta)
otherwise, e.g. for BRAGG-
ERENTANO geometry

HREADS=8
PROTOKOLL=Y

sum=betaTCP+HAp
GOAL[1]=betaTCP/sum
GOAL [2 ]=HAp/sum

gives the pattern shift in one Theta in
radians, Attention: Usually, the x axis
of the pattern is two Theta.

Refinement Protocol & X | Global Parameters and GOALs

| Global Parameters and GOALs | Chemistry |

Wavelength: 1.54183 A Angle;  0.000° Intensity:  0.000 cts d-Spacing: 0.000 A Line 24, Column 11

RM{} 13 ¢« <« . Testing - Research - Consulting



Lesson 6: Example 1

Edit View Run Instrument Window Help

BE P CHMA WG = QOO EC

Prajects g X| lessong-ex1-filedxrdml [ | lesson6-ex1-fileL.sav* [ ‘l

Mame Status % Theoretical instrumental function
esonirile idle VERZERR=cubix-ads-10mm. geq

% Wavelength

LAMBDA=CU

% Polarization (CuKa with Graphite monochr\mator)

POL=sqr(cos(26.6*pi/180))

pi=2*acos (0)

% Phases

STRUC[1]=betaTCP.str

STRUC[2]=Hydroxylapatite.str

% Measured data

VAL[1]=Tesson6-ex1-filel.xy

= Minim Angle (Ztheie) Run the refinement

% Maximum Angle (2theta)

% WMAX=60

% Result list output
LIsT=lesson6-ex1-filel.lst

% Peak list output
OUTPUT=lesson6-ex1-filel.par

% Diagram output
DIAGRAMM=Tesson6-ex1-filel.dia
% Global parameters for zero point and sample displacement
EPS1=0
PARAM[1]=EPS2=0_-0.01A0.01
alpha3ratio=0.02

betaratio=0

NTHREADS=8

PROTOKOLL=Y

sum=betaTCP+HAp
GOAL[1]=betaTCP/sum
GOAL [2 ]=HAp/sum

® X | Global Parameters and GOALs

| Global Parameters and GOALs | Chemistry |

Wavelength: 1.5406 A | |Angle:  0.000° Intensity:  0.000 cts d-Spacing: 0000 A | |Line0, Column 0 |

RM{} 14 ¢« <« . Testing - Research - Consulting



Lesson 6: Example 1

Instrument  Window Help

BR P LHE a%G .. .d= 000 o 0®

Projects g X lesson6-ex1-file1.dia (£ | lessong-exi-filel.sav [ | | lessong-ex1-filed.lst [ |

MName Status G:lAuftr_Proji\S-Auftrasge’ 20144514 0012 XRD Bern 2015Y essons\Examples Test\Lesson 6\Example 1Yessong-ex1-filel.dia
lessonG-exl... idle T T T T T T T T T T T T T T T T T
[ | il PEE TR e PO (e mormen anmaiimnn
| 1 11 |

I observed T
I calculated

1 difference
Background
betaTCP
Hydroxyapatite

[ntensity [counts]

30.00
Angle [°28]

® X | Global Parameters and GOALs

Rp=15.84%, Rup=13.27%, X=1.1937
betaTCP/sum 0.8214 0.0021
HAp/sum 0.1786 0.0021

< it |

| Global Parameters and GOALs | Chemistry |

Wavelength: 1.54183 A | |Angle: 18.149° | |Intensity: 1212776 cts | |d-Spacing: 4.888 A | |Line0, Column 0 |

7l
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Lesson 6: Example 2

1. Open Graph File:
«Examples\Lesson 6\Example 2\lesson6-ex2.file1.xrdml»

2. Click «Add a phase» (+)
a) Select instrument: «pw1800-fds»

b) Select Phases:
«AL203-Corundumy»
«Fluorite»

3. Run the refinement

RM{} 16 ¢« <« . Testing - Research - Consulting



Lesson 6: Example 2

Edit View Run Instrument Window Help

BR P LHE a%G .. .d= 000 o 0®

Projects g X lesson6-ex2-file1.dia (£ | lessong-ex2-filel.sav [ | | lessong-ex2-filet.lst [ |

Name Status G:lAuftr_Proji\S-Auftrasge 20144514 0012 XRD Bern 2015Y essons\Examples Test\Lesson 6\Example 2Yessong-ex2-filel.dia
lessonG-ex2... idle T T T T T T T T T T T
| | | I 1 |

: I | |
— I observed 7]
— I calculated -

1 difference
———— Background .
— Corundum_AI203

Fluorite

L

[ntensity [counts]

30.00
Angle [°28]

® X | Global Parameters and GOALs

Rp=37.97%, Rep=14.40%, X'=2.6368
Corundum/sum 0.5958 0.0093
fluorite/sum 0.4042 0.0093

< it |

| Global Parameters and GOALs | Chemistry |

Wavelength: 1.54179 A | |Angle: 34.019° | [Intensity: -177.731 cts d-Spacing: 2635A | |Line0, Column 0 |

RM{} 17 ¢« <« . Testing - Research - Consulting



Lesson 6: Example 2

C: furd ftest/Examples,/Lesson 5/Example 2flesson5-ex2-filel.dia

T T T | T T ;l T T | T | T | || T || +
1000 —
Corundum: good {observed
L I calculated -
- Fluorite: bad Background -
Corundum_AI203

- I — 1
500 |- : ‘ | —
I What is wrong? Suggestions? |

l l l l

20,00 30,00 40,00 50.00 50,00
Angle [=26]
RMShA

)| 4
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Lesson 6: Example 2

1200 - "
1 Peak position: correct
1000 - . :
] Integrated intensity: correct (?)
800 - .
| Peak-broadening: wrong
600 -
D 400 -
Igl -
> 200 —
= |
G 0- —
I= 1
-200 -
-400
500 Specific for Fluorite phase.
T Can be fixed in file «fluorite.str»
'800 T I T | 1
27 28 29
RMS k ------- Testing « Research « Consulting
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BGMN Structure Files (*.str)

| Eile Edit Wiew Run

BE ° 9 °PHM

proges

«Open all project STR files»

Instrument  Windo

Qo= 00O B

= 5'(_' | lessons e 1.dia [ | lessoné-ex2-fle1 sav I:l | Jessonﬁ-eﬂ-ﬁdél.{st = | Al203-Corundum.str [ | Fluarite.str [ |

MName
lessonf-ex2...

Status
idle

PHASE=Fluorite // 04-002-2191

SpacegroupNo=225 HermannMauguin=F4/m-32/m //
PARAM=A=0.5463_0.54A0.55 //

5P=4 5}:0 k2=0 PARAM=B1=0_0A0.003 PARAM=GEWICHT=0.1_0 //
=10

GOAL=GrainSize(1,1,1) //

GOAL=my //

GoAL=d //

GOAL : fluorite=GEWICHT*1ifthenelse(ifdef(d),exp(my*d+=3/4),1)
E=CA+2 Wyckoff=a TDS=0.0041

E=F-1 Wwyckoff=c TDS=0.0062

& X || Global Parameters and GOALs

el
Corundum/sum 0.5958 0.0093
fluorite/sum 0.4042 0.0093

4 T |

P

| Global Parameters and GOALs | Chemistry |

Wavelength: 1.54179 A Angle:  0.000° Intensity: 0,000 cts d-5Spacing: 0.000 A Line 0, Column :

RMSh
) | 4
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BGMN Structure Files (*.str)

PHASE=Fluorite // 04-002-2191 Phase name // Database reference
SpacegroupNo=225 HermannMauguin=F4/m-32/m // Space group number & H-M symbol
PARAM=A=0.5463_0.5420.55 // Unit Cell: a axis (nm)

RP=4 k1=0 k2=0 PARAM=B1=0_070.003 PARAM=GEWICHT=0.1_0 // Peak profile parameters

d=10 // Mean particle size (um), optional

GOAL=GrainSize(1,1,1) //

GOAL=my // Goals (optional, these values are

reported in the results file
GOAL=d // P )

GOAL:fluorite=GEWICHT*ifthenelse (ifdef (d),exp (my*d*3/4),1)

E=CA+2 Wyckoff=a TDS=0.0041 ] _ .
List of atomic positions

E=F-1 Wyckoff=c TDS=0.0062

Full notation:
E=lCA+2;(J, ) Wyckoff=a x=0.0 y=0.0 z=0.0 TDS=0.0041
1 I 1 !

Element Wyckoff sequence Thermal displacement parameter
(Biso [nm2])

Site occupancy Fractional coordinates

RM{} o1 e
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BGMN Structure Files (*.str)

Right mouse button

d=10 //

GOAL=my //
GOAL=d //

PHASE=Fluorite // 04-002-2191
SpacegroupNo=225 HermannMauguin=F4/m-32/m //
PARAM=A=0.5463_0.54"0.55 //

RP=4 k1=0 k2=0 PARAM=B1=0_070.003 PARAM=GEWICHT=0.1_0 //

GOAL=GrainSize(1,1,1) //

GOAL:fluorite=GEWICHT*ifthenelse (ifdef (d),exp (my*d*3/4),1)

E=CA+2 Wyckoff=a TDS=0.0041
E=F-1 Wyckoff=c TDS=0.0062

on a parameter:

Undo

Redo Ctrl+Y
Cut Ctrl+X
Copy

Paste Ctrl+V
Delete

Select All Ctrl+4

Refine isotropically

Refine anisotropically

Fix parameter

A=0.5463

Name Value

Fix parameter: | Refined parameter:

PARAM=A=0.5463

Release for ~ Name  Starting value
refinement

Refined parameter with limits:

PARAM=A=0.5463_0.54"0.55

Release for Name Starting Lower  Upper
refinement value limit limit

RMSh
) | 4

22
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Lesson 6: Example 2

PHASE=Fluorite // 04-002-2191
SpacegroupNo=225 HermannMauguin=F4/m-32/m //
PARAM=A=0.5463_0.54"0.55 //

RP=4 k1=0
d=10 //
GOAL=GrainSize(1,1,1) //

k2=0 PARAM=B1=0_070.003 JPARAM=GEWICHT=0.1_0 //

GOAL=my //

GOAL=d //
GOAL:fluorite=GEWICHT*ifthenelse (ifdef (d),exp (my*d*3/4),1)
E=CA+2 Wyckoff=a TDS=0.0041

E=F-1 Wyckoff=c TDS=0.0062

In Lesson 6, Example 2,
peak broadening was not
fitted correctly

—__ Peak shape is
controlled here

B1: peak broadening caused by crystallite size

k2: peak broadening caused by micro-strain

See http://www.bgmn.de/variables.html#real for RP=4 and k1=0

ns), ;



Lesson 6: Example 2

PHASE=Fluorite // 04-002-2191

SpacegroupNo=225 HermannMauguin=F4/m-32/m //
PARAM=A=0.5463_0.54"0.55 //

RP=4 k1=0 k2=0 PARAM=B1=0_070.003 PARAM=GEWICHT=0.1_0 //
d=10 //

GOAL=GrainSize(1,1,1) //

GOAL=my //

GOAL=d //
GOAL:fluorite=GEWICHT*ifthenelse (ifdef (d),exp (my*d*3/4),1)
E=CA+2 Wyckoff=a TDS=0.0041

E=F-1 Wyckoff=c TDS=0.0062

B1: refined, but limited to the range 0.000 — 0.003
(upper limit may be too strict) |
i i

k2: micro strain effect, not refined (necessary?)

4 2N
¥

RM{} 24 s Testing « Research + Consulting



Lesson 6: Example 2

Change:

RP=4 k1=0 k2=0 PARAM=B1=0_070.003 PARAM=GEWICHT=0.1_0 //

To:

RP=4 k1=0 k2=0 PARAM=B1=0_070.03 PARAM=GEWICHT=0.1_0 //

Repeat Refinement

800 —
700 —

600 —

Better, but not o -
perfect. oL

300 —

Intensity [counts]

200 —

Is there microstrain?

— I observe d
— lealoulated |

— Backaground

Angle [726]

RNE:=> 25



Lesson 6: Example 2

Change:

RP=4 k1=0 k2=0 PARAM=B1=0_070.03 PARAM=GEWICHT=0.1_0 //

To:

RP=4 k1=0 PARAM=k2=0_0 PARAM=B1=0_070.03 PARAM=GEWICHT=0.1_0 //

Repeat Refinement

0 Ichserved |

I calculated
F00 —

Background
600 — —

300 —

Better, but still
not perfect.

400 — =

300 — —

P L JLJL “JJL ]

-0

Intensity [counts]

RMS k ------- Testing « Research + Consulting
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Lesson 6: Example 2

Preferred Orientation / Texture:
- Refine «GEWICHT>» anisotropically:
- Right mouse button on GEWICHT

- «Refine anisotropically»

Changes:

RP=4 k1=0 PARAM=k2=0_0 PARAM=B1=0_070.03 PARAM=GEWICHT=0.1_0 //

To:

RP=4 k1=0 PARAM=k2=0_0 PARAM=B1=0_070.03 GEWICHT=SPHAR4 //

Repeat Refinement

RM{} 27 s e e Testing « Research + Consulting



Lesson 6: Example 2

G:Yuftr_Proj\s-Aufirasge'2014\5 14 0012 XRD Bern 2015\ essons\Examples-Test\Lesson 6\Example 2Yessong-ex2-filel,

dia

)| 4

| —F
= | Our refinement strategy: |
“ | 1. Unit cell dimensions 1
"I 2. Weight fractions )

: | |3. Crystallite sizes i l _

; “| |4. Micro-strain of Fluorite | + Released manually |

| 5. Texture of Fluorite ) J k l

me JU L _J\ Jt i J j\JLA
b *WM%MW4 g . . Ifl, . ” "y . oy

m - o = o
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Lesson 6: Example 2

File

Prajects

Edit  View Run

Instrument Window Help

D@ QEEHE

8 x

WY k= OO @

|Jessm6-e1d—ﬁle1.d1’a x| I lessong-ex2-filet.sav || | lessoné-ex2-file List (£ |

v) (%]

MName
lesson6-exd..,

Status
idle

Rietveld refinement to file(s) Tessonb-ex2- 5
BGMN version 4.2.22, 2500 measured points, 14 p
Start: Thu Jan 8 17:34:20 2015; End: Thu Jan
20 iteration steps

calgs , 04 parameters
8 1/ 4:21 2015

Rp=6.15% Rpb=9.03% R=4.82%
Durbin-wWatson d=1.65
1-rho=0.674%

Rwp=8.65% Rexp=14.31%

Global parameters and GOALs

Results in *.LST file

Corundum/sum=0.4739+-0.0041
fluorite/sum=0.5261+-0.0041
EPS2=-0.000526+-0.000019

Local parameters and GOALs for phase Corundum_A1203

SpacegroupNo=167
HermannMauguin=R-32/c
XrayDensity=3.982
Rphase=7.01%

UNIT=NM
A=0.476104+-0.000029
C=1.299595+-0.000077
k2=0.000000079+-0. 000000073
Grainsize(1,1,1)=124.1+-7.1
GEWICHT=SPHAR4, MeanValue(GEWICHT)=0.0249117

B1=ANISOLIN, MeanValue(B1)=0.00344475, sqrt3(det(B1))=0.00344439
Atomic positions for phase Corundum_A1203

12 E=(AL+3(1.0000))
18 E=(0-2(1.0000))

Summary table

0.0000 0.0000 0.3522
0.3062 0.0000 0.2500

Refinement Protocol

& X

e s S —

& X || Global Parameters and GOALs S B
e e
R.p=8.65%, Re,q,_=14. 31%, X2=0.6045

Corundum/sum 0.4739 0.0041

0.5261 0.0041

fluorite/sum

4 1 ] +

| Global Parameters and GOALs | Chemistry I Local Parameters |

RMSh
) | 4
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Summary: Structure Files (*.str)

Structure file database (*.str) is stored in
...\Profex-BGMN-Bundle-3.3.1\Profex\Structures

Copied by Profex to the location of the scan file

They contain:
- Space group information
- Unit cell dimensions
- Profile parameters
- Scaling (weight fraction)
- List of atoms (element, SOF, Wyckoff sequence, fract. coordinates, TDS)

- Optional «Goals»: Results / values printed to the results file (*.Ist)

Release parameters for refinement:
- «PARAM=»

- Optionally (recommended!): «_lowerLimit» and «*upperLimit»
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Summary: Structure Files (*.str)

Refinements are «fine tuned» by editing Structure Files:

Commonly:
- Set reasonable upper and lower limits

- Control peak broadening

- Control texture / preferred orientation

Rarely:

- Control structural parameters:

atomic coordinates

site occupancies

thermal displacement parameters

Ll

] | _
..L_L_i_ui_w.;Ju.:lUJ..-U.U.,U_AVU_}U..wlm\m&x.ﬁm

i : | . _ ] 4
v_L_L._f._.J.,___.'u-_u"u'J.-'J.U,.JJ.-'.,.‘L‘_;-,uJL}..r-‘»WJ.JL_L.UMlM

"

na oo e ob oo e &0 00

ns), .
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Structure Databases

STR files included in Profex bundle
(created manually by Nicola Doebelin)

http://www.bgmn.de/download-structures.html

More on Structure Files:

Lesson 8: Creating Structure Files

RM{} 32 e e Testing « Research + Consulting



Lesson 6: Example 3 - Batch Refinement

File Edit View Run Instrument _ﬂindow Help

BE P LPHM e ,-H--T@@@;

Status

4 .' Cpen File

Ao | |« Lessons » Examples-Test » Lessonf » Example3 - ||

Organisieren » Meuer Ordner

I* =] Bilder Marne Anderungsdaturn
P Dokumente
b gl Musik
> B Videos

13112012 22:15 KRDML-Datei

14122012 09:57 XRDML-Datei

lessonG-ex3-filel3 xrdml 14122012 09:57 XRDML-Datei
essonb-ex3-filedd.xrdml 14122012 09:57 XRDML-Datei
essoni-ex3-filed5.xrdml 14.12.2012 09:57 XRDML-Datei
essonf-ex3-filed6.xrdml 14122012 0357 XRDML-Datei
|| lessonG-es3-filed7 xrdml 27112012 18:57 XRDML-Datei
essoni-ex3-filed8.xrdml 27112012 17:54 XRDML-Datei

') lesson-ex3-file09.xrdml 14112012 00:21 XRDML-Datei
7| lessonb-exd-filel0.xrdml 13112012 23:18 XRDML-Datei

4 (M Computer :
[ & Lokaler Datentrager (C:)
I* .y Lokaler Datentrager (D:)
[ L DATA_RMS (MRMSDATAINVOLL)
[ L DOEBELINMN QWRMSDATAZNWOLY
[» G RMSARCHIV (WRMSDATANVOLZ
b 58 PUBLIC (WRMSDATARWOL2Z) (P:)
b Lg¢ https://webdav.mc.gmenet () |
I G PRG_RMS (MRMSDATAMVOL2) (2 i

I i"! Metzwerk

Refinement Protocol —!
- 4 | T |

Dateiname: "lessonf-ex3-filedl.xrdml” "lesson6-ed-filed2xrdml” "les - ’W\NBMECB‘XRDMLSCE“ (*xrde "]

[ Offnen I ’ Abbrechen l

| Global Parameters and GOALs | Chemistry I Local Parameters |

Wavelength: 1.5406 A Angle:  0.000° Intensity:  0.000 cts d-Spacing: 0.000 A Line 3, Column 37 A
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Lesson 6: Example 3 - Batch Refinement

e | Create control file for first scan

Oy 099 == Instrument: cubix-ads-10mm
L S o 0 s Phase 1: betaTCP

Projects 8 X | lessong-ex3-fle0tardml £ | .
Narne Status Gi\AUftr_ProjiS-Aufiraege\2014\514_001] Phase 2: hydroxylapatlte
|lesson6-ex3-file01 idle T : : . T : : : T - E : T - T T T T T T
lessond-ex3-file2 idle
lessonG-ed-file3 idle lessong-ex3-file01 0
lessonG-ex3-file4 idle
lessonG-ex3-file5 idle
lessonG-ex3-filel6 idle
lessonG-ex3-filed7 idle
leszonf-ex3 -fileld idle 1000 — -
lessonG-ex3-file09 idle
lessonG-ex3-filell idle =
a
c
oo 1 ] v a
L
| Context Help. X &
&
E 500 — =
t |.A A J A M_JUL_.)J i i
10.00 20.00 30.00 40.00 50.00 60.00
Angle [°2Theta]

Refinement Protocol & X Global Parameters and GOALs &f X

| Global Parameters and GOALs | Chemistry I Local Parameters |

Wavelength: 1.5406 A Angle:  0.000° Intensity:  0.000 cts d-Spacing: 0.000 A Line 3, Column 37
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Lesson 6: Example 3 - Batch Refinement

File Edit View Run Instrument _ﬂindaw Help

BE P LPHEA WY b= OO@® @C

Projects g% | lessonG-ex3-fle01.rdml || | lessong-ex3-filed 1.sav= [£] |

Name Status % Theoretical dinstrumental function
Jesson6-exa-filedl idle VERZERR=cubix-ads-10mm. geq

S ra -
lessonG-ed-filed2  idle = || 70 WaVETENTTH
LAMBDA=CU

lessonG-exd-filed3 idle , s , . s - - 1 9

e ey S % Polarization (Cuka with Graphite monochromator) Sav flle Created for flrst Scan
! : POL=sqr(cos(26.6%pi/180))

lessonG-exd3-filed5 idle p1=2*ac05(0)

lessonG-ex3-filel6 idle ¢ Phases

lesson6-e3-filed? idle TR EP SR Er

lessonG-ex3-fileld idle STRUC[2]=Hydroxy

lessonf-ed-filedd  idle % Measured data .

lessonb-ed-filel0 idle VAL[1]=Tesson6-ex3-fileDl. xy

o il E2thsed But not for the other scans

¢ Maximum Angle (2theta)

5 WMAX=60

¢ Result list output
LIST=lesson6-ex3-file0l.lst

% Peak list output
OUTPUT=lessonb-ex3-file0l. par

% Diagram output
DIAGRAMM=lesson6-ex3-file0l.dia
% Global parameters for zero point and sample displacement
EP51=0

PARAM[1]=EPS2=0_-0.01A0.01

alpha3ratio=0.02

betaratio=0

NTHREADS=8

PROTOKOLL=Y

sum=hetaTCP+HAp
GOAL[1]=betaTCP/sum

Refinement Protocol & X Global Parameters and GOALs

| Global Parameters and GOALs | Chemistry I Local Parameters |

Wavelength: 1.5406 A Angle:  0.000° Intensity:  0.000 cts d-Spacing: 0.000 A Line 0, Column 0
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Lesson 6: Example 3 - Batch Refinement

File Edit View Run Instrument Window Help

BE ﬁgﬁi.EHH_Pei\ﬂw-.-H-- OO® M ) )
PFOEECB & x |lessm6—ex3—ﬁe01xrdrrﬂ B ,Mm |
eoeona et il T «Copy Control File»

lessonG-ea3-filed2  idle % wavelength
LAMBDA=CU

fesont o Bl He % Polarization (CuKa mth Graphite monochromator
lessonb-ex3-file4 idle POL sqr( P o1~

lessonG-ex3-filels idle S

Dol Totioleson]
lesson6-e3-file0s  idle 5 phaces| & Select Pm_lecls
lessonG-ed-filel7 idle N

lessonG-ex3-fileds idle .
lesson6-ea3-file0d  idle 6 ’ Project

lessonG-ex3-filell idle leszonif-ex3-filed?
lessonb-ex3-filel3
lessonB-ex3-fileld
leszonG-exa-filels
% Peak 1 leszonG-ex3-fileld
OUTPUT=1 lessonG-exd-filed7
% Diagral ;
DIAGRAMM lessonG-ex3-fileld
% Global lessonb-ex3-filed9

leszoni-ed-fileld

EEREEE

EE

Refinement Protocol

| Global Parameters and GOALs | Chemistry I Local Parameters |

Wavelength: 1.5406 A Angle:  0.000° Intensity:  0.000 cts d-Spacing: 0.000 A Lined, Column 0 A
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Lesson 6: Example 3 - Batch Refinement

File Edit View Run

B 2L PHM

Instrument _ﬂindaw Help

WY k= OO L

Refinement Protocol

1| % Result list output

LIST=lesson6-ex3-file0l.lst
% Peak list output
OUTPUT=lessonb-ex3-file0l. par

% Diagram output
DIAGRAMM=Tesson6-ex3-file0l.dia

file names

« Adjusts all input/output

me = X| lessong-ex3-file0 L xrdml || | lessong-ex3-fle0 1.5av= ] |
Marne Status % Theoretical dinstrumental function =
JessonB-ex3-filedl idle VERZERR=cubix-ads-10mm. geq
lessonG-ea3-filed2  idle %Aa'ggilgﬂgth
:e“ﬂﬁ_:giqii ?:F % Polarization (CuKa with Graphite monochromator)
e e POL=sqr (cos (26.6%pi/180))
cotesnes e | PR - -

- « C th trol file t
lesson6-ex3-file07 idle STRUC[1]=betaTCP.str _ OpleS e Con rO I e O
lesson6-ex3-file0d idle gTRUC[2]:gygroxy1apat1te.str .
lessonG-e3-file08  idle % Measured data i ” t
lessonb-ed-filel0 idle VAL [1]=Tesson6-ex3-file0l. xy, a prOJeC S

% Minimum Angle (2theta)
% WMIN=10

<« | m | r|| % Maximum Angle (2theta)
e % WMAX=60

% Global parameters for zero point and sample displacement

EP51=0
PARAM[11=EP52=0_-0.01A0.01
alpha3ratio=0.02
betaratio=0

NTHREADS=8

PROTOKOLL=Y

sum=hetaTCP+HAp
GOAL[1]=betaTCP/sum

& X Global Parameters and GOALs

| Global Parameters and GOALs | Chemistry I Local Parameters |

Wavelength: 1.5406 A Angle:  0.000° Intensity:  0.000 cts d-Spacing: 0.000 A Line 0, Column 0

RMSh
) | 4
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Lesson 6: Example 3 - Batch Refinement

| File Edit View Run Instrument Window Help

Bl P PHMA .q@"-"m+-.. BJE

Projects 8§ X | lesson-ex3-fle0s.xrdml [ | lessong-ex3-file0s5.sav [ | |

Name Status
lessonG-ex3-filedl completed
lessond-ex3-file02 completed = d
lesson6-ex3-file03 completed lessonG-ex3-file05 0
lessonG-ex3-file4 completed
[lessonb-ex3-fileds  running... | __ -

lessonG-exd3-filed7 scheduled ol a 5 "
lessonb-e3-file08  scheduled art BatCh Reﬁ 1]

lessonG-ex3-file09 scheduled :\' Is PI’OJECt
| 6-ex3-fileld heduled .
D : RERRENR lesson6-ex3-filedl

lessonb-ex3-filel?
lessonb-ex3-filed3
lessonb-ex3-fileld
leszonb-ex3-filels
leszonb-ex3-fileld
lessonb-ex3-filed?
leszsonb-ex3-fileld
lessonb-ex3-fileld
lessonb-ex3-fileld

HEEEEEEEEE

Refinement Protocol

1.756702E+04
1.070645E+04
8.492882E+03
6.538199E+03
4.869493E+03

.606E+04  2.620E-02
.204E+04  4.150E-02
.840E+03  1.686E-02
.448E+03 3.373E-03
.498E+03  6.745E-04
4.600850E+03 .BBOE+02  1.349E-04 000
4.594503E+03 .247E4+01  2.698E-05 .000
4.593678E+03  1.616E+00  8.758E-06 1.000

T 3 | Global Parameters and GOALs | Chemistry I Local Parameters |

Wavelength: 1.5406 A Angle: 10.668% Intensity: 633.870 cts d-Spacing: 8.286 A Line 0, Column 0

000
000
000
000
000

[k L LIV T
el leli

- LT
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Lesson 6: Example 3 - Batch Refinement

File Edit View Run Instrument _ﬂindaw Help

BECPPHM «YTk.+= OOO® &k 2

Projects 8 X | lessons-ex3-fle10.dia £ IessN)ﬁ—ﬁIelO.sav B | lessong-ex3-file10.st || |

MName Status
lessonG-ex3-filedl completed
lessonb-ex3-filed2 completed 1l |I | I | I (1] IIII II I III L) IIII I|| | I| lI IIII 1] IIII .IIIIIIII |
lessond-ex3-filel3 completed — Iobserved
lessond-ex3-filedd completed — Icalculated
lessonG-exd3-fileds completed 1 difference
lesson6-ex3-fileds completed Background
lessonG-ex3-filed7 completed

v llbton Export Summary of all Projects
to Spread Sheet (*.csv)

G: ‘l,l'-\uﬂ:r Pro_]\,S AuFtraege‘-,ZOl“I‘l,Sl“I 0012 ¥RD Bern Zolsﬂ_essons‘fxamples Test\,l_esson 6‘|,Examp|e 3\Iesson6-ex3—ﬁ|e10 dia

Intensity [counts]
3
o

30.00
Angle [°26]

Refinement Protocol g x GIobaIParamehErsand GOALs &f X

TR T LT T ] e TR DT WA (e T W W S DS N e e e
-

RM, 14.01%, Re,q,—12 ?6% )(2 1 0930

betaTCP/sum 0.2933 0. 0024
HAp /sum 0.7067 0.0024

4 I ]

| Global Parameters and GOALs | Chemistry I Local Parameters |

Wavelength: 1.54183 A Angle:  0.000° Intensity:  0.000 cts d-Spacing: 0.000 A Line 0, Column 0
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Lesson 6: Example 3 - Batch Refinement

- . _ I
1 = e - = csuftscov = Microsoft Excel W o oL

Start Einflgen Seitenlayout Formeln Daten Uberpriifen Ansicht Entwicklertools v e = [EE EE!

Al - (= J | File v |

A . B | £ | D _ E |

1 |File Sample Parameter / Goal Value ESD _|§
2 |G:/Auftr_Proj/s-Auftraege/2014/514 0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file0l.Ist lessonG-ex3-file0l betaTCP/sum 0.294 0.0025
3 | G:fAuftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file0l.Ist lesson6-ex3-file01 HAp/sum 0.706 0.0025
4 |G:fAuftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file02.1st lessong-ex3-file02 betaTCP/sum 0.2887 0.0024
5 |G:fAuftr_Proj/S-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file02.Ist lesson6-ex3-file02 HAp/sum 0.7113 0.0024
6 | G:fAuftr_Proj/s-Auftraege/2014/514 0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file03.Ist lessonG-ex3-file03 betaTCP/sum 0.2929 0.0024
7] |G:/Auftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file03.Ist lesson6-ex3-file03 HAp/sum 0.7071 0.0024
8 |G:/Auftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file04.1st lessong-ex3-file04 betaTCP/sum 0.2941 0.0024
9 |G:fAuftr_Proj/S-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file04.Ist lesson6-ex3-file04 HAp/sum 0.7059 0.0024
10 |G:/Auftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file0s.|st lessonG-ex3-file05 betaTCP/sum 0.2934 0.0024

11 G:/Auftr_Proj/s-Auftraege/2014/S14_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file0s.Ist lesson6-ex3-file05 HAp/sum 0.7066 0.0024 =

12 G:/Auftr_Proj/s-Auftraege/2014/514 0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file06.Ist lessonG-ex3-file06 betaTCP/sum 0.2918 0.0023
13 | G:/Auftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file0s.|st lesson6-ex3-file06 HAp/sum 0.7082 0.0023
14 G:/Auftr_Proj/s-Auftraege/2014/S14_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file07.1st lessonB-ex3-file07 betaTCP/sum 0.2899 0.0024
15 G:/Auftr_Proj/S-Auftraege/2014/514 0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file07.Ist lesson6-ex3-file07 HAp/sum 0.7101 0.0024
16 |G:/Auftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file0s.Ist lessonG-ex3-file08 betaTCP/sum 0.2908 0.0024
17 G:/Auftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file0s.|st lesson6-ex3-file08 HAp/sum 0.7092 0.0024
18 G:/Auftr_Proj/S-Auftraege/2014/514 0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file0d.Ist lessonG-ex3-file09 betaTCP/sum 0.2896 0.0024
19 | G:/Auftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lessong-ex3-file0s.|st lesson6-ex3-file09 HAp/sum 0.7104 0.0024
20 |G:/Auftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lesson6-ex3-file10.Ist lessong-ex3-filel0 betaTCP/sum 0.2933 0.0024
21 G:/Auftr_Proj/s-Auftraege/2014/514_0012 XRD Bern 2015/Lessons/Examples-Test/Lesson 6/Example 3/lessong-ex3-filel10.Ist lesson6-ex3-fileld HAp/sum 0.7067 0.0024

23| P
H 4+ M| pesults %1

IEN

>_|ﬂ =

Bereit | e | |

[EO@ w=0 0 ®

RMS b
)| 4
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