Andrzej Grzechnik 1 & Karen Friese 2

L Institute of Crystallography, RWTH Aachen, Germany

2 Julich Centre for Neutron Science, Jilich, Germany

grzechnik@xtal.rwth-aachen.de




Crystallographic problems that X-Area handles without any problems

P twinning
» modulated structures

» composites

» polytypism
» high-pressure data




Crystallographic problems that X-Area handles without any problems

P twinning

» modulated structures
» composites

» polytypism

» high-pressure data




X-Area routines to treat single-crystal data at high pressures from image plates

X-Area1.39 File - D:\compounds\lone_pairsitlsevo5_tltevo5\t2v0B15k2v... [= |[51[[X] @ = 0-180°, ¢ = 0-360°, x = 45°, 20 = 0, 15, 30, 45, 60°
File Edit Instrument Display PeakiCell Integrate Extras Help
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IPGraphic 1.07 File = D:\compounds\lone_pairs\tlsevo5_tltevo5\t2v0815k2v0815.... [= |[B]X]
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20 = 58°

Radius : 161,59 mm, 2Theta : 34.5, Int. : 8 r¥={( 0.1822, 0.7440, 0.3292) 20 — OO i |PDS-2T (STOE)
Mo-Kao,

The diameter of the image plate of 340 mm
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Peak search

Recipe 1.16 File = D:Astuffiworkshop_ecm26\workshop_presentationsistoe_workshopitim04.x
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Indexing in reciprocal space
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Recipe 1.16  File = C:\Documents and Settings'Karen'Mis documentosihp_wo i ﬂ
File Setup ‘Wiew 7

= ?
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Directions

_co | [Feuie |
=R NS
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Select <> Unselect |
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[ ]
Grid 1
‘ Exit
< | LH
Bereit 6775 independent peaks read from ¥ file

Using the currently selected peaks all difference vectors between all peak positions are calculated, normalised, and projected
onto the horizontal plane of the Ewald sphere. When the crystal is a true single crystal, a series of sharp “lines” can be seen.
Each pixel represents a direction in the reciprocal space. The picture is colour coded, the brighter the pixel the larger the
frequency of difference vectors in that direction. Each “line” corresponds to a set of parallel, equally spaced layers in the
reciprocal space. In the case of the high-pressure data, the “lines” from the crystal, two diamonds, and grainy spots of
the gasket rings are superimposed.
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X-Area 1.39 File = D:\compoundsilone_pairsitisevob_tltevodit2viB1 5\t2v
File Edit Instrument Display PeakiCell Integrate Extras Help

=
Recipe 1.16 File = D:\compoundsilone_pairsitisevo5_tltevo5\t2v()815\2v0B815.x
File Setup ‘View 7

2

Select <> Unselect
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| Cell o oo vectss |
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=

Delete |

Undelete

1780 peaks selected out of 4298, deleted 0

4298 independent peaks read From ¥ file

A contamination by the "half-wavelength" component of the Mo spectrum from a tube

both in a crystal-monochromated beam and in a filtered beam.

The diamond orientation matrices are
useful to check the alignment. They could
be used for any other measurements in
the same DAC. Hence, it is enough to find
them once.

Two diamond matrices
cFa=7.1A

Diamond A/2 reflections
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Edit Instrument Display PeakfCell Integrate Extras Help
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Recipe 1.16 File = D:\compoundsilone_pairsitisevo5_tltevo5\t2v()815\2v0B815.x
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Integrate(twin} 1.57.2 File = E:\compounds\lufe2o4\hp

File Help
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 file(s) bkl file(z)
Dvamnain 1 IE:\compounds'\lufe2u:u-'-1\hp_|ufe2o4'~.lfo_5 Erowse I3204\hp_que2n4'~.lfo_5.a'~.average_Sa. bkl Browse
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Integrate(twin) 1.57.2 File = E:\compounds\lufe2o4\hp P ]|

File Help

Mo frame loaded Mean intengity

Setup ——————
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v Owerlap chegc!i [ Apply shading masks e — Appearance
Tolerance (%] I u - nioidentifier - Eraw uad e
¥ &lphalfalphal spliting Fininium rurmber I a0 dadr _lu
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X-Area1.39 File - D:\compounds\lone_pairs\tisevo’5_tltevo5\t2v0B15\2v... [2]0/fX]

File Edit Instrument Display PeakiCell Integrate Extras Help
- [B]X]

D=zE ?
x

Stoe X-Area
Yersion 1.39

Zoam in ‘ FuIIImage‘

Dirawing options

j Clear Show Mazk

Circle M
Radius [pi=el] {100

|21

File handling
Load tazk ‘

Save Mazk

Load Image ‘

Masking the shaded areas of the detector (each frame has its own mask)

The masks could be re-used for any other data collected in the same DAC. Hence, it is enough to determine them once. The strong
diamond reflections could be masked this way.
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X-Area1.39 File - D:\compounds\lone_pairs\tisevo’5_tltevo5\t2v0B15\2v... [2]0/fX]
File Edit Instrument Display PeakiCell Integrate Extras Help

D=zE ?

Integration

Integrate(twin) 1.40b  File = D:\compoundsMone_pairsitisevob_tltevo5\t2v0815%1.x
File Help

Fun3 Frame 21 Wavelength: Mo 071073

Mean intensity 241257
Setup

Files / options
Parameters
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' ' Col
Contral reflections 11 oo
Graphic:

Actioh

Simulation
Optimization

Stoe X-Area
Yersion 1.39
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Ready

=

Appearance
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a b [ Alpha Beta Gamma Wolume
Start 7.10 829 7.54 300 300 30.0 444 iz
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JParameters: A=133 B=9.3 EMS=0.047 Domain 1; Owverflowed: 0 Overlapped: 0 Saved: 1313 MeanIfs: 2.5
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Integrate(twin) 1.57.2 File = E:\compounds\lufe2o4\hp P ]|

File Help

Mo frame loaded Mean intengity
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— Cell parameters [domain © S h ad | n g cone
a b C Alpha Beta Gamma Yolume |||:||E | )

Start | Instead of masks
Current

Dreltalman) [5]

[Parameters: A =140 B=40 EMS=0.010 #
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x|
U W W
Vector describing the HPC axis: I I 0 I ]
(wshien 2l goniometer axes | | The coordinate system uvw is centered on the goniomter:
ate in Eheir 2ern pasitions) s R T
ward direction beam direction the vector v is directing upwards vertically, w is directing to the
centre of the collimator, and u is oriented in a way that a right-
Comman angle for each of the opening cones: | 50 handed Cartesian coordinate system is built.
Set as defaults | Ok, I Cancel |

The cone is defined by the vector relating the position of the DAC with respect to
the direct beam and the opening angle. When the DAC is perpendicular to the beam
atw =0° ¢ =0° and 6 = 0°, the vector is (1 0 0). For ¢ =90°,itis (-1 1 0).

The reflections marked in grey on the following picture are the ones that are outside
of the cone.
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Integrate(twin) 1.57.2 File = E:\stuff\high_pressure_equipment\stoe_image_plate_example\kyf4 | - |D|ﬂ
File Help

Run1 Frame12 Wavelength, Mo 071073 Mean intenzity 38380

 Setup

Filez / options |
Farameters |
g vectors |
Colors
Contral reflections 24 _l
Graphic |

— Action
Sirmulation
Optimization

Integration
Mean chi®2 * 10000 0.0z

Automatic

Steps I Stop

~ Appearance
Guadr. Full |

Dimit
Cell volume [4°3] 1643 Indices | |/sigma

Meridians| L zone

Twin Iawsl
E it |

Cell parameters [domain 1] Statuz
a b E} Alpha Beta Gamma Walume |F'r|:u::ESS e—
Stark 13.85 13.85 9.89 30.0 30.0 1200 1643
Current 13.84 13.83 988 30.0 30.0 1200 1638 |
Deltalmax] [%] 01 0z 01 01 oo 0o 03

|Parameters: A=140 B=40 EMS=0.010 |Partials (domain 1): COverflowed: 12 Overlapped: 2 Useful: 1497 <I/sigma=: 11.7 v
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Integration masks

Elliptical masks are used to integrate peak and background intensities. For each mask the smallest
diameter is given by W = A + B tan8, the largest diameter is defined by W / cos(20) + AN\ tan®
(oblique incidence at higher 20 angles and al-a2 splitting). For obtaining the peak intensity the inner
area of the mask is used. For determining the background, the pixels at the border of the ellipse are
taken.

EMS means effective mosaic spread and combines the divergence of the primary beam with the
mosaic spread of a crystal. For a given instrument setup (the X-ray source, monochromator, and
collimator) the beam divergence is constant. However the mosaic spread varies from crystal to crystal,
so that EMS should be determined for each measured crystal. EMS determines how long a reflection is
in the reflecting position when it passes through the surface of the Ewald sphere.

The default parameters are A = 14, B = 4, and EMS = 0.01
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Integrate{twin) 1.57.2 File = E:\stuff\high_pressure_eguipment\stoe_i - |EI|1|

File Help

Funl Frame 12 ‘Wavelength: Mo 0.71073 Mean intenzity
~ Setup

Files / aptions |
Farameters |
g wectarns |
Ao i - -
Setup: Optimisation parameters [Calars |
[raphic |
 Mode

= Action ————————

& Automatic Loops: l?

 Semiautomatic  Optimse: [ & [eoefficient for profiles] — ~>
[ptimization
e [zoefficient for prafiles] . o

I~ EMS [effective mozaic spread|

ASutomatic
~ Frames
— Appearance
' Multiple frames  Mumber: IT |
. [Huadr. Full
" Single frame Fium: I 1 Frame; I 1 Wit

Indices | |/zigma

Ieridiaris] L zane

T laws |
Exit |

I Logfile = lop Weights | Start I Cancel

Cell p ters [domain 1] Statug
a b c Alpha Beta Gamma Wolume ‘Process i
Start 13.85 1385 9.83 90.0 90.0 120.0 1643
Current 13.84 1383 9.88 90.0 90.0 120.0 1638 ‘
Deltalmax) [%] 01 0.2 01 01 0o 0o 03
|Paramehers: A=140 B=4.0 EMS=0.010 |Parh'als (domain 1): Overflowed: 12 Overlapped: 2 Useful: 1497 <Ijsigma=: 11.7 v

Automatic optimization of A, B, and EMS: multiple frames 3-7

It is a very tricky procedure in the case of large overlap of crystal reflections with diamond reflections and gasket rings. You can’t
use it without having a proper cone or masks for shaded areas of the detector.
You should never fully trust what this procedure gives you. Visual inspection of the results is imperative.
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=]
File Help
Run1 Frame 12 ‘Wavelength: Mo 0.71073 Mean intenzity 38350 ~ Setp
Filez / options |
x| | paenetes_|

q vectars |

Overall control c
olors |
Cycles B Increment factor I 0.5 Frames per trial I 30 Graphic |
~ Action
Simulation
First cyde  lastcyde —— —
Optimisation
Valuesfcyde Start End Increment Increment —
A I 3 I 8 I 16 | 4.0 1.0 Automatic )
o’
B I 3 I V] I 4 | 2.0 0.5
— Appearance
EMS | 3 | 0.008 | 0.024 | 0.008 0.002 Ouadr. | Ful |
Ot

Indices | |/zigma

X Meridianz| L zone
Trials 81

Set as defaults | Start I Cancel | Exit |

Cell p ters [domain 1] —.
a b c Alpha Beta Gamma Wolume ‘Process i
Start 13.85 1385 9.83 90.0 90.0 120.0 1643
Current 13.84 1383 9.88 90.0 90.0 120.0 1638 ‘
Deltalmax) [%] 01 0.2 01 01 0o 0o 03
|Paramehers: A=140 B=4.0 EMS=0.010 |Parh'als (domain 1): Overflowed: 12 Overlapped: 2 Useful: 1497 <Ijsigma=: 11.7 v

Automatic optimization of A, B, and EMS: searching for the lowest R,

It is a very tricky procedure in the case of large overlap of crystal reflections with diamond reflections and gasket rings. You can’t
use it without having a proper cone or masks for shaded areas of the detector.
You should never fully trust what this procedure gives you. Visual inspection of the results is imperative.



Integrate(twin) 1.57.2

File Help

File = E:\stuff\high_pressure_equipment\stoe_image_plate_example\kyf4_HP_stoe\kyfd_HP_stoe\kyfx

Run1 Frame 12

‘Wavelength: Mo 0.71073 Mean intenzity

B EMS

T o

Control reflections E . |

Mean chi™2 * 10000 = - - TI

r— Frame selection

Fun I 1 Framel 12

Start | Exit |

Cell volume [4°3]

ErCE x|

Deltalmax] [%]

A=14.0 122 useful Sum | = 95493 Twir Iawsl
B=4.0 1 overflowed [0.8 %) <I>=782.7 =
EMS = 0.010 0 overlapped <lfs> = 5.3 i |
Cell p ters [domain 1] Statug

a b c Alpha Beta Gamma Wolume ‘Idle |
Start 13.85 1385 9.83 90.0 90.0 120.0 1643
Current

‘<I.-"sigma> =53 Sum(l]=955e+004 Overlap=03%

=

|Parameters: A =140 B=40 EMS=0.010 [

Usually the A, B, and EMS parameters for a good crystal of an inorganic solid in a DAC hardly ever are larger than 20, 6, and

0.04, respectively. If any of these parameters is bigger, there must be something wrong with your measurement and/or crystal.

Simulation of the integration masks
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Recipe 1.16 File = C:Documents and Settings'Karen'Mis documentos',hp_wol | ﬂ
File Setup ‘iew 7

= & %

|»

Dizplay Colours

Cell and modulation vectors

Select <-» Unselact |

Select¥Grid | Select v-Grid |

Unselect all |

Delete | Undelete |

Scale + | Scale - |

Fiotate Feset
) M 20 [ Fast

%0 | ve | 20 | Medim |

+d><|+dY|+dZ| Slow|
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141 peaks selected out of 141, deleted 0 141 reflections read From ¥ file

Postrefine — refinements of the orientation matrices of the crystal and two
diamonds after integration
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Peaklist 1.06 File = C:\Documents and Settings' Karen'Mis documentosihp_wo
File Todls 7

=Bl |

Peaklist 1.06 File = C:\Documents and Settings' Karen'Mis documentos' hp_wo
File Tools ?

=Bl |

H

: o
@
i —

Zoom in | Fu\llmagel

[~ Peak information
Mumber Intenszity:
w2
hkl:

Rur: Frame: X Y

Statistics

Fsm—
—

Zoom in | Fu\llmagel

[~ Peak information
Mumber Intenszity:
iz
hkl:

Rur Frame: X Y:

N K L ql g2 g3 Intensity  dew Mean N H K L ql g2 g3 Intensity  dew Mean ml
[ 1 4 [ [ [ [ 1.453 +1.453 ﬂ (Sort by i 1 4 i i i i -1.459 -1.459 ﬂ Sort by
1 1] 5 1] 1] 0 1] -27.585 -27.685 Intensity | Dewiation | | Mumber ‘ 1 il -5 o o o o -27.6683 -27.683 ’7 Intensity | Deviation | | Mumber ‘
2 1 5 1) 1) 1) 1) _I _I 2 1 ] a a a a 4443375 4443380 —I —I
3 1} B 1} 1} 1} 1} 5370.783  5370.793 5 3 1} -6 1} 1} 1} 1} 5370783 S
4 0 7 0 0 0 0 E7H 32579 Sl 7 0 0 0 35759 325753 i
5 2 7 0 0 0 0 9,356 -9.356 Indexed | 0 Veclnrsl 7. | 7 il il il 9356 -9.35 Indexed | 0 Veclorsl 7Y |
3 n S n n n n 2374 G0N 7374 A El A n n n n 2334000 2324 am |
Position % =1323 =649 2Theta = 23.5 wyz= 0.26 0.45-0.23 Intensity= 18

Position ® =917 Y = 1667 2Theta = 25.7 #yz=-0.48 -0.33 0.23 Intensity= 15

Each reflection could be inspected on the frames in the case you have

doubts about its intensity during data reduction and analysis.
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Building and viewing reciprocal space

Runs / frames
Available 8 run(s), 177 frames Select
Selected 8 run(z). 177 frames -
[z
Frocessed
Conditions for 30 anray [47-1]
w7 Wi, ST M, v Comect positions
-1 |‘I [T Overide subpixels:
®r 1

Test Omega |6
Sphere by frames 3D array [cube]
Zthetalmas] 434 2thetalmax]
Pixels [1D) 2267 Pixels (101
dfrnax] [47-1] 1.040 Pixelz [total]
Subpixels 4] temaory [ME]
Subpixels [omegal Coverage [%]

Start Exxit
Ready

on the basis of the measured frames

Reconstruction of reciprocal space

Ready

Zoom In |

Full Image |

FZ Min FZ7¢ Max  Increment
|1 1 [n.005
AEINNEENEREEEEEN
Direction Diztance
o0t ] W Usze OM
Yector 1 Wectar 2 Pait
| | I
Maw. = Colaur Scale
[1 [ [10
[ Square root scals
Build Plane | Fescale Colours |
Setup Colours | E it |

Intensity =0 =42 = 04700 04319 -0.8418 ZTheta=45.0 Hkl = 4,283 -3.332 0.000
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Twinning at high pressures

In the reciprocal space




Some parts of the text and one figure were taken from the X-
Area manual written by STOE. It is worth spending some time
on reading it carefully. X-area is not a black-box software and

requires conscious actions from the user.



