Training for single crystal XRD

EPFL Lausanne, BCH, 19/20-10-2017




The Team

e Pascal Schouwink (Sion, single crystal and powders)
e Rosario Scopelliti (Lausanne, single crystal)

* Farzaneh Fadaei (Lausanne, single crystal)

e Euro Solari (Lausanne, single crystal)

Internet: http://isic.epfl.ch/X-Ray



The Instrument

Rigaku Supernova

2 micro-sources, CCD detector,
kappa goniometer,

low temperature device




Single crystal (choose and mount)

e Crystals usually appear as unadulterated, homogenous and
with well-defined geometric shapes (habits) when they are well-
formed. However their external morphology is not sufficient to
evaluate the crystallinity of a material.

e Crystals are mounted in loops
e Other techniques are also available
(capillaries, etc...)




Software

e CrysAlis(Pro)
This sofware is free of charge and can be dowloaded here:
https://www.rigakuxrayforum.com/ (after registration)

It is divided into two main parts (Online and Offline)
Online takes care about the instrument and the data collection
Offline (RED) allows the user to treat the data


https://www.rigakuxrayforum.com/

Main Tools of the software
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A: Power tools: access to the lattice wizard,
command shell etc..

B: Main window: shows current frame in online
mode, and selected frame in offline mode.

C: Layout and controls: allows user to scroll through
frames, get peak information, change brightness,
and use peak profile tools

D: Device control: Only shown in the online mode of
the software, and shows status of the instrument

E: Provide information about the current unit cell,
data collection progress, and a summary of the data
reduction.

F: SM/PX button: allows the user to switch the
software between small molecule and protein
modes.



Screening a crystal

i Mount |L Screening

-

1

fWhatis this? |[§§ Pre-Exp. (4m) |

|2.0s

| Edit

i Mount | L Screening '|[?

I———— |10s

what is thls‘?"j( Pre-Exp.(2m) || Edit

First start a new measurement on the
online version, then mount and center
your crystal.

The screening window will tell you how
many peaks have been indexed, it will
display the cell parameters and evaluate
its quality (based on the intensity of the
peaks). If the crystal is good then procede
to the pre-experiment by clicking edit



Pre-experiment

This windows shows the details for the

I Pre-experiment (aysAhs pre-experiment.

" path and user  Sample Experiment perfomer: Insert the name of your sample (and the

Name: exp_32 Experiment: exp_32 in folder C:\WealiburData\Sim\exp_32 .
e R user), the chemical formula and the

e | sample description. Modify the exposure
Comments | ' time and the type of experiment
— Experiment options aCCOI‘dIng tO your needS. The pre'

Exposure time: t Detector=53.0mm, width=1.0deg, Movie, cryo off, Strategy: Complete data (default mode),

Sposure 105 4.0s experiment will collect 30 (Cu) or 15 (Mo)

Total Pre-experiment Time: 0:02, No. Runs/Frames: 6/30, Pre-experiment Finish: Mon Oct 19 13:01:17 2015 .
 r—r—— B e frames in order to get better cell

vsg[155 | Resouton |05 parameters and a good strategy for the
i i O it real data collection.

— Information

m Exit & start screening it & start preexperiment “
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A. Unit cell for Strategy Calculation: contains the proposed unit
cell, calculated from the pre-experiment.

B. Strategy parameters: it is possible to set the maximum
resolution of the data collection etc...

C. Strategy mode: includes options such as complete,
redundant, and time-limited collections.

D. Time prediction: shows the predicted exposure times, based
on the pre-experiment data and desired //ovalue (usually set to
15 for good quality data).

E. Current Strategy: details the number of frames and length of
the experiment. If any changes are made to sections A, B, Cor D
the user must click on the Calculate New Strategy button to
update the experiment details.

F. Coverage: graphs or tabulated views of the proposed data
collection.

G. Settings/Options

Click on Start Experiment to begin



Data Collection and Reduction

e Data reduction starts automatically with the beginning of data
collection and uses intelligent routines which tune the parameters to
give the best data quality. Processed data are always available and
accompanied by real time on-screen feedback of data quality and
completeness.

* The measured data can be treated in two ways by the offline version
of CrysAlis (Pro): Automatic or Manual (with options)

e Automatic treatment is good for very good samples (if not too
absorbing)



Data reductions with options

e First of all, locate your par or run file in the folder containing the
measured data

* Open it by clicking on it (it is loaded by Crysalis (Pro) Red (offline
version)

e Select the Lattice Wizard from the menu at left



Data reductions with options

Current cell (CSD: install)
5.9591(4) 9.0344(6) 18.3940(12) 89.989(5) 89.988(5) 89.995(5) 990.27(11)
Constrained current cell
5.9589(2) 9.0361(2) 18.3911(5) 90.0 90.0 90.0 990.27(5)
Lattice reduction
selected cell
5.9592 9.0344 18.3930 89.9813 89.9917 89.9948 oP 32
reduced cell
5.9592 9.0344 18.3930 89.9813 89.9917 89.9948 990.2

PEAK TABLE
Peak hunting table
UB fit with 2371 obs out of 2377 (total:5314,skipped:2937) (99.75%)

INSTRUMENT MODEL

Goniometer

beam: 0.14228 alpha: 50.04022 beta: -0.01206

om zero: 0.14382 th zero: -0.10518 ka zero: -0.02427
Detector

x-rot: 0.43283 y-rot: -0.17213

x-cen: 1027.48527 y-cen: 1038.04976 distance: 49.96486
Wavelength Cu (Ang): A1  1.54056 A2 1.54439 B1 1.39222

["Lattice wizard (10.32) [
l TR . @ e
m Lattice wizard rys Alis
LATTICE

Peak hunting .Unit cell finding
h @ -

Ewald explorer - [IScHl Reindexation with
o reciprocal space BY-€H current cell
20 2 ;

efine RN Lattice

nstrument model (ﬂ‘o) transformation

> Sl
BEP Twinning - Incommensurates /
@ multi-crystals Quasi-crystals

- o] 2

Lo Load Save
.infon'nation information
> a

BUnwarping -
Precession images
a2

Log window
v B

This tool will let you find peaks in the
collected frames and find the unit cell
and evaluate the quality of indexation
and determine if twins or
incommensurates are present.



Data reductions with options

* To change the settings used by the profile fitting data reduction, click
on Start/Stop and select Data reduction with options. There are six
windows, and the most commonly used settings are discussed below:

e Orientation Matrix: the user can choose which lattice extinctions to
filter out. There are also options to choose unit cells from twin
components or to use g-vectors determined for incommensurate
structures.

e Experiment run list: by default the full run list is used during data

reduction, but entire runs or individual frames can be removed using
this window.



Data reductions with options

e Basic algorithm parameters: there are three levels for following
crystal movement during a run: moderate sample wobble, significant
sample wobble, and discontinuous jumps. This window also gives the
user the option to remove any data generated from previous data
reduction runs and also to edit several special sample movement
parameters.

* Background evaluation: the method for determining the background
correction can be changed from the standard “Average” method, to a
“Smart” correction. For datasets in which the background is non-
uniform, using the “Smart” method is often beneficial.



Data reductions with options

e Qutlier rejection: the choice of outlier rejection is usually based on
the chosen Laue group but can be altered.

e Output: details about the output, including:
* re-naming the output files

* the choice of automatic or manual space group determination via
GRAL

e automatic generation of unwarp (precession) images



Data reductions with options

e Finalization of Data

Finalize: experiment to hkl file

—Sample
Experiment: exp_30 Unit cell: 5.9703 9.0576 18.3885 90.0 90.0 50.0 994.2895 (CSD- 16 +0L)

Eormula; C11 H10NO Z=2.0 Lattice - oP ;mmm hd Friedel mates: equivalent

- Corrections

erorccarecon ST S
N oot T ST

-Space group and AutoChem

s ecegon TN T
LTI teretsvichee st

Filters and limits

Space group options
AutoChem options

—Output
C:\XcaliburData\Sim\exp_30\exp_30

Standard set of files | Copy hkl only to exp_30 J

Create foverwrite exp_30 files (hk, ins, df od...) in C:WcalburData\Sim\exp_30.

Export options Exported files: df.

e T

When data reduction is over, in order to get hkl file we need
to apply corrections (based on symmetry, absorption, etc...),
to scale the frames and try to determine space group.

The refinalize windows shows:

Sample (contains the cell parameters, the Laue group and the
chemical formula)

Corrections (empirical absorption correction, frame-scaling
and numerical absorption (based on faces))

Space group and Autochem (determination of the space
group and try to solve the crystal structure)

Filters and limits: filters and limits (resolution for instance)
may be applied

Output: hkl, ins, p4p, cif_od etc are created or overwritten



Crystal shape modelling (face indexing)

It uses the movie

Faces |Addshape |Preferences| File | Log  |Center calibration]

— registered before

starting the data
collection and then by
simple clicks allows the
user to index the faces
of the crystal, to
determine exactly its
size and to apply
precise absorption
corrections.




TWiIns

Introduction to Twinning
Partially overlapped diffraction patterns

Non-merohedral twins

| \ 8
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/ \ /A
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Component 1 Component 2 Overall

This type of twins can be treated during
integration



Twins (diaghosis

Lattice Wizard

LATTICE
Current cell (CSD: 2 hits
10.0910(13) 6.9341(8) 29.972(3) 90.068(%) 94.880(10) 90.008(10) 2089.6(4)
Constrained current cell
10.0958(11) 6.9334(17) 29.963(3) 90.0 94.908(9) 90.0 2089.6(6)
Lattice reduction
selected cell

e
rysAlis
Peak hunting .Unit cell finding
h > ] @ >
Ewald explorer -
reciprocal space
a2

Reindexation with

10.0921 6.9338 20.9794 90.1096 94.8911 90.0161mP 35 current cell
reduced cell
6.9338 10.0921 29.9794 ©94.8911 90.1096 90.0161 2090.2

Lattice
transformation

e
with 2683 obs out of 4906 (total:4906,skipped:0) (54.69%)

~BPEAK TABLE
Peak hunting table
UB fit with 2683 obs out of 4906 (total:4906,skipped:0) (54.69%)

Diffraction and unwarped images

Unwarping -
Precession images
> ]

Log window
-
>




Twins (Automatic indexation)

e Automatic indexing will:
e 1. try to find an orientation matrix with the highest percentage
e 2. save it as first component

e 3. try to obtain another orientation of the cell which indexes the
largest % of the remaining unindexed (wrong) peaks

e 4, save it as next unused component
* 5. Refine cells simultaneously



Twins (Automatic indexation

Lattice wizard

LATTICE
Current cell

(== hits
10.0910(13) 6.9341(8) 29.972(3) 90.068(2) 94.880(10) 90.008(10) 2089.6(4)

Constrained current cel

10.0958(11) 6.9334(17) 29.963(3) 90.0 94.908(9) 90.0 2089.6(6)
Lattice reduction

selected cell

10.0921 6.9338 29.9794 90.1096 94.8911 90.0161 mP 35

reduced cell
6.0338 10.0921 29.9794 94.8911 90.1096 90.0161

PEAK TABLE
Peak hunting table
UB fit with 2683 obs out of 4906 (total:4906,skipped:0) (54.69%)

INSTRUMENT MODEL

Goniometer

beam: 0.22631 alpha:  49.81687 beta: -0.01470

om zero: -0.10377 th zero: -0.56810 ka zero: -0.01485
Detector

x-rot: -0.10537 y-rot: 0.52610

x-cen: 973.79515 y-cen: 1003.71832 distance: 54.97366
Wavelength Mo (Ang): A1 0.70930 A2 0.7135% B1 0.6322¢9

2090.2

[W Peak hunting
h [>]

fine
nstrument model
-]

@ysAﬁr;

Unit cell finding

Reindexation with
current cell

Twinning - Incommensurates /
multi-crystals Quasi-crystals
Twin unit cell finding with options

Twin indexation

Unwarping -
Precession images
1>}

mLug window
a8

information
2

Save
informati
>}

Peak table
" Normal peak table

el erential peat tatlE

| Sample type
 single crystal
Unit cell limits
IS IR e

" Twin | multicrystal
# of components |2 ~| |z.u

min max
| 1200 Calc

Lock present components
(see Twin information' section of [ 7.1 1 N I~ e
the Lattice Wizard):

HINT: To lock current UB for twin 1, first go to UM TWIN utility and dick
"Current UB to twin'. Then return here and select ‘Twin 1’ checkbox above.
I Consider Bravais lattice type

IV Force identical lattice for all components (uncheck for multi-crystal)

:munnu:l

™ Search known cell I 10.09 6.93 29.97 90.07 94.88 90.01




Twins (Automatic indexation

Lattice wizard

e
49!

LATTICE
Current cell (CSD: 2 hits)
10.1001(12) 6.9345(7) 29.952(3) 90.016(8) 94.887(2) 90.010(9) 2020.2(4)
Constrained current cell
10.1040(10) 6.9369(17) 29.930(3) 90.0 94.909(8) 90.0 2090.2(6)
Lattice reduction z
selected cell
10.1152
reduced cell

P‘m
Q rysAlis

oW Peak hunting Unit cell finding
kla P 2z

6.9328 29.8793 90.1580 95.0370 90.091
10 11Cc2

on 1 Kw\
Twin information
1: 10.0957 6.9345 29,9666 89.986 94.858 89.989 2090.4
2: 10.1013 6.9352 29.9584 89.958 94.981 89.994 2050.8
1: Total: 3433( 51.5%) Separate: 2471( 37.1%) Overlapped:
2: Total: 3374( 50.6%) Separate: 2412( 36.2%) Overlapped:
Unindexed: 819 ( 12.3%)

20 2702 oo n2on oo noq

UB matrix setup for twins

- Current UB (orientation matrix)

Current UB:
UMS 0.06255 -0.01560 0.01209 0.01048 -0.08164 -0.01353 0.03074 0.05961 -0.01535
10. 10006 6.93454 29.95150 90.0157 94.8866 90.0101 2090.16

Twin component UB:

PEAK TABLE
Peak hunting table
UB fit with 3436 obs out of 6664 (total:6664,skipped:0) (51.56%

Wavelength Mo (Ang): A1

0.70930 A2 0.71359 Bl

0.63229

'"élﬁg:ﬁ::e';‘onﬂ UMS 0.06259 -0.01567 0.01207 0.01046 -0.08162 -0.01353 0.03074 0.05963 -0.01535
beam: 0.22631 alpha: 49.81687 beta: -0.01470 L = SAEEIE T a2
om zero: -0.10377 th zero: -0.56810 ka zero: -0.01485
Detector
x-rot: -0.10537 y-rot: 0.52610 ~ . . .
X-cen: 973.79515 y-cen: 1003.71832 distance: 54.97366 Twin array UB (orientation matrix)

Current UB to twin lear twin component
Twin to current UB Clear all ransform component lattice

(+ Component 1 " Component 3

" Component 2 ¢ Campanent A

nbhemah'btforﬂ'oeTwmarthI-E.XL provided it describes the comp
TLd..Bl-l‘lBZ. 0757?-00015 0.2431 00001-09999 -0.0001 1.7545 0003107569 det 0.999794

100956959344929%660 899856943.':75399888 ZHSOI

Twin analysis to history




Twins (Data reduction)

Difficulties

(Clysai2 | © Overlap prevent accurate determination of peak
intensities

S cawn eome osmo oo oo e Data completeness can be too low for structure
-0.010447 -0.0B1568 0.013523 i 0.c0C00D0E 0.oo0012 0.ooo00z )
-0.030744 0.055€87 0.015351 { o0.000006 0.oco0011 -oponoz )
10.050%€ ( 0.00133 ) €.53430 ( 0.00075 ) 28.57083 | 0.00343 ) °
80.06828 ( 0.00807 ) 04 _BBZ243 | 0.0102% ) 80.00745 | 0.01016 ) SO ut I O n
V= 2085.57

Zelected cell (from UM zr/TM cot/TM £):
35 10.0510 6.5343 25.5705 50.0683 54_B824 80.0075 mP

Twin 1: 10.02055 €.83357 2827303 O00.067% 04 8636 500062 Z085.45 G Oa I S
Twin Z: 10.08576 6.02480 20.05552 §0.0638 04 CEE1 00328 2080.50

e st (e 1o ot it e Extract accurate intensities for all reflections for

© Don't use fiter [Platice e

Cuemme ]| € emen | good refinement results

e~ "

Twinning/Multi crystal [activated by UM TWIN entries) ® W h e re pOSSi b I e’ a CC u rate Iy d eCO nVO I ute (d e_

v Use automatic bwin/multi crestal data reduction with the following components: T Multi crystal

© Comonst 1 Conprrt2 [ - twin) overlapped peaks to improve completeness

Step 1: Orientation matrix for data reduction




Twins (Data reduction

STARTISTOP

k
F, .

=

———
DO OO0 ® @ OOE ™ -




TWiIns

Data

%’?A Twin data finalization

‘mprof fles for twin finaizaton

| srowse JEETEEIPRTS

Compenent &1
Component #2

MG-2-51_bwin Lerporof
MG-2-51_twin2 rrpprof

Lae
Tin finsfzaton log fle (from previous run)s MG-2-51.twinkag
Correcnons.
Twin decomposition scale3 abspadk: scaling, uniformty, emg
o f 040
TS T Foiit ABSPACK
P4 e (for : soow WIETETTN

Humeric and spherizal sbsarprton correckon
I™ Apply absorptian cormection

Export aptions
Dataitems in % files (HKLF4HILFS)
r

reduction

Chemical formua.

c25HITN4 0201
mP 10085 6931 20544 B9.54 9478 89.92
mP 10.103 6.935 29538 B9.58 9499 %0.06

[
Mergng

W Mergedstausng:  ( thesamelsvedass [

output i fes are

I Remoweouders dffersntissedsss [ bond o)
[~ Updateoverwrite hd fles in WinG, Ofex orfand AutoChem fokders - rovided that
compatie vt exatng siruchre

" Common scales for all twin components

" Separate scales for all twin components

Useful for cases where
secondary domain(s) are
weak

Fiters and latice extincton fiters
I™ Resolution
©nofer O usefirfor  [ratios -
-]
T 0 actve fters

¥ Expart CIF fie [~ Add hid data to CIF HKLF4 o
¥ Space group deteminaton
- | ot res |
I Structure soluten (Autochem)  TTTTTT0

Merging options.

—HEKL file options

n Use reflections from
component 1 only

Qutput multi HKLF4 file
[~ containing data from
twin 1 and twin:

o e

r e

Useful for cases where
structure solution is difficult
due to low completeness of
separate reflections

Invert HKLs of twin:
T #2 [ %

For non-centrosymmetric
twins.




	Training for single crystal XRD
	The Team
	The Instrument
	Single crystal (choose and mount)
	Software
	Main Tools of the software
	Screening a crystal
	Pre-experiment
	Strategy
	Data Collection and Reduction
	Data reductions with options
	Data reductions with options
	Data reductions with options
	Data reductions with options
	Data reductions with options
	Data reductions with options
	 Crystal shape modelling (face indexing) 
	Twins
	Twins (diagnosis)
	Twins (Automatic indexation)
	Twins (Automatic indexation)
	Twins (Automatic indexation)
	Twins (Data reduction)
	Twins (Data reduction)
	Twins (Data reduction)

