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Repetition: BGMN

BGMN:

- Fundamental Parameters Approach

- Free for academic use

- Device independent

- Very robust automatic refinement strategy
- Good usability

- 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

Program D 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/stram

estumation 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 i1s mentioned
in detail

Download Structures

Third, the calculation control during a problem specific control file 15 shown.

Preferred Orientation
Last, we have a look at the different result files.
Calculation Control
A somewhat extended explanation of the used vaniables 1s also available.
Result ut
opens websijte File Edit View Run Instrument | Help

- | About Profex...
= BGMM Varizbles...
Frojects q X

http://www.bgmn.de/program.html - T— o
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BGMN Program Structure

Eile Edit Miew PBun Instrument Help

bl (@ qp = |§-.il_-|__ =3 @ @ @

| Projects = X | lessond-ex1-filel.xrdml B lesson4-exi-filel.sav [
MName Status \ C:fxrd/512_0008/Examples/Lesson 4/Example 1lessond-ex 1-file 1. xrdml
lessond-exd... idle T T T T T T T T T T T T T T T T T T T T T
\ lessond-ex1-file1 0
o o . *
| Refinement Control File: *.sav )
1000 — =
£
5 l i
E L i
=
500
- ki IA ﬁ.&-__.ui M, JMLA‘ J\Muhw 1
10,00 20,00 30,00 40,00 50.00 60,00
Projects Scans Angle [*ZThets]
| Output B %

[Angle: 17.001° | [Intensity: 336.553 cts | [d-Spacing: 4951 & | [Line0, Column(

RMSh
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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 displacement

sample.sav
structure-A.str
Peak list
structure-B.str
StrUCtU re-C'Str i Polarization Refined diffraction pattern
Model structures i

2 range i

Additional global parameters
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Lesson 5: Example 1

Eile Edit Miew Run Instrument Help
ALY T BICoIoI0
P'fcjedsA A ] x_f| lessond-ex1-file 1.xrdml [

- :wmi@ 1. Open scan file

lesspnd-exd... idle
[/] Generate default control file 3_ <<Iesson5_exl_f||el>>
[G.lbh(ﬂds—lﬂlm,geq
L. 2 === 2. Append phase
Phase - Comment File Mame pp p
[T | Ardealite 04-011-6882 Ardealitestr
] | Bassanite 04-014-0553  CSH.str 3 . C h ecC k K« g enerate
[ Benzoic-Acid S0 BEMNZACLL benzoic-acid.str .
7 [ e 4 peta Pt default control file»,
[ | betaChp 01-079-0700 betalMP.str .
] | betacPp 04-009-3876  betaCPPstr select instrument
[T1 | betaCPP-tetrahydrate 04-011-3910 betaCPP-tetrahydrate.str .
betaTCP 04-008-8714  betaTCPstr «cubix-ads-10mm»
[7] | betaTCP-Mg 04-008-8714 betaTCP-Mg.str
@ Biphosphammite 01-085-0815 Biphosphammite.str .
= | 4. Select structure files
[7] overwrite existing files 5 « betaTC P »
- [ d

Projects Scans

«hydroxylapatite»
5. Press «OK»

Output

[Angle 4412° | [Intensity: 632311 cts | [d-Spacing: 20011 & | [Line0, Column® |

RMSh
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Lesson 5: Example 1

51 Profex - 3.0.1-alpha131007

| Ele Edit View Run Instrument Help

= (9 dpam || i CIOJO)

I_PiFG}'ECtS & X| | |essonS-exi-filetrdml [ | lesson5-ex1-file 1.sav [ |

| Name Status o . . .
: % Theoretical instrumental function | .

essonS-ed... ide VERZERR=cubix.ads-10mm.geq Instrument profile
% Wavelength
LAMBDA=CU
% Polarization (CuKa with Graphite monochromator) Wavelength and
POL=sqr(cos(26.6*pi/180)) . .
pi=2°acos(0) polarization
% Phases
STRUC[1]=betaTCP.str .
STRUC[2]=hydroxylapatite.str REfI ned phaSGS
% Measured data
VAL[1]=lesson5-ex1-filel.xy
3% Result fist output Measured scan
LIST=lesson5-ex1-filel.Ist
% Peak list output

OUTPUT=lesson5-ex1-filel.par I i
o esson® Various output files
DIAGRAMM=lesson5-ex1-filel.dia (may be empty before running BGMN)
% Global parameters for zero point and sample displaceme nt

PARAM[1]=EPS1=0_-0.010.01
PARAM[2]=EPS2=0_-0.01"0.01
alpha3ratio=0.02

betaratio=0 1
o s Various global
PROTOKOLL=Y
GOAL[L]=betaTCP/(betaTCP+hap) parameters
GOAL[2]=hap/(betaTCP+hap) )
Projects | Scans - Zero-shift (EPS1)
Output @ x - Sample displacement (EPS2)

- Sample transparency (EPS3)
- Calculation of phase quantities (GOALIX])

|[Angle: 9.066° | [Intensity: 1396.560 cts | |d-Spacing: 9747 & |
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BGMN Control File (*.sav)

What Profex does in the background:

- Generate a control file

- Copy all selected structure files from local DB to location of scan file

- Copy instrument configuration file from local DB to location of scan file

- Adjust file names in control file

T
rd » 512 0008 » Examples » Lesson5 » Examplel - | +3 | | Example 1 durchsuchen D |
- Freigeben fir = Brennen Meuer Ordner
i * Anderungsdatum wrd » 512 0008 » Examples » Lesson5 » Examplel - | 4 | ‘ Exampile 1 durchsuchen e |
| | Info.bdt J1.01.201316:59 | Freigeben for = Brennen Meuer Qrdner B= = [ @
—el -fi 27 7123 - ¥ Il
lessonS-exd -filel xrdml 27.09.2012 21:23 —— Braerungedatim Typ GraBe
|¥] betaTCP.str 07.01.2013 10:1 S5TR-Datei 2KB
|| cubix-ads-10mm.geq 04.06.2012 18:19 GEQ-Datei 12 KB
|| cubix-ads-10mm.ger 04.06.2012 18:19 GER-Date 5KB
| 7| cubix-ads-10mm.sav 04.06.2012 18:23 SAV-Date 6 KB
| 7| hydroxylapatite.str 07.01.201310:21 S5TR-Datei 1 KB
| = Info.tet 31.01.2013 16:59 Textdokument 1kKE
lessonS-exl -filel xrdml 21092012 21:23 ARDML File 14 KB

RMS b
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Profex

With Profex:
1. Load scan file

2. Use «Append phase» dialog to select phases, instrument,
and generate control file

22000

3. Run refinement e

s L@"‘E"{"@L";‘-_

el D8 ek ason SExce s felds

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

- Convert scan files*

*for supported scan file formats
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Lesson 5: Example 2

(57 profex - 30.1-alphat31007.

| Eile Edit View Run Instrument Help

B O #=n 000

Projects B X || lessons-ex2-file1.XroML (£ |
MName Status C: furd/test/Examples,Lesson 5/Example 2/lesson5-ex2-file 1. XRDML
lessonS-exl... idle F T T T T T T T T T I T T ) I T =
Essars el ille 800 — lesson5-ex2-fle10 | I n Stru m e n t:
700 |- _
1 | «pw1800-fds-0250»
T s _— o
é 400 |-
ST Phases:
200 -
wh k JLJ | «Corundum_AL203»
a L | T i L ~+
— 20.00 :-'.o.uom_'gle _— 40.00 50.00 60.00 « F I u O rite »
Output e

Angle: 10,0837 Intensity: 591.096 cts d-Spacing: 8.766 A
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Lesson 5: Example 2

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

T T T | T T =| T T T T | T T T
1000 I I I I H
Corundum: good fobserved
= I calculated .
- FIUOfIte bad Background -
Corundum_AI203
u (] — Fluorite 4
500 - : I —
I What is wrong? Suggestions? |
I I I I
20.00 30.00 40.00 50.00 20.00
Angle [=26]
RMS‘ 11 s e e e Testing « Research « Consulting
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Lesson 5: Example 2

1200 - .
1 Peak position: correct
1000 - : .
1 Integrated intensity: correct (?)
800 :
i Peak-broadening: wrong
600
E' 400
Igl -
> 200-
£ |
T 0 —
= -
-200 -
-400 -
500 I Specific for Fluorite phase.
T Can be fixed in file «fluorite.str»
-800 . - . -
27 28 29
RMSh

)| 4
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BGMN Structure Files (*.str)

Structure files contain a description of the crystal structure.

Similar to CIF files, but different file format.

11 Profex - 3.0.1-alphal31007

File Edit View Bun Instrument Help
Hax i O®@®
P}A:ts g X lesson5-ex2-file 1.XROML (£ |
MNarje Status C: fxrd/test/Examples Lesson 5/Example 2/lesson5-ex2-file 1. XROML
[§=son5-exd... idle F T T T T T T T T T T T T T T T T T =
et Jdle 800 — —— lessonS-ex2-fle10 |
J00 — ]

1. «open
text file»

Intensity [counts]
g B

T T

|

Fluo“ite.str

20,00 30.00 .00 50.00 60,00
Angle [*2Theta]

Projects Scans

= e

Angle: 10.083% Intensity: 591.096 cts d-Spacing: 8.766 A

RM{} 13 e e Testing « Research + Consulting



BGMN Structure Files (*.str)

PHASE=Fluorite // 04-002-2191 Phase name // PDF code
SpacegroupNo=225 HermannMauguin=F4/m-32/m // Space group number & H-M symbol
PARAM=A=0.5463_0.54"0.55 // Unit Cell: A axis (nm)

RP=4 k1=0 k2=0 PARAM=B1=0 07"0.003 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
GOAL=d // reported in the results file)
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 List of atomic positions

Full notation:
E:lCA+2,($) yVyckoff:a' 3(20.0 y=0.0 z:O.q |TDS:0.0041'
| |

1 1

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

Site occupancy Fractional coordinates

RMS k ------- Testing « Research + Consulting
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BGMN Structure Files (*.str)

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 07"0.003 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

Fix parameter: Refined parameter: Refined parameter with limits:
A=0.5463 PARAM=A=0.5463 PARAM=A=0.5463_0.54"0.55
Name Value Release for Name  Starting value Release for Name Starting Lower Upper
refinement refinement value limit limit
RMS k ------- Testing « Research « Consulting
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Lesson 5: Example 2

PHASE=Fluorite // 04-002-2191
SpacegroupNo=225 HermannMauguin=F4/m-32/m //
PARAM=A=0.5463 0.54"0.55 //

In Lesson 5, Example 2,
peak broadening was not

RP=4 k1=0 k2=0 PARAM=B1=0_0"0.003 PARAM=GEWICHT=0.1_0 // fltted CorreCtIy
d=10//

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

GOAL=my /I —__ Peak profile is
GOAL=d //

controlled here
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

RP=4: usage of both Lorentzian and squared Lorentzian broadening
B1: lorentzian broadening caused by size effects
k1: gaussian-like part of the size effects

k2: micro strain effect

http://www.bgmn.de/variables.html#real
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Lesson 5: 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 07"0.003 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

RP=4: uses all possible broadening contributions (good)
B1: refined, but limited to the range 0.000 — 0.003 (upper limit may be too strict)
k1: gaussian size effect: not refined (bad)

k2: micro strain effect: not refined (necessary?)
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Lesson 5: Example 2

Change:

RP=4 k1=0 k2=0 PARAM=B1=0_0"0.003 PARAM=GEWICHT=0.1_0 //

To:

RP=4 PARAMk1=0_0"1 k2=0 PARAM=B1=0_0"0.03 PARAM=GEWICHT=0.1_0//

Repeat Refinement

Better, but not
perfect.

Is there microstrain?

RMSh
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Lesson 5: Example 2

Change:

RP=4 PARAM=k1=0_0"1 k2=0 PARAM=B1=0_0"0.03 PARAM=GEWICHT=0.1_0 //

To:

RP=4 PARAM=k1=0_0"1 PARAMk2=0_0 PARAM=B1=0_070.03 PARAM=GEWICHT=0.1_0//

Repeat Refinement

Better, but still
not perfect.
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Lesson 5: Example 2

Preferred Orientation:
- Refine «<GEWICHT» as «SPHARG»
- Remove «PARAM=»

- Explanation follows later

Change:

RP=4 PARAM=k1=0_0"1 PARAM=k2=0_0 PARAM=B1=0_070.03 PARAMGEWICHTS8.1_0 //

To:

RP=4 PARAM=k1=0_0"1 PARAM=k2=0_0 PARAM=B1=0_070.03 GEWICHT= SPHARG//

Repeat Refinement

RM{} 20
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Lesson 5: Example 2
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Summary: Structure Files (*.str)

- Structure file database (*.str) is stored in
C:\Program Files\Profex-x.y.z\Structures

- Copied by Profex to the location of the scan file
- They contain:
- Space group information
- Unit cell dimensions
- Profile parameters
- Scaling (weight)
- 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: Rarely:
-  Set reasonable upper and lower limits - Control structural parameters:
- Control peak broadening - atomic coordinates
- Control texture / preferred orientation - site occupancies
- thermal displacement parameters

RM{} 23
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Structure Databases

- STR files shipped with Profex (created manually by Nicola Doebelin)

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

- Create manually from:
- ICSD (http://Iwww.fiz-karlsruhe.de/icsd.html)
- PDF-4+ (http://www.icdd.com/)

- American Mineralogist Structure Database
(http://rruff.geo.arizona.edu/AMS/amcsd.php)

- Crystallography Open Database COD
(http://lwww.crystallography.net/)

- Cambridge Crystallographic Data Centre
(http://beta-www.ccdc.cam.ac.uk/pages/Home.aspx)
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Creating Structure Files

Official Documentation:

http://www.bgmn.de/variables.html

Control File (*.sav) -

Structure File (*.str) .

Device Conf. File (*.sav) -
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Results Files (*.Ist)

More detailed Results

Summary
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Results Files (*.Ist)

Rietveld refinement to file(s) lesson5-ex2-filel.xy

BGMN version 4.2.20, 2500 measured points, 14 peaks, 50 parameters
Start: Tue Oct 8 13:42:39 2013; End: Tue Oct 8 13:42:40 2013

15 iteration steps

Rp=6.31% Rpb=9.32% R=4.85% Rwp=8.80% Rexp=14.36%
Durbin-Watson d=1.60
1-rh0=0.697%

Global parameters and GOALs
kkkkkkkkkkkkkkkkkkkkkhkkkhkkkkkk
corundum/(corundum-+fluorite)=0.4838+-0.0029
fluorite/(corundum-+fluorite)=0.5162+-0.0029
EPS2=-0.000529+-0.000018

General information

Statistical Information
(Goodness of fit)

Phase quantities (rel. Wt-%)
Sample displacement (EPS2)

Displacement [mm] =R * EPS2 / 2 = -0.0458 mm

R = goniometer radius [mm] = 173 mm

ng, .
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Results Files (*.Ist)

e s oy phase Sorundum AI203 Refined Parameters & Goals
SpacegroupNo=167
HermannMauguin=R-32/c
XrayDensity=3.981
Rphase=5.76%
UNIT=NM
A=0.47615+-0.00032
C=1.29972+-0.00090 Local parameters and GOALs for phase Fluorite
k 1 — 0 kkkkkkkkkkkkkkhkkkkkkkkkkkkkkhkkkhkkkkkkkkkkkkhkkkkkkkkkkkkhkkkx
k2=0.000000073+-0.000000071 SpacegroupNo=225
B1=0.00344+-0.00014 HermannMauguin=F4/m-32/m
GrainSize(1,1,1)=123.4+-4.9 XrayDensity=3.171
my=0.012604+-0.000025 Rphase=5.44%
d=12.0000 UNIT=NM
GEWICHT=SPHAR4, MeanValue(GEWICHT)=0.0241631 A=0.54682+-0.00037
Atomic positions for phase Corundum_AI203 k1=0
_____________________________________________ k2=0.0000223+-0.0000014
12 0.0000 0.0000 0.3522 E=(AL(1.0000)) B1=0.01090}+-0.00035
18 0.3062 0.0000 0.2500 E=(0-2(1.0000)) GrainSize(1,1,1)=38.9+-1.2
my=0.030116+-0.000061
d=10.0000
GEWICHT=SPHARG6. MeanValue(GEWICHT)=0.0220520
That’s Why the upper I|m|t Of 0003 Atomic positions for phase Fluorite
was too restr|ct|ve| 4 0.0000 0.0000 0.0000 E=(CA+2(1.0000))
8 0.2500 0.2500 0.2500 E=(F-1(1.0000))
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Lesson 5. Example 5 - Batch Refinement
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Lesson 5. Example 5 - Batch Refinement

Create control file for first scan

Instrument: cubix-ads-10mm
Phase 1: betaTCP
Phase 2: hydroxylapatite
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Lesson 5. Example 5 - Batch Refinement

s Sav file created for first scan
i But not for the other scans

A
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Lesson 5. Example 5 - Batch Refinement
\ «Copy Control File»
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Lesson 5. Example 5 - Batch Refinement

» Copies the control file to
all projects

g e Adjusts all input/output

file names

RMS k ------- Testing « Research + Consulting

" 33



Lesson 5. Example 5 - Batch Refinement

Start Batch Refinement

Batch List
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Lesson 5. Example 5 - Batch Refinement

Export Summary of all Projects
— | to Spread Sheet
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Lesson 5. Example 5 - Batch Refinement
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