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Rietveld Refinement

Known structure Calculate theoretical Compare with
model diffraction pattern measured pattern
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Optimize structure model, repeat calculation

Minimize differences between calculated and observed
pattern by least-squares method
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Rietveld Refinement

Direct space

Reciprocal space

Fourier
transformation
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Structure Solution

Direct space Reciprocal space
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F is @ complex number
We measure the amplitude |F_, .|
but not the phase ¢,
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Fourier Synthesis

Direct space Reciprocal space

4000

3000

2000

Intensity [counts]

1000

s TR

10 20 30 40 50 60
Diffraction Angle [°20]

Calculated structure Measured structure
factor phases ¢, l factor amplitudes |F_,.|
Fourier
Synthesis

Electron density |
distribution

A

RMSh
A 4



http://pd.chem.ucl.ac.uk/pdnn/refine2/fourier.htm

Fourier Synthesis

«F., Fourier map»: Calculated from ¢, and |F_,.|:

calc

1
p(6,7,2) =+ ) [Fonel - cos2mlhx + ky +12) = ]
hkl

«F_,. Fourier map»: Calculated from ¢_,,.and |F

calc calc calc | .

1
p(,3,2) = 7+ ) [Featcl - cos[2m(hix + ky +12) = Bearc)
hkl

«Difference Fourier map»: Calculated from ¢_,.and |F .| - |F

calc calc I

1
p(,2) =7+ (Fops| = Fearel) - cos[2m(hx + ky +12) = beac]
hkl
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Difference Fourier Maps

Diz_ooon

©1-00-00c

0131062

s e JAH_,*L‘JUMJLMM

1500 00 00 ;00 mm 1000 1500

1
,O(X,y, z) = V . Z(lFobsl - |Fcalc|) : cos[27r(hx + ky + lz) — ¢calc]
hkl

Misfits (| F_..| # |F.|) in the refinement (reciprocal space)
can be visualized in the crystal structure (direct space)
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Electron Density Maps

Observed Refined Difference on
electron density electron density Cal site

-F

stretched

RMS b
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Electron Density Maps

' Profex 4.0.0-rc190826 - m} K
File Edit View Project Run Results Instrument Tools Window Help
SEHEDLLEY DPCRIA+a=e> > 0FH Q[0 [ rmmme M=
Projects 8 X 13013105.dia  180131-06sav ) 180131-060st L] Apatite-OH.str [
Mame Status | | 1 0 -~
> 180131-06 comple | 2
3
4
5
€
7
8
< 3| 8
10
Plot Options 8 X |17
Scan Scaling Vertical Offset | |12
| ohserved 1.00 0.00 iz
| calculated 1.00 0.00 15
1.00 -1448.40 16
Background 1.00 0.00 17
Hydroxyapatite 1.00 0.00 18
15
20
21
22
< >|[z23 arameters for zero point and sample displacement N

Generate two more output files:
*.res: Contains the refined structure in ShelX format
* fcf: Contains |F,. |, |F..|, and ¢, in ShelX format
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Electron Density Maps

Profex 4.0.0-rc190826 - m} K
File Edit View Project Run Results Instrument Tools Window Help
SEHEDLLBY DPRRFLLtr=/®> > O0OIN Qv Crmmms | Fooommse )
Prajects B X 130131-06.dia  18013106.sav B 180131-06dst ] Apatite-OH.str [
Mame Status | | 1 -
> 180131-06 comple | 2
3
t Phases 1. Place mouse cursor on the
TRUC[1]=Rpatite—OH === . ) A
Undo structure file to be visualized
< > 9 BRedo Ctrl+Y H H
10 2. Right-click
Plot Options g X |11 T
Scan Scaling Vertical Offset 12 Copy 3' SEIECt «Add RESOUT
13 = .
lebserved 100 0.00 14 Paste and FCFOUT file»
| calculated 1.00 0.00 15
Delet: H
100 144940 16 e 4, Repeat the refinement
Background 1.00 0.00 17 Sl Tt
Hydroxyapatite 1.00 0.00 18 slect trl+
19 Open file as text
20
21 Add STRUCOUT file
22 . .
= % =z Add SimpleSTRUCOUT file I v
R Add RESOUT and FCFOUT file I
Refinement Protocol " Ers g X
4.8254190E+01 3.6895125E+01 3.1244113F RoCREOUNLE Value ESD s
Comment line
1th pattern file named RMS-DB-ADS-15-LynxEyeXE-bkgr.xy: aSSUMing Ires XY[E
_ v Global GOALs
1-rho=T7.04%
1th pattern file named RMS5-DE-ADS-15-LynxEyeXE-bkgr.xy: assuming free XY[E QHydroxyapatite 1.0000
v Local GOALs
Refinement completed in 00:00:03.248 hh:mm:ss.ms ~ Hydroxyapatite
094239 0.00002
< > C 0.68818 0.00002
[ C:\xerd\519_DDOT\Profex-E-density-maps\180131-06.sav | [1Project | [A=1.5406A |[26= 31.121° |[I= 565.648cts |[d= 2871A ||
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Electron Density Maps

Profex 4.0.0-rc190826 — [m| *
File Edit View Project Run Results Instrument Tools Window Help
SEBRDLLBY DRI L +h= o> RN (Y e — \ | oo ]
Projects 5 X | 130131-06.da  180131-06.sav* B 180131-06.st [ x|
Mame Status | | 1 -
> 180131-06 comple | 2
3
4
5
[
7 |STRUC[1]=Rpatite-OH.str
8 FCFOUT [1]=Rpatite-0OH-180131-06.fcf
< || & |mrESCUT[1 31-06.res
10
Plot Options g X |11
Scan Scaling Vertical Offset 12
lobserved 100 0.00 .
| calculated 1.00 0.00 15
1.00 -1448.40 16
Background 1.00 0.00 17
Hydroxyapatite 1.00 0.00 18
13 % Result list ocutput
20 LIST 0131-06.1st
21 % Peak list output
22 )131-0&.par
< > |23 Diagram output b
Refinement Protocol & ¥ Refined Parameters g x
4.8254190E+01 3.6859125E+01 3.1244113E+01 3.4753071E+01 4.7258528E-03 A ||parameter Value ESD s
. . > Statistics
1th pattern file named RMS-DS8-ADS-15-LynxEveXE-bkor.xv: assuming free XY[E
_ ~ Global GOALs
1-rho=T7.04%
1th pattern file named RMS5-DE-ADS-15-LynxEyeXE-bkgr.xy: assuming free XY[E QHydroxyapatite 1.0000
v Local GOALs
Refinement completed in 00:00:03.248 hh:mm:ss.ms ~ Hydroxyapatite
v A 054239 0.00002
< > C 0.68818 0.00002 b
[ C:\xerd\519_DDOT\Profex-E-density-maps\180131-06.sav | [1Project | [A=1.5406A |[26= 31.121° |[I= 565.648cts |[d= 2871A ||
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Electron Density Maps

Apatite-OH-180131-06.res

Apatite-OH-180131-06.fcf

TITL P6 3/m No.l176 Hydroxyapatite

CELL 1.54100 9.42393 9.42393 6.88182 90.000
ZERR 2.00 0.00008 0.00008 0.00006 0.000
LATT -1

SYMM -Y, X-Y, Z

SYMM -X+Y, -X, Z

SYMM -X, -Y, 7+0.5

SYMM Y, -X+Y, Z+0.5

SYMM X-Y, X, Z+0.5

SYMM -X, -Y, -7Z

SYMM Y, -X+Y, -2

SYMM X-Y, X, -Z

SYMM X, Y, -Z+0.5

SYMM -Y, X-Y, -Z+0.5

SYMM -X+Y, -X, -Z+0.5

SFAC CA MG P O H

UNIT 6 4 6 26 2

90.000 120.000
0.000 0.000

CAl 1 0.33333 0.66667 0.00150 0.00000 0.00841
MG1 2 0.33333 0.66667 0.00150 0.33333 0.00841
CA2 1 0.24680 0.99340 0.25000 10.50000 0.00719
Pl 3 0.39870 0.36850 0.25000 10.50000 0.00605
ol 4 0.32840 0.48480 0.25000 10.50000 0.01208
02 4 0.58730 0.46510 0.25000 10.50000 0.01284
03 4 0.34370 0.25790 0.07020 11.00000 0.01899
04 4 0.00000 0.00000 0.19500 0.16667 0.00000
H1 5 0.00000 0.00000 0.06080 0.16667 0.03733
END

1 -1 0 18.90 5.76 180.
1 0 0 18.90 5.76 180.
-1 1 0 18.90 5.76 180.
-1 0 0 18.90 5.76 180.
0 1 0 18.90 5.76 180.
0 -1 0 18.90 5.76 180.
1 -1 1 15.58 12.83 180.
1 -1 -1 15.58 12.83 0.
1 0 1 15.58 12.83 0.
1 0 -1 15.58 12.83 180.
-1 1 1 15.58 12.83 0.
-1 1 -1 15.58 12.83 180.
-1 0 1 15.58 12.83 180.
-1 0 -1 15.58 12.83 0.
0 1 1 15.58 12.83 180.
0 1 -1 15.58 12.83 0.
0 -1 1 15.58 12.83 0.
0 -1 -1 15.58 12.83 180.
2 -1 0 31.55 41.80 180.
-2 1 0 31.55 41.80 180.
1 -2 0 31.55 41.80 180.
1 1 0 31.55 41.80 180.
-1 2 0 31.55 41.80 180.
-1 -1 0 31.55 41.80 180.
2 =2 0 31.20 14.56 180.
2 0 0 31.20 14.56 180.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
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Electron Density Maps

Profex 4.0.0-rc190826
File Edit View Project Run Results Jools  Window Help
SEELLLB® B  wowmooe 50
= Browse Atomic Scattering Factors... i
Projects g X 180131-08. Apatite-OH.str [
Calculate Absorption Coefficients...
Name P DIA Fil L4
S 180131-06 Process iles
Scan Math... 11 I
Add Base Line...
Smgooth Scan...
Electron Density Map...
Index Reference Structures
<
PIotOptions ' Electron density map ? x
B [t & Bl @& 100
Fourier Synthesis
Synthesis: Fobs -Feale v
Resolution: 0.234 2

Pre-render images

Image
Projection: | AB -
Colormap: | 14False Color with Con

Interpolation: | High v

Range: 0.01 o

Image size:  |1024 3 0.00
Draw axes

Draw atoms

Draw atom labels

x=inf

I -1.00 -
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Electron Density Maps

Electron density map

E Bl @

®lrier Synthesis

ynthesis: Fobs -Fealc

Resolution: 0.234 >

Pre-render images

Image

Praojection: AB ~
Color map: 14 False Color with Con ~
Interpolation: |High ~
Range: 0.01 =
Image size: | 1024 e

Draw axes
Draw atoms
Draw atom labels

w=-nf y=-nf z=0.0000

1.00

0.00

-1.00

pet
FCFfile *
T~ <« 519_00.. » Profex-E-density-maps v O "Profex-E-density-maps" dur... Q
Organisieren » MNeuer Ordner =~ M o
Apatite-OH-1801
31-06.fcf
Dateiname: FCF file (*.fcf *.FCF) w
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Electron Density Maps

' Electron density map ? x

Bl &] & =7

Fourier Synthesis
Synthesis: Fobs v e— |
Resolution: 0.23 & @

Pre-render images

| synthesis

| — | Fobs

Image

-
Projection: |AB e |
Color map: |Ul Grayscale w |
Interpolation: |High e | —
Range: |13?? El
Image size: |1024 Ell NS

Draw axes

Draw atoms
— Overlays

Draw atom labels

x=1.2567 y=1.3133 z=0.0000
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Electron Density Maps

" Electron density map

Bl &] &

Fourier Synthesis
Synthesis: Fobs w

Resolution: 0.23 & @

Pre-render images

Image

Projection: |AE

Color map: |Ul Grayscale

Interpolation: |High

Range: | 13.77

Image size: |1024

Draw axes
Draw atoms
Draw atom labels

Cursor coordinates
(fractional)

“

| x=1.2567 y=1.3133 z=0.0000 I

Close

Cross section of the unit
cell in AB plane at z=0

=10 /

z=0.0

e
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Electron Density Maps

' Electron density map ? x

Bl &] & =7

Fourier Synthesis

Synthesis: Fobs ~

Resolution: z=0.72

Pre-render images \
Image s
Projection: | AB |

Color map: |01 Grayscale v

Interpolation: | High v|

Range: |13.77 g

Image size:  |1024 ] 0.00

Draw axes
Draw atoms
Draw atom labels

x=-0.2278 y=0.1118 z=0.7241

1377
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Electron Density Maps

2. Electron density map

Fourier Synthesis

Synthesis: 1. Fobs ~

Resolution: 0.23 & @

Pre-render images

Image

Projection: | AB v
Color map: |01 Grayscale v|
Interpolation: |High v/
Range: [13.77 B
Image size: |1024 Ell

Draw axes
Draw atoms
Draw atom labels

x=-0.2278 y=0.1118 z=0.7241

13.77

Change settings
2. Re-calculate e-map
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Electron Density Maps

Electron density map

Pre-render images

Fourier Synthesis
Synthesis: Fcalc v
Resolution: 0.234 $

Image

Projection: AB v
Color map: 03 Bright Glow v
Interpolation: |High v
Range: ‘ 13.61 &
Image size: ‘ 1024 =

Draw axes
Draw atoms
Draw atom labels

x=1.2039 y=1.3133 z=0.0000

Mouse wheel:
Left mouse button:
Right mouse button:

zoom
drag
reset zoom




Electron Density Maps

Where does the mismatch come from?
- Compute Difference Fourier Map

Profex 4.0.0-rc190826 — [m| *
File Edit View Project Run Results Instrument Tools Window Help
B B B D lh lﬂ B w I:j @ @ @ g A a ﬁ § @ [> [}' D El, O\ 7 | <Reference Structures> ~ { ’
Projects § X 180131-06.dia  180131-06.sav ]  180131-06.st ]  Apatite-OH.str [
Narne Status D18_000101-00-00c 180131-06.dia
> 180121-06 compl FT 1T 1 1 1 1 1T 1T 1T 1 11T LI T [ T T T T ] L LI B B | T T [ T T T T
| | | | [ 11 [ e [ [ | I [ L
3000 I observed {
r I calculated =
4000 } Background E
r Hydroxyapatite
3000 3
< > £ L 7
= o ]
Plot Opticns 5 x = 2000 —
Scan Scaling Vertical Offset E F ]
£ 1000 i
| ohserved 1.00 0.00 = r =
| calculated 1.00 0.00 Ly ﬁ i 1l
E " i b 3 bl b b
100 -1449.40 0 E/
Background 1.00 0.00
Hydroxyapatite 1.00  0.00
T R R R N R B T R A I R [ | | | TR B
15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 50,00
a 2 Diffraction Angle [=26]
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Electron Density Maps

Electron density map ? X

SR~ B @ 2=

Fourier Synthesis
Synthesis: Fobs - Fcalc V/

Resolution: 0.234 $

____ Difference Fourier Map

Pre-render images

Image

Projection: AB v
Color map: 03 Bright Glow v
Interpolation: |High v
Range: ‘2.38 & ]
Image size: [1024 = ]

Draw axes
Draw atoms
Draw atom labels

Expected: random ripple pattern around 0.00
x=-0.4523 y=0.1483 z=0.0000 Observed: major mismatch at Cal position

23 =
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Difference Fourier Map

1. Fix refinement of Cal position

2. Repeat the refinement

3. Re-calculate Difference Fourier Map
4. Check for improvement

PHASE=Hydroxyapatite // 01-074-0565

MineralName=Hydroxylapatite //

Formula=Ca5 (PO4)3 (OH) //

SpacegroupNo=176 HermannMauguin=P6 3/m //

PARAM=A=0.9424 0.93297670.951824 PARAM=C=0.6879 0.681070.6948 //
RP=4 k1=0 PARAM=k2=0 070.0001 B1=ANISO"0.05 GEWICHT=SPHAR4 //
GOAL=GrainSize (0,0,1) //

GOAL=GrainSize(1,0,0) // .
GOAL:Hydroxyapatite=GEWICHT*ifthenelse (ifdef (d),exp (my*d*3/4),1) Calis completely
E=(CA(0) ,MG(1)) Wyckoff=f x=0.3333 y=0.6667 z=0.0015 TDS=0.00664290 substituted with Mg
E=CA Wyckoff=h x=0.2468 y=0.9934 z=0.2500 TDS=0.00567436

E=P Wyckoff=h x=0.3987 y=0.3685 z=0.2500 TDS=0.00477426

E=0 Wyckoff=h x=0.3284 y=0.4848 z=0.2500 TDS=0.00953535

E=0 Wyckoff=h x=0.5873 y=0.4651 z=0.2500 TDS=0.01014069

E=0 Wyckoff=1 x=0.3437 y=0.2579 z=0.0702 TDS=0.01499127

E=0(0.5) Wyckoff=e x=0.0000 y=0.0000 z=0.1950 TDS=0.00000000 (to generate a

E=H 000

0.5) Wyckoff= =0.0000 y=0.0 =0.0608 TDS=0.02947459 . .
(0.5) Wyckoff=e x Y z massive mismatch)
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Difference Fourier Map

Instead of changing it back to 100% Ca, lets refine the Ca / Mg ratio:

E=(CA(0),MG (1)) Wyckoff=f x=0.3333 y=0.6667 z=0.0015 TDS=0.00664290

Step 1: Parametrize the site occupancy factors.
Keep the site fully occupied but with variable Ca / Mg ratio.

E=(CA(p) ,MG(1-p)) p=0 Wyckoff=f x=0.3333 y=0.6667 z=0.0015 TDS=0.00664290

Step 2: Refine p between 0 and 1.

E=(CA(p) ,MG(1-p)) PARAM=p=0_ 071 Wyckoff=f x=0.3333 y=0.6667 z=0.0015 TDS=0.00664290

Step 3: Repeat the refinement.
Recalculate the Difference Fourier Map.
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Difference Fourier Map

Mismatch in diffraction pattern is gone

Profex 4.0.0-rc190826 - m} K
File Edit View Project Run Results Instrument Tools Window Help
SRR LLEBY DRI A+Lti=e> > O0FH Q0 [ Crmmmws | oo ]
Projects & X 130131-06.dia 180131-06.s5av [ 180131-06.Ist [ Apatite-OH.str [
Name Status D18_0001 01-00-00c 180131-06.dia
> 180131-06 compl FT T T 1. [ 11 1 1T [ T T 1T T [T T [ T T T T [ T T 11T 1 T T [ T T T T [ T T 17T T T T
5000 | | | [ [ [l [ | Lrrrr [ [ [ ! (U L
r — Iobserved N
r — Icaloulated 7
oo - — Background .
C — Hydroxyapatite
€ > % 3000 C =
Plot Options g7 x| = [ ]
=
Scan Scaling Vertical Offset E 2000 — —
| observed 1.00 000 E I N
| calculated 1.00 0.00 C ]
100 -282.70 1000 -
Background  1.00  0.00 I * J 4
v e 1, . L i
Hydroxyapatite 100 0.00 , L N ' N ]l\ N | N J»\ I,
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 | 1 1 | 1 1 1 | | 1 1 1 | | 1 1 1 1 | | 1 1 1 | | 1 1 1 | 1 1 | 1
15.00 20.00 25.00 30.00 35.00 40.00 45.00 50,00 55.00 60,00
< 5 Diffraction Angle [*26]
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Difference Fourier Map

100% Mg substitution Refined Mg substitution Refined Mg substitution
with range -2.38 to0 2.38

238 0.22 -2.38

Set «range» to 2.38
Click «Render images»

A

> Massive improvement
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Difference Fourier Map

Profex 4.0.0-rc190826 — [m| *

File Edit View Project Run Results Instrument Tools Window Help

EEEBLCLLBE DHPLSFT A

& [> [& D El, O\ < |<REfErenceStructures> ~ { ’

Projects B X 1a0131-06.dia  180131-06.sav ] | 180131-06.Ist £
Mame SEALUS | |16 AR A AR AR AR AR K AR A KR AR A KA KRR KRR A KR AR A AR AR AR AR A AR AR R AR KA .
> 180131-06 compl 17 SpacegroupNo=1T7&

18 HermannMauguin=Pé_3/m
15 XrayDensity=3.152

20 Rphase=T7.42%

21 THNIT=HM

2z A=0,9423347+-0.0000074
23 C=0.6881820+-0.0000057 Mg content On Cal
24 k2=0.0000001025%+-0.0000000087 1
< > refined to 0.
25  GrainSize(0,0,1)=T13+-53 € ed 00.0
Plot Options F X |26 GrainSize (1,0,0)=362+-11
Scan Scaling Vertical Offset 27 GEWICHT=SPHAR4, MeanValue (GEWICHT)=0.0539845
El 28 BI1=ANISOLIN, MeanValue(Bl}=0.00100454, sqgrt3(det(Bl))=0.000935691
| observed 1.00 0.00 29 Atomic positions for phase Hydroxyapatite
| calculated 1.00 0.00 30
1.00 -282.70 31 4 0.3333 0.6667 0.0015 E=(CL(1.0000),ME(0.0000))
Background 1.00 0.00 32 |p=1.00000
Hydroxyapatite 1.00 0.00 33
34 [ 0.2468 0.9934 0.2500 E=(CA(1.0000))
25 & 0.3%87 0.3685 0.2500 E=(P(1.0000))
36 [ 0.3284 0.4848 0.2500 E=(0(1.0000))
37 [ 0.5873 0.4651 0.2500 E=(C(1.0000))
< > |[38 12 0.3437 0.2579 0.0702 E=(C(1.0000)) w
Refinement Protocol & ¥ Refined Parameters g X
5.2520274E-03 || Parameter Value ESD =
. . > Statistics
1th pattern file named RMS-DS8-ADS-15-LynxEveXE-bkor.xv: assuming free XY[E
_ ~ Global GOALs
1-rho=1.05%
1th pattern file named RMS5-DE-ADS-15-LynxEyeXE-bkgr.xy: assuming free XY[E QHydroxyapatite 1.0000
v Local GOALs
Refinement completed in 00:00:05.409 hh:mm:ss.ms ¥ Hydroxyapatite
v A 0.942385 0.000007
< > C 0.688182 0.000006 b
[C2h\serd\519_D0OT\Profex-E-density-maps\180131-06.Ist | [1Project | [A=1.5406A |[26= 0.000° |[I= 0000cts |[d= 0.000A ||
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Drawing Crystal Structures

Visualizing refined crystal structures

1. Refine structural parameters
(atomic coordinates)
2. Export refined crystal structure
data in CIF format
3. Importin structure visualization program

Works with any visualization program supporting CIF input files.
Tested with: Vesta [1], Mercury [2], Diamond [3]

[1] http://www.jp-minerals.org/vesta/en/ RMS k
[2] https://www.ccdc.cam.ac.uk/solutions/csd-system/components/mercury/ "
[3] https://www.crystalimpact.com/diamond/Default.htm



Drawing Crystal Structures

Example «Profex-structure-visualization»:

1. Open Apatite-OH.str

2. Refine unit cell and profile parameters k2, B1, GEWICHT
3. Refine Mg substitution on both Ca sites

4. Refine all general atomic coordinates (except for H site)
5. Refine all TDS (except for H site)

PHASE=Hydroxyapatite // 01-074-0565

MineralName=Hydroxylapatite //

Formula=Ca5 (PO4)3 (OH) //

SpacegroupNo=176 HermannMauguin=P6 3/m //

PARAM=A=0.9424 0.93297670.951824 PARAM=C=0.6879 0.6810"0.6948 //

RP=4 k1=0 PARAM=k2=O_OA0.0001 B1=ANISO"0.05 GEWICHT=SPHAR4 //

GOAL=GrainSize (0,0,1) //

GOAL=GrainSize (1,0,0) //

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

E=(CA(p) ,MG(1-p)) PARAM=p=0 071 Wyckoff=f x=0.3333 y=0.6667 PARAM=z=0.0015 -0.0485"0.0515 PARAM=TDS=0.006643 070.02

E=(CA(p) ,MG(1-p)) PARAM=p=0 0"1 Wyckoff=h PARAM=x=0.2468 0.196870.2968 PARAM=y=0.9934 0.943471.0434 z=0.2500 PARAM=TDS=0.005674 070.02
E=P Wyckoff=h PARAM=x=0.3987 0.348770.4487 PARAM=y=0.3685 0.318570.4185 z=0.2500 PARAM=TDS=0.004774 070.02

E=0 Wyckoff=h PARAM=x=0.3284 0.278470.3784 PARAM=y=0.4848 0.434870.5348 z=0.2500 PARAM=TDS=0.009535 070.02

E=0 Wyckoff=h PARAM=x=0.5873 0.537370.6373 PARAM=y=0.4651 0.415170.5151 z=0.2500 PARAM=TDS=0.010141 070.02

E=0 Wyckoff=i PARAM=x=0.3437 0.293770.3937 PARAM=y=0.2579 0.207970.3079 PARAM=z=0.0702 0.020270.1202 PARAM=TDS=0.014991 070.02
E=0(0.5000) Wyckoff=e x=0.0000 y=0.0000 PARAM=z=0.1950 0.145070.2450 TDS=0.00000000

E=H(0.5000) Wyckoff=e x=0.0000 y=0.0000 z=0.0608 TDS=0.029475
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Drawing Crystal Structures

Profex 4.0.0-rcl — [m| *
File Edit View Proje un  Results  [Instrument Tools Window Help
E| E E| |:‘~ lh M & Export Global Parameters and GOAL... Ctrl+E & > D 0O E 1' Q ) [<Reference Structures= - ’
= E Export Local Parameters and GOALs... Ctrl+Shift+E
Projects
N Export Chemical Compesition...
ame 180131-06.dia
> 180121-06 EtpordEsaldnteqiake 7 T T T T T [ T T 11 T T T [ T T T T ] T LU —
[ 11 [ | e [ [ | I ! (LU LR
Export CIF files from LST file... T observed 4
Export CELL files from RES file... — I caloulated B
—— Background —
Generate Report... Hydroxyapatit= |
T a0 |- .
< 2)'s L CIF Export ? X N
Plot Options g x = C ]
Scan Scaling Vertical Offset E 2000 L CIF Qutput Format ]
| observed .00 0.00 = C (® One single-phase CIF file per phase ]
| calculated 1.00 0.00 r X X A
1.00 15817 1000 I (O One multi-phase CIF file per project b
Background 1.00 0.00 B () One global multi-phase CIF file ]
Hydroxyapatite 1.00 0.00 - i
) L ‘hJ b }
| | 1 | 1 1 | 1
15.00 20.00 25.00 50,00
< > Experimental Data
Temperature 295K RT
Instrument +]| [-
| Radiation source x-fay ~
Cancel
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Drawing Crystal Structures

Profex 4.0.0-rc190826 — [m| *
File Edit View Project Run Results Instrument Tools Window Help
SEHEDLLBY DPRRFLLtr=/®> > O0OIN Qv Crmmms | oom ]
Projects & X 180131-06.dia  180131-06.sav [ 180131-06.Ist [
Narne Status D18_000101-00-00c 180131-06.dia
5 180131-06 =l T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T L L
i 50007\ | | [ [ | [ | e [ [ A A | [ LU LB
L — Iobserved a
- — I calculated B
4000 —— Background —
r —— Hydroxyapatite |
< > E 300 - .
5 L u
Plot Options g x = C .
Scan Scaling Vertical Offset E 2000 —
| observed 1.00 0.00 = C ]
| calculated 1.00 0.00 r 1
1.00 -15817 1000 — ]
Background 1.00 0.00 B ]
Hydroxyapatite 1.00 0.00 - h J i
Bl e b UL b b ]
L T T Ty vy v v Ty vy Ty vy T vy Ty 1y
15.00 20.00 25.00 30.00 35.00 40,00 45.00 50.00 55.00 50,00
a & Diffraction Angle [=26]
Refinement Protocol & ¥  Refined Parameters g x
1th pattern file named RMS5-DB-ADS-15-LynxEyeXE-bkgr.xy: assuming free XY[E] format || Parameter Value ESD ~
l-rho=0.959% v Statistics
1th pattern file named RMS-DS-ADS-15-LynxEveXE-bkgr.xy: assuming free XY[E] format R 0,68
wp !
Refinement completed in 00:00:06.541 hh:mm:ss.ms Rexp 10.08
Exporced CIF riles: o8
C:/xrd/S51% 0007/Profex-structure-visualization/180131-06-Hydroxyapatite.cif || GoF 0.96
v Global GOALs
w QHydroxyapatite 1.0000 w
[C2h\serd\519_D0OT\Profex-structure-visualization\180131-06.dia| [1Project | [A=1.5406A |[26= 13720° |[I= 3301.040cts |[d= 6.449A ||
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Drawing Crystal Structures

7 «a¢ VESTA — O ¥
File Edit View Objects Utilities Help

New Structure... Ctrl+N 4 ¥ Step() o J & > Step(pxj:lzl + — O Step(%):lzl
MNew Window VESTA.

Open... Ctrl+O

Save Ctrl+5

Save As... Ctrl+Shift+5

Export Data...

Export Raster Image...
Export Vector Image...
Save Output Text...

Close Ctrl+W ! [E B ﬂ

EXit Ctrl+Q

«4° Open X
b [ Show sections L ; o
[ show o VlS “ v 4 « 519_.. » Profex-structure-visualization v O Profex-structure-visualizatio... ©
ow isosurfaces
[ surface colering Organisieren Meuer Ordner =~ [ @
Style ~ -
MName Anderungsdatum Typ Grofie

(® Smooth shading
(O Wireframe
() Dot surface

Q{ 180131-06-Hydroxyapatite.cif 02.09.2019 13:50 CIF-Datei 4KB

Crystal shapes

[15how shapes
Style
(® Unicolor
(O Custom color
. OpenGL wersion: 4.5.0 -
O Wireframe Video configuration: Int
Maximum supported width
Proper‘ties... OpenGL depth buffer bit:
Boundary... Orientation... Dateiname: | 180131-06-Hydroxyapatite.cif ~ | | Crystallographic Information Fi ~
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Drawing Crystal Structures

180131-06-Hydroxyapatite.cif - VESTA
Edit View Objects Utilities Help

a Undo Ctrl+Z 4 r Step("):/T\ N Step(pxj:lzl+ - o Step(%):lzl

Redo Ctrl+Shift+Z 180131-06-Hydroxyapatite.cif

Edit Data »
Bonds... Ctrl+B
Vectors...

Lattice Planes...

Preferences...
ey

(O Polyhedral £
() Wireframe °° :
() Stick

Bonds - 180131-06-Hydroxyapatite.cif *

Volurnetric data
Show sections -
ow section Phase:[ 1 | 2 |180131-06-Hydroxyapatite ~

Show isosurfaces

Ll o9

Surface coloring

Style

Search bonds and atoms

Search mode Boundary mode
Smooth shading
Wireframe (®) Search A2 bonded to A1 (O Do not search atoms beyond the boundary
Dot surface b (®) Search additional atorns if A1 is included in the boundary

(O Search additional atoms recursively if either A1 or A2 is visible

Crystal shapes

earch by label ow polyhedra

Show shapes

Style 2| P ~ ~ Min. length: EI Max, length:
Unicolor
Customn coler = N
No. Ltom 1 Atom 2 Min. (R) Max. (L) Bound. Poly. New
Wireframe
1 P 0 0 1.6 2 Delete

Humber of polygons g

Proper‘ties 72 atoms, 0 bonds,
Clear

Boundary... Orientation...
Output

QK Cancel Apply
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Drawing Crystal Structures

<4 180131-06-Hydroxyapatite.cif - VESTA
File Edit View Objects Utilities Help

a b ¢ a* h¥* ¢* AW ( ) T ¥ Step(): .0 /T\ \J/ “~ > Step(pxj:lzl+ - :I:I: Step(%):lzl

k Tools  Style Objects 180131-06-Hydroxyapatite.cif

Structural models
b& Show models

[ 5how dot surface
“. Style

(O Ball-and-stick

(O Space-filling

(®) Polyhedral

O Wireframe

(O Stick

Volumetric data

<

Show sections
Show isosurfaces
Surface coloring

Style
Smooth shading
Wireframe

Dot surface

Crystal shapes
Show shapes
Style
Unicolor

Custom color

Wireframe Number of polygons and unigque vertices on iscsurface = 0 (0)
! 72 atoms, 0 bkonds, 0 polyhedra; CPU time = 0 ms

| Properties... | 76 atoms, 24 bonds, & polyhedra; CPU time = 0 ms

| Boundary... H Orientation... |

Output I Comment I
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tom Refinement Repor

PROFEX
Profex 4.0.0-rc190826
Sample Information
File Edit View Project Run Results Instrument Tools Window Help
D18_0001 01-00-00c
E E E D lh IM @ Export Global Parameters and GOALs... Ctrl+E @ File Name 180131-06 dia
— g Export Local Parameters and GOALs... Ctrl+5Shift+E = Instrument configuration RMS-D8-ADS-15-LynxEyeXE.geq
roje .
N L Export Chemical Composition... Wavelength CU (1.6406 4)
ame Directary G:/Auftr_Proj/S-Auftraege/2019/519_0007 XRD-Kurs Freiberg/Es
: Export Peak Int: Is...
> {80131-06 port Leax Integrals ] [Date of Refinement Montag, 2. September 2013
Export CIF files from L5T file... o
perator Doebelinn
Export CELL files from RES file... Statistics Rwp=10.13 Rexp = 10.09 ‘XZ =1.0079 GoF = 1.0040
Generate Report...
F Global GOALs
< > E 300 [Parameter Value [Esp \
5 L
a L
Plot Options = I - | atydroxyapatita | 1.000000 | 0.000000 |
Forg -
Scan Scaling Vertical Offset I% 2000 —
| observed .00 000 = F Diffraction Pattern
| calculated 1.00 0.00 [ DI18_0001 01-00-00¢ 180131-06.dia
100 -28348 1000 |- B o T T T T o ST S
- - LI B e
Background 100 0.00 r s L e I e e N e [N I A e R TN R TR T tomrs’ "'
Hydrowyapatite 100 0.00 N e
ydroxyapatite 1. : O—JL A Ak i s
L ——— Hydroxyapatite
I R I R R R R N N 4000 [~ -
15.00 20,00 2 i ]
< > § ]
Refinement Protocol o001~ ]
Report saved to G:/Ruftr Proj/S-Ruftraege/2019/519 0007 XRD-Kurs Freiberg g i 7
o0
£ 200
1000
Py L
[G:\Auftr_Proj\S-Auftraege\2019\519_0007 XRD-Kurs Freiberg\Examples\Profex-custom-report\180131-06.dia | -J_ L | | j JUM l
0
P S T T TS T TS TS T T S T S A SO
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Custom Refinement Repo

PROFEX a0

RMS. «« =« <+« Testing - Research - Consulting
‘Sample Information
D18_0001 01.00-00c " (OAEa,
= x % TECHNISCHE UNIVERSITAT
File Name 180131-06 dia =) ’f BERGAKADEMIE FREIBERG
Instrument i RMS-DB-ADS-16-LynxEyeXE. geq Sample i S The sty offesnces Soce 1765
Wavelength CU (15406 4)
Di Go/Auftr_Proj/S-Auftraege/2019/519_0007 XRD-Kurs Freiberg/Examples/Profe S
irector -fAuftr_Proj uftraege! urs Freiberg @mples/Profex- "
v g o = v File Name 180131-06.clia Sample Information
Date of Refinement Montag, 2. September 2019
Instrument configuration RMS-DB-ADS-15.LynxEyeXE geq D18 0001 01-00-00c
Opsrator Doebelinn U Boa -
Statistics Rup = 1013 Rexp = 10.09 ‘xz =1.0079 ‘c S File Hame 160131-06.dia
Directory Ge/AUfr_Proj/S-Auftraege/2019/519_0007 XRD-Kurs Freiberg/Examples/Profex-custon] Instrument configurstion RMS-DB-ADS-15-LynxEyeXE geq
Date of Refinement Montag, 2. September 2019 Wavelength U (15406 &)
Global GOALs Operator Nicola Dobelin Directory G-/Auftr_Proj/S-Auftrasge/2019/519_0007 XRD-Kurs Freiberg/Examples/Profex-custom-report
Statistics Rypp =10.13 Rexp = 10.09 x?=10079 GoF =1 Date of Refinement Montag, 2. September 2019
|Parameter Value [Esp Operator Nicola Dbelin
| QHydroxyapatite |1.000000 | 0.000000 Stotitics Ea— Ea— o or = 10080
Global GOALs
racton pat.
i ion Pattern
QHydroxyapatite 1.000000 0.000000 Global GOALs
D1§_0001 01-00-00c
s000 [H Il I I I [ [T I T I QHydroxyapatite 1.000000 0.000000
[ | Refined Chemical Composition
F | [Phase | Phase Quantity (wt.%) H20 (wt.%) MgO (wt%) P205 (wt.%) I
4000 | Hydroxyapatite 100.00 1.79 0.00 42.39 E Diffraction Pattern
F Weighted total 100.00 179 0.00 4239 B DI5_0001 01-00-00c 18013106 dia
F T e e R
L 5000 [~ (I 1 ot [N L e
[ served |
3000 [~ Document Release r Backeromd q
= + | — Hydroxyapatite —
2 L o [ ]
| perator . - o b B
L ] [ ]
L Control F 1
= [ ]
r § 2000 -
1000 [~ K} r -
L Electronic reports/certificates distributed as PDF files do ot contain original signatures and therefore are for information] A [ ]
[ Printed and signed are the only vaiid F 1
r I 1000 — —
| L 1 J . l L l ]
. TR ) . T ]
I O S TS T T T B VI ]
PR T O A

1500 2000 25.00 3000 35.00 4000 45.00 50.00 55.00 §0.00
Diffraction Angla [2 7]




Custom Refinement Reports — Document structure

Preferences

General
Text Editors
¥ Graphs
Appearance
Fonts
Scan Styles
Print and Export
v BGMN

Backend Configuration
Repositories
Peak Detection
Search-Match
Reference Structures
Favorites
Refinerment Limits
GOAL Managerment
Sumrmary Tables
Refinement Report

Fullprof.2k

Chemical Compaosition

Text Blocks

?
BGMMN - Refinement Report
Structure Header Style
O <z =
Section Text / Value
w Sample Information Sample Information
Operator Name ‘Doebelinn
Refinement Statistics
Global GOALs Global GOALs
~ [] Diffraction Pattern Diffraction Pattern
Aspect Ratio 1.4140
[ Local GoALs Local GOALs

[ Cherical Compositicn
[ Peak List

Double-click on items
to change the display text

Refined Chemical Compaosition
Peak List

Cancel
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BGMMN - Refinement Report

Custom Refinement Reports — Document structure

Structure Header Style

T

<>

I

Section

v [ Sample Information
Operator Name
Refinement Statistics

Global GOALs

~ [] Diffraction Pattern

Aspect Ratio
] Local GOALs
(] Chemical Composition
[] Peak List

Text / Value

Sample Information

Micola Dibelin

Refined Phase Quantities
Diffraction Pattern
1.4140
Local G
Refined Chemi
Peak List

| Composition

/ Use correct operator name

- Change «Global GOALs» to
«Refined Phase Quantities»

Aspect ratio of diffraction pattern

determines the height of the graph
(width is always the full page width).
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BGMMN - Refinement Report

Custom Refinement Reports — Document structure

Structure Header Style

T

<>

I

Section

v [ Sample Information
Operator Name
Refinement Statistics

Global GOALs

~ [] Diffraction Pattern

Aspect Ratio
] Local GOALs
(] Chemical Composition
[] Peak List

Text / Value

Sample Information

Micola Dibelin

Refined Phase Quantities
Diffraction Pattern

1.4140

Local GOALs

Refined Chemical Composition
Peak List

— Move selected item up/down

Insert / remove page break
after selected item
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Custom Refinement Reports — Document structure

/ Solution 1: Insert
Page break occurs between page break before
heading and figure heading

\

Solution 2: Increase
aspect ratio of figure
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BGMMN - Refinement Report

Custom Refinement Reports — Document structure

Insert / remove a custom

Structure

1

Header Style

i

Section

hd Sample Information
Operator Mame
Refinermnent Statistics
Global GOALs
hd Diffraction Pattern
Aspect Ratio
[ Local GoaLs
Example
[] Chemical Composition
[] Peak List

Text / Value

Sample Information
Micola Dabelin

Refined Phase Quantities
Diffraction Pattern
1.8000

Local GOALs

Refined Chemical Compaosition
Peak List

HTML element

Custom HTML element ? >

Mame; |Example

<hr=
<p=Example for a custom html element</p>
<hr=

Cancel
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Custom Refinement Repor

s — Document structure

Custom HTML element

Mame; |Example

<hr=
<p=Example for a custom html element</p>
<hr=

Cancel

PROFEX

Sample Information

D18_0001

01-00-00c

File Name

180131-06.dia

Instrument configuration

RMS-D8-ADS-15-LynxEyeXE geq

Wavelengt|

h

CU (15406 &)

Directory

G:/Auftr_Proj/S-Auftraege/2019/519_0007 XRD-Kurs Freiberg/Ex

Date of Re

finement

Montag, 2. September 2019

Operator

Nicola Débelin

Statistics

Rwp = 10.13 Rexp = 10.09 [x2=10079

GoF = 1.0040

Refined

Phase Quantities

[Parameter

[Value

[EsD

| QHydroxy:

apatite

|1.000000

0.000000

Diffraction Pattern

5000

4000

3000

2000

Tntensity [eounts]

1000

DIS_0001 01-00-00e

18013106 dia

S e e e
I

L e

T
b
L

TT T T T [ T T T T T T T T[T 1T T

L B e e B
(| 1 Il el [ L T A A W B

i ll WL NN

Iobserved
I calenlated

— Background
Hydroxyapatite

H A

(RN mw|‘¢

L Lo b bt

I T T T T T T Y Y T O

15.00 20.00 25.00 30.00 35.00 40.00 45.00

Diffraction Angle [2 7]

50.00 55.00

60.00

Example for a custom html element
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Custom Refinement Reports — Banner

BGMHN - Refinement Report

Specify banner file or

Structure Header Style

Logo: | 4_——|—ﬁ—/ |eave empty fOI’ defaUIt
PROPFER 55 Profex banner

Banners appear at the top of the report
and span the entire page width

N

PROFEX

Sample Information

D18_0001 01-00-00c

File Name 180131-06.dia

Instrument configuration RMS-D8-ADS-15-LynxEyeXE. geq

Wavelength CU (1.5406 &)

Directory G:fAuftr_Proy/S-Auftraege/2019/519_0007 XRD-Kurs Freiberg/Examples/Profex-custom-report

Date of Refinement Montag. 2. September 2019

Banners must be saved
in SVG format (no other
formats supported)

Statistics Ryp=1013 Rexp = 10.09 ‘X2:1 0079 GoF = 1.0040
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Custom Refinement Reports — Banner

Inkscape: Free software to create SVG graphs
https://inkscape.org/de/

@ *rms-cmyk.svg - Inkscape — [m] x
Datei Bearbeiten Ansicht Ebene Objekt Pfad Text Filter Erweiterungen Hilfe
B EE b S8 = B 3 H e M| (22 ]=]=
k 8l I I B B B B B BB I B 183 0 ™ (GRFallung und Kontur (Umschalts StrgeF) H ® D
~
f;" ] Fallung [ Farbe der Kontur = Muster der Kontur B 5,
£ x EO? ve 8
1 &
Q Keine Objekte b
- + _D kd
© 7 RMS ------- Testing + Research « Consulting
e L EY
® \ L4 o8
O @
& 1 -
] B
OF %3
% " o)
q Unschirfe (% 00>
5? ! nscharfe (%) = @ 0\0
I@' i Deckkraft (%) mg. @ |
A - @ .,
4 [3 PNG-Bild exportieren (Umschalt+Strg+E) N
> % | Fallung und Kontur (Umschalt+Stra=F) -] v ”
‘
>
Pahung: WY oo 2| @ @ -imk.est300000¢ | |Alt: Klick um verdeckte Objekte auswahlen; Ziehen um gewshltes Objekt zu verschieben oder durch Berahren auszuwahlen % oas3.32 o |
ontur: AV Y. -ss5.20

Create a new document of approximately 160x15 mm
Save in default format (*.svg)

RMSh
A 4



Custom Refinement Reports — Banner

BGMHN - Refinement Report

Structure Header Style

Logo: bUU?XRD-Kurs FreibErg,|’ExamplesfProFex-mstam-reporters-qﬂyk.svg| E

RMS = =« « =« « Tasting - Research - Consulting

RMS k ------- Testing - Research - Consulting

) 4

Sample Information

D18_0001 01-00-00c

File Name 180131-06.dia

Instrument configuration RMS-D8-ADS-15-LynxEyeXE. geq

Wavelength CU (1.5406 &)

Directory G:/Auftr_Proj/S-Auftraege/2019/519_0007 XRD-Kurs Freiberg/Examples/Profex-custom-report
Date of Refinement Montag, 2. September 2019

Operator Nicola Débelin

Statistics Ryp =10.13 Rexp = 10.09 |x2=1.00?9 GoF = 1.0040
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Custom Refinement Reports

BGMMN - Refinement Report

Style sheets are a technology
Structure Header Style ) )
] e Sty Sheet = used in web design (CSS)
Style - Not covered here
Font: |Helvetica 10 pt (https://www.w3schools.com/Css/)

Calor of table header: |

Color of alternting rows: |

Two options for colors / style:
- Specify a CSS file
(enable «Use Styls Sheet»)
- Select table colors directly
(disable «Use Style Sheet»)
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Custom Refinement Repor

@ Profex Refinement Report - Mozilla Firefox - o X

Drucken... | |Seiteeinrichten..  Seite: w( = » w | Skalierung: | Auf SeitengroBe verkleinem v | ||| Hochformat || Querformat

rofex Refinement Report

PROFEX an
Sample Information

Use a web browser to print
reports to paper or PDF

D18_0001 01-00-00c
File Name 180131-06.dia

Instrument configuration RMS-DB-ADS-15-LynxEyeXE geq
Wavelength CU (15406 &)
Directory C:ixrd/S19_0007/Profex-E-density-maps

Date of R nt Montag, 2. 2019
Operator Nicola Débelin
Statistics Rup =10.13 Rexp = 10.09 ¥2=1.0079 GoF =1.0040

Refined Phase Quantities

[Parameter [value [Esp |
‘OHydmxyapaﬁle |1 000000 \u,uomun \

Refined Chemical Composition

Phase Phase Quantity (wi-%} H20 (wi-%) MgO (wi-%) P205 (wt-%) Ca0 (wi-%)
Hydroxyapatite 100.00 179 0.00 4239 55.82
Weighted total 100.00 179 0.00 4239 5582
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tom Refinement Repor

Preferences ? X

General
Text Editors

¥ Graphs BGMN executzble  rofex-4.0,0-rc 190828-640it/BGMMwin BGMN EXE | C h ec k to autom ati ca I Iy create a

Appearance

BGMN - Configuration

Fonts MakeGEQ executable LXA.U.Ufclguﬂzsﬁqu'EGMNwmﬂVlAKEGEQ.ExE| / t ft h f. t
;:,an: :E:E;port Geomet exceutable  fex-4.0,0-7C190828-540it/BGMNwin/GEOMET £XE | re p ort arter each refinemen

| Teil executable /Profex-4.0.0-+c130828-64bit/BGMMNwin TEIL EXE |
pi | Efiech executable hfex-4.0.0-c 1908285 4bit/BGMNwin/EFLECH EXE
Peak Detection
Search-Match Convert raw scans to XY format
Reference Structures [ spectral line cursor shows all wavelengths from BGMN Z48m file
Favorites
Normalize quantity GOALS to 100%
Refinement Limits Ly Profex-E-density-maps - o x
] Create report after refinement
GOAL Management Freigeben  Ansicht - @
Summary Tables
Refinement Report < xrd » 5190007 » Profex-E-density-maps v O "Profex-E-density-maps" dur.. @
Fullprof.2k N
Chemical Composition Name Datum Typ GraBe Mark
Text Blocks Iff
D 180131-06.dia 30.08.2019 13:09 DIA-Datei 184 KB
B 1380131-06.htm! 03.09.2019 11:45 Firefox Document 213 KB
180131-06.1st 30.08.2019 13:09 LST-Datei 2KB
D 180131-06.par 30.08.2019 13:09 PAR-Datei 2KE
Cancel - . . I
@ 180131-06.raw 31.01.2018 12:52 Datei 26 KB

[ 180131-06.5av SAV-Datei 1KB
[ 180131-06axy 7.08.2019 X¥-Datei 95 KB

Q{ Apatite-OH.str 2019 13:09 STR-Datei TKE
D Apatite-OH-180131... 2019 13:10 FCF-Datei 25 KB
D Apatite-OH-180131...  30.08.201913:10 RES-Datei TKE
D RMS-D8-ADS-15-Ly...  27.08.2019 08:17 GEQ-Datei 19 KB
D RMS-D8-ADS-15-Ly... 2 GER-Datei SKB
Q{ RMS5-D8-ADS-15-Ly... SAV-Datei G KB
Q{ RMS5-D8-ADS-15-Ly... RY-Datei 226 KB

<
14 Elemente 1 Element ausgewdhlt (212 KB)
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