Ross Angel
and
Javier Gonzalez-Platas

And with a lot help from Andrzej among many others including
Charlie Burnham and Larry Finger!

Implementing absorption corrections with a physical basis
X-rays only
DACs
Go through the issues and illustrate how to do it in ABSORB




ABSORB has been developed for 50 years!
Which makes it older than the operating systems!
Originally a program for crystals in air (Burnham, 1966)
Some development for DACs (Finger 1970s, 80s)
Further development for DACs and special cases (Angel, 2004)
Absorb controlled by text files

ABSORB-7 and ABSORB-GUI
Angel and Gonzalez-Platas (2012)
Separation of Absorb ‘engine’ and input
Allows direct integration in to commercial software
GUI for stand-alone users.

ABSORB-7 remains a research tool
Lots of options
And some weird stuff (thanks to Clivia!)
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The DAC is fixed to the goniometer head

A natural Cartesian reference basis is therefore a basis
fixed to the goniometer head (phi-axis system)

Define beam paths on this axial system

Busing, Levy (1967) Acta Cryst 22:457




Direction cosines of I-beam and D-beam

relative to crystal reciprocal axes
Works for any detector type

Only snag is absolute orientation of crystal not specified

Requires UB matrix for conversion to phi-axis

1-:-&@

| example234.hkl - Notepad

Eile Edit Format View | Help
i} 1 A8 5.79738 A.31172
i} a A 1869.78 22.2598
i} a 1 6.08008 A.97844
-6 a 2 486.681 9_.87668
i a 3 8.08080688 1.84327
i a h 918.872 18.8337
-6 -1 h A.38345 B_85248
-6 -1 3 1.84826 B_12085
-6 -1 2 20.2h23 B.58635
-6 -1 1 7.39682 B_38137
-6 -1 A 6.87595 A.31568
-6 -2 B 746,423 14,6594
-6 -2 1 215116 B.56781
-6 -2 2 391,931 7.67619

-23997-0.53288
-38709-0.38476
-38537-0.38646
-38113-08.39870
-37941-8.39243
-37516-0.39668
LS2M157-0.250823
52550-0.24621
-52868-0.243084

S53164-0.240086
534
-669

666 T

?h&—ﬂ 8
45=8.7

B.97837-8.84621
B.92172-0_.92267
B.92812-0.92208
8.91738-0.91828
A.01128-8.91321
A.08412-0_90472
A.82045-0.05400
A.83652-8.26211
ﬂ 84164-0.96751

Gy

65 B.74271-8.00408=0_ 046024 0.02964

A.82801-0.082828
B.82437-0_082457
B.86957 B.82819
B.11445 B.86531
B.15981 B8.10948
B.208423 B_15545
A.19068 B_.160805
B.15495 BA.11481
A.18998 B_0865983
A6588 B.02484
A19295-8.82811
1519-0.01538

G6421-0.18732 0.74007-0.99144 A_168526 A.A67458




The definition of the phi-axis
system, and thus U and UB, is
different in different software!

AXxis directions when
diffractometer circles at zero

“ ‘View from detéector

ABSORB works in Busing-Levy




File Run Help

Ly EEHE (¢ o @ M

Diffractameter | Experiment I Crystal Model I DAL |

Definitionz

Diffractarneter [iﬁ.gilentlnstrument [#Calibur, SuperMOWA) “Wavelength Lamb1: 0. 70926

Axiz rotation direction relative to Buzing-Lewy

2Theta: | Same/Pozitive Omega: | Same/Positive Chi; | Same/Positive Phi: | Same/Positive

Coordinate System

# [Diffrac] = | -7 [Buzing-Lewy)] Y [Diffrac] = |+ [Busing-Lewy] Z [Diffrac] = | +2 [Busing-Lewy]

ChUsers\rangelhDocuments\RJA_Software\Reduce_Refine\Absorbh\Absorb?\test\Spring201 2\testcrystaldac.exp  Date: 25/06,/2012
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AbsorbGUI Progra L=

File Run Help
o=l o @ M

Diffractometer | Experiment |Er_l,lstalh-1|:|dell Dac |

Title

Abzorb Example: Rectangular Crystal described in terms of hkl of faces

Cell Parameters

a b s alpha beta gamma

Qrientation Matrix [UE]

Containing wavelenath [i.e: Crysdliz) 0072410 0103570 -0.000750
0106300 0.070430 0.003440
-0.003440 -0.003600 0.089300

Reflection Contralz

2T heta limits: noo - 18000 Scale Factar: 1.00

Reflectionz in Rfine Farmat

Inobzerved criterium: 0.00 [T Reflections marked as rejected will be retained

Megative Intensities: Intenzities with negative sigmasz:

File: ChUsershrangehDocuments\RJA_Software\Reduce Refine\Absorb\Absorbtest\Examples_2012\crystalair2.exp  Date: 25/06,/2012




[ AbsorbGUI Program = e S
File Run Help
sERE 0 QM
Back | Diffractometer I Experiment I Cryztal MDdE|| DAC |
Diarnond Anvil Cell Definitions
Active DAC absorption comection DAC Type: [General DAC Phi Orientation: .00
Anvil _
Al [Gazket
Gasket Incident-beam side Active
Thickness [mm]: . Absorp, coeff. [rmm™1): . Thickness [microns): E0.00
Crystal
} ] Diffracted-beam side Radiuz hole [micronz]: 95,000
Gasket [dentic:al Arvils , _ e
. Thickness [mm]; . Abzorp. coeff. [mm™-1]; Absorp. coeff, (mm™1} 200,000
Anvil
} [llurinated fraction: 020
Backing Plates
] Active Incident-beam side
Back Thickness [mm]; I tbsorp. coeff. [mm™1) | Medium

[ isctive

Diffracted-beam side

Thickness [mm]; I tbsorp. coeff. [mm™1) | |[-in3ff1?h8- coeff.
mm”-1];

|dentical Bac. Flates

Opening Angle

|dentical Opening Incident-beam zide:  45.00 Diffracted-beam side:
PSI Curve Information

File: ChUsers\rangel\Documents\RJIA_Software\Reduce_Refine\Absorb\ Absorbtest\Spring2012\Boehler_Almaxexp Date: 25/06,/2012




File Run Help

o ERE g

| Diffractormeter I E speriment | Cryztal Mndel| DAC |

° @ 4a

-orrection DAL Type: [General

Incident-beamn side

Thicknessz [mm]:

Diffracted-beam zide

Thickness [mm]:

Incident-beam side

Thickress [mm):

Diffracted-beam zide

Thickress [mm):

Incident-beam side: 4000

Abzorp. coeff, [mm™1]; 0.00

Ahsorp, cosff. [mm™1];

dbzorp. coeff. [mm™1];

dbzorp. coeff. [mm™1];

Diffracted-beam side: 4500

DAL Phi Orientation: 0.00

Gasket
Active
Thickness [microns]: E0.00

Fadiuz hole [microns]: 95,000
&bsorp, coeff (mm™11 200 000

lurminated fraction: 020

bd it

[ asctive

Linear abz. coeff.
[mm ™17 -m

| PSI Curve Information

ChUsersrangel\Documents\RJIA_Software’\Reduce_Refine\Absorbh AbsorbT\test\Spring2012\Boehler_Almax.exp Date:

25/06,/2012
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| AbsorbGUI Progra L=
@

File Run Help I
Ly EEE (¢ o @M |

| Diffrau:tu:umeterl E =periment I Crystal Mu:udel| DAC |
Diamond Arvil Cell Definitions

&ctive DAC absorption comection DAC Type: [General v] DAC Phi Orientation: A.00
Arilz Gazket
Incident-beam side Active
Thickness [mm]; 14 Abzarp, coeff. [rmm™1]; 0.00 Thickness [microns): £0.00
Diffracted-beam zide Radius hole [microns]: 35,000
|dentical Anwvils ) . . 0,00 [ ]
Thickness [mm]; 14 Abzorp, coeff. [mm™-1]; L Absorp, caeff. [mm’=1: | 200,000
) [luminated fraction: 020
Backing Plates
[7] Autive Incident-beam zide

Thicknessz [mm]: 40 Abzarp. coeff. [rmm™1]; 0.00 b edium

Diffracted-beam side [ Active

Identical Bac. Plat .
Dlldentcal Bac. Pltes | 1\t ress fmm: 00 Absorp. coeff. {mm™1): 0.0 Linear abs. cosff 0.00
[rearn™-1]: :
Opening Angle
|dentizal Opening Incident-beam zide: 40,00 Diffracted-beam side: 40,00

PSI Curve Infarmation

25/06/2012

File: ChUsersirangel\Documents\RJA_Software\Reduce Refine\Absorb\AbsorbTtest\ Spring2012%Boehler_ Almax.exp Date:



File Run Help

LxEA=d e @A

| Diffractameter I E:-:peliment| Crystal Model | DAC |

Crystal absarption
Active

Empirical Formula Absorption coefficient

® [caismios 2 @  Mu(mm-r 122000

Crystal Description

Model | DAC Smal Beam -

Faces (Comers) | Faces (HKL) | Faces (<v2) | Filed Gasket | Spherical |[ Using DAC Desciption

Origin [Qffzet]
20,010

[7] Beam size much smaller than crystal [i.e. Synchroton conditions)

Crystal on DAC

[V] dactive Crystal sitting: ’Anvil on incident beam side V]

Thickness [microns): 10.00

ChUsers\rangel\Documents\RJA_Software\Reduce_Refine\Absorb\Absorb7\test\Spring2012\Boehler_Almax.exp Date: 25/06/2012




The crystal position in the DAC can be described by:
The Miller indices and distances of faces
Coordinates of the corners

In addition, the position of the crystal relative to the gasket
centre must be defined for gasket shadowing:




Capture an image

Beware of optical
Inversion and
rotation!

View from which side?
Write it down!!!
Name the file!!!

This is the real view
from detector side




The gasket gives you
a length scale

250um




250um

Make a simple
representation of the
crystal

Using Gaussian grid
Must be convex




Measure the X,z
coordinates of corners

Scale from gasket to
convert to um:

X Y4
A -82 0
B -38 -63
C +58 -14
D +36 +77
E -48 +67

250um




Y-coordinates: Which anvil?
When the diffractometer angles are all zero

Incident-beam anvi




=] AbsorbGUI Progra

File

Run Help

=

L ER

=R o O

| Diffractometer I E:-:periment| Crystal Model | DAC |

Crygtal absorphion

Active

=]

@ k225309

b adel: [ Faces [Comerz]

7]

DALC Small Beam
J=lei=x8 F aces [Commers)
Faces [HKL)
Origi Faces [<YZ]
Filled Gazket
Spherical

Better not for HP data...
K27 [Fiedeset] [Borereal] [ Tsna DAE Desziptenf M€ 7] changes with P!

¥rZ Comner

Grid points for Gauzsian Integration
M 1 z
L ]

MEN RIS
[ erbose infarmation

(4

---- Mot File defined ----

Date;

28/06/2012




immem Progra [ =)

File Run Help

B ,FH& K ¢ @A

| Diffractometer I E:-:periment| Cryztal Model | Dac |

Cryztal abzarption
Active

Ermpirical Formula Abzorption coefficient

@ Kzzisiang zZ _s@ O Mumm 1) 0.0000

Croztal Dazcnotion

Faces (Carmers) - ]I

Faces [Caorners) Faces [#YZ) | Filled Gazket | Sphericall [Jzing DAC Description

Origin [Offzet]

¥ Corner

Grid points for Gauszian Integration
b [0 z

o E T x G
‘Werboze information

---- Mot File defined ---- 28/06/2012




[ AbsorbGUI Program
File Run Help

B ,CH& K QA

| Diffractometer | E:-:periment| Crpstal bodel |D.-’-‘-.I: |

Cryztal abzorption
Active

Ermpincal Formula

@ k245309

Crystal Descrption

Modely | Faces [Corners] -

Faces [Eorners]l Faces [HEL] I Faces [#7<) | Filled Gazket | Spherical

]

Origin [Offzet]

Abzorption coefficient

& Pu [ 1%

I Jzing DAL Descrphion I

Beam zize much smaller than cryztal [ie. Synchroton conditions)

0.0000

——cpemrero

Active Cryztal sitting: [b’-‘-.nvil on incident beam side

5

Thickness [micronsz):

50.00

---- Mot File defined ----

28/06/2012




' [Z] AbsorbGUI Program

| Diffractarneter | E xperiment ':L'r'StEI|MDE|E| Dac

Cryztal abzorpti

viseve | Save the Run the
experimental | program
description -

Ermpinical For Abzorption coefficient

@ k.22

0 Mulmm 1) 0.0000

Crystal Desc

Model; [Faces [Corrers) - ]

Faces [Eorners]l Faces [HEL] I Faces [#7<) | Filled Gazket | Spherical “ IJsing DAL Description

Drigin (Offse] Beam zize much smaller than cryztal [ie. Synchroton conditions)

Cryztal on DALC
[V] sctive Cryztal sitting: [il’-'-.nvil on incident beam side | v]

Thickness [microns): 50.00

---- Mot File defined ---- ] 28/06/2012




460 _' Full corrections '_
440 -
420} -
400 |- -
DA C+crysfar .
360 y
340 - .I ]
320 : f '

B L I

300 I n -
T 280F m d -
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240F  DAC only 7
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L uncorrected ‘ .

120 - 1 M I L ]

120 140 160 180 ZD-D 220
¥ rotation angle: deg.




PD data apireance N I - === |

File Edit Format View Help

. . . = "
Settlng angles In flle # Experimental File using AbsorbGUI Program

_ it

Parltles TITLE Absorb Example: Psiscan data of a crystal in DAC

NO UB # Diffractometer Information
WAVEL 1 a8.7892d

PARITY 1 1 1 1

BLAXES 1 2 3

#t Experimental Information
Crystal CELL 5.56228 5.65688 7.86568  98.049  89.975
ABSORB LESSTHAH 2.008

CO-OI’dS Of corners # Crystal Absorption Hodel
ABSORE KU 12.2840
ABSORB HMODEL XYZCORNER

ABSORB CORNER ~uh.

ABSORB CORNER 73.

ABSORB CORNER -69.

N ABSORB CORNER u8.

DAC deSCFIptlon ABSORB CORNER -hy.
ABSORB CORNER 73.

ABSORB CORNER -69

Transmission curve ABSORE CORMER 8.

#t DAC Absorption HModel
GaSket DAC TYPE L

DAC OPEH 48.88 4e.08
DAC GASKET 114.88 148.6808 J0.88 0.29
DAC ABSPSI CURVE a.61




For corrections on a physical basis, the DAC, crystal and
data must be described on a common reference system

Orientation matrix
Axial systems

Keep things simple:
DAC face-on to bheam at circles zero
Use hkl files with d-cosines

Do inter-frame detector scaling afterwards

Diamond dips and other outliers:
Identify in averaging or in refinement (Fo vs Fc)




Key changes to experiment (exp) files from Absorb 6:
Absorption coefficients now in mm-1
DAC component sizes in mm
New handling of negative intensities
New options to describe crystals in DACs
Distinction between DAC and phi-axis coordinate systems




