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e Introduction in High Pressure technique
* CCD detector
« Data Integration of 2D diffraction data

 Example-Tutorial
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HP station o

Beam conditioning

Energy 26—50keV

- attenuator
W/Si Multilayer - XBPM
Spot 5x15 mu - shutter
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http://www.ens-lyon.fr/LST/HP DIAMOND THICKNESS (mm)

Dadashev et al. Rev.Sci. Instrum. 2001
high compressions P=F/S <) ‘
in situ access for XRD

good window above 12 KeV
1 GPa= 10 kbar
1lbar = 10°> N/m2 (Pa)= 0.9869 atm
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HP station
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Rayonix CCD SX 165 ALB A

active area 162 mm, pixel size 79 pm
readout 2.5 sec, frame size 2048*2048
In user operation on MSPD since 06.2012
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CCD X-ray detector: principles of operation

« X-ray conversion to light by phosphor screen

 Light demagnification onto CCD (CCD chips 61*61mm?)
* CCD sensors (Si/SiO,/polySi)

* Integrating detector

FIBEROPTIC TAPER
PHOSPHOR
2 (3.6:1 TAPER RATIO)

|

. ’ / cCD
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: PHOTONS

VISIBLE
LIGHT

PHOTONS
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Software

* FIT2D: quasi — standard

http://www.esrf.eu/computing/scientific/FIT2D

 Two20ne, Powder 3D IP, MAUD, DataSqueeze

http://www.ing.unitn.it/~maud

http://www.datasqueezesoftware.com

e XRD2D Scan and GSAS?2

http://www.ugr.es/~anava/xrd2dscan.htm

http://subversion.xor.aps.anl.gov/trac/pyGSAS
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Contamination
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2D data may be contaminated
(especially DAC data sets):

- single crystal spots from rubies
used for pressure calibration) or
diamond (used as anvils)

- powder rings from gasket material

- secondary excitations

- Kossel lines
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FIT 2D

M Light Graphics Window

 platform-independent multi purpose

/ | data reduction, visualization and analysis
/ program.

 detector calibration (standard material

LaBg) > sample-to-detector distance and

Copyright 1987-2005 Andy Hammersley / ESRF
Use of FIT2D implies acceptance of

tilt angle.

the " Conditions of Use "
(Click on "CONDITIONS")

* integration of powder diffraction data

V12.077

from 2D detectors to 1-D scans.

CONDITIONS HELP

[ ACCEPT DON'T ACCEPT
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Data input

M Light Graphics Window
DIMENSIONS OF PROGRAM ARRAYS
(need to be big enough to store

and work on data)

DESCRIPTIONS VALUES CHANGE

FIRST DIMENSION OF
2048 M-DIMENSION
ARRAYS
SECOND DIMENSION OF
2048 Y-DIMENSION
ARRAYS
CREATE MEMOERY ARRAYS YES MEMORY
CREATE VARIANCE ARRAYS NO VARIANCES
Click on variable to change, or '0.K.'

« dimensions of pixel arrays:
X-and Y- dimension: 2048*2048 (Rayonix CCD)
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B F1T2D GRAPHICS WINDOW g@@

WELCOME TO FIT2D GUI

SELECT SCIENTIFIC INTERFACE

FROM GIVEN CHOICES

(OR CLICK ON "HELP" FOR INFORMATION)

FIT2D: SCIENTIFIC INTERFACES

?

HELP

D FITTING
FILE SERIES
IMAGE PROCESSING [GENERAL)
KEYBOARD INTERFACE

MACROS / LOG FILE

MFIT (MULTIPLE I-I: FITTING)
ON-LINE CRYSTALLOGRAPHY

POWDER DIFFRACTION (2-D
RECIPROCAL SPACE MAPPING
SANS { GISAXS
SET-UP

TEST H
EIT FITZD |
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WELCOME TO THE POWDER

DIFFRACTION GUI

PRESS "INPUT" TO

SELECT A DATA FILE
EXIT BEAM CENTRE FULL OUTPUT
? CAKE INFUT TILT
HELP CORRECTION INTEGRATE Z-5CALING
FRINT EXCHANGE MASE ZOOM IN
CALIBRANT DISPLAY OPTIONS  UN-ZOOM
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B F(T2D GRAPHICS WINDOW
SELECT FILE TO INPUT OF IMAGE DATA

(click on "HELP" for list of formats)

DIRECTORY: C\Domuments and Settings\FatoiiBureaidatebararkshop

LaB6-270mm-06Tul_0000. edf
UP DIR UPDATE cakcOG6ull aB6

|1ab6big.msk

NO SUB-DIRECTORIES

| (Mo file selcted)
I Menu cormands

onrequired file
ot file selection
<ALL PERMITTED>

<NOFILTERING>

File Name [Optiotal)

no_data.dat_
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B FIT2D GRAPHICS WINDOW

CONTROL OF DETECTOR

DISTORTION CORRECTIONS
=!=.l_=_l_=_l_=_l_=l
| ox Joace] @ || meie | o |
|

T DARK CURRENT
IMAGE
F DARK CURRENT
FILE
Y FLAT FIELD
CORRECTION

self calibrating detector

DARE CURRENT

NO FLAT-FIELD

NAME OF FLAT-FIELD FILE flat_field hin

APPLY HCALING AFTER FLAT
NO FFSCALE
FIELD CORRECTION

FLAT FIELL: MULTIFLIER TO

1000000 FF MULTIFLIER

APPLY

APPLY SPATIAL DISTORTION

NO SPATIAL DIS.
CORRECTION

NAME OF SPATIAL
DISTORTION FILE

spatial spline

Click on variable to change, or 'O.K.'
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Scaling

B FIT2D GRAPHICS WINDOW g@g|

ChDocuments and Settings\RatotyBureawd ate'yworkshoptLaB6-27 Mar-0 6Jul_0000.edf
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<inverse scaling>

<scaling to weak peaks>
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<OPTIONS> — <COLORS> — <INVERSE GREY-SCALE>

Il FIT2D GRAPHICS WINDOW

B FIT2D GRAPHICS WINDOW g@@'

=B)X]
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B FIT2D GRAPHICS WINDOW L)

ChDocumetts and Setings\RatoiBur eauld atelworkshoph LaB6-27 frarn-06Jul_0000.edf
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mask unwanted scattering
<ZOOM IN>
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Il FIT2D GRAPHICS WINDOW

Mask

CADocuments and SettingsiRatoiiBureaudatelworkshopLaB6-270w
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<MASK POLYGON>

Powder XRD - April 3-5, 20



Mask

Il FIT2D GRAPHICS WINDOW B E @

X= §63,Y= 911,1=0
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Mask

B FIT2D GRAPHICS WINDOW M=1E3
CADocuments and SettingsRatoi\Bur eau\date\workshopLaB6-270wrg-06Jul_0000.edf
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B FIT2D GRAPHICS WINDOW

Calibration

- [B)X]
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CALIBRATION CH i

ALUMIFA (A1203)

7

UEER DEFINED
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I
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<CALIBRANT>
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Calibration

B FIT2D GRAPHICS WINDOW

CALIBRANT PATTERN REFINEMENT

OF DISTANCE WAVELENGTH ETC.

i peros 270.0000 — sample to detector distance

DISTANCE (MM} (STARTING)

WAVELENGTH (AHGETROMS )

(STARTING) 0.424600 WAVELENGTH

oo oo | oo ] —~Wwavelength (no refinement)

PIXELS (MICRONE)

SLIE OF VERTIC AL PIHELS

i 79.00000

o % p— size of pixels

SECTIONS

RETECT OUT-LYIHG
POSITIONS AND RE-REFINE YES

REECT LIMIT FROM IDEAL
(STANDARD DEVIATIONS) 4000000 FRIECTLNT

RETECT OOTLIERS

OUTFUT FULL INFORMATION

REFINE X/Y BEAM CENTRE REFINE BEAM X1y

REFIME S AMPLETO
DETECTOR DISTAHCE

REFINE DISTANCE

REFINE X-RAY WAVELENGTH REFINE WAVELENGTH

EREFIME DETECTOR
HOH-0RTHOGOHALITY

REFINE TILT

FIT MTEEMED LATE HUMEER.
OF RINGS

EXTRAITERATIONS

Click on variable to change, or 'O.K.'
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Calibration

M FIT2D GRAPHICS WINDOW M[=1E3
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B FIT2D GRAPHICS WINDOW

Integration

i 0
Intensity
EXIT BEAM CENTRE FULL QUTPOT
? CAEE INPOT TILT
HELF CORRECTION INTEGRATE Z-RCALING
PRINT EXCHANGE MASE ZOOMIN
CALIBRANT DISPLAY QOPTIONS UH-ZOOK

<INTEGRATE>
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Integration

B FIT2D GRAPHICS WINDOW

EXPERIMENTAL GEOMETRY

CONTROL FORM

Cox Jowa | o e ] seo |
[ oocwmos | e [ oo |

SIZE OF HORIZONTAL
PIXELS (MICRONS)

79.00000

X-PIZEL SIZE

S1ZE OF VERTICAL PIXELS
(MICRONS]

79.00000

¥-PIXEL SIZE

SAMPLE TO DETECTOR
DISTANCE (MM)

269.3411

DISTANCE

WAVELENGTH (ANGSTROMS)

0.424500

WAVELENGTH

X-PIXEL COORDINATE OF
DIRECT BEAM

1025.381

X-BEAM CENTEE

Y-PIXEL COORDINATE OF
DIRECT BEAM

1027.480

¥-BEAM CENTEE

ROTATION ANGLE OF
TILTING PLANE [DEGREES)

-103.7733

TILT EQOTATION

ANGLE OF DETECTOR TILT
IN PLANE (DEGREES)

Click on variable to change, or "0.K.'

0.605970

ANGLE OF TILT
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Integration

CONTROL OF RADIAL, 2-THETA, OR Q

SCAN RE-BINNING PARAMETERS

O.K. CANCEL ? HELP INFO
DESCRIPTIONS VALUES CHANGE
SCAN TYPE (D, RADIAL,
2-THETA SCAN TYEE
2-THETA, Q-SPACE)
INTENSITY CONSERVATION NO CONSERVE INT.
APPLY POLARISATION SET TO THE RESOLUTION
YES POLARISATION
CORRECTION
POLARISATION FACTOR 0.990000 FACTOR OF TH E DETECTOR (2048)
GEOMETRICAL CORRECTION
YES GEOMETEY €O
TO INTENSITIES
MAXIMUM 2-THETA ANGLE OF
23.04246 . ANGLE
SCAN (DEGREES)
NUMEBER OF EINS IN OUTFUT
1450 SCAN EINS
SCAN
MAXKIMUM FOR D-SPACINGS
20.00000 MAX. D-SPACIHG
SCANS (ANGSTROMS)
Click on variable to change, or 'O.K.
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Output

M 72D GRAPHICS WINDOW =T

CADocuments and Setiings\Fatol\Bureau’date\workshoph LaB6-27 lar-06Jul_0000.edf:

L N L S e [ [

1800 —
1600 —
1400 —
1200 —
1000 —

=00 f—

400 ;—

200 f—

AT FRRTERR TR RTRRRTRRTI ARTRRRTARE INRRTRRTRL TR RRTRNRI RRRTRRRTNE INRRTRRRTA RRTRRRTARI ARRTRRRTRARTRRAL,

2-Theta dngle (Degrees)

EXIT

?

BEAM CENTRE
CARE
CORRECTION
EXCHANGE
DISPLAY

FOLL
INFPUT
INTEGRATE
MASKE
OFTIONS

OUTFUT
TILT
Z-RCALING
ZOOMIN
UN-Z00M

HELP
PRINT
CALIERANT
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B FIT2D GRAPHICS WINDOW

ChDocuments and Settings\Ratot,Bur e autd atelwaorkshopt LaB6-27 I

Output

-06Jul_0000.edt:

1500 —
1600 —
1400 7
1200 —
1000 —

800 —

&00 E—

200 f—

L L B

IRIFRRTRRTR ATRRRIRTT] RRTRRRTERE [NRRTRRTN] RTRRSTRRR] EYRTERTTEE [RRRTRTRTARETRRRTRE] ERRTRRRARE ATRURT

CANCEL

2-Theta Angle (Degrees)

FILE FO

Al

20

EBELIOTOREC

CEF
FIT2D FORMAT

2.0 ASCII | EINARY |4
|| CHIPLOT

7

DENZO MAR

PowrderCIF

TIFF FLOATS

| HELF | Gi43 I KLOFA |
| SPREAD SHEET TIFF & EIT Il TIFF 16 EIT |
] |

OUTPUT

: dp (0 E
OUTPUT FILE NAME AND
ROW OR COLUMN TO OUTPUT
0O.K. CANCEL HELP INFO
DESCRIPTIONS VALUES CHANGE
SELECT| FILE TO CONTAIN ok
shop!LaB8-270nm FILE HAME
DATA -0&R_0000.chi
OUTPUT ROWS (YES) OR
YES OUTPUT ROWVIE
COLUMNS (NO)
NUMEBE X OF ROW TO OUTRUT 1 ROW HUMEER.
NUMBER OF COLUMN TO
1 COLUMN HUMEER

Click on variable to change, or 'O.K.'
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Mask

profile fitting— straight bkg

6000 =
,,,,,,,,,,,,, No Mask
Beamstop masked
4000 =
=2
[72]
2] o
2
=
2000 =
0 T 1 ' I . I
o 10 2 N

20[°]
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Mask

source of systematic errors

peak broadening/irregular peaks shape

6000 =

fffffffffffff Beamstop masked
— Beamstop & overexposed spots masked

4000 ==

Intensity

2000 ==
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Light Graphics Window
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Irttensity
EXIT EAM CENTRE FULL OUTPUT
? CAKE INPUT TILT
HELP CORRECTION INTEGRATE Z-SCALING
PRINT EXCHANGE MASK ZOOM IN
CATIBRANT DISPTAY OPTIONS IIN-ZOOM

Start Azimuth: O

End Azimuth: +360

Inner Limit: beam center
Outer Limit: after the rings
<INTEGRATE>
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Calibration check: cake

ChiUsers\cpopescutDesktophdatayinhouseh20 1 2calibrant user syCalibr ant,LaB6-27 0o
1 [ 10 12 14 16
A I E TS NN ST N N
350 H H H 3 “F 350
3 : i + 3 2 i E
E 3 3 i 3 E
300 E f § :
250 4 :
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E 3 : E
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3 E i : £ E
E H = E E
I = e e
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2-Theta Angle (Degrees)
0 10 ] 300 400 500 600
EXIT [NTEGRATE INMER RADITS ZOOM IN
? END AZIMUTH OUTER RADIUS ZHCALING
HELP EXCHANGE START AZIMUTH MASE
BEAM CENTRE | FULL . | . UN-Z00M | ASPECT RATIO |

Powder XRD - April 3-5, 201



Inhouse NdVO,

Zircon (l4,/amd, Z=4) -> Monazite (P2,/n, Z=4)

T T T T T T T T T T T _ -
5000 4 ] i f

4000

—al
X obs
@rna

3000

Intensity (u.a)

2000 A

1000 4 - _Jl JL _}U JK_A.JIL-
o . . . . . | —V—JI\W—/HM%
2 4 6 8 10 12 ‘ ! ‘ : ' : }
_ 20 (degrees) Observed and calculated XRD diffraction patterns for
Evolution of the XRD patterns of the zircon phase of NdVO, at 1 GPa

NdVO, as a function of pressure

3D difference Fourier plot
(GSAS)
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