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Overview

= Unit cell finding

= Data reduction (Profile learning and integration)
= Post corrections

= Experimental workflow and strategy

= Twins

= Foreign formats

" |ncommensurates

= Powders
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Typical data reduction sequence

Unit cell finding

Profile learning

Integration

Post correction

IF 2 OB INOS] L [m s

e EECD-DDDO-0-QO (= -

3 =Iolx
START 1STOP
no

' 2
a3
2
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Unit cell finding

= Peak hunting

= Unit cell finding

= Automatic

= Manual

= EwaldPro

= Intelligent filtering

= |nstrument model

Agilent Technologies



Unit cell finding

= Lattice wizard power tool

Lattice wizard (1.0.32) )
Ry v
r] Lattice wizard SR
. rysAlis
LATYICE Peak hunti Unit cell findi
Current cell (CSD; 14 ~570) o e
5.9641(13) 9.051(2) 18.380{3) 90.019(15) 90.006(15) 90.005(16] 902,1(3)
Constrained cureont call ° 2
5.966%9) 9.0487(12) 18.376{3) 90.0 90.0 90.0 992.1(2)
Lattice reduction
selected oett
59640 90510 18.3790 90.0165 ©0.0103 900034 oP 32 Reindexation with
reduced ool rren
59640 ©.0510 143790 900185 90.0103 90.0034 9921 c°u t cell
PEAK TABLE
Peask huntng table
UE fit with 821 obs out of 867 (total:BEB, shpped:1) (94.65%) Lattice
INSTRUMENT MODEL %BIIS‘DIIIUBUM
Gongmetsr
beam 0.04458 aipha:  50.00000 bata 0.00000
om rero: 0.0019Gth zero: D.O01543 ka zero:  0.00000
Detector
ok -0.00634 yyor:  0.02792 Incommensurates /
-cen: 102474 y-cen: 1024,22259 awstance; §1.99076 Ilﬂl'm?ﬂtﬂ
Wavelength Cu (Ang): A1 154056 A2 1,53430 B1  1.39222 % Is
Refinomant
res 0.012103, da=0.003376, ex=0.005684, sy=0.003544
h+0,005681, k0,005833, [+0,004575
#rol: 820 (dapped: 0] Save
g\fotmation

Unwarping - Precession
g
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Unit cell finding — Peak hunting

= Defaults work well for ‘normal’ crystals and twins

= Super-structures may require tweak

= =
_ _ ; | A Peak hunting @ys Al
@8  Peak hunting — Unit cell finding
h g_'i_' Run bst, imaie typs and image directary
- - Hn kst D \AALAY2014\08\AB- 191 c\AB-191¢
Peak hunting wi.:h user settings T
Auto analyse unit cell lmage dr: 0:\datal2014\08\A8- 191 c\frumes
Replace current peak table with a 'delta’ peak table B T R T T ] |
EV  Auto calibration Lok o iw we aw hw wm oW -
I Auto calibration soft =

" e e abw et shee

Run bst modfeation

By default the whole expersmant wil evaksated.

To modfy this behavioar edt the run ist -->

* Automatic treshold and badkground detecton (prefere Tradinonal pesk hanting | Smart peak huntng
Orearwime axisting peak hunting table

1000 20 " Vas Mo
-
Resolstion kmits
[ BRip peaks outside resolnon bmits

7 Apply flost correction  n/a
T Remove sphes 8 weak T strong




Unit cell finding — Peak hunting

= Data filtering via peak table

. Ewald explorer -

procal space
o) P —
g 2o eak table editin i
7 9 Peak table editing
— B Y ] T Peak table flags 3
1 : -3 -4 ] fLam e “ 13 =
3 ] -3 -4 “an A i} 1}
: T . pims e AR~ T ; Produce axial photo
. ] . -3 ] 3 e ) 1 ]
' T sivn 4 S Old ewald explorer
. ] ) - L] 3 " gt '
* ] - + .. 3 " L1 ]
’ ] 1 -+ L] LRSI " 1 8 !
L] : 1 ~1¢ L] 1 m I 8 ]
» 1 i 14 L} 1 a3 19 ]
u H . - L] 3 AL 1 9t ) u
1 H L] i3 e i ~“a 19 1}
n -3 3 13 9. 1 " 19 1}
" L -1 -1 L ime LI 19 13
1" 1 -3 "’ 0.2 e pLiLY 19 13
1z «3 s «13 8. e “"we EO 8 13
ol 1 -3 11 8. 1. qee 1 | 3
18 ) R -3 0. 3. 1ogt t
e e - «10 9. i i 1 3
" ¢ -e -4 9. i i 1 3
o ¢ -3 -18 9. 1. FO 1 13
= F -1 -8 o. . iogt L
o 3 3 -& 0. . i 1 3
= L Y 13 0. L. i 13
&t t T -31 L} : EO 1 13
- 2 -3 =10 L} i 13
s : -2 -2 o. P L
| 1 -¢ o. PO 13
a 8 1] -3¢ ~0.000 -blun 0. i 3 -
‘< H ’
M e ||| b |
o L onal " . " d r
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Unit cell finding — Automatic unit cell finding

1 (CSD: 0 +0L)
) 24.132(2) 28.945(3)

104.730(10) 89.910(8)
Unit cell finding 2

) 24.1483(17) 28.903(2)

B Unit cell finding with options

Select unit cell from list of found cells
Brute force indexation of known cell

Reé  Indexation from three known reflections
CL  Set orientation matrix by hand

8 Unit cell finding in direct space (Clegg)
Search for smaller unit cell volume

L Search for better x,y detector center

t 9 Remove lambda-half reflections from peak table
a Crystal shape

Find reflection tails and mark skip
Delete reflection tails

Check for the sample jumping

Unit cell gaps 4

19 5

’ l

Find cell...

— Peak table

@ MNormal peak table

(" Delta (differential) peak table

— Algorithm
(@ T-vector Dirax

(" Stereographic

of the Lattice Wizard):

| Endcemter | |Wee eeanchjbm: (LD
~ Sample type

(% Single crystal
Unit cell min FriE
®SM (" PX  ( user |20 | 120.0 Calc

" Twin f/ multicrystal :

ilis] max

# Of GErnEEREtE |2 | IZ.D |12IZI.IZI | caic |
Lock present components
(see Twin information' section [ 7wt [ Twinz [ Twinz

HINT: To lock current UB for twin 1, first go to UM TWIN utility and click
'Current UB to twin'. Then return here and select 'Twin 1' checkbox above.

[ | Eanesisler Brayais [Stticetyhs

[ | Farce identicallattice for &l carmpomente (ineheshk for mulbi-emetEl)

— Known cell

|_ Search known cell |16.22 24,13 28.95 90.10 104.73 89.91

Cancel
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Unit cell finding — Influence of bad instrument model

o
=)
® .
(e}

Y T X I I X R
° T I I XN
- 0000000600 - .
. .'..... ®- 00000 -
000000000000. Se@ep o
. R 1 C*a .- ..
e O
. L]
® @

noann

0000046

. LR IR IS
.ooo.ooooo.ooo-
® 9erv-°* 2800000
S EREREY I I EN XN
tom -0~

. o
. S
°

e -0
’ - L
.« 9 O =
L . <

&N . -

Good instrument model Bad instrument model;

Beam center deviation 40 pix
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Unit cell finding — Automatic unit cell finding

L o *las ey
T g "od & "
® . 00.g.0v0% " ° o
* ‘s s NOP ~PHraOS .0, °
S on ascwm 40Pt oo
S fpan@rapt 029" *
e .09 afp@sedede. v° .
.‘- AP etatan g s o
cLAPgrroatansl Se~ e
. .0 QP2 mo, ©
o Wr@uatlui,ps e 0o
. & alf‘“%w,..o.. S
. w0 wa’..‘ ®
. - ..4:3;5' ‘
f & *9%,.
:’"““‘.. .' b
o‘ by '~
.3 .® ‘Oey Olig? 500,
¢ B . P LT '.‘...
° ....
‘\o'.

Bad instrument model: Bad instrument model;

Beam center deviation 40 pix Delta-peak table
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Unit cell finding — Automatic unit cell finding

60
-~ Peak table — Algorithm
50 Y
\ " Mormal peak table ' T-yector Dirax

= 40
x i+ Delta (differenti ak table
: \ ( ential) pe " Stereographic
ESO \ IpFndcmterI I|7Useseard'1box
G 20

0 T T T 1

0 20 40 60 80

Unit cell size [A]
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Power Tools
EwaldFro

M eowmeeerciad)
= User-friendly, BLELELE __Em @i

powerful reciprocal
lattice viewer

=  Twin/Multi-lattice
visualisation

= Drag filter tools — -
simple & intuitive
= Lattice' tool for
defining periodicity
= Reflection grouping

=  |[ncommensurate
overlay tools

Selection/Lattice.t

’ ] | Worg | Code
v 1 lv s Mo |
e o =
N "
= - & 4 { ] B
0

’ [
Pk viallide - 1655, fdidon - 0, sedected - 0 X: 1106 Y: 616

Agilent Technologies



EwaldP© — Functional Tabs

View

Filkers

m [C k. Undo | b Clear |

L
]
W

ol P R

[ dwvalue . Undo =k Clear

L
]
W

SO - T

Histogram info:

[ Run Select all | . None |
Run # | Scan | Theta | #fr. al | # fr. done | o
1 ] 20,950 a1 2
2 0 20,950 91 91
3 o 20,950 93 98
4 o 20,950 97 97
5 o 20,950 76 7B
E o 20,950 A1 A1
T o0 20,950 52 52
8 o 20,950 A1 A1
9 o 20,950 a7 a7 3
Hide systematic extinctions for: |F'-|attice [none) ﬂ
Operations
Move hidden to: m
Mowve visible to:

~

Selection/Latticelt BOEEAS -9 @ [m
Cryvtm
| Setcct an | eseict ab o
Sulcdin ks
v Nien Y TR
“ Lo f
T | ange om0 | vaity g ARGUES
—— IR Sw—
Arga | P | Poacly ||| s
- T
Dop=enfions -
Al bl (| ET,\' _v_J L e L]
; =
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14

@,
| twald Exghaer (LOT) —
oX> v .‘b'o'“, octho V4
. ” ot B . .
s e'i% e ¢ . .
C v e s 5 >4 ” - o sl
o T PREC I S NS T S L IR ) - N :
L . - . PR RS T B S R R SR B . - "
¢ . ' ’ » PR O IR N e b5 b TR . - >
» ¥ re il ey O PR e Jale . . . .- 18 - >
¢ . L S O O S R IR ‘. . PN LR S ) < ¢ l
sLFsER*"Poervrr . PR TR RN 3 ik
. % CLb e b, 2 ~ - Catroyret, e
» L R T L iy “rhetCre s e v i = -
.~ 4 R L B R N HESRS LS SR R & T T PR N N » 2
3 . I o Y e e o LR IT N S RP TR Y ) .o
veY . atsarrce B San v e gtle o Lo Q¢ RS
» . L o U & Bl O S S R R T * - $59
’ RN R TN TR e SN TN LR S N ‘.
\ . Tttt S T T O
- ~ YABDpne . . —- —— VSt o vEuven g g
» . - . L3 G et v S Bt A
» - . ) L I pe D .0 L S SRR VR SR R S P e N e
. » L SN - " e L o S N A L '
.. * - - LB A BLs Ly Ly L3 . s - =
. ) - . Fergescaguege:ar & o v . Mave Ruxton bo.
a . r e ar s PN S . e o (AR .
. “ v B a8 » ® v . . . " . »
0 >
. 0 A o P RS, T (Y e L -
-
. DR R .- . » 0
hidden - 0, selected 1548 peaks maved from grou 1o growp
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EwaldF© — Groups

Groups:

» Indexation quality
= Twin components
» Resolution range
= |[ncommensurates

» Specific features (weak/strong peaks, powder rings, etc.)

[§ [T

Bl - BEL B B

VMRS IS2TA Mt TTOTO petmtied 1 Plold TN el el e

# | Incexed | W'rong | Colar |

w1 |wiris v 38

[ 2 | b 0
| 3 I_DD
[ 4 | b 0
[ 5 | b [ o

# | w1 | uez | overl.

| Wrong | Caolor

v 1 |vawe|vo Vo
vz| o |va3aeo|loo
valvo [vpo
[ 4] o | o | ©o
wvs[vo |[vo | o

v B
B

v 5539 [V o

B
v 254
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EwaldPro — Latticelt

Selection/Latticelt

m Invert selection Desalect all

Selection toolz

=
=
s

" Mone " Rubber band
| |_atticelt |refine angle [with hintz) ﬂ
# | angle | period | width |
1 138 49 pix TEZ

svialde 5PN Abbdes - 0 nelecd - 101 RSP

§__ New |
Angle; 4 [ ¥ | Parind 4| » | ssicth ﬂﬂ

O perations
Move selected to: GroupZ h

- Agilent Technologies




EwaldPro — new view mode: collapse peaks

Collapse peak view — construction

1. Lattice vectors are
multiplied by lattice
overlay size

P90 00O GO S EO -
* 5 09 00 e 809 @00

2. Subtract lattice
vectors until given
peak hits range

‘7%~ Agilent Technologies



EwaldPro — new view mode: collapse peaks

Collapse peak view — twin example
g < Orthogonal

view

$——4 —4F 0 i £
- | g —t : $ % T I

* E 3  ——— $ ¥ + i = a ¥
o | — e #F * 3
Collapsed view: :
< Indexed twin T S S
Unindexed twin > FEEENEEEE S

18 Agilent Technologies



EwaldPro — new view mode: collapse peaks

Collapse peak view — other examples

Amoving
crystal

< multicrystal

Incommensurate




Typical data reduction sequence

=Dl x|
T

Unit cell finding

Profile learning

Integration

IF 12 10 2N OS] L (o)

Post correction 2eens EECD DDDO-O-@O| m -

Agilent Technologies



Data reduction wizard

= Collecting information

= Approaches of reflection finding/profile
learning/integration

= Approaches to background

Agilent Technologies



Data reduction wizard — options

Proffit: CrysAlisPro data reduction assistant (1.0:.26) X ]
: Pro
Profile fitting data reduction @ys Alis
Siep 3 Bazic algodthn parameters
Reflection poston prediction

[ Auto select optimal peadiction apgroach on run basis

* Model refinement options — P ————

[ Follow signitcant sample wobbling (2-cyde 30 peak ansdysis)

for optimal prediCtion aCCUracCy = o o sees

« Special data reduction
parameters

| Aprevous run of do profit has lef 3d profile nf hon and/or ntegs s on the sk

Agilent Technologies



Model refinement options

— Reflection position prediction

[ Auto select optimal prediction approach on run basis

[~ Follow model changes on frame by frame basis (moderate sample wabhbling)
[ Follow significant sarmple wobbling (2-cycle 30 peak analysis)

[ Follow sudden (discontinuous) changes of sample arientation

Brientetisn searetransg e e e e o) m S et eteped e (s 1) —

PROFFITPEAK

Profile analysis

* Basic mode

« Single model for all data from one
run

» Usually best choice for properly
centered samples on a stiff holder

PROFFITMAIN

Cell/model
refinement

For every run

Per-run

refinement

Integration

Agilent Technologies




Model refinement options

Ratisction position prediction
[ Auto select optimal prediction approsch on run basis
[v Follow modael changes an frame by fsme basis (maderste sample wobbling)

[ Follow significant sample wobling (2-cycle 3D peak anstysis)
| Follow sudden (discontnoaus) changes of sample onantasan

* Per-frame” models

* Follows smooth crystal moving
(“wobbling”) with respect to the
beam/detector

» Use if the indexation after peak
hunting is above 90%, but spots are
not fully covered by masks during
integration

PROFFITPEAK

Profile analysis

PROFFITMAIN

Cell/model

refinement

For every run

Per-run
refinement

Per-frame refinement

Model 1
Model 2

Integration

Agilent Technologies




Model refinement options

~Reflaction posiian prediction
[v' Ao select optmal prediction approach on run basis
[~ Fallow significant somple wabbling (2-cycle 30 paak snalysis)
[ Follow susden {discontinous) changes of samgie orientation

 Auto selects the optimal approach
on run basis! Best default option

PROFFITPEAK

Profile analysis

PROFFITMAIN

Cell/model

refinement

For every run

Per-run
refinement

Per-frame refinement

Model 1
Model 2

Integration

Agilent Technologies




Model refinement options
—Reflection pasition prediction ° 2_CyC| e P RO F F | T P EAK

[v Auto select optimal prediction approach an run bhasis

[v | Eallayw model chanmes an franme yframe basie meterate earmplemymtatl i)

H H [11 H ”
[v Follow significant sample wobhling (2-oycle 30 peak analysis) * Cove rS more d Ifflcu It WObbl I ng
[ Fallow sudden (discontinuous) changes of sample orientation
cases

Wrientation searciranee e UicEg) m S ete mE ol e = T “

PROFFITPEAK PROFFITMAIN

For every run Cell/model
refinement

Profile analysis

For every run

Per-run
refinement

Per-run

refinement

Per-frame
refinement

Per-frame
refinement

Profile analysis Integration

Agilent Technologies



Model refinement options

L e . I\_/Iodel_refinement with matrix
Pl s i s orientation search

[v Follow sudden (discontinuousi changes of sample onentation

* For discontinous sample jumps (LT,
flexible holder, not fixed properly, etc.)

Onentation search range (max 10 deg) Search steps/deg (max 10) —

PROFFITPEAK

For every run

Cell orientation
search

Profile analysis

Per-run
refinement

Per-frame
refinement

Profile analysis

PROFFITMAIN

Cell/model
refinement

For every run

Cell orientation
search

Per-run
refinement

Per-frame
refinement

Integration

Agilent Technologies




Data reduction wizard — background
» Average background (Re>10 frames)

Re > Fr Re = Fr (default,
Re recommended, >10 frames)

Bg 2

Step 4 Background evaluation

Proffit: Crysalis data reduction assistant {1.0.24) i[

AR RN — Background fior 3D centraids
[TTTTTTTTTTITT T T For an acurate evaluation of integrated intensities a good background determination iz ezsential. Two

parameters contral this evaluation: The evaluation range Fie and the repeat frequency Fr.
Frames Frames

Binning may reduce the memory requirements for the background evaluation. Default is 1. You
« Smart back d: - - el ot )
ar aC ro u n . may uze 2 or 4 in case of lack of physical memary on your machine [risk of swapping)!

e 1 2 4 |V BReduce background accumulation to SHORT type [zaves memory]

Required dizk/memony space for background evaluation: 134.9/50.0 Mb

- local background recomputed on every
frame and fitted individually for every spot | Background for 30 irtegraton

o Average background fram 30 centroid evalutation [good for stable & low background,
fast]

Frame range (1, 3 or 5 — more is impractical)

Smart background [combination of local and average background cormputation, good for wealker
data with high backaround and locally warying features, e.g. protein data, slower]

Bq 1 Frame range =1 m I emarny usage; 28,0k b

Ba 2
Bg 3

: Agilent Technologies




Optimal data — hints at data reduction time

= Check for experiment artifacts (empty frames, trips)
= Apply Bravais lattice where obvious

= Special pars

= Use bad reflection filter
= Use reduced profile size if overlapping

= Incidence correction, prediction accuracy

= Smart background on high background data

= xx proffitloop

‘7%~ Agilent Technologies



Special pars

Proffit special parameters

— 3D intensity integration — Bxtra corrections
- profile fitting (recommended only for [ Apply inverse float correction (f.ex. undo flood field correction)
very strong diffraction data)

3D profile fitting (improves weaker data,
default option)

[ apply float correction (f.ex. additional flood field correction)
- Reflection positioning and integration

Single wavelength only (recommended
[ exclusively for data up to 1.5 Ang, i.e. large

molecules) | Enplipielyise sbesratinn correstion (erenanes| by BE AEETERUNY
n HKL check in 3D peak analysis (recommended

when reflections are very close to each other) [~ Apply manitor renormalization | Wee filefor ramiten valies

— Skip filters —DC JETSHADOW (to visualize beforehand use 'beamstop mask")
Lorentz min = 0.0500 [~ Use JetShadow
[~ HP cell opening reject 40 (1 Lo inen alfiEr 2000 Bete W60, jet widtis 19.00, et distatsey G0
[ Use resolution limits | Editlimits |
- Profile fitting

clEvalue (it EEE

CHEE NG D154, 74 Owverride integration mask size (generally not

— recommended, but smaller mask can be Il.DD - | of original
useful for strongly overlapping reflections e.g. e
twins)

. T —————

[v Adjust masks according to prediction uncertainty (for high angle data)

[v Reject reflections with bad profiles (e.g. for HP data)

— Bxtinction rules
incti i Print files to hist indow
Mo extinction rules specified _ [~ Print average profiles to history wi

HINT: You can use DC EXTINCT to add extinction rules
and DC CLEAREXTINCT to remove selected or all rules
from the list

Agilent Technologies




3D profile fitting

)

= Distorted rotation method data is mapped to ‘Kabsch-space’.
Similar like XDS, but more complex

= Strong reflection data serve as reference profile. No shape
assumption is made!

= All data is profile fitted to the ‘nearby’ reference profile. For
strong data this means summation, for weak filtering

= You may choose to take less/more than 4sig of reference
profile

‘7%~ Agilent Technologies



Special pars- outliers

[v Reject reflections with bad profiles (e.g. for HP data)

lisig > 10 & Profile agreement < 0.3

= Filter intruders by
correlation coefficient.

= All strong reflections
are self similar.

0.2 4
0.6 A

0.4 4

Profile Correlation

0.2 4

0.0 1

36 24 42 0.0 1.2 24
Log[F2/sigiF2]]




— Profile fitting
Owverride integration mask size (generally not

Special pars - incidence - recamenied it snaler mesrcan e, [T ] vl

useful for strongly overlapping reflections e.qg. B
twins)
[v Follow profile size changes with incidence angle

[w Adjust masks according to prediction uncertainty (for high angle data)

[~ Print average profiles to history window

Profile size analysis (per incidence angle)

Incidence | Average profile size - assuming Gaussian shape (in degrees) |
angle (deg)| # of peaks | sig_el (stddev) | sig_e2 (stddev) | sig_e3 (stddev) |
---------- | =======mmmmm | mmmmm s s | e | s e
0-12.6 | 769 | 1.639 ( 0.304) | 1.430 ( 0.233) | 1.757 ( 0.880)
12.7-18.1 | 769 | 1.624 ( 0.354) | 1.430 ( 0.242) | 1.649 ( 0.875)
18.1-22.5 | 769 | 1.624 ( 0.357) | 1.431 ( 0.258) | 1.572 ( 0.828)
22.5-26.2 | 769 | 1.594 ( 0.369) | 1.414 ( 0.258) | 1.542 ( 0.839)
26.2-29.9 | 769 | 1.627 ( 0.372) | 1.410 ( 0.282) | 1.440 ( 0.736)
29.9-32.8 | 769 | 1.630 ( 0.364) | 1.382 ( 0.255) | 1.391 ( 0.719)
32.8-35.8 | 769 | 1.594 ( 0.341) | 1.341 ( 0.267) | 1.392 ( 0.708)
35.8-38.9 | 769 | 1.632 ( 0.349) | 1.337 ( 0.266) | 1.315 ( 0.594)
38.9-41.9 | 769 | 1.638 ( 0.330) | 1.294 ( 0.269) | 1.303 ( 0.659)
41.9-51.6 | 769 | 1.618 ( 0.323) | 1.221 ( 0.270) | 1.188 ( 0.610)
—————————— el [l B i
0-51.6 | 7690 | 1.622 ( 0.347) | 1.369 ( 0.269) | 1.455 ( 0.769)

Fitted profile normalization line parameters
el dimension: a=0.0022 b=0.99
e2 dimension: a=-0.0019 b=1.08

e3 dimension: a=-0.0136 b=1.46

Agilent Technologies




Prediction uncertainty — problem

* Problem lies in spot prediction

uncertainty

» Higher inaccuracy at high theta

Ewald sphere

For profile size of 0.8 deg integration mask size is 8 pixels at incidence
angle 0 deg (Atlas detector, 2x2 binning, at 55 mm)

Detector | Std dev of Std dev of Max

theta misprediction misprediction misprediction
(deg) (deg) (pix) (pix)

11 0.014 0.13 0.78

24 0.02 0.2 1.2

40 0.025 0.25 1.5

111 0.04 -0.08 0.4-0.8 24-438

Agilent Technologies



Prediction uncertainty — solution

 Estimate prediction uncertainty at given theta

FPrediction accuracy statistics (in degrees)
| bverage prediction error (in degrees) |

REesolution | # of peaks | delts el (=stddev) | delts ez [(=tddev) | delts &3 (=stddev) |
—————————— e Bl el B
1.35-1.22 | [=¥4 | 0.00z ( 0.0z0) | 0.001 { 0.013) | 0.0a3 ( 0.170) |
1.z22-1.1494 | =¥ | -0.002 | 0.025) | 0.002 ( 0.016) | 0.020 ( 0.165) |
1.14-1.08 | 52 | 0.003 ( 0.024) | 0.004 ( 0.020) | 0.020 ( 0.175) |
1.08-1.09 | Gz | —0.012 | 0.034) | -0.002 | 0.021) | -0.026 [ 0.153) |
1.04-0.99 | g2 | 0.001 { 0.0246) | -0.003 | 0.021) | -0.018 { 0.153) |
0.93-0.395 | =4 | -0.007 { 0.033) | -0.005 | 0.030) | -0.004 [ 0.147) |
0.95-0.91 | a2 | -0.005 | 0.038) | -0.009 | 0.029) | -0.001 [ 0.132) |
0.91-0.587 | [=¥4 | -0.008 { 0.038) | -0.015 | 0.041) | -0.00z | 0.127) |
o.87-0.84 | Gz | 0.008 | O.038) | -0.012 | 0.041) | -0.016 [ 0O.108) |
0.584-0.80 | 73 | 0.005 { 0.051) | 0.017 { 0.087) | 0.002 { 0.103) |
—————————— il Bl Bl Bl
1.35-0.80 | 511 | -0.002 | 0.034) | -0.00z | 0.033) | -0.00z2 [ O.148) |

 Enlarge integration mask according to prediction uncertainty

Enlarged

Standard
mask

mask

Agilent Technologies




Automatic multi scenario data processing

= xx proffitloop

= Some 32+ processing
combinations

General opoors
Single run Multh-run
mﬁm(amwsj @ Yes Mo | [ Bowx Jomp
e [ -
Mynmgﬁ;mmoh  Yes " No [ Hoth mosk
Override mask sze I el Lo v] fovemes)
Smart (" Yes & Mo I Botn I: ]
Addeional info
Addtion e info [
Summary
Humber of loops ta camplete caloetions: =
Sample fhe name:
tarkus_pl_jump_ine_mask_overmesktod

Hote: the fofowing dalog generates ooly the scrpt with all selected cptions. In arder to start
pomputations type SCRFT In command doe and select FROFFITLOOP,MACL file,

B - WATTiXi
0.042664
0.000D05
0.00D0D0S

Conatraint
UB - matrix:
0.200233
0.04440)
0.024528

K - matrix:
0.042671
0.000D00
0.000000
U £it with 21584

unit cell:
T.4567(2)

90.023{3)
VvV = 1B47.0%
univ cell:

o LR

Proffit: CrysAlisPro data reduction assistant (1.0.26)

Profile fitting data reduction

Stap 1: Onereation matrix for data reduction

o

(aysAlpi';

B~ sebnial

(S0 8.20¢4ce 0.431339 | D.o000et 0.000004 2.000088
L0440 -roedlY Qatisa | B.e0diee 0.000083 o.000001 1
LR LS IMAE R ke Y LR hoess
Toageer | §.0085¢ ) e a.05648 LY eqeer g0
LR L LE L LR 280384 oM LR
. mhn
|Selazzed sall (fzzm TN re/TM vI/ON 0
0 AR 1 1% el L= LR "o -
Jeee smalyse foamd P-lassice in pesk fameing dasa’
Lotice axtinctions (¥ter Braves laftice extinchicns) Incommeansurate structures

® Dontuse fiter (Patice]

i Usefiterfor (" Single evecor

[ j’

TvmnningAun crystal (actwated by UM TWIN anfries)

(o Normad date reducsan (HEL)

O reguction lis) T IR




Typical data reduction sequence

Unit cell finding

Profile learning

Integration

Post correction

IF 2 OB INOS] L [m s

e EECD-DDDO-0-QO (= -

3 =Iolx
START 1STOP
no

' 2
a3
2

Agilent Technologies



Data reduction (reflection integration) vs. data
finalization

* Integration results land in: *.rrpprof

* Finalization results are *.rrpprof transformed to hkl
and cif files.

Agilent Technologies



Post correction motivation

= Frame information to HKL file information

= |mprove |l/c of redundant information

» Reduce ‘systematic effects’

Post corrections can only correct observed data!

Agilent Technologies



Systematic effects/Noise sources

= Absorption (sample/holder)

= Beam illumination effects

= Sample centering

= Sample decay

= Experiment effects: cryo, generator

= Mounting technique

o]

Agilent Technologies



Data acquisition sequence: correction requisites

Mounting | | Sample Screen Strategy Exp

= CrysAlisP ‘Centering assistant’
reduces centering error for
anisotropic samples

= Height estimator ‘remembered’ for
" automatic shape generator

Movie registers sample shape for
later evaluation (triggered at
experiment time

Agilent Technologies



Data acquisition sequence: correction requisites

Mounting |~ 7| Sample Screen Strategy EXxp

= Sample description

= Chemical compound

W -catibalor (1001 Absarpiion
Tl pat wash et

CTRE BIGTA 112700 FIEE AT RRIM My
Morabon

2w
Charmsd tavedn jag O 410 SQN
P~ ot s =
"nr ot Cal
Foka
Joeeaant =
e
Qewny 1862 10 .’_‘J
PR TREI Mwsl DI bend s
| Qualfer Intere ity Colour
LS L | Samokcolour: [meatic [l | fwne  +]
| sanpk shape; [ MY =l
Elladulmmll I 0. DX utw[mmlzl Qi
TN .,
Se2 (]
LT R Y (R |
NOTE: Crystal sive & computed basad on defired shape,
—
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Data acquisition sequence: correction requisites

Mounting ’| Sample Screen Strategy Exp

SM Screening

CrysAlisPr© screening tool gives unit
cell in <10sec

= Selection of sample with proper
diffraction power and sample quality

exp_209 -

| | 1.0s

i Start Pre-Exp. (5 min) | Edit

Agilent Technologies



Data acquisition sequence: correction requisites

Mounting | 7| Sample Screen Strategy Exp

= Based on unit cell, Laue symmetry
and chemical constraints the proper
strategy is computed

X

iis
erSAhS
Cell: 7.4551(19) 14.038(4) 17.640(5) 90.12(2) 89.96(2) 89.99(2) 1846.2(8) oP (CSD: 7 hits: ,m ‘

.

= |/c calculator helps to find proper =
default  individual  merged
& Resolution € Theta (" 2Theta | 0.750 @ Filtime tme:  Ijsigma:  Ljsigmat

£ Fillyjsigma 7216 o [a:

lavegroup % Other  [sphere E (¥ The same time for all theta positions worr Ot o

1 N s J
© Different: time for each theta postions fime; - Usigmay  Ysiana;
[zaeueogs]  [r2ie [0 343
Predicted resolution: 1.00

Detector Ditence [ 45.00 | dvancea | Total Jsoma; 1000 [o%a
Scan width: 1.00

[Experiment Strategy (1.1.6), automode suggests exposure time E=72.2sec, scan width: 1.0.de

Experiment Strategy

IVUmt cellfor Strategy Calc

)

Complete data (default modz)

= Target redundancy can be set S B

CErDUSHEOSS JHnHE Data collectionDark CCD processing tochem Movie CryoRed|

~Current

No. runs/ frames: 10,762
alculate N ategy
Manually Edit Run List

Total experiment time: 33h 22m

Expected experiment finish time: Wed Dec 08 00:53:52 2010
@ Completeness/Caverage curves  ( Completeness/Coverage tables [V |
Completeness in mmm Predicted resolution vs exposure time
1m e E =l
£|lg 1
8 BT Loz
g o0 1 2l oes
g Pt
g @ " gl o
= 3l
£ o g = oes
s} 5|3
12 @||2
20 2|2 osm
212
0 10 ﬁ o 032
0 140 280 420 S50 700 200 400 600 600 1000
Frame Exposure time (s)

e s cermen | o]
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Post correction layout Integration

Unit cell finding

Average unit cell

Profile learning

Absorption
Beam illumination
Integration Q- \
o el
$ L Emplrl_ca
Post correction % corrections
L
G v
o — 8 Error model I
O ; T
| i ; .
= BEe o Outlier rejection '
: :
- Point/space group I
“: Agileat Techaclogies
D = GesreesETeEE. T Optional merging

Agilent Technologies



Average unit cell from all data ==

Absorpbon
Baam Muminaton

ooimaiil]

= Post integration: most accurate model description available: e

= 3D profiles known .

hanged?

q
|

= All experimental aberrations are corrected for

Crystal [> |

EXPERIMENT

dusekdc

CHEMICAL FORMULA

0l 5Se4 (58 Z2=1.0

LATTICE

current cell (C50: 0 hits)
5.43868(15) S.3727(2) 11.2770(3)
9.996(2] 90,00302) 69.994[2)
Vo= 607.94(2]

Constrained cell
5.43748(11) S.37306(9) 1ll.z27867(12)
Q0.0 a0.0 S0.0

v = 607.936(14])

Synme Ty
Laue class: 2/mez/mzm F-lattice

AVERAGE UNIT CELL FROM PROFFIT

Constrained cell (17521 obs

| - \
A nohe U N e b (] Al AR
0 VA T YRATWALAL . A R WELLY Y UM Aadh AT, i’
' ‘?.‘\" “IJ'" _' I YEN \v !'\Jv'l‘!‘!’.. f “wﬂ')‘/' ﬁw"""f l.“m‘!%‘,ﬂ‘\ | 'ﬁ"‘“ }
— | |

1
' 5.43748(11) S.37305(9) 1ll.z27s67(12)
0 | 4 Q0.0 a0.0 S0.0

| v = 607.936(14])
FIMAL UNIT CELL FOR SELECTED SG

i Constrained cell (17521 aobs)

O 2 8.37306(9) &£.43748(11) 11.z27867(12)
Q0.0 Q0.0 S0.0
10 v v = 607.936(14])

o
el o

Col vohunw
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‘Face-based’: Absorption, beam illumination

[ PGehonged? |

» Clark & Reid analytical formulation (allows shape
optimization)?!

omonimerges |

= Gaussian grid, numerical integration?
= Beam illumination

= High Pressure: Gasket shadowing, diamond correction?

Shape description and chemical composition have to be known! \

IClark, R. C. & Reid, J. S. (1995). Acta Cryst. A51, 887-897; 2Busing, W. R. & Levy, H. A. (1957). Acta Cryst. 10, 180-182;
SAngel, R. J. (2004). J. Appl. Cryst.. 37, 486-492

Agilent Technologies



(_ioegraton ]

‘Face-based’: Absorption, beam illumination

AHS DISPLAY - play recorded sample movies (1.0.8)

i
i

T | lew | Comer comeie | Poiniapace grow | |

1ol e =) chew i | Cpsonal meeging
1 0,0278764 Merking
H 0, 0045539
3 0,0069306 = Orag
q 0,0195303 ~ Fan
1 0.0%6434
1] 0,0834307
v 0,0173298 Dissence
o 0. 0243 .l.'
» .
(932 Distance
03 0,17000 o oea 18 -—-
. 08 aL2q 0.0050730 - -
200 PO B DGaALE

el — T m | pesersmien |
e 016 Soa Cab

- 15 ooy
L eta - Coytal wets Vol 01527 44mom ™3
| wreers | Mamm»m;-enmpnummn

| - Cryital dimsnsions (]
m mne 0158 mid= 0201, mesce 6558

TMI-W Doy - ————
[¥ Crystaltom

X975 17 Crystal back

|
“i
v d| WEEWM o
|
{

Q5700 T--3000 K 13400 P-11400 e Raody .

ikt 50000 505000 500,00 XS04 851 [v Showtool window t'; :mu
e ‘m
T~ Face nosmek
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Shape building takes time... Automatic? )

= Auto shape b -

Agilent Technologies



‘Face-based’: Absorption, beam illumination

Type of absorption correction selector

& Analtical sbeonption correction 3fer Clark & Reso

(" Gaunsian grid abrorption correction (Numes ical risgraton’

J Jio It F &=

IClark, R. C. & Reid, J. S. (1995). Acta Cryst. A51, 887-897; 2Busing, W. R. & Levy, H. A. (1957). Acta Cryst. 10, 180-182

Type of absorption correction selector

™ Analytical abserption correction after Clark & Rewd

(& Gaussian grd 3bsorpbion comaction (Numerical nagration
~ Grd dimensions

BT |t |1

[V Equsl m il diesctions ‘

4 - Agilent Technologies

| PGehanged? |

Imagrabion

A\unge unk cz(l

A:ﬂr‘frp?nn
Seam (lumrabon
Emgirical
COTECHNG

" Errormodal '

Outtier 1o

[ Opsansl meegig




e |

‘Face-based’: Absorption, beam illumination ﬂ

Type of absorption correction selector il

PG changed? |
§
§

g
;

(" Analytical absorption correction after Clark & Reid

(@ Gaussian grid absorption correction (Mumerical integration

Grid dimensions

e I 10 Wi I 10 2 IlD [v Equal in all directions

—Gaussian grid orientation—————

@ Crystal system
(" Longest diagonal

(" Longest edge

—Bearn profile correction

[ apply beam profile correction

(" Graphite monochromator (Enhance) - 10 horizontal gaussiar
Callimafar size: Cl 03 mm  CI0Smm C O8mm @ L0 mm
(& Mirrors (Mova, Mova, Ultra) - 20 gaussian

" Flat beam

Beam size - FywHM for 0.50 Edit horizontal beam dia

Gaussian profile (mrmj:

Cancel

- Agilent Technologies




ytrium_mo - inorganic (Y;Al:0;,),
Mo, u=20.3mm-?, redundancy=30 (la-3d) , Nova micro-source

No correction 50% 8.9%

Absorption + 20% 9.8 3.4%
beam illumination

Agilent Technologies




Post corrections can only correct observed data!

; f'*{
- \ \
|
[ 4 ‘I "]
l' | [
- n" I = !‘ i.
| || ,‘I
l|' '|' |
o g [! "1||.
\ : }n’ l'l| . |
2 oAl ' A |\ I
0 .I W/ \'. 1“ | II ' .“ || v ‘ |‘llr |I|,
“J | Vv
uﬂ 12 “4 * Ll o0 n 1 | ) 56 11
No noise - excellent Low noise - good
0 " g
', l' ,“Il.‘v"l |}
\ ™ | 1
1y ' |) | | | |
‘ o] | Il \ Y | [I'
/ ' N Y ERTRT I
40 f | } ff | | ¥V |
. | | } | iy [ | [\ |r [
|! | | |o"|l[ [ I\
| l .~ n1|1’:*‘, v WR
20 | | ¥ / Yy
l | | ’ |‘ | ! | I | \
[V [\ [ ) ﬁ ’ I I' | [V
l |
' 1 SIVARTIME " ] l I
ol , | 'l' Hl [ ‘ |
\ A TERYE! |
A|I' | | \/ | | ) ’I |
| I A B w |
| [
w0 2 20 A0 =0 - - * L &
Medium noise - ok High noise — hopeless!
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Experiment Strategy {1.1.6), automode suggests exposure time t=72.2sec, scan width: 1.0 deg

@ Experiment Strategy

Strategy dilemma: redundancy vs. time

x|

@ysAﬁr;

—Unit cell For Strategy Calculation

Cell: 7.4551(19) 14.038(4) 17.640(5) 90.12(2) 89.96(2) 89.99(2) 1846.2(8) of

[CSD;: 7 hits)

I P-lattice VI

Lattice Wizard

—Skraktegy parameters

% Resolution ' Theta ¢ 2Theta | 0.750

" laue group % Other Isphere 'l

Detector Distance I 45.00

—Time prediction based on data ko 0,750 Ang
& Fill tirne
= Fill 1jsigma

{* The same time for all theta positions
™ Different time for each theta positions

Predicted resolution: 1,00

Scan width: I 1.00

i~ Strategy made

ICompIete data {default mode) j

Tt |100-D W Max 99.67 %

Generates runs that reach

completeness limit

[-23 61y 20,95]

default  individual  merged
time: Ifsigma:  Ijsigma:
|72.16 |10.00 |34.32
aLr individual merged
Lirmies Ifsigma:  Iisigma:
| 10.00 | 34.32

|?2.16

Total Ifsigmar

I 10.00 I 34.32

i~ Settings Options

Data collection/Dark

CCD processing utochemMovie/Cryo/Red|

—Current Strategy
No. runs/ frames: 10/ 762

Total experiment time: 33h 22m
Expected experiment finish time: Wed Dec 08 00:53:52 2010

Calculate New Strategy

pdate Completeness

Manually Edit Run List

' Completeness{Coverage curves  { Completeness/Coverage tables

|+ CompletenessiPredicted resolution;

Predicted resdution vs exposure time

Completeness in mmm
100 - EE E =
Sl 1124
e BIZ 1.01
B 807 1.3 215 0.6
Q = E=]
= Lis =35
-] &0 : =||= d
E Q § 0.80
j= R =]
£ 404 Frl4 ol [eqd
S E8i=]
< S|Z
i iz @2 o048
20 T
I
a : : . : —F10 gl 032 . .
0 140 280 420 560 700 200 400
Frame

500
Exposure time (3)

1000
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Empirical correction: logic

[_PG changed?

= Scaling

= Empirical absorption based on spherical harmonics

= Decay
= Detector sensitivity
leor1 = C1 |y A1 = laver = leora
leorr2 = Co I Ay = laver = leorr2
lLaver = 2 leorr_prev, l
Icorr,n = Cn In An = Iaver _ Icorr,n

Redundancy is the key ingredient!

Agilent Technologies



P I ay m O d e S 4cale3 abspack (1.0.7) - Refinement of scales, emp. absorption and se ﬂ rosgraton

: . F‘ erage unit |
hkl-file: 0: A0 atahproteinhremeazurebund bkl B

Lo
Beam tumnation

E‘;vmivir:nl
conrections

" Errer moded
[ Use Friedel mates as equivalent even for noncentrosymmetric SG L @

- - — L5 refinerment contral [ Pantspace group |
= Empirical e

SigCut: 7.00

[ Erclude |15 strongest unique reflections [along with all spmmetnic equivalents)
= Decay A, B |

WINGITECTS  [:4Datahproteinremeasune

— Summetry settings

PG changed?

= Scales

— Frame zcaling — B-factor/b-factor refinement —;
[ | S e n S ItIVIty v Automatic frame scale assignment ¥ Zpply frame scaling i f!eflne B-factu:u.ri
How mary frames have r :
a commaon scale? IJ' frames =1 scale j

|1EI frames =1 factor j

Y ariation restraint [ESD): ID.EDDDD
Festraint ID.EDDDD

¥ Reject frame scales: IEI.IZEI % >|5.EID

— Empinical abezorption comection

Iv Automatic parameter selection for absarption corection

tax even order: IE "I I &% odd order: ID "I 44 parameters

[ Absorption corection before frame scaling [recommended for strong absorbers)

— Detector area zcaling

Haw maty
detector area regionz’?

Yariation restraint [ESD): IU-2UUUU
| tew | ok |

Aud i ™ &pply detector comection

Agilent Technologies




Play modes: scales

Batch

[TPeehangea?

T Errecmoded

Cuther rapction l
[ Pantvpace group ]

[ Optional mergng

Agilent Technologies



Play modes: Spherical harmonics E—

Empirical |
canmeet

| Erioe model |
[ Cuther rejection
| Pantspace group |

————

["Cptional mergng |

http://paulbourke.net/geometry/sphericalh/ Blessing, R.H. (1995). Acta Cryst. A51, 33-38

) Agilent Technologies


http://paulbourke.net/geometry/sphericalh/

Empirical vs. Numeric Absorption

PG changed? |

dusekdc (Michal Dusek) — inorganic (Cs,SeO,),
Mo, u=17.9mm-, redundancy = 4.5 (Pna2,)

No correction 14.4% 8.3%

Empirical 4% 20.4 3.3%

Agilent Technologies



Empirical vs Numeric Absorption e

E =
&

dusekdc (Michal Dusek) — inorganic (Cs,SeO,), T (==
Mo, u=17.9mm-, redundancy = 4.5 (Pna2,)

No correction 14.4% 8.3%
Empirical 4% 20.4 3.3%
Numeric (faces) 2.6% 25 1.92%
Both 1.85% 28 1.81%

Agilent Technologies



[~ A;@m N
| Beam tumnation

PG changed?

IMAGE: dusekdc_1_77.img (run: 1 frame: 77) : [ Erreemocel |
Omega: 71.0000 Theta: 33.0000 Kappa: 80,0000 Phi: 0,0000 i p [ Cuther rajection
| Pantispace group |

B

F Cf:}kﬁ;ual }iu)}g ng z '

Agilent Technologies



Play modes: Decay and detector sensitivity

25 *7) +a*F) =

HE:E'

phio

o

B-factor
l
|

Agilent Technologies



Error model fitting
x|

Chi2 statistic

Select error model

(" Machine error only

(" Stale+ machine error (SADARS like)
(" Gain for signal counts + machine error
(" Common gain for signal and background counts + machine error

(8 Separate gains for signal and background counts + machine error

[T Recycle AESPACK after ermor made! estimation

0.18

0.54 0.72 0.90
Int. quantiles

Chi2 statistic

PG changed?

34
/v-. =
14 / s o
U -
-1
0.18 036 0.54 072 0.90
Int. quantiles

- Agilent Technologies




All corrections together...

omonimerges |

ytrium_mo - inorganic (Y3Al:0,,),
Mo, u=20.3mm-?, redundancy=30 (la-3d) , Nova micro-source

No correction 50% 8.9
Empirical 35% 8.5 7%

Absorption + beam illumination 20% 0.8 3.4%

Abs. + beam ill. + empirical 13.6% 11.6 2 4%

Agilent Technologies



Multl — core

= All absorption and beam illumination computation

= All empirical corrections

™ Shom gom

= Shape optimizer ‘\\\ e
4

= All matrix operations for Least squares

= Auto shape generation ~'

= What a blessing... osmRa

CPU Usage

Agilent Technologies



A very normal Cu data set

Schott (Peter Jones) — organic (C,; H,, O,),
Cu, un=0.58mm-, redundancy=7.4 (P2,2,2,)

No correction 10% 3.73%

Empirical 2% 34 2.93%

Empirical + 2% 34 2.93%
Numeric

Agilent Technologies



Proper space group for empirical corrections

2l

q,rynNR

(s | ey | e | proms | oumne |y der (Jonenes |

i Integration
sttt AR Average unit cell
prtmsescon. D, Lo T Tt limlpedome Lxm Juos Ioie l =
‘ : I Absorption
Beam illumination
\ e e & ¢_ _
o Emplrl_cal
= corrections
L
[wo. |cra [En. |o.a.|pie.|pyr. | conc Icsp | Riint = !
# Sface Group oO. 1. . b, ie. i g in
1 PrnaZ (1) (bca) 33 s i) ? ¥ T 3463 651 0.0z24 8 Error mOdel
Prama (ha-c) 62 \L
Outlier rejection
— Show ... - \L
(" all space groups (" all solutions on a branch (like in IT pp 42-47, 55-67) POIntlspace group
1
v

Optional merging
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‘Face-based’: Diamond anvil cell correction

Incident beam : E

Backing plate

Anvil
Crystal In
gasket hole
Anvil

Backing plate

= Absorption

» Gasket shadowing

= Backing plates

Angel, R. J. (2004). J. Appl. Cryst.. 37, 486-492

Agilent Technologies



‘Face-based’: Diamond anvil cell correction

ed carnple rovies. [1.4)

| smrones | mreteenees | ie Lew Cander cobemion |

Facs
CETT

n Dog

[ Pon

Orvtwren
|

sunrm

e oy

- —

Speosl veren

Coparnd wiihy V0001 4710men ")
s b O0S0 dran e BR4K D 0T 0T reen-1)
Copetel rranvarorie [rem)

m wore D104 wuide U020 rmovee 0440

MMMy 0w Doaw

1 Copant hoet
*Cs il" “ [+ Croond back
cis <) TR 7 g

[ Pec awi

m I+ Crons hae

™ Pacw ncevmh

PG changed?

Imegraban |

Avernge unk cell |
e )

Apsomean

Seam (lumradon

[ Evpiical

| corrections
Errarmodal |

; Outfiee }qeclca |

[ Poinmspace grovp

Cpsonal meeging

= Movie based sample shape

= Gasket hole

= Mutual offsets

Agilent Technologies




‘Face-based’: Diamond anvil cell correction

Absort) parameter diabog (1.0.2)

Doaclyimes : Cryps MPro offers an Siesfisce & Ross Angle's MY ool comection program ‘sheort). Aglent & rot responinble fr the furctioreng of

sonerd ard Garnck guesenion the

@ AUDMTE ganeration of abeods out fie
et The serphs Svew e Quikat bemation de O ned Fom ‘st dupbey’ wed cn e mod fed fere

M prosre coli s [ TYFE -

completnses or seruray of i program

HP allopenng angke ' 3t = 4010 | tn
Gast
Waeriad == =l mmnuimetiezie TN
Gkt Tackrece and radis [norone] = 3000 2000 “
Diamoncs.
W Two arwi sssumed Garocs  Twed dffarent 2wl {1 nocket, 2: aftacnd)
Wil 12 hickness [mm] = 105 “
Eackrg plats
[ s c J cgeti il (g
—T_—

Shape tpton (Aleming © shape should te defred n abe deplay)

i Opwn shgm " Chomeel shwpe wits fncos " Closed thaps with comeny

 Maruisl geeweatin of sbmorts et Ml

TITLE 1» -
TAbacch input file generated by Crpsiliafra’
DAC TYPFE 3
CELL 4,2947 15,0010 1T.E048 20,00 9Y,5% $0,00
Tl O, 1116136169  ~0,0004181282 -0.0018162552
o, 0.0L86677228 02.00%00 13450 0.0356351103 :]
Samng
W T ® Qurent porsmery, (" mrem
L R | g

Imagrabion

J Average unk cell

’ W VSRS
Absorpean
Seam (lumnabon

Type of sbsorption correction selector _!j
¢ aralyncal sbeoqnon corection aMer Clark 8- Reid 2 Errpnical
g: COrrECHonG
" Gausian gred sbeorption comection (Numeceal rmg otion) Y I
y el Errar modal
| I |t @ S5 0 i @ etion NE@ |
“Poimspace grovp
[ Cptonal meeging
&
~
Cs
-Boam prufte comecton
=
-
r r C &
- |
o
e ; 4 L Il .,.!- !,‘, " .
& High pressure owl conmmction (Dasad on sesrmal program “dsorh’ by Riss Agel)
~HIGN PISeUre Parananss —~
AL WATIGR Saved 1y e (31 5kD) w

= Automatically generated input
files for Absorb 7.0

» Fully integrated to workflow

Agilent Technologies




Integration with external programs

= SEE
=l
anial
CasHsaCUHgN12S; LU ] o
-l ] 14
»n%b-am Pl ol PevA 4.01%
(work _Jview [ - linfa |
11 Mt | Salese Seoy | e ks f Siaatior Otde | GECE | QU USER P,
Fgmm Tl Matsod
Auto — 'Aun 'l
1 e 2 ﬂ“;nmw
Agtn - -
Sranng AL 4 e ‘ sl
SOLUTION STAGE
o G, Pameteon Wetbten) (M B4 ) 020 < T wATE <
BEFMEMENT STAGE
ot Reraton O WY = 20000 AlA - 14
o Roratut | RY o AN ATA = OF
oo Radaiion 2 Y = 700 ATK = S
~> Rudlioe 3B = BATY ATAZ D
< heratent 4 BT = 6000 ATA =20
Contissve? careadl) 0) ¢ aidid 113 ¢ eI 500 sas M G 1) Von
SECONDARY HEFINEMENT STAGE
Sanaliver R = a0 UM vEs
w2 tetatuen A1 RY « 4000 ATH G2
= foutie @ RY = 4007 ATA = B3
v eation O 1 = 401N
POLESHING STROCTIRE
w4 Noraten ) RY = 410
Flnlshind wim A18 < 59 and 81« 401 12w
Wigheet poak 2,75 ot 0.4241 0,143 0.7021 [ 0.90 A from VA |
Doopest bola  -1.33 at 0.3676 0.0921 0.7438 | o.eunnu/ s W8 |
.
D L R L S s rreteetes
+ anial finishod at 15:59:41 Total CPU tima: F 2., a0
B e e e L L e S L Y
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Summary - corrections

= Post corrections for area detector are instrumental for good data
guality

» Redundancy enables most of those correction (Red>3 good start)

= \We can only correct observed data! Use right exposure and
technology (source, detector)

= For absorbing samples (u>5mm-) numeric face based corrections
are very necessary. Take the effort!

= For samples with u<5mm-t generally empirical corrections are
sufficient! Anisotropic sample may require beam illumination
correction, especially with micro-sources!

= Use modern mounting technology!

= CrysAlisP© workflow integration helps to get most from corrections

‘7%~ Agilent Technologies



Data finalization — optimal data

= Problems with...

Experiment

Unit cell

Data reduction

Finalization

Pseudo symmetry, twinning, incommensurate

Agilent Technologies



Approach a data set...

* Inspect executive tab

= \Warning signs:

Run list incomplete

High mosaicity

Scaling unusual

I/sig low; low redundancy

SG issues

Agilent Technologies



Approach a data set...

= Run ‘Full auto analysis’ on
all data

= Concurrent may get stuck

RS
) AEIZ007) WD OZLT) 10PDED) 9NN WU LB TY b

[rema =] s iinr o 13 e .

Tiewe precictan

e 0

e = RN

e ~i | The zee trow for o tvets gt ootme

& Dwrer o anch pomteen [teretaned)
e (urafvech fur fegt ookt saektn corbyarates dota) ~ . a0 9,401 ‘ii'. “
- Expeariment options (1.0.4) B
Pyt
‘ Erpetted Swrees frereaie’ [

T i 32 51 I7 Sy e '-HI!-

12 Mocond enne uvg 4L Shes o oy | .
) ! e
AT sad Ve | Ast cyatet deves shatdoust on agenme—d corieta

Ll 233 o frdeses
19 MAIENT VA 008 WSS YY) PN CNO |

W 2Wdey & e AGoldatn o sithe end W00

CrysAlisPro: Data reduction (1.13)

Load new experiment
Full auto analysis (cell, red)
Automatic data reduction

Data reduction with options @ AFm
rysAlis
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Approach a data set...

* [nspect frames:

= Low/high background
» Diffuse scattering, split reflections, twin

= Empty frames, strange frames

= |nspect movie:

= Sample mounting

Agilent Technologies



Optimal data — hints at experiment time

= Centering/Sample choice/holder/amount of oill
= Low T. de-ice runs

= Absorption: make movie 1-6 deg

= Concurrent data red re-start

= Cu - Mo choice

= Collect redundant data

= Rather reduce scan width than increase dd

= Check your diffraction limit

‘7%~ Agilent Technologies



Optimal data — hints at unit cell finding time

= Check for non-indexing reflections

= Garbage (ice rings, powder), twin, sample jump

= Re-run refine model
= Ewald

= Use filters (intensity, lattice type) and groups

= Use intensity view

= Check chemical formula unit cell consistency

‘7%~ Agilent Technologies



Optimal data — hints at data reduction time

= Check for experiment artifacts (empty frames, trips)
= Apply Bravais lattice where obvious

= Special pars

= Use bad reflection filter
= Use reduced profile size if overlapping

= Incidence correction, prediction accuracy

= Smart background on high background data

= xx proffitloop

‘7%~ Agilent Technologies



Optimal data — hints at data finalization time

= Hand set empirical parameters

= Use shape based absorption correction
= Apply filters carefully (e.g. Rint)

* Interactively decide space group

= Remove unnecessary data via d-value filter

‘7%~ Agilent Technologies



Typical Work-Flow
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Excursion - instrument
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Simplified 3-Step Pre-Experiment Work-Flow

Start/Stop:

Start new Start/Stop: Start new

(no pre-experiment)

Crystal
Mounting
Window

ol Seroes Strategy
Window

Screening
: Window

Sample
info input

Main
experiment

Sample
info input

3% Agilent Technologies




Tab Based Screening 1

9 Mount Ik Screening | >

exp_209 -

—— EKE

Start Pre-Exp. (5 min) P Edit

Agilent Technologies



Tab Based Screening 2

SM Screening

( Mount I Screening Il >

exp_209 - Gt : e e e CRRERT
‘ T
opaons
—- :3::'::“" o s i, B e 8

I 110s Tyee ot expermest [Quck ook (3tom connectivity) _-]

N ﬂ-dum-‘o.u:quuﬂ

" Srifind spprosch: | cane: crment s v om wett:
J 1000 ‘Nw'ﬁdm
r‘—_ w 3 ”“ L e o
wmhmw-m-m —
7 Lee Jetshadon

Start Pre-Exp. (5 min J|_Edit

e AL st g g
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Tab Based Screening 3

" Wy 210 i agd it ot o L 0 18 00 r }
l. Expermmmm Stategy @ {
[T ————— - ‘
) amkeTan | S a] el W — wom
e amane o e = w0 g y
" - - LU v -

= ol e i o fow
" - 2 J -~ R
2 eakin (mewmtaeeny e
-

 Shellcommand window (Crl-imeermupss) =]

ﬁ Command shell @ Pro
~ rysAlis

RED cCD | [~ Force auto scrall [ Transparent il o
DC PRE ACTICN: Call PreExperiment Dialog (Init) - ! gi, oy
DC PRE ACTION: Init dialog 3 oy v
Collision check at 45.0mm : i< v
Collision test: OK E -
DC PRE ACTICN: MNew experiment name: exp_ 204 ”

|

DC PRE ACTICH: End init dialog
DC PRE ACTICH: 3TART button was pressed
Collision check at 45.0mm

L e e 5 e s
PEREEXF4: changed run order
PREEXFP4: changed run order
PREEXFP4: changed run order

1 [drive time 18 -» 10; already saved § [3])

5

3
PREEXP4: changed run order 5 ->

7

g

[drive time 18 -» 10; already saved 16 [3])

[drive time 19 -»> 15; already saved 17 [3]) [j
[drive time 19 -»> 9; already saved 27 [3])
[drive time 18 -» 13; already saved 32 [3])
[drive time 18 -»> 9; already ssved 41 [=])

PREEXFP4: changed run order
PREEXF4: changed run order

Sl W Mo O

B e ; ¥ it e g
DC PRE ACTICN: Experiment file name: exp_ 204

IC PRE ACTION: Write run list

DC PRE ACTICH: Experiment detector distance: 45,00

DC PRE INFO: Experiment C:\HealiburData\exp_ 204\pre_exp_204.run
DC PRE INFO: Expected chemical formula

DC PRE INFO: Interactive strategy after pre-experiment: 1

<[ i | v




Screening

= Pre-experiment automatically exposure time scaled!
= Screens only look at low theta

= Rapid turn around to next sample

Agilent Technologies



Typical Work-Flow
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Pre-experiment

= Careful experiment planning = same theta range as
final experiment: Mo = 0.8; Cu = 0.837

= Experiment scaling works well up to factor 20.

= \What resolution should | use?

= Standard: defaults work well
= Absolute structure determination: The highest you can get!

= Connectivity only: 1.0 is fine

‘7%~ Agilent Technologies



Excursion: I/sig

HW — instrumentation

g Data reductior
Corrections

= X-ray diffraction experiment are governed by
Poisson statistics: I; sig(l)=sqrt(l)

* Rule of thumb: Inverse of I/sig is your R1

‘7%~ Agilent Technologies



Excursion: I/sig

e
L ()
N

2 2 2 2 2
O = O-Inet + 2O-back T O-d T O-sys

= |[nfluence I: Time, bigger xx, X-ray source (wl,
power, efficiency), sample temperature, redundancy

* Influence sig: less background, sample = beam,
correlation

‘7%~ Agilent Technologies



Pre-experiment tab

= |nformation on

= Unit cell

= Quality
= Diffraction limit

|__START EXPERIMENT _ |
Tare|ztrzzaluiian: ) - -
Wfzie) (10,1=1000)
Coarrig. limit

Agilent Technologies




Strategy

= Two basic approaches: ‘Fixed strategy’ vs.
‘Symmetry adapted strategy’

= ‘Symmetry adapted strategy’ requires sample
knowledge:

= Unit cell and orientation
= Laue/point symmetry
= Diffraction power

= Sample mosaicity

‘7%~ Agilent Technologies



Type of experiments

Fastest possible

= ‘Complete data’ (exploit symmetry)
= (Geometric objects (quadrant, hemisphere, full sphere)

Charge density/absolute structure
= Target redundancy

Absorption correction
= complete data + geometric objects

Twin/multi crystal
= Complete on all components

Agilent Technologies



The strategy computation guestion

user constraints

Agilent Technologies

distance, detector,
collisions




The strategy computation question 2

i

Level 1 25%
Level 2 49%

Level 3 67%

Level n 100%

‘7%~ Agilent Technologies



runs: 7, frames: 520

Wh - ff' - ? theta settings: 2; 25.31; 25.93, max resolution: 0.734
at IS e ICIeI lt [ ] Laue: 2/m; Friedel off, Target 0.800Ang

Completeness (under Laue symmetry) Coverage (under P1)
Res #Data #Theory % Redundancy #Total #Data #Theory % Redundancy #Total

18.50- 1.74 409 415 98.55% 2.7 1108 644 828 77.78% 1.7 1123
1.74- 1.37 415 415 100.00% 2.6 1084 637 828 76.93% 1.7 1077
1.37- 1.19 415 415 100.00% 2.3 942 593 828 71.62% 1.6 946
1.19- 1.09 415 415 100.00% 2.0 850 585 828 70.65% 1.4 845
1.09- 1.01 415 415 100.00% 1.9 776 530 828 64.01% 1.5 775
1.01- 0.95 415 415 100.00% 1.7 719 546 828 65.94% 1.3 719
0.95- 0.90 415 415 100.00% 1.6 680 522 828 63.04% 1.3 677
0.90- 0.86 415 415 100.00% 1.5 623 500 828 60.39% 1.2 624
0.86- 0.83 415 415 100.00% 1.5 619 507 828 61.23% 1.2 617
0.83- 0.80 417 417 100.00% 1.4 576 496 830 59.76% 1.2 574

18.50- 0.80 4146 4152 99.86% 1.9 7977 5560 8282 67.13% 1.4 7977

Rule of thumb:

“When requiring 100% completeness the
minimum achievable redundancy is about 2”

Agilent Technologies




The rotation method

8
P28 &
100
e £ Mo
80 - 24 &
1] o
% 22 2
< 60 1 F20 &
= 18 8
§ 40 - [ -?_,
20 1.4 %
F1.2 &
0 . . . . . L0 &
0 20 40 60 20 100
Frame 53
- [y ~
Cu 100 55 %
g 807 -2.0 g‘r
5 oo 18 3
o S
a -1.6 3
Rule of thumb: § 40 1 s B
o
“At similar conditions Cu o 12 8
' 51 0 : : . . —lio B
experiments tak”e 4-5 times more z = o o =5 o
frames than Mo Frame

Agilent Technologies



Detector size

Detector Unique speed | Observation
relative size speed
Eos 1 1
1
Atlas 1.3-1.6 1.6-1.8
2.4
Titan 1.4-1.8 2.0-2.2
3,7

‘7%~ Agilent Technologies



Detector distance

Distance Frames Total time | Disk space
50 mm 167 1h 29m 180Mb Price:
2 x distance =
100 mm 378 3h 19m 400MB 2 x frames

Sapphire, res =0.8, complete data

Rule of thumb:

“Use as close distance as possible”

Agilent Technologies



Overlaps

= Pixel size = 0.1 deg
(Atlas, binning 2x2, dist=50mm)

Rule of thumb:

“First fine slice then go back with detector”

Agilent Technologies



HW — Detector technology: Key metrics

Eos S2

Atlas S2

Detectivity
Dynamic range
Speed

Size

Price

Agilent Technologies
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Detectivity: Detective Quantum Efficiency (DQE)

14 }/ n ral_d Window
g IT 7 n 2 Scintillator
Noise:
Gain Read and dark

M. Stanton et al., J. Appl. Cryst. (1992). 25, 638-645

Agilent Technologies



Detective Quantum Efficiency (DQE) advances

DQE versus intensity

DQE sl — @S
- LI 5
09 —— .5--'2
0.8 /

- / / / -

0.6 / /

0.4 / /
/ / ———DQE (KM4CCD, 2x2)
0.3

/ / DQE (Ruby, 2x2)
0.2 / ——DQE (Atlas, 2x2)
0.1 DQE (Atlas-S2, 4x4 high SSC mode)
1 10 100 1000 10000
X-photons/reflection

DQE for Mo radiation, peak dia 1mm at 60mm

Agilent Technologies



What is ‘Smart sensitivity control’ SSC
Precession image (Fe formate, Okl plane)

« Smart Sensitivity Control ORI 0 .

allows for detecting very
weak events!
* Like the ISO settings on o o 0

digital cameras

Standard SSC*mode © . O

These spots ‘
becamevisibleonly N~ 71— & 0 .

in high SSC mode!
0 0 o
State-of-the-art ' . ® 2 .
electronics provide:

« Detectivity High SSC mode ~ ° ; 0

‘7%~ Agilent Technologies



Titan S2 camera SSC functionality
4x4 binning

.
Standard
_ . 2 -
SIEIRENE ': ’ " . ':--:- . '{:}" ) . * 1
;. & . " ' ¥
SSC mode .y ".. . o

~=Standard —High

300

Agilent Technologies



Titan S2 camera SSC functionality
2X2 VS. 4x4 binning

-

Agilent Technologies



HW — Detector tech

KM4CCD, 256’000

Sapphire 2x2

Ruby 2x2 128°000

Atlas 2x2 550’000

Atlas — S2 4x4 8’800°000 34.3

State-of-the-art
electronics provide:
* Speed
* Instant binning switch
o Full well

Agilent Technologies



HW — Detector tech: Read-out times

KM4CCD,
Sapphire 1M

Ruby 4M

Atlas 4M

Atlas — S2 4M

0.075Mhz

0.420Mhz

2.100Mhz

4.400Mhz

56.7

State-of-the-art
electronics provide:

» Speed

Agilent Technologies




HW — Detector tech: Read-out times

Duty cycle 4.0 s

Frames

12345678
910

Total time
= 2.2 sec

Frames

12345678
910

Total time
= 40 sec

Agilent Technologies



HW — Sources

Same sample 0.3mm, normal tubes (2kW, 0.5mm collimator), micro-focus
(50W), GV1000 (1000W)

Enhance Mo 1
Enhance Cu 5
Ultra Cu 40
Nova Cu 120
Nova Cu 2" gen 240
GV1000 Up to 2400

Agilent Technologies



Intelligent measurement system - IMS

Fl‘]
CERY-
N

| -
44

[ B L —
| " Gonio/scan settings
Smart sensitivity control correlation

Agilent Technologies



How to increase data quality?

Extendlng exposure time ! ! Increasing redundancy
"Increase absolute detectivity ' | *Good for scaling

. *Produce more overloads . *Good for absorption

' correction

__________________________________________________________________________

Rule of thumb:
“Extend exposure time for weak crystal”

,Increase redundancy for good scaling and
absorption correction”

‘7%~ Agilent Technologies



Twinning*: Challenges for the crystallographer

= |dentify ‘proper’ unit cell(s); if possible at the screening/pre-
experiment stage

= Reduce overlapping data
= De-convolute and correct data
= Solve the structure

= Refine in best possible way

*non-merohedric

Agilent Technologies



Screening tool for quickly judging sample quality

L Mount Ik Screening |l > L Mount S Screening

] — 5 | 60s

1 Start Pre-Exp. (5 min) ] 1 Start Pre-Exp. (35 min) N Edit

» --_j;.?.-_;_v- Agilent Technologies



Twin types

= Easy twin = Super lattice “faker”

y -." Agilent Technologies



Easy twin

Mu-calculator (1.0.3): Absorption coeffiient in mm-1

S5.6419) NE 10 K3 100Y) LSUE A0

S515 SEMAZ0 AR 1010 84112690 21

AANLY 50436 AR LAM0 MANIZE A0S

ISARTARE
Vi Turdnvg 0%
UBS 08 AT 1330 s el of 1777 (D01 1777 shippedi 0) (74, 100

S TIAMENT MODEL

20.04704 beta 00168

L

. 4
1 S07AVITE deitence: 8030530
VDA 07139 81 04NN

LATTICE

Current cell (CSD: 0 hits)

7.052(3) 14.162(5) 16.673(5) 65.64(3) 85.12(3) 84.10(3) 1507.4(9)
Lattice reduction

selected cell

7.0511 14.1637 16.6515 65.6629 85.1010 84.1126aP 31
reduced cell

7.0511 14.1637 16.6515 65.6629 85.1010 84.1126 1505.5
PEAK TABLE

Peak hunting table
UB fit with 1336 obs out of 1777 (total:1777,skipped:0) (75.18%)

= |ndexation <90%

= Chemical content consistent

Lol ond wavesngh
706249 1416205 1667339 65642 85120 84103 1507368

Mo-tadatan

g [

Chemicet formula. feg 11 H10 S0

Numbars follow el te. separate ol byspace.

I':UU H4l F24

Fasult

3 alement(s).

v 40.00( 2.77); C= 80,00 65 83); F» 24.00( 31.29%
Fomretawt 145720 Malmerly 014

Dengity: 1605 2. 1.00

Fio00). 54000 Alvel 1047 NomHatwol 1449

mu (mm=3) 014440

[~ Editmu

St tm an fyrrrese

Agilent Technologies




Easy twin in new Ewald®™

Pro
- (aysAlis

Crystal

MIIGE 1C50 0 hiln)
dinp SR e
“ % % 0t Gt G- . v lnbz.uoi @, index: 75,1

Oty oft

Adisty mtiastal

Adaale iNcoIRER A UtIe Dedls
- a8 S ."‘. e ® 89S Distibution hstograms [2 veciam prosechion D-1-3]
L

*® -

DEEE L F DR B RS RY T Y L DL

B .
® <

S A
e e 0D R a9 0 De 0 e s, .
A
- .

ARSI ey o Sty S SEPSSPOMPS e .

ow
CIEEL TN )

Filters

Selection/Lattice-it

Indexed wrong
1 v [V oear

MALL il 14

1Pks: visible - 1777, hidden - 0, selected - 0

119



Easy twin in new Ewald®r

T | —
|/B Ewald Explorer (1.0.1) - A O X

‘ui,i -
-- K1 ¢ KIE R Bt el e - Il Io° o 1 (S~ [P oo B

Pro
(aysAlis

Crystal

| Logwndaw

ATTCE [ese UV EITAY)

7.05203) 14.162(5) 16.623(5)
§5.6403). 35,32(3) 84.10(3)

V = 1507, 4(5) AP, yadex: 75.48%

Qvatiac ol

Adhits mulboysss

a Autamanc tn finding

AN e OOTMF T

LE)
Custom twn finding
el A A R ‘.‘. rd g B Distnbuson hislograma |2 vatiods peogction 0-1-2]

a Fd neot compenant in wrong peaks
Gl R G I e e = s il e andmncompamﬂmshmptio ) .
n ‘, -. ® o @ a Custom component in wreng peaks o
Automatic twin finding R oo compommt i showe peus
- m Go to UM TWAR: US matrxe satup for twans
Ealt z d —= < wul
Custom twin finding
Find next component in wrong peaks
Find next component in shown peaks =

Selection/Lattice-it

Custom component in wrong peaks

[ # |Wdexd | Wrong | Color
.2 ; fvifvias [ ]
@ Custom component in shown peaks =N g |
£ | 3] o Bl
4 0 [ 1
I s o o |

Go to UM TWIN: UB matrix setup for twins

X:958 Y:813

- Agilent Technologies




Easy twin in new Ewald®r

B3 Ewald Explorer (1.0.1

- ] .
_.__I _.J . | ' .

Component #1

mponent #
Ak Crystal
I Logwndow
]
X 14203 W TSN
65,649 BS. 141 B4125 1309.7
Ovaria off | 15

:WP%US!‘%‘!F"-P -3
W5.728 84,838 B2 008 13045
Qvartay off (mroun 2 cotar)
Aanee coms2nen

DQoachvate mustiorrets

[Rat{UB1 UBZ2j=179.5058 deg
around 0.56 0.20 0.20 (rec) 1.00 0.00 0.00 (din)

Nt
o Qe B Qe t-ﬁ*,
!

} ‘l"

LATTICE
Current cell (CSD: 0 hits)
7.05354 ( 0.00278) 14.16245( 0.00515) 16.69020( 0.00507)
65.63611( 0.03203) 85.12518( 0.02852) 84.11457( 0.03119)
V= 1509.11
Lattice reduction
selected cell
7.0511 14.1637 16.6515 ©65.6629 85.1010 84.1126 aP 31
reduced cell
7.0511 14.1637 16.6515 ©65.6629 85.1010 84.1126 1505.5
Twin information
1: 7.0534 14.1620 16.6895 65.649 85.141 84.128 1509.2
2:7.0538 14.1451 16.6567 65.728 84.838 83.808 1504.3
1: Total: 1351( 76.0%) Separate: 1138( 64.0%) Overlapped: 213( 12.0%)

! 2: Total: 492( 27.7%) Separate: 279( 15.7%) Overlapped: 213( 12.0%
|m_visiuc>l777,hlddcn'0,9d¢ded‘° Find next unit cell Unindexed: 147 ( 8.3%)

- Agilent Technologies




Super lattice faker

Mu-calculator (1.0.3): Absorption coefficient in mm-1

-~ Cell and wavelength

3842671 2483705 45.72677 90.036 108.228 89.987 41451.873
Mo-radiation

| m Lattice wizard

LATTICE
Current cell i
30, 427(5) 2483 a5
Constraleed current cell
24,630(4) 45.723(6) 90.0 168.251(14) 90,0 41452020}

F27(5) 90.036{9) 108.228/11) 89.657(10) a5452(M)

457274 90,0348 10822683 899687 ml 27

F7682 33308 722409 70.0803 034372 207275
PEAK TAHLE
Paak hurting table
Ul It with 556 cbis out of 1077 Qotal 1077 skipned:0) (19.460%)

WNSTRUBENT WOUEL
Gamometer
beam. 0.06

4 Fpha 3004288 beta 0.01668

om zerw! -DHB3E th zeror 009307 ka3 zero:  -0.80935
Detactor
ok 0.41730 y-rot o

x<un; 53579221 y.cen:
Wavelength Mo (Aang)! A1 O

261% dstance: 60.13336
071354 D1 06329

LATTICE

Current cell (CSD: 0 hits)

38.427(5) 24.837(3) 45.727(5) 90.036(9) 108.228(11) 89.987(10) 41452(8)
Constrained current cell

38.425(5) 24.838(4) 45.733(6) 90.0 108.251(14) 90.0 41452(10)
Lattice reduction

selected cell

38.4282 24.8376 45.7274 90.0349 108.2283 89.9887 mlI 27
reduced cell

24.8376 27.7682 36.3394 72.2609 70.0465 63.4572 20727.5

PEAK TABLE
Peak hunting table
UB fit with 966 obs out of 1077 (total:1077,skipped:0) (89.69%)

= |ndexation good/high

& |134|

~ Chemical formula: (e.g. C11 H10 5 02)

Numbers follow elements; separate elements by space:

ne;

‘ Set mu and formula

Cl4H12 N3
-~ Result
3 element(s): -
H=12.00( 5.45); C=14.00{ 75.64); N= 3.00(18.91);
Formulawt: 22229 Mu(mm-1):  0.07
Density: 1193 Z: 134.00
F(00D): 17956.00 Atwol 1067 Non-Hatwol 1820
mu (mrm-1) 0.07370 [ Editmu
iote: It yvou char make all output filas {like

)

1” Log window
2

= Chemical content inconsistent (here Z=134)

Agilent Technologies




Super lattice faker in new Ewald®™

e e — =)
2|8 o BEEEET-E . - Cosal

[ Logwindow

MAITICE
38.427(53 857(3) 45.727(3)
90, 036{%) 100.228(11) n.eniﬁ)

%p,u?u.-
¥ o= 43452(K)1  wl, index: B9,

fQustayar
Aclivaly taglirysty
Activaty intmmeeisuryie pesly

Disinbiution teato grams [2 vecsocs projecton 0137)

o wos

Filters

Selection/Lattice-it

| ¢ | Indexed wrnngvfcm;r

v 1 |v e [V 111

| 20 » H B

| 3 @ [0

[ sl o n N

I 5] o [ ==

'thsx visible - 1077, hidden - 0, selected - 0 Hold Ctrl, LMB and move: Z rotation. X: 793 Y: 737

Agilent Technologies




Super latt

Ice faker

B twald Explorer (1.0.1) W

o

| ¢ | Indexod | Wrang | Color
vives [vi
B | 0
o B [0
| sl @0 [0
PR Th T PR T ‘ Al i : | 5] @ [
Peaks: visible - 1077, hidden - 0, selected - 0 Hold Ctrl, LMB and move: Z rotation. X:937 Y:635

= r3 —_— =
- —— D — —— gt -—ﬁv — -

e B ESEAE B e

Crystal

Filters
Selection/Lattice-It

Rubbar band

{lmd perod ralne angie '_! v Hre
| angla | penod | wadth

Angle
Cperaboos

R R T

Group2

L

Lamicelusage
romodlpmdbylll sctall mouse whee! of hit penod scrol

To ud,ull penad by smafier facsor (zoom ralsted) hold SHFT butan
and hit panod ssml butlues:

- Agilent Technologies




Super lattice faker

,.mjmm_._:, B e,mn-m 2 o BT - | Crvsa
' Filters
Selection/Lattice-It

Salection ool
_Nona I Rubbars band
% Lafice-t  |Wnd period etne angie * |1 Hes

E 2 l’ran‘gvi'e 71'pcnod |w:1;h~
{[w]1 1200 957Ang 125%
|

—y—
Angle < | » [Fpaned | ¢ | » [Siian - < |0 )

Cperabooa

Lamcell usage

Tomodiy pariod by 178 sctoll mouse whee! of ht pennd scrol

basans
To adjust peiad by smafier facsor (2oom ralsted) hold SHFT buton
and hit panod ssmll butlues:

{ ¢ | Indexed | Wrang lCn‘nf
v 960 [./ 111

Peaks: visible - lO",Hdden o,selected 441 MWheelenngepeﬁodforadvelatﬂce. X: 555 Y:361

- Agilent Technologies




Super lattice faker

W . HEREEE- A Y- cysa

Filters
Selection/Lattice-It

Selection ooy

o Nora I Rubbar band

“lasiee i period. 1efne angle | |

# ; arﬁh V‘iEan:d | wadth

- » ™ ) —_“
Angle * | paned [+ | aiom | +}
Cperaboos
Group2 ~|
| ¢ | indexed | Wrang | Color
vVilvses [var
v 2 v v 64
3 b [ o
| ‘ i ‘ Fsrs o
| N | : A r—S [ | 0 ﬁ

I s AL L 2 al o 2 a Il -4 BAR R L= Al LA
Peaks: visible - 1077, hidden - 0, selected - 0 441 selected peaks moved from group 1 to grouy X: 939 Y: 426

Agilent Technologies




Super lattice faker

B Ewald Explorer (1.0.1)

S
2 oM RE R Lo BERERE- A ... B - Cyse

's39f Auto unt cell finding m shown peaha
951 Redne unit coll

iy

'*:" Custorn unst cell finding in shown peaks

@ Lattice smpeovemant wath tolerance

| Loy window
i S0 0 hils)
4. 54303) 45,670006 H.lﬂ&l
#2.955(3) 100.524(10) #9.9731(3

¥ o= 41353(8) o, ndex: RELTIM
DeeGay an

Aoseate muorestal
Nt NCRnTsns UG Reala

- . . m Moddy lattice type Distnbution Fstograms (2 vickats prajcton 612}
- . ulﬂodi'/lmncnyptvnhuwmm Py
; ® > ® < b sy
- - . ® o 6 = ¢ & -
> .
» @ ‘ - ' o . < ans
] . @
* - .
® . - ®
o . Filters
Selection/Lattice-[t
™ - - -
. Indexed Wrang | Color
Group filter on, v 1| sa v 54
2 374 |v &7
fl :_ 0 |_ 0 B
’ s o o

il'eaksxvlslble-m,ludden-ul, selected - 0 Find or change unit cell X:939 Y: 701

o
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Super lattice faker

B Ewald Explorer (1.0.1) 5 S i S S—— -.-‘“.-??'1;; — =
=R EE - o BREREE- B Y- Cosa
[ Logwindow

L&IU% J'{JD.ﬂm i
9.6066017) 12.438(2) 1'1.4)0()2
90, 0550341 104, 207016) no.crsg )
¥ow 3295.604) =P, inden: $8.2

eutay
- i

N‘Yl-]'! Illl.!ml'lzlll ‘Im ‘n!‘.ﬁ
Distnbution teatograms [2 vacsocs projeckon 0412)

b* iy

Filters

Selection/Lattice-it

| ¢ | Indexod | \Vrnngvl Color
Group fiter on, Vilvear Vo
2 v 0 [v %1
3l o [0
. ‘ | & o [0
‘ gl L i | — — -
: = | 51 o [ o ==

Peaks: visible - 636, hidden - 441, selected - 0 Define q vectors to help indexation X:931 Y: 737
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Super lattice faker

—

1=

Log wndaw
the{ 1] 3
9:.6086417) 12.418(2) ‘.1.4102?)
S0, 055014)  100.207C16) $3.576(14)
V- 5.6(4] P, indes: SR.22%

Sustisad
(1 -'ﬂﬁ TYats
| : Automatic twin finding S .
| A S 1Yt
Custom twin finding

. Cilambuton histogeanms [2 veciers projecton 0412}
’ m Find next component in wrang peaks
. ' . mmemnshmmab Sl
| Custorn compenent in wreng peaks
| b* aes
| Custom coenponent in shown peaks
m Go to UM TVAN. US matra setup for tvans »
| i o ais
|
|
|
!
!
[ Filters
I 3
| Selection/Lattice-It
! _# | dndened | Wrong | Color
!\7 1 v 627 v a

{ 2 v B 441

| 3 o [ o

| 4 ¢ o

i 0 0

| |Peaks: visible - 636, hidden - 441, selected -0 Find next unit cell X: 932 ¥: 414
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Super lattice faker

oA B)SE - - BERREET- A BN cysal
L 4% Wil
,3\ RO S
o ARSOROANS, o
o "‘A’/‘@‘\O/‘% F -
e R
. aie ’ /Q =iy . Filters
o ¢ 'a ol % e @ & e « o R Selection/Lattice-It
i-’;‘-‘z ; '% =
Peaks: visibl hidden - 0, selected -0 Find next unit cel X 885 r;_° . r _Q
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Super lattice faker s 5 s s

950859 1241834 1146003 0055 106207 $3976 1295581
Moradiston

B Ewald Explorer (1.0.1) % S o . S — S——— g—— O%E—r 2 {4m

CROEE S L AAREEE
n_.J Jv] _— | | . . é * )= , view! Chamical formula (a.g C11 H16 S02)
- Numbers follow o1 { By space; m

Iu_u HIZN3

Fasm

3 element(s)

H» 1200( 5.45): Ce 14.00[ 7564), N« 3 00{ 18.97),
Formulawt 22229 Mufmm-1y 007

Density: 1139 22 400

FOo0y 53600 Atvol 1117 NomHatvel 1806

mu immeT) 00Ma% " Editmu

LATTICE

Current cell (CSD: 0 hits)
9.6086(17) 12.418(2) 11.430(2) 90.055(14) 108.207(16) 89.976(14) 1295.6(4)
Constrained current cell
9.607(3) 12.420(2) 11.4327(17) 90.0 108.24(2) 90.0 1295.6(5)
Lattice reduction
selected cell
9.6086 12.4183 11.4300 90.0545 108.2065 89.9764 mP 34
reduced cell
9.6086 11.4300 12.4183 89.9455 89.9764 71.7935 1295.6
Twin information
s it Al | Al i Ly " / 1: 9.6086 12.4183 11.4300 90.055 108.207 89.976 1295.6
2:9.6021 12.4183 11.4372 90.000 108.242 89.982 1295.3
Peaks: visible - 1077, hidden - 0, selected - 0 Find next unit cell X8 1:Total: 627(58.2%) Separate: 350(32.5%) Overlapped: 277( 25.7%)
2: Total: 676( 62.8%) Separate: 399( 37.0%) Overlapped: 277( 25.7%)
Unindexed: 51 ( 4.7%)

Agilent Technologies




Other tools in Ewald®™ to support twin handling

= Reflection grouping (up to 20 groups)

= Filters (intensity, d-value, runs [mistake a moving sample as

twin])

= Custom unit cell finding

Max unit cell limit estimator...

Please enter your expected chemical formula:

[CN H12 N3

3 element{s):H= 12; C= 14; N= 3;

Expected Lave symmetry: | Monoclinic
Expected Bravaw lattices: P v |

Expected lattice ansotropy: |2:1

Multiply by
05 ® 10

Estimated volume: min= 612.00; max=1224.00

Latrmated mm o! ssa edge = 12Ang Set 33 max

Latimmied mux of max edge = 13405 Set to max

Find cell...
-~ Peak table . Algorithm
(& Normal peak table (e T-vector Dirax
(" Delis (diterenE]) peal Ehle (" Stereographic
— Sample type
(" Single crystal
_ n Unit cell [ [1ELS
Fevl i e |z [120.0 | cac |
ear o
(@ Twin / multicrystal i max
# of components Iz | [2.0 |15.0 Calc
Lock present components
:J (see Twin information' section [ Twin1 [ 1wz [ Twis
of the Lattice Wizard):
HINT: To lock current UB for twin 1, first go to UM TWIN utility and click
'Current UB to twin'. Then return here and select 'Twin 1' checkbox above.
=]
| Consider Bravais lattice type
2 [v Force identical lattice for all components
~ Known cell
[~ Search known cell |9.61 12.42 11,43 90.05 108,21 89.98

- Agilent Technologies




Judging a twin from few reflections can be tricky...

ol Lo BEEREET- B e B | Cosl

AT :_r_;;»gb_u it
n.ug) 24, 695C10) 3. 010(13)
0.06(3} ¥5.07(3)  B0.57(3)
Vo= 63540(40) wi. index: 80,628

Ouarlys of

AR TRIBCIYEIAl

Filters

Seiection/Lattice-it

X: 929 Y:725

-~ Agilent Technologies



Use the custom unit cell tool...

Find cell... | S|
Peak table Algorithm =) X
(& Normal peak table (e T-vector Dirax - |
i -
e, B G B - B e I - | Orystal
W (" Stereographic I g s
Sample type Log wingaw
AT 1C30 0 i
(" Single crystal 11.337(E) 12,.432(6) 9.E31(3)
i $0.02(4) 108-30(5) #9,96(¢
Unit cell ¥os2303(2) =€, indext 06,6
G e & 2.0 [120.0 f Cugstae oft
(@ Twin / multicrystal i o A
# of components |2 LI 12‘0 I 15.0
Sckeile inpommendyuiile S2a63
Lock present components
(see 'Twin information' section | Twin1 [ B Distnbubon hestograms [2 vecton projechon LD .
of the Lattice Wizard):
HINT: To lock current UB for twin 1, first go to UM TWIN utility and click
'Current UB to twin'. Then return here and select "Twin 1' checkbox above. a" axy l "
[ Consider Bravais lattice type
|
|[v Force identical lattice for all components b sxip '
Known cell
[~ Search known cell |9.61 12.42 11,43 50,05 108,21 89.98 /
¢* aus
Filters
Selection/Lattice-it
¢ | Indaxed 1 Wrang Color
vi1lvaes v 43 \
| 20 o 0
I ] 3| o | @
|\ ol I ’ } 1 ‘ | 4] o )
L Ll AT | 5] 0 o

Peaks: visible - 129, hidden - 0, selected - 0 Find or change unit ceil X: 965 Y: 612




Find the twin from the wrong peaks...

S~ HEREAT- A BN Cosal

Component #1
Component #2 il ICED) O ney)

11,4371 12,4342 _!.5113 W GEE
90,01 108,305 83.%63 1300.7

Remilas ofl (wagn 1 gler

Lomnonent 83
11,3377 12,4408 L.ELTE o SE.E
53,965 108267 00.02) 1302.0

Qvrttas 0B (o 3 Sl
AJ3 ued corwanst

Ctacnate muitcnsty

S,

Towle by

(2 Q’O (’)‘9'0‘9‘0\{0‘9‘

LSRN

OO
ERLSOBONLL /

A
NN SRR

9. 999
X
)

Filters
Selection/Lattice-it

2z |uer | uez [overl.. |wrong [ color

1lvss [va [v 30
B

|

|
. -
-

-

Peaks: visible - 129, hidden - 0, sefected - 0 Find next unit cell

-~ Agilent Technologies



Strategy with known twin law

preneiswep AN

Un#t coll for Strategy Cofculstion (CSD U et

- Strategy mode

IComplete data for twins

limit |100-0 Max 99.74 %

Generates runs that reach
completeness limit
for all twin components

Cedls 11.430{2) 12.418(2) 5.6086(17) 90,024( 14) 108.207(16) 89.945(14) 1295.6(4) mC

[ c-tetce v | sa2z (E22 of 1677 etechan

@rysAﬁs

o

‘__ Experiment Strategy

Teve
Srategy pacemeters predictan
s Ressmon ( Thets [ ITheta | 2800 “""—
| 10.00
® imagoo Ot [2m (bumoue) 7| & Tha sama tme for ol thatn goskons
23 : T DMTernrt far posTan
[+ Frieded mates ara pguhalent [sncheck for gy qualty absduts coriguratan data) / o olbicrh e 70.00
Ootactor Distamos | 90004 Adew
Scan vadth; | 109
Srategy mode
[ Campleta data for twens v
x99 %
Sty Opony
i WD W W
' WIS
oz Mon Aug D6 07:21:55 2012 m
" Compltarass/Coverage bk
pelerwss 1 2/ (brwgos) Pl sphere (F1)
100 _"_".ﬁ R | T
o~ o~ — |58 100 4 %
£ - !
S r18 {
21 +4.5 a4 | i
g 1 §
€0 > £ r40 218 4 = "t 2}
3 / ) g = A =
s s g S a4 / rt4 gl
< B 24 T o g !
24 4 —_ X 4 F1.2
i 15 g o %
) . o0& i 510
0 €0 3N 40 &40 800 0 160 320 480 6490 &
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Data reduction

CrysAlisPro: Data reduction (1.13) Proffit: CrysAlisPro data reduction assistant (1.0.26)

Load new experiment : : o @ Pro
P Simultaneous twin data reduction rysAlis

Full auto analysis (cell, red)

step 1: Orientation matrix for data reduction

UB - matrix:

-0.023887 0.014294 0.057126 ( 0.000009 0.000010 0.000011 )

Data redUCtlon Wlth Optlons Pro -0.038447 -0.045998 -0.015443 ( 0.000010 0.000011 0.000011 )

rysA“S 0.046928 -0.030486 0.050268 ( 0.000009 0.000010 0.000011 )
11.45724 | 0.00186 ) 12.44279 ( 0.00203 ) 9.62081 ( 0.00158 )
89.94327 | 0.01328 ) 108.28312 ( 0.01460 ) £89.96511 ( 0.01317 )

V= 1302.30
Selected cell (from UM rx/UM ttt/UM £f):
14 11.4572 12.4428 9.6208 £9.9433 108.2831 89.9651 mC

Auto analyse found P-lattice in peak hunting data!
Twin 1: 11.45724 12.44279 9.62081 89.9433 108.2831 89.9651 1302.30
Twin 2: 11.45006 12.44351 9.62704 90.0025 108.2504 90.1021 1302.85

— Lattice extinctions (filter Brawais lattice extinctions) 1o cime slraie sucines
(" Don'tuse filter (P-lattice) o [Narmaldetaredustion. (e

® Usefilter for: - {0 E Y ECiT
() @ier reductonilist

— Twinning/Multi crystal (activated by UM TWIN entries)
[v Use automatictwin/multi crystal data reduction with the following components: [ Multi erystal

[v' Component 1 [v' Component2 [ [Etrmpenent s | Emrmpanent

-~ Agilent Technologies




Twin profile data

ol
5 E L 25 8%

& 5 b 32 > >

Fully separated 80% - 100%
Overlap data

Agilent Technologies



Twin profile data

ol

Fully separated 80% - 100%
Overlap data

)\ e | \T _// N
0% Deconvolution 80%
° possible

Agilent Technologies



Current vs. new approach

Current twin integration

New simultaneous integration

“ 3 ( ) /(e NN
C t #1 C ¢ 42 Profile decomposition
omponen omponen _
e e ing of the.
. Z N / overlapped area gﬂc‘lrfrate
profile-fitted
- == / HKLF4
- ) intensity
Less -
accurate / TlEn) \ ’ ’
HKLF4 and| decomposition during k ,
HKFL5 finalization

Very accurate
HKLF5 intensity

/ [ Twin finalization }

intensities :

<

‘7%~ Agilent Technologies



HKLF4 and HKLF5 play modes

Fully separated Partially overlapped ‘Full’ overlap

|
18 ,-\\ 3
Y] 1 \
3 1 . "‘/--\\.\ | i3 L 120
g ¥ {L® * Component 1
A\ \ 120 /—\ £
- /. . \T =g 2 \
|
t. .—\l‘l F3m
; 1 . ~* Component 2
et b

Component n
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HKLF4 and HKLF5 play modes: 1sttrial

Fully separated Partially overlapped ‘Full’ overlap

|
18 F3m
184

. .
N G Q ~* Component 1

1/ “\\ n

18 _"‘ “‘. L8 2 ic am
Ln "’ \ 1.
LA { “‘ 14 o 1 2a0 240
12 / “. 12 < ,'I-.\". ¥ i g
B u { | 10 s { \ e = $
[\ e ; \ , /\ Component 2
! \ % y N\ \ - 120 / o T N 1.0
L f | at o\ \ / .
N ;‘ . s / ¥ 000 / \\ l 5
: g o N o
’ o \ b :

Component n
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Structure solve and refine using AutoChem?9

B ow Stuchue Moow Took Bt Modd Solect Hen

a‘n_lal ' ‘

CasHsaCuHaN, =S > %= 0
) N0 b2 1701 P ol PR
< 35100 4.01%

Mliedut | Salesk Ceop | Babes St ) Fngtey Oty [RECE | QO USER P
Sakton Frogum Toldan Matsod

[aatn =] JAun =l
Fetremmn Sigam & Mathed

|M- -I -

OOOOOOOMAQ D Rt T

SOLUTION STAGE
e EHUR, Pameteon Wettien) M R o) 000« T AT = 5

FEFMEMENT STAGE
o Pervton O RY = 20000 AlA 14

ATA =2

~> Rt IR = BA1 ATA D
o bt d MY = G200 ATA = =8
Cuntiowva? cavnst) 0] ¢ nidid |13 9 joa(2I R0 wcs WY ) Vou

SECONDARY HEFINEMENT STAGE
Ambutogic Sensliver RE = L a0 UsvLEs
w2 Retatun 1 RY = 4010 AR« 2

~> poutnd @ RY = 497 ATA = B3

> bostion O 0 = 400

POLESHING STROCTIRE
w4 Baatem ) RY = 417,
Flnlahod wim ATA < 59 and 81« 401 @12 %

Bl = 0,085% for 6350 wnique reflections atter serging
Wigheet poak 2,75 at 0. 4141 0, 1463 07022 [ O,
Doapoest bolo ~1.33 At 0.3676 0.0921 0.7438 [ O.

D R . A R
+ anial finishod at 15:59:41 Total CPU timo: 2., decs
D R S e R R TR

1 €. | 01 a0 | ) " peripeyd with o S —— "
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Get extra data in to solve the structure...

Partially overlapped

PN
1) ‘I
18 { \ e
J
18 Fo\
| | 14
A B '|
12 [/ \ |
st ! 13
B [ \ { ) 8 3
o8 o f \
J |
uh / \ | \
y ! \ { \
oA ! A\ / \ \
] 1 J \
! \ | \ \
/ \ / \ \
J \ / \ \
02y / \ N
g2 Sl z
% [ - Y] s 24
r.
lr \
18 A
f \
15 t \
(€] || | 1L}
- f
12 £\ |¢ ;
2 "' \ { e
! “ ' 1
08 ! \ | \ on
[ f \ / )
: ] \ /
04 { ) / \ 04
/ N
0 4 N
] Nk =Log
3 [ - P 15 24

‘Full’ overlap

///f /—\}\
/- \':\~

Z \\
& - u e ‘

L
" Component 2

\ o

Agilent Technologies

N
L
£\ " Component 1
n
=
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Get extra data in to solve the structure...

Fully separated

Partially overlapped

‘Full’ overlap

\
N

N\

|
|
!j
|

|v containing data from
twin 1 and twin:

fvi#a [ =] #4

Invert HKLs of twin:
| N a4

Agilent Technologies

L]
. VAN
[~
Vi
1/
~ HKL file options-
= |EErETEatiEes Tan
Output multi HKLF4 file

: AN ;j =
. Twinl_hkif4 N.. A .. 1
o with data /~\ ; omponent
from 4 " 4w
“——— component 2 oo N

* Component 2

-
L9
()

Component n




Not enough yet: Add full overlap data...

Fully separated Partially overlapped ‘Full’ overlap
o I O L \ [eoee 0 " Component 1
A with data v s
“ H i from .\ 4
"=+ component2 = = = R
+ overlap data
-~ Corrections
~ Twin decomposition 22
Overlap threshold for scaling & space-group 0.400 '
Minimum completeness in HKLF4 ?‘(for structure 100.0% Edrt comp ‘ b
S |* Component 2
~ HKL file options
= “’ BT

Output multi HKLF4 file
[v containing data from
twin 1 and twin:

v i#2 [ =2 #4

Invert HKLs of twin:

C#20 ol Component n

Agilent Technologies
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Solve done: Refine on good hklif4

Fully separated Partially overlapped ‘Full’ overlap

|
18 2c k3o
15
1A (L] 240 F2A0
e T e \"T'?A
u =
b . /\ Component 1
G 777\
03 :y" od o ' / \\ l K
2% ~ 4 S
-5 0 ‘ & &

ol

18 _“ “‘. L8 2 ic am

() "’ \ .
LA { “‘ 14 o 1 2a0 240
12 ”I \ 12 ‘/"\: |
¥ { i', w8 = / \ : e o 19 20 2 C t 2
A o _* Componen
un .‘ | Ot " .\‘ \ , ’ A
03 / \ > \ " 0.1

’ X

Component n
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Solve done: Refine on good hklf5

Partially overlapped ‘Full’ overlap

Fully separated
18 |"' lA", £ ] am 300
10 | \ 18
LA . ," I" 1.4 \ } 240 24
12 ‘ \ [ \ 12
s w \ \I '| w e = e e - W e o
o ] 9 kIl i |~ Component 1
[T ! ," 'nl o / \ ' ' I
",‘ 0s 0s \ o oo LL
02 Qa2 o 2 \
o &= = ~lan o 4 ] . . [
3 é 2 14 4 £ -
Twinl_hkIf5
18 | "g L8 am a0
18 "' 'nl 1
14 n' 14 } 240 24
& | | :
12 | | 12
8 u | \ ‘I \ w R s = e i B o
gi kN A Component 2
3 \ / "\ 2 120 Ly
o ‘ I' T s o ~ HKL file options on
02 ./ i do ka2 = P - Use reflections from
on an - “ 0 . 8 | H
5 & p T : component 1 only £ &
Output multi HKLF4 file
[~ containing data from
twin 1 and twin:
! vz [ s3] 4
-~ Merging
v Merge data using: (® the same Lave class |~ L[, o InvelriHKLs 'oitwm: =
2Nl #2 5 £ -
[ Remove outliers (~ different Laue class |1 com ponen tn

.,
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Good data quality through full post corrections

Integration

Average unit cell

Absorption
Beam illumination

\

Empirical
corrections
v

QOutlier rejection I

v
Point/space group

PG changed?

Optional merging

‘7%~ Agilent Technologies



Summary - twin

= Twins can be recognized early on during screeing/pre-experiment

= With the graphic and computational tools in Ewald®™ twin
assignment is easy.

= De-convolution of overlap data gives good HKLF4 files.
= Sometimes solution boot-strapping requires different play modes

» HKLF4 and 5 files can be easily conditioned for top data quality
with absorption, beam illumination and empirical corrections.

‘7%~ Agilent Technologies



Import/export from/to external formats

1. Easier accessto
Import/export options
(on power toolbar).

2. Organized export
options.

3. Importing external
Images on one clique
(instead of typing

commands).
. , -
4. Esperanto importer for = e
non standard image S
types. it Rt

Agilent Technologies



] SAXI CREATERUNLIST
Known format import

R

b gt b ey S — ot bt by el P S g S
NPT R————— L i

R p—

AT Ut L g 1 prma s gt mandY ot o

1. Clean information
which image types
are supported.

2. No command e S o e

S Briker) px, whn - ST (0 ey frma) Aoes,
Potam 1000

needed for creation : . E -

AR Rayer maARIRL ock. 0 + I, O, Saryonm vy Mer foomsts

of the run list. Lo T

[ Dwcte @F ~onpe .- sk WD argie s Broe X

/!
T
7 AR
o
22Y) .
g ,
_I
m
:U
C
= |
—
0N
]

Srvans W Lnesy 0 hebdens nay be tanefosed
oo Ll - -

3. Access to Esperanto
importer in case of RS

. : — : ;_:.::.*.:.‘::;._._. i
incompatible format. | === - e

DECTRIS CREATERUNLIS

‘ .y e — -

o s ]

v et o b e . e s s s s 9 o
o gt b g S oy e S P b o g b
[ - i wb—
[ )
2 casn [ —
T
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Import/export

Dc rit/mar experimentsetup/dtrek createrunlist etc

T Bulk Renarne Utility - o IES
Flle Acvons Opliors  Help
b o ~ I Name | New Narme ]Sw O | Type | Siee{Crmn. [Mod [Acc |Lan [T AW
)o@ alisa 038 img 5 @atin me. . w0 120 %0 " A
o sinas_ 05 img sias_039my 036, R X0 w0 H0 “ a
b D4 alisas_o4aimg snat A0 img 040 X2 260 183, 260 M A
), 06 WS 041 img snss D41 img D41 2 260, 180 %0 " A
il el stmad_042img aliyaB 042 img D42 R WO B0 %0 " A
[ w2 alisas_0k1img slisas_Olimg M. X 0. 122 0 M A
3R wp, 205 aans_ 044 img adinaS_OM i M. X 20 %0 " A
- Z 845 slst 045 ima 3 5 0 » 3 A
abh 2o ama Y sleos_45img ™) 45 R M0 20 4 s
<
‘w-lil (:E_' Mgt (1) {:75;i Rermveve 1§ v Rhrasm v ﬁ] Awto Date (8) v ﬁj‘ S theg (V) v f_‘J
Vm'fl éamur-_- :'FM' |U— :: Lastn 0 i—, Predie | Mode [None L]’ Mods Sufte w| o :‘1 i}'
|Pgiace | fwen [ Fom [0 = b [ =dlimes | Tve {CeetonCurv] || B0 R b T =d
| 7 hdude Ex " MatchCnes || Chan | Waorchi stpos §) 4 || Fm {owy w]|/Ped B =4 Sap |
‘ 7 Ry Cosetn (5 Afj|Cop [Heee v] = s | Seq | —p B
{, [Feed =] | [Sam= ~ | || Dots [T Hah Tom | S Cinsom Type [Basn 1) Deoms} vl
‘ M: = | ; =] o " Aceos [ O || WordSpsce - LR ' :
jeke 3 | O = hl
aieal il I~ Sm  LesdDets  [Nowm w et oo = wn ™ )
~ MoverCapy 18] - = — ——v B - Aepend rokier Name (3} ¢ R e (1] 7 A
[ Plone =4[ ] Moo =] T = sen | reame [Hore | Sep. | toon i | [Fued  v] [mg
Setection (1 Bl ew Lecation (1) “RE
{ — . el =1 —= | Fesst
| Fer F ¥ Foldees [~ Hadan Name Lasn 10 = Mux |2 ~ Pt | ! Paroas
|~ MachCose & Frles [~ Suvoiders Potilundis 0 HMw B o || T CopyrotMon Revon|

= Working on muliple computers T Sy nchionoo yow 1es a00ss compatess wih ViceVersa FRO Clic

145 Obyects (45 Selected) Favounte 25 demis) successfully processed.

= For some import tools image renaming might be required.

= There 50+ tools available on the internet. Here we would like to present a
very powerful one: ‘bulk rename’

» |t has the possibility to pad names with zero to get names like aa_0001.xx.

= You can also inject run numbers for multi-run imports...
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New bruker formats supported (CMOS)

Data from photon100 detectors can be processed.

The following observations can be made:

The Mo gain of cameras varies from 260 to 450 in spite of specification

The image gain is typically of the order 260 to 450 and the images are not divide as the
Apex images in spite the of the header value e-/ADU 40.

The 3 gaps of the Radeye chips are clearly visible and should be rejected with dc rejectrect
for better data. The most offending one is the middle one.

The offsets of the detector jump around significantly, so that smart background is the only
method of choice.

In spite of spec. and marketing material the chip shows blooming effects. The noise level
behind beam stop is 150-200e- for exp <5sec, meaning >10 higher noise than Apexill.

At same detector opening angle the Photon100 requires 2*longer exposure to reach the
same R1 as Apexll for strong diffractors. For medium 3-4 and for weak >7 times. The
detectivity seems very low as compared to Apexll.

Frame overhead is 4-8sec from frame time stamps in shuttered mode.
Cmos frames are large: 2Mb

‘7%~ Agilent Technologies



New rigaku formats supported (CCD and Pilatus)

= New header format with CCD and Pilatus key words supported.

= The following observations can be made:

» The Pilatus Rigaku frames are large: 1.2Mb, the cbf has 0.3Mb.

» The dtrek createrunlist now handle awkward naming schemes

» Pilatus use all Pixel detector corrections (parallax, Si efficiency etc.) and handles gaps.
"Run list and aliases file generator for DTREK data collections

This dialog allows you to quickly generate a *run file and aliases file for the data reduction of a DTREK data setl

1) You selectimage namel1001.img
2) You selectthe lastimage to be considered (ltis assumed that all frames between these two are available)

3) Save the file
4) You will be prompted for entering some critical parameters (usually default values are OK as they are taken from image headers)

5) Finally & new CrysAlisPro instance will be launched with the DTREK data set added to the experiment list

MNOTE: Using CrysAlisPro you can process only DTREK images from selected Rigaku detectors! RAxis are not supported!

[—-Terminatorformat

‘ Run digits Vl 0 Separator |None '[ Frame digits | v 3 nameFFF.img

~First dc DTREK dcfile (*1001.img)

1 na

-~ Lastdc DTREK dcfile

Browse nfa

Help Cancel

Agilent Technologies



Esperanto with bit field compression and pixel detector support

» For our Esperanto importer we now can use Agilent bitfield compression
for Esperanto files. The format is not documented yet.

» There was also a pixel detector flag added to support the implemented
F)i)(EBI (jEEtEE(:t()r (:()ff(?(:ti()f]fS ([dsithicknessmmforpixeldetector] - thickness of Si for pixel detectors; the

presence of this number signals a pixel detector. Pixel detector gap zones are marked with —1).

» Publication describes the Esperanto format

Single-crystal diffraction at the Extreme Conditions beamline
P02.2: procedure for collecting and analyzing high-pressure
single-crystal data

Andre Rothkirch, G. Diego Gatta, Mathias Meyer, Sébastien Merkel,
Marco Merlini and Hanns-Peter Liermann

J. Synchrotron Rad. (2013). 20, 711-720
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Generic Image format ‘Esperanto’ generator

» Use of Esperanto format for unknown image formats with no
compression or known formats with strange instrument configs

= Esperanto fully supports 4 circle instruments.
» Command ‘dc rit’ rit = raw image transform.

= But it also supports the known formats to handle ‘unusual’, obstinate
images.

= Pixel detectors have an automatic dead zone detection based on the
special value -1.

= The Esperanto generator uses a proprietary Agilent bit field format. To
get back the uncompressed Esperanto version, please use the export
function.

‘7%~ Agilent Technologies



Dc rit;: ADSC 315

Frout format

i — Command dc rit

1 Gereric uncompressed moge

e b e e < Header bytes 1024, x 3072 y 3072 and

Frarses réo

e T other info from text header (f.ex with total
oot o iac A it Lty WEIETEHD
S commander)
mmbre [eime | as [ Then esperanto createrunlist
Romtonfdegl: (o e T S [ e
i [T e[ [0 o[ e Slight play in EwaldPro to get the center
“ween 5] inenes WIEETN e | right.
Monachromatoe: [RAHTEEESNE | samm3z Tbed
Alpha, ety [deg! 20.0,00 T
Omeged Theted, Kaopwd idegl: 0.9,0.9,00 | san |
Detector dst. fomj: 0.0 sesmbz 0000 WEZTHR
Gary o 1ETH I Pweicer.  WOITTEN

Foan type: T |n" > Orage = ]oo
Scan: ghart, wiep, e 0.0, 1.0, 1.0 P retae (00 Kagoes |00

[ s frames 1 ioverss order Talost, 2eisst-d. . [" sansceer  roce JETER
- ——

Agilent Technologies



Dc rit;: ADSC 210

Experanto importer (102) u
7 = » Command dc rit
el e el s s S Header bytes 1024, x 2048 y 20482 and
e L B other info from text header (f.ex with total
F20ata\20 $3import_esoaranto AOSC_Quantum 210\ 3mu 1j905_2_001.mg | Browese |
bt i commander)
N » Then esperanto createrunlist
Qustason [deg): ™o e e < 2% ™ Mvor
e o I » Slight play in EwaldPro to get the center
vt ] armoness WM - spovwen TITTT right.
Mocodyomatir: [EYTTTITE YT PP SR it o vaiue |
Aha, Bata (deg): %.0,0.0 | Bt ]
Omegat Thetad, Knopel [degl:  0.0,00,0.0 | b |
Detector dst. [ 720 JEI Seamb>  0.000
Gay 50 W It T
il I e
Scam st sep, expe 0.0, L0, 10 P thew- (00 kaomee 00
[ Use frames in Fverse order Lalast, Zulast-1,., I Scan scie o rooo WM
——
—T— oo
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Dc rit;: MAR165ccd

Esperanto importer (1.0.2)

—Input format

' Known CrysAlisPro format MAR ~|  marhNmN, pek, img u Com mand dC rlt

" Generic uncompressed image

Shifreadrbytes [ «=[20% = [2% Fivelbype [UNSIG SHORT (2BYTES)  ~ | - K N OWn fo m at M A R (m CCd)

Frames info

Rundignslzl—o Separator |None | Frame |3 | nameFFF.img ]
a0 S e D165t 0 001t » Then esperanto createrunlist

F:\Data\20 13\import_esperanto\MarCCD165\data_01_010.mccd

oo = Slight play in EwaldPro to get the center
Inagesbase name: [6oor  mne |1 right.

Rotation [degl: (" 0 (o} 180 27 ™ Mirror

 Detector info
Pixel size [mm]: | 0.079 x0= | 1035.0 y0= I 1031.0 I >|99999.0 overflow
~ Instrument info

Wavelength:  |Cu «| 1.54,1.54, 1.39 m [~ synchrotron

Monochromator: [GRAPHITEEEE®PLANE _~ | d-value: 3,354
A, et sl 0,00 -

Omegal, Theta0, Kappa [deg]: 0.0,0.0,0.0 Edit
Detector dist. fom]: ~ 90.0 WL Beamb2:  0.000 WHZLIW
Gain: 1.0 Edit [ |Pixeldet.  DRZCT O
~Scaninfo |
Siram byEes f+ Bl Gricga= | 57.0 I Gmega Bhi= | 75.0
S SLET Dy SEEpy B ) L 2 | Edit | Thieta= IF HappEEs W
I | Use Frames i inyerse order 1=last, 2=last-1,., I Scan scale err 1.000 m

sove
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Dc rit: A200 detector

e — = Command dc rit

1 Gereric uncompressed moge

st [ wise elee s eceos o w0 Header bytes 3584, x 2048 y 20482 and

Frarses néo

tnton LT5 s e e 1] e other info from text header (f.ex with total
FDMAV0 I Tymgnnt_ssper w0\ A200'0ata2 020 1oy m
F1{t0120) Symport._ssperanio\A200'data2_0210.mg | w : Commander)

L = Then esperanto createrunlist

Rotaoafdegl: o w0 COM C I M

R e g = Slight play in EwaldPro to get the center

Instrument info H h
Wt [0 =] tstsais TTIETIM I Sywdvorer TR rg {.
Monachronatoe: [5':&;:!;2?;5;-6_ ] Cwaue: 3354 m
Apha, Bety [deg]t 50.0,0.0 |t |
Omeged, Theted, Kpod idegl: 0.9,0.9,00 | fan |
Detector st fom: %20 JEZIID seambz  0.000 WEZTER
Gary o I M Poddet,. MW
Scan nfo IV
Foan type: > 9 Omegas 100 " Omege oe
Scan: viart, wie0, e 0,0, 1.0, 1.0 P reie 00 dagpes 00
I Use frames i ioverse order Tmlost, 2eisst-1. . [~ sanscdeer  Loce JETE
—r—
—— -——
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Dc rit: Diamond ID 19 Dectris turned
|Esperants imobeter (104} Bl .
s — = Command dc rit
T — - |= Use of known format dectris. Header
e e s P values are read.
of'mwwcwmww.mq_x.mxw | ovowse |
e e = | Camera turned 270deg. Non-square
o —— e detector is padded by zeros.
Romoco [deg: (" 0 "% am = 2 [~ ooe
e e | The header scan values are wrong by 3%
—— e (Scan scale err 0.97)
Mooodramator: [MRRORSMCRATRON v | Pofac: (990 )
e e —— = Then esperanto createrunlist
Omegod, Thta0, Kapped Tdeg):  90.0, 80, 6.0 -
Detacter dst. {mml: 1049 sas 0000 DR . .
e == w=m = Slight play in EwaldPro to get the center
= = = right.
——— [Ba [wa—
I’ v Somsoeer  0onn TR . .
——— = The several cycles to refine instrument
model.
W W W
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Dc rit: Diamond ID 19 Dectris turned Il

frout formet
¢ Ko Cryshiefro format DECTRIS > &f
" Geneoc uncompressed mage
0 ;‘n-‘ I\Ew
Frames nfo
Rundigits | - o mlnn-c -] Frame IJ ;] nameFFF.mg

C\erysunpro_teat Extern_formats_Thckeusz|300k_dumond Platu... o1 0000100 Tl
Ce\erysabepro_testExtana_formats_Tadeasi300k_damondPian., .yl 00120400 TETRILIN

mpart data trom hesders

Lsperanto output

Images base rame: [me1 00 rme |1
foteton [degl: " © - " 180 * 30 T Mo
Detector nfo
Pl pae fmeed:  10.172 .o-[m: o= | 2236 T alees5:0 gyerfom
Irstrament rfo
Merodheomart: MRACR /STNO-ROTRON v | Holfct: .38
fiphe, Bets fdegh: £0.0,0.0 TR —
Omega0,Thetad, Kapoe0 (deg): 09,0000 -
Detector det. fomj: 1190 TN peambz  0.000 WD
Gam: w W © meicee. W
Sean nfoiv
Scan type: By Omega= Io.u " Omege |o.s
Scam start, sted, e 0.0, 1.0, 1.0 P thetas |50 Kapos= i':fc'*'
17 Use frares 0 iverse order dlant, 2elant-1.. [~ Bcan scoie et ogn T
——
—— ——

Command dc rit

Use of known format dectris. Header
values are read.

Camera turned 270deg. Non-square
detector is padded by zeros.

This data had NO scan scale error!
Then esperanto createrunlist

Slight play in EwaldPro to get the center
right.

The several cycles to refine instrument
model.
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Dc rit: IPDS

Esperanto importer (103) G|
npet format
O Knowe Coysaksire formet -]
‘o Genenc uncompressed imege
Skip header bytes: | 1530 x-{:.'ot» y= | 1200 Poesé typs  {STOE CiAR -
Frames info
Rum digts | - | © sagaretor [l | Frama |3 v| nemarrE.img
Do\darai2014\3\0aten Nothis@\Vicowtsiiedstast] lamax_010001.3 | mowne |
Dridatal2014\310atan Mathisiyiovets|sdeest] \amax_D20155.4 | mwwse |
m
Lsperants output —— —
Inages hase name: | amax Rz ! 1
Hotatn[deg): ® & (%0 1@ 0 [ Mo
Detector i
Piuwl 42@ (Ml ‘rn'.'xz-?" . i'E:'-i._d_ p.FoEB_ [~ ,Ffm., overow
Tretrumest info
Windengh: W0 v] 074,071,065 PRI [ sycteowron BRI
Morachvematar: [t emans ] guamcrse TR
Apha, bt [i4g]: .0, 0.0 | oo ]
Crmegad Thetad, Kappad [s2g): 90, 0.0, 0.0 TETI—
Detecree di. [ o0 TEEIR paam 0.000
Sont o TN rmdet WD
Soon oy
Sean type ® Fhi Omages I:c  Gmega rzln

Scon; wan, step, &xp: 0.0, 2.3, 100.0 I e o0 Kepipa= | 0.0

[ Use frames in myerse ceder 1atast, 2=test-1.., i sanzakear 1m0 NN

Command dc rit/lmport button on power
toolbar

Read detector information from the sum
file of IPDS (0.15mm pix, cen x=600,
y=600)

Stoe char as pixel type; .xi files (this is OD
compression...)

Make sure to use resolution limit due to
round IP image (Mo typical 0.809ANQ)
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Dc rit: dtrek frame from Japanese synchrotron

Esperanto importer (1,0.3) [ x|
?":mmm fron =] ity = Command dc rit/Import button on power
"::4:[: 0 Sepaetor rase ~l pe 7 =] mmesing . .
. e = The issue was here that the dtrek image
Cihorad gekalirgey'preesg gk SETS Mn_geg 0007.mg TGRS . .

T T was turn 90deg relative to the inhouse
pmonl T R image. The dtrek createrunlist would not
eoniis S S work on this.

Pl 52 ey | 0.08 W= {34 =550 [ > [mmn ovetien
S o wees ceeowm=m " Thus the ‘dc rit’ command can be used to
e handly obstinate known images...
OmagebTheta, Kagpat [degh; 902, 60.00 T
oetect o o] 003 I s oxo DN
Ganee =0 TR e WL
" I samsaker  teor DN
W, T
—— ——
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Dc rit: xpad detector

Esperanto importer (1,0.3) u

yout lomat
© Keown CrysAlsPrs fovesat
® Geoers incmpressed image
Sk haaoer tytos: | 1290 BN T PRl bype |FLOAT (¢ HVTES)
Trarema sfn

wenagte [ - | Segarator [Feone " Fwe [ T remesrEE o

c Uged_img_02_0601.¢at weem
Clpnlbrardata 2014\t margerimed_mg 012 001 S s

Esperarto output
INdgRs Beso narme! | xpot_wmg_ fan ¥

Fotaton {deg]l .0 30 " 188 » I~ Mo
Detrctor a
Pl 523 e | 0.130 W= ]205.0 w2120 [~ »[eesmn overfion

Watrumarn info
wesengte: (M0 <] 07L07L00G. THOE TN | Sy BT

Mooachraatnr: | MIERORISYNCHROTRON w | Pulfect: 1,500 s
Alpba, Buts (o) w3, 00 ——
Omeged, Thetat, Kagpab [degl;  02.0.7,00 T
oetect ot o] suo- [EEDN s 0xe3 IR
Gawee e TED oo THEEOA

Gean ifuls

Soan typat " 3 * Omega  Fhie !n.r
Saaie wa, step, opt 200, 45 10,0 PEE  reo- 20 kagpee |00

I samsaker oo TN

[ Une frames in iverse or0er L=las, 2elest-1.

Command dc rit/lmport button on power
toolbar

The xpad detector is developed in France

One of it’'s raw format can be channelled
through the Esperanto importer

As the header info is unknown, it has to be
given in the scan info section.

Provide the raw data file contains the -1

marker for pixel detectors the esperanto

createrunlist command will automatically
create a ccd file with dead zones.

Such formats have to be transformed run
by run as there is only one field for scan
Info.
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Overview

= |[ncommensurate structures

» Theoretical background

= Practical handling in CrysAlisFr

Agilent Technologies



Incommensurate structures — Overview

= History

= Recognition of incommensurate structures in CrysAlis
= Symmetry limitation due to g-vector

= Data reduction

= |nterface to Jana2006

Agilent Technologies



History — —

= Satellite reflections are .
know since a long time -> /
super structures (

= |[UCR meeting Tokyo: de o)
Wolff and Janner present a
paper on ‘Sodium
carbonate’ with satellites & e

U
WhICh are Incommensurate Fic. 1.11. Diffraction pattern of NayCOj (retigram: similar to a precession

photograph). The measured X-ray diffraction has been overlayed with thin

to the mal n Iattlce lines, highlighting the reciprocal lattice of the basic structure, p indicates the

modulation wave vector, Reprinted from Tuinstra and Fraase Storm (1972)
by courtesy of F. Tuinstra (Delft, The Netherlands).

From: Incommensurate Crystallography (IUCr Monographs on Crystallography),
Sander Van Smaalen von Oxford University Press (7. Juni 2007)
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History
C-@- 0000 OO0
G000 TP

=  Aperiodic distortions

(a) (b)

-08-0-099 oL 9Ye0

@@-a}e} ©H-0 @@g;@@e}o
! ! | : ! : : :

0000609 0-PGoPod
(c) (d)

Fic. 1.2, Crystal structures with displacement modulations. (a) Basic struc-
ture. (b) Twofold superstructure with the supercell indicated by heavy
dashed lines. (¢) Incommensurate longitudinal modulation. (d) Incommen-
surate transversal modulation. Lattices of the periodic basic structures are
indicated by dashed grids. Circles denote atoms that are shifted out of lat-
tice periodic positions by varying amounts given by the heavy bars. Numbers
count periods of the modulation waves u(z,) [eqn (1.7))].

From: Incommensurate Crystallography (IUCr Monographs on Crystallography),
Sander Van Smaalen von Oxford University Press (7. Juni 2007)
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Recognition of incommensurate structures in CrysAlis

= Case Na,CO,
= Normal unit cell finding fails: Super cell found

= Health warning: samples of Naco are water sensitive and this is
the baest sample ever after IUCr Tokyo: a multi-crystal/twin with 3
components: but component 1 is 80%

‘7%~ Agilent Technologies



Naco: Super cell found

LATTICE

V =1711.4(3)
Overlay off

b* axis

c* axis

|Peaks: visible - 3482, hidden - 2249, selected - 0

Flod or change wnit cell X:980 Y:897

Agilent Technologies

o e =]
I [ 5 - (m | | : . Banl |
Il SR 00 il + ll=* 1o° Bo* I HESEER oo B el Q.
| v . LN ¢ . ) . (lyS/\hS

i i

| Crystal

|

E [ Logenonw

? “}’:l:;iffclp SRy 1 Mnan

| p.o13n) 0105 A% Se40H)

|

|

|

|

Activate multicrvstal

4. 54 _
L Inden) V0w

ES R ST Y

EX - ERTLE L ST SLYTF
Dusbuoc Nengrima [2 vacoes paoursan 0-1-2]
e EE— e (ES— )

[ Log window

{CSD: 0 hits)
18.319(2) 5.2963(5) 19.6473(17)
90.015(9) 116.135(12) 89.984(9)

mP, index: 57.39%

Activate incommensurate peaks
Distribution histograms [2 veciors projection 0-1-2]




Naco: look for basic cell — play with custom cell

(g 0y e LSRR e 3 T
RedEER - O HEEEET- ... E- @it
. o o . . k rysAlis

Crystal

. (ogerswm
mwnuwm-'»«w seabs %‘?ﬁx:; ""\"#{ﬂ‘ 4w
", s u!.l”(l({ 0938403}
=171 ME) e, x: A, ¥
e !‘ Febes st cwl e |
Find cell... T3] Custion it cat b o shorms puns -
LAt1ce wvgreversast wotf | ohos e L [T ——
Peak table Algorithm - m -._f" u‘:-m‘ s
(e Normal peak table (@ T-vector Dirax ’ P-4 “
(" Delta (differential) peak table (" Stereographic : —
oo
Sample type
s
(@ Single crystal | — - C——

Unit cell min max

("SM ( PX (@ User |20 [18.0

(" Twin / multicrystal

[2 ~]| |28 [120.0 -

Lock present components
(see "Twin information' section [ | [ | &
of the Lattice Wizard):

HINT: To lock current UB for twin 1, first go to UM TWIN utility and click
'Current UB to twin'. Then return here and select "Twin 1' checkbox above.

Filters
B
Sslection/Lattica-it
r
¢ | bewad | Coler
Known cell o ; o~ ; o
3| ® -
[~ Search known cell |18.325.30 19.65 90.02 116.13 89.98 s 0
! | 4 L ! 0 M . i n =
0, selected 0 Fimd or change unit coll 21096 ¥z 60
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Naco: basic cell — indexation poor but simple g-vector

—= ﬁW‘
|
((ryﬁ./\'ltl‘:

—
iﬂwmimmuun

| "‘i } = l' —

IS SQ| N L . AERREE- . B B

| v . e, . .
.

Lag wabsw
oy S8) agip ‘
::l!-lg"'ﬂla =, tredex: JLIN
| ' Logwindow
LATTICE (CSD: 0 hits)
8.979(3) 5.290(2) 6.092(2)
90.00(3) 101.39(3) 90.01(3)
= 283.67(19) mC, index: 22.37%
Overlay off
Adtivate multicvstal Satellite clearly visible

Activate iIncommensurate peaks

Distribution histograms [2 vectors projection 0-1-2]

a® axis

b* axis

c* axis

| Peaks: visilile - 3462, hiddon - 2249, selectd - 0 Fand or Chaspe unit cell X: 361 ¥: 664

| L




Naco: add g-vector

:gm\m'-w ‘ﬂ)l

Crysial

[Cas] L.Kél!m.
)
v o.‘sgbél)nﬂ”'d!. -2 a
s ot

) st 16 s wetas b

m Add 14 wOSauleo witets (Mhbav()

Filtars

Selection/Lathice-it

[+ |newmi [wroeg [ |

vilv @ |

= 33 |

} = .
. |

| (|

Powks: visibde - A8, hidden - 2240, sebeted -0 Delline g vectors to el induxition

Ly veowe
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Naco: add g-vector

e - B N S+ 3 ’ » = Click modify to change the
(LN NG S . BEEE8E- .- 8] values: rough guess is
| ' Gyl enough

LATTICE (CSD: 0 hits) —

8.979(3)  5.290(2) 6.092(2)
90.00(3) 101.39(3) 90.01(3)
V = 283.67(19) mC, index: 22.37%

Incommensurate peak opfions

Distribution histograms [1 vector projection 0-1]

b* axis

c* axis

|| ===

" ! " m_a*< > B || e 4]
it’eub:vls'blc—)‘h]. hidden < 2249, selected - 0 wmqwhk'pm X; 1099 Y1402
Note: g-vectors have to confront
lattice symmetry!

2414 q1: (1428.766,197.23)




Naco: refine g-vector inspect results

R — Do g-vector refinemen
/B Ewvakd Explerer (103 - —— o
, b j“ X ';ﬂ | ’lﬁ =l W s - 4 Please enter mmax crithkl g1 92 g3 [gq1 g2 g3 [g1 g2 g3]] (5.8.11 values)

4 0.05000 0.18359 0.00002 0.32119

Cancel

I wachor prggachion U:1]

G0 Ao an

Frfwre vret 1ot] adth natetees
Filters
Selection/Lattice-it
| Indexed l‘lv; | Wrong :(ﬁ('
vilvas v v

{4
[ »
{9

VT RO 10 PP ul I Lkl AL L Y T 1=
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Naco: clean the picture... =

Crystal \

}n &
n W Lanir
W .00
Vo ISR R e SR
SRR 20 A Na,CO, D ~ Cuk
Dhammetsa tungrvrn [T serss recssn B 1] h3l “a - g _. =

- G. 1.11. Diffraction pattern of NayCOg (retigram: similar to a precession
photograph). The measured X-ray diffraction has been overlayed with thin

- lines, highlighting the reciprocal lattice of the basic structure, p indicates llu-
ln-nln] ation wave vector, Reprinted from Tuinstra and Fraase Storm (197

by courtesy of F. Tuinstra (Delft, The Netherlands).

ELLE I R ]

Filtars
SelectionLattice:It

.“* ’ ’11’ }: ‘ 1 |

EE B B Ew - Group checkmarks

oy | | - Hide wrong

Agilent Technologies




Naco: Lattice wizard
e waard 1037 \ N \ ) X =

Lattice wizard

HATTICE == Peak hunting Unit cell finding
Current cell [CSD: 0 hita)
B.979(3) 5.290(2) 6.092(2) 90.00{3) 101.39(3} 90.01(3) 283.67(19)

Constrained current cell 2 2
8.978(4) 5.2022(15) 6.091(3) 90.0 101.40(5) 0.0 283.7(2)
Lattice regucton
selected call
89683 52852 60802 90.0149 101.4613 90.0097 mC 10 Ewald explorer - Reindexation with
reduced cell reci
52045 5.2053 6.0802 80.1513 B0.1345 510231 1412 % ~ procal space %m'ent cell
Incommensurate/quasi-crystal information
a(1): 0.1836(5) 0(2¢-004) 0,2212(4)
O Tk v Refine instrument FN  Lattice
eak hunting table 4
UB fit with 2351 obs out of 2351 (total:5731,skipped: 3380} { 100.00%) model (8898  transformation
526 main refl; 2414 gl satefites 2 °
By order
2414 q1: (1428,766,197,23)
INSTRUMENT MODEL = Twinning - Incommensurates /
Gonlometsr = -crysta sta
beam! -0,06378 alpha:  50.05931 beta:  -0.04654 = raultl crystals %.lasl crystals
om rero: -0.11655th zero:  0.51155 ka zera: -0.00763

Datoctor

x-rat: 0.15208 y-rot: 0.41264

x-cen: 533.85586 y<enl  482.45755 distance: 72.23148
Wavelength Mo (Ang): A1 0.70930 A2 0,71359 B1 0.63229

Load Save
lgformal:!on g\fonnatlon

- Sorting
- Cleaning
- g-vector refinement

Unwarplng - Precession
geoe

Agilent Technologies




Naco: Run unwarp to galn better understanding

I! - Cryshiaie ” RED view Iucalardata J013ync

o
+

‘ Crysdts unwinp sssstant [10.13) - unwirp bipers
!

E Unwarp o Wﬁ
'"%-'%:mwa%

- fopwriy o bry thewe vaciore LI anc L laysee vecion and O, e onge vectsr L1 and L harvw to be
anwechrear and wil delne fu reCotitucon dacd.

L1% the right e L2 passran rght-hasded hom e O |y the o nvecor
| T poerts a18 compusd IR =11 + 2912+ O

J3gR0gSENHO

|
|
i (N | Vertars
:) — i » O ginsd Iyt 7 Inbecyntou lmywi
N o o 'u 30
9 ™~ Tip: a3 ow:qumnmmmu-
| | Wombsang courage Bt
| T Ui sy e
| ) '1 g0
! T Ln mvmrsi et
W [l‘”}
] %:t.-rv-:»!lll
Rernidon (Angh "'3“’“’
Tigr Cranam a maeircial ranme (b Tk 8 wis
I UseLt, L5 VDS Os 8 o DEA" This holpe o bocl your imagos back.
Tip Us mause Curoe e dats 101 ¥naqos o
dewmne wsobon! W VT

Sy, e

PV 0-FO®-@-0000-Q-0-C = -

NN EN
ECSED

Agilent Technologies




Naco Run nwarp to galn better understandlng h 2 I
[ 1/} /H {l/ ///L/[ "‘
//////ﬁé/]/[/}[/Z/lj// .

[ ]

SREASNETEY; s .
llnnmsans m /z i
BEREEINIEIETEIBT .

gL lmnns

ﬂﬂﬁﬂ&]ﬁﬁﬂmﬂﬂﬂf

| lllll'lﬁ!llﬁ!ﬁl'lllll
IEREIEINEN;

[ ]] THREEN|
///////////7,5/1/}//////
LT T T )
INNEENNNRNNNENNRENEEEN

- EECD-009O-0-000-2-00Q0-®-0-C" = - i

Agilent Technologies



Naco: Run unwarp to gain better understanding: h O |

- oy
S0 - Kl

T .-p.u oo g IJE’.OA

c-l////////ll ///11///////
= ESSaEEEEENl | @
llllllllll Al [ ]] o
grepspENANNENDR |40
FRIpanap e
S INEDERERE" . R
| NERER [JIJL]TT]] ] R
] L[] ]
lnnunl
////
// // /1/ / ]
//// /
/////
////////// / /1 //// = ,
Lttt NEEE =10 layer sometimes not
| “very diagnostic

= EECD-DPIB-0-00®-@-PCO0C-@C-O-C ™ -

Agilent Technologies



EEERUENSEOADE

JerT

——: BEED-00D0-0-00 ®-0-00Q0-@-@-C" w -

0.88

Use also the
information cursor

Data Collection
Data Reduction

< Agilent Technologies
Q‘x,«.ﬁw

Agilent Technologies




Naco: Data reduction

N nc- Crystlsfro - RED view; Hpmakburcata\ 201 3yncistructuresimacoinc par (17136281

N

Proftie CrysAlisivo data rndumon ansptang (L0.25)

Profie fitting data reduction @ft SAllS

VA ." y \
Tor haees e € lation

8% 10 AN 0L 800 1ech
us . mmsrig: mm t.g
0,508322 QL3300 SD.A2113C  ( 2.00023% 0.0O0NEY  0.£000%3 | TR A . a'
“0.0N0335 0.3307¢C  METTIE | M.000832  Q,00M4T 0:200043 | TEATALET
0,065a4  O,004398 0087134 | 2,000053  0.DOOIT  0.500481 ) Nrray
B8y | 0000 ) 2911 e.08310 ) 00678 | O.p0met )
N o PO | AESND) LA | BOMEL) st ()
; i e 248,
pebena tell m- O 2/ toose )y
. . &0 (L G106 BRI LRI B0 w
? o~ qm woser DA <0008 B335
|

Laten mvmcaoay (b frmows Indcn

"~ Desrt s O Farses) 1 Noemal data recuction 94

@ Usowherfor BRI | Ssgegvecr ETTH ETE
©otartodicion by TR IR

ASENUESEINE

Tomt WA oretl {acnastad by UM TWIN Giteod|
[ i
T » W I

Use extinction information

to minimize overlap
T W WETTE e — |

e Y e

Data Reduction

i Agllent Technologies
T,

ECCP 00900 00E@-0-0000-@-6- E
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Naco: Alternative way to formulate extinctions

i

¥

ﬂ.ﬂﬂﬁﬁ.ﬁ]ﬂﬂ/ﬂ 5

e U

OC oprions: EXTINCT
0C BEXTINCT
0 Extinction conditiono:

LC EXTINCT 7

| irhan | Mot | B | Esverton |

o "‘

D & &

Deuthan Lplores

| Oviwgee: 753000

| MACE: w1130 g (e | frames 19)

Thets: SO0 Eapste

iy

-~

0 a0

&) ¢ coroumernl -
3 ac consiomedy
) & condluade
#) @ dedocacam
) e deldatuge
A & de3goewt
] e de2savedan
R cx dcSswveran
A dc dcJsavenan
2 o devwhacion
X ¢ odaum
¥ ce sdmunanny
|
) cc Bewring
5] o ek
3] ce Socdienn
2] cio Aauto oty
5 e bmtsmnady
3 acre
) e b a
#) oc Mdredurson
3) e magartins
X o magemung
2] ge mageoteed
&) ac mglomar
4] o ingtomds
1) dc mgransion
X & veagratean
) o aredocdions
1 e macheatem
ﬂ&nnuuwm
B & movwe
3 cc oanfinme
) & ovotayom
5] o e
) ac ooy
3) & prelrgptae
3] ac pectesn
%) & (CCD)
Hocwd
N wd
B ¢ gecrect
) & imucytey
K acnp
] ac nptwin
B) cc oyt (CCD4
) acsiocm
B 2 schwabaps
) o sarsivuan ¥
,

Index | CrysAllsPro User Guide |Ccd User Guide | Pd User Guide | Theory and Algorithm
| Command Overview

dc extinct

This command afiows the usar to add custom extinction rules to the data resuction process. These rules
have following general form:

With the eight command line numbers you are abie 1o build all crystalisgraphic conditions (and aiss non-
crystallegraphic ones), for example to analyse super structures. For example see below.

DC EXTINCT hkiclass mh mk ml [mm [mn [mo]]] mp co
Parameters

hkiciass. reflection class (nkinidm, hkimn, hkimno hk0 hOi 0kl h0O,0k0.00I)

mh mi mi mm mn mo me: h, K, I [m, [n, [o]l) p muttipliers.

co Integer constant

Examples

deextinct bkl 11121 = |- jattice 1™h + 1"k + 1" = 2'p + 1

deextinct ki 1 1021 =C-lattice 1"h + 'K 4 0'1=2p 41

deextnct k01002 1 =aglideperp.c 1"h+ 0k +0"1=2p + 1

dc extinct hkim 1 10 1 21 = C- lattice plus hyperspace centering 1'h + 1"k + 0+ I'm=2"p + 1
Note: you can aiso combine conditions.

O

dc axbnct Oki0 1 1 4 1 = deglide perp. 3 0*h + 17k = 171 = 4°p + 1 condition k+i=4n+1
deextinct OkIOQ 12 1 mdglide perp. a0h + 0k = 1"1= 2°p + 1 | 08d

deextinct Oki0 1021 =dglideperp. a0+ 1"k« 0'1=2p 4+ 1 kodd

Agilent Technologies




Naco: Check results

- CrysisPro - RED vew: amibursatah 201 Fyncistroctures\raco\ne. par (17136260

1559685~ g 2 127167.50
8918~ 9985.02
4443 3 S 2775.95
1569~ 1242 9 1008.56
5i1- 2 431,59
281~ 158.7%
178~ 86.39

53- 35,38

20- 9.00
-14.4¢0

1599685~ 166813.69

2tatiatios ve reaolution - point group symsetry: C2/e (be-unigue)
tesolu- L] ¢ avarage mean
tiom (Al a=asuced redundancy

20659.19
30033.65
23065.95
17219.50
12176.42
14966.04
6597.70
5933.23
69G9.91
4534.10

WO aNOwa

5
S
4
3
4
4
4
3
3
2

ing-0.78 114587 16613.69

int«0,80 11488 16820.10

redundant output table L= not printed for lncomsensurate reflections!

Reading tabbin file: "I:\xcalibucdate\2013\inc\structures'\naco\nc_proffitpeak”
Incomnensucate/quasi~crystal infommation

IN SETQVECTOR 0.1837% «0.00005% 0.32117 4

KADA NECTOR 4 0.05000 0,18375 -0,00005  0.32117

Data reduction ended at Mon Feb 04 21;47:50 2013

=

B

Q00000000 D
DR
CR-N-N-F-F-N-X-X-N-]

Agilent Technologies




Naco: Strength of satellites

Main reflections

resolu- # # # average mean mean
tion (A) measured kept unique redundancy F2 F2/sig(F2) Rint Rsigma RsigmaA
inf-0.78 1274 1230 290 4.2 101051.65 88.11 0.008 0.009 0.005

Satellite reflections

inf-0.79 10223 10148 2251 4.5 6603.53 15.34 0.016 0.019 0.019

1. order satellite reflections

inf-0.79 2592 2547 577 4.4 22747.40 40.22 0.012 0.015 0.012

2. order satellite reflections

inf-0.82 2564 2553 565 4.5 2976.23 13.65 0.024 0.030 0.039

3. order satellite reflections

inf-0.80 2561 2550 562 4.5 449.45 4.88 0.075 0.099 0.127

4. order satellite reflections

inf-0.81 2506 2498 547 4.6 132.35 2.39 0.189 0.244 0.300

Agilent Technologies




Recognition of incommensurate structures in CrysAlis

= Case Oldenburg
= Sample with high order satellites

= Normal unit cell finding fails: Super cell found

Agilent Technologies



Oldenburg

- 2
g
d e =

.. ar « W e re PR PN et O P

PR CRURL A

o’

'R ce 0 e R L . et ca - . e .

Y L sbo v b ehor Lo ' «han . o v
v.e DL «mae -0 ,‘..)".o-" - o=t P e e DO O o 0 4
Ovetinn alt
eeT "t L ann R B wha ,6‘.0‘..Q0' M T .o ..
- : (3 R . LEBET LR e s L8R gan o o0 ACaratty =asii el
0 PP @b eoso- smae. ABAa: ~dec Lancc, .eme- ataatel 1 jiaie ale ey ACEsate BOIINSNERINE Beahy
Dot 4 Howsgramt L) sestom orpeay (01 X
CoLess cn it L g@eT L en I YU Y e vo: TR =

PR e ® s EEEET ) & .. MUMRAY Y st Lo @er LaBee e N O 2
TR .- CORT Lovr s ;“\:‘." PP LB L BB s oo .
. - .o o vEewY Lazt e oD  Lo@Pe L SR PP :
DL CE RN LR | L Lt S et et R Y T L R L L 89
L-" L LY 2 A L ‘::f‘."’ Fo—r et TR L R T PR AT T )
— . ‘o B L B e s s s a0t Le@0 . .0- R LAY
b C BT LB .eB8s g = . 2e@et 007 . .0 L@®Y ., 4, .
pee e 9 cabe -‘. .-aan ._..“.._‘*.. N ,e @2 gpesw ) ~
D o SR A RIS LA AT | i i P LR L L Y L *
X L e L Tt TS T L L e T L .o
. , AT E T | LR Y T 1 Mite LG L08e, o880 a0y e 1440
. L e eeBr g~ -o.'n“.".:;%"!-‘ R St LI “h0t .
S DU ST L Rl RCER R L .ave caar
e ~e@** Lens .‘,'.":'..“ SRS L DR LR e DR IR
. ‘. PRI T ..,L--,"_-'."‘,N“- L ee et aenn .. Lenh
-y “0BT" 0% LeBPT . aReT L0 .samm e - e
LR R L -..O'...“"....' “AART aaera e cnr
. AL R ..0'" L R R Y - . . « o
: aBe e +980* ,  ,000' _arac'_,nee’ o ' E Filters
AN OO el S A T QOO R e X 4 Selection/Lattice-it
N e st bl L. . aw reP

e* !t Le8®T Le00t L0000 et L Leat Javer -

Peaks: visible - 16849, hidden - 0, selected - 0 Find or change unit cell X: 1198 ¥: 595

Agilent Technologies
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Oldenburg

Crystal

| L wendew

;_L'!m .
380010) L8 1LYIELN)

LT i
(Mnu o
ACTratty =agliiTrAle

AcEsate NOIMINININHINED degil
Ut i me bomgraee U sestom rmear 01 X

Find cell...

Peak table Algorithm

* Normal peak table (& T-yector Dirax

" Delta (differential) peak table " Stereographic

Sample type

ALRAARARARA R

* Single crystal
Unit cell limits
FsM ( PX 1% User l2-0

" Twin [ multicrystal

Lock present components
(see Twin information' section of [ J=
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.

r ; ] Filters
r— ®)e
Selection/Lattice-it

Known cell

I Search known cell

Peaks: visible - 16849, v X:1038 Y: 816

Agilent Technologies
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Oldenburg:

B Eaatdd Expiones

3
ad LI =
- . . » . . .
- . = . °

)

SH0010) LA LLyisty)
LIB4(0) I8, 8331010)
J W, index: M. &
Cmttax o0

Acrate =aglii Tyl
|AcEsate mcmm NN Seahy

Lt 1o boemgraes [ sestom pramay (11 2

muuuu.u-.mm
°. mmmmmmmm»

N mwmmmmmnmnqg

Filters

Selection/Lattice-it

Peaks: visible - 16849, hidden - 0, selected - 0 Define q-vectors to help indexation X: 1537 Y:350

192



Peaks: visible - 16849, hidden - 0, selected - 0

193

Turn off or change q-vector options

(FrysAa';

Crystal

L westow
1AL . L an
A5, I600010) N, 380000 LA LIYISLN)
SOUAYS(11)  132.284(0) - 1m. {19)
Vo= 50w, o, index:
Osmttax 201
(e e RO IO UL ST

Mtz nsgen || sease pryasan 1]

&Dat My anrs

Filters

Selection/Lattice-it




Oldenburg:

oY |
m Lattice wizard

LATTICE
l Current cell (CsSD: 1 hit)

Constrained current cell

[ Lattice reduction

) Incommensurate/quasi-crystal information
q(1): 0.1835(2) 0(1.6e-004) 0.1463(3)

PEAK TABLE
Peak hunting table

3606 main refl.; 11697 q1 satellites
By order
11697 q1: (7197,3918,578,4)

Detector
x-rot: -0.02924 y-rot: -0.07001

Wavelength Mo (Ang): A1 0.70930 A2 0.71359 B1

UB fit with 15303 obs out of 16849 (total:16849,skipped:0) (20.82%)

INSTRUMENT MODEL
Goniometer
beam: -0.11081 alpha: 49.81236 beta: -0.01532
om zero: -0.42381 th zero: -0.07605 ka zero: 0.01549

x-cen: 1022.04058 y-cen: 1036.48085 distance: 60.05314

0.63229

10.1690(10) 6.5580(10) 13.1193(13) 90.029(11) 112.284(9) 89.881(10) 809.57(16)
10.1676(15) 6.5561(5) 13.1328(18) 90.0 112.368(16) 90.0 809.57(17)

| selected cell
10.1687 6.5585 13.1183 90.0295 112.2816 89.8858 mP 35
reduced cell
6.5585 10.1687 13.1183 67.7184 89.9705 89.8858

809.6

LOAD

Ewald explorer -
reciprocal space

Unwarping -
Precession images

Cysnl

Unit cell ﬁnding

J Reindexation with
8 current cell

J Incommensurates /
Quasi-crystals

(=3




Oldenburg:

Proffit: CrysAlisPro data reduction assistant (1.0.25) _ (oS

sl Pro
_rysAlis

Profile fitting data reduction

Step 1: Orientation matrix for data reduction

U8 - matrix:
-0.062641 -0.020001 -0.044711 ( O0.C00COE ¢.000012 0.000006 )
0.040312 -0.C16005 -0.033121 ( O0.000COE 0.000008 0.000004 )
¢.011528 -0.102B84 ¢.017784 ( 0.000011 C.000017 0.000008 )

10.17038 ( 0.00087 ) €.5€24€ |( 0.000SE ) 13.12a358 |( 0.00123 )
50.01353 ¢ 0.01053 ) 112.28657 { 0.00821 ) BS.ES0E0 | ¢.01027 )
v= 810.41
Selected cell (from TM rx/TM cot/TM £):
a5 10.1704 E.5625 13.1236 80.013% 112.2%66 g5.8888 =P

ql{l] vector: ©.1835 -0.0000 0.1463

~ Lattice extinctions [filter Bravais lattice extinctions] | -~ Incommensurate structures
(¢ Don't use filter (P-lattice) " Normal data reduction [HKL)

" Use filter for: | ] (+ Single g-vector m

" Dther (reduction list) rate m

~ Twinning/Multi crystal (activated by UM TWIN entries)

I Hiseiautcmatic:tmmymulticrystal dats reducton withithedel cwina components I il epsta!

I | Comperentl 0 | Gampenente | Goppenents . [Bempenenis
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Oldenburg: Strength of satellites

Main reflections

resolu- # # # average mean mean
tion (A) measured kept unique redundancy F2 F2/sig(F2) Rint Rsigma RsigmaA
inf-0.80 6588 6543 1813 3.6 22536.12 18.98 0.019 0.022 0.022

Satellite reflections

inf-0.80 55590 54668 16211 3.4 2911.76 6.00 0.049 0.061 0.082

1. order satellite reflections

inf-0.80 13890 13827 4055 3.4 8502.10 12.87 0.025 0.031 0.048

2. order satellite reflections

inf-0.80 13897 13827 4052 3.4 2024.81 6.17 0.056 0.067 0.116

3. order satellite reflections

inf-0.80 13905 13743 4065 3.4 540.78 2.84 0.168 0.188 0.272

4. order satellite reflections

inf-0.80 13898 13271 4039 3.3 466.63 1.96 0.328 0.318 0.328

Agilent Technologies




Recognition of incommensurate structures in CrysAlis

= Case katowice 165K

= Mistaking commensurate super-lattice as incommensurate!

= Normal unit cell finding fails: Super cell found

Agilent Technologies



Katowice_165K:

B Cnrd aplorer (1077 B9 5 o

NI 1.1 I~
o R m N
-0l Bg B

Paalkes: visilile - 5310, bidden - 0, sedoctad - 0

Ty

e

E R = =
oo A -
< *

|
(a'ys,\i,g

o

Fitters
Selection/Lattice-it
| & [Doexd |Vesep |
" LY - e °® ° o ° v o P r 3 e
5 —5
. :
) ’ »

Hold | MB and move: XY rotation.

Cobw
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Katowice 165K:

- - - e I -
| I Ewald Fxplorer (1.03) . g |
. "N e . N [
=\ |
‘ | -
A
Crystal
[ T T
s L
) TR 1o
s uf}) WLOICRY W paLRy
L 1. 800) el tesme: 100,
i =
; A
Dwaid bpore cpmors 111 T,
A siee
Skow of peats Latcn woe
t 2 53 C 4 -
LB10h ety 00N ra Tt sCrs D ck s
1 i .
waw sigmas [
Lt yneifoce senngs
v S logeedt
™ ATy s ST ey (el soroen )
Teolhat pantasti & up | dewey
Conpamal;
S O ek wth st Heg con awt
SO prranvatins
o= (MK v
Wi = IMIREI
-0
Selection/Lattice-It
{3 | e wrasg | Coler |
FIA 1 v oo v 206 =i
AN TN i
) a F
= o |
! j sl 8 [ B
Peaks: visible - 5310, hidden - 0, sedected - 0 Hold LMB and moves XY rotation. X816 Y211 !
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Katowice 165K:

| I Ewald Expiorer (103

O ! bad ~
- NI K0 K0 i, AEIEEEE- .. -

Crysial

. 1 Logwnsiow
1R~ L )
Auss wrvt eoll bnding in shome pedis il.afn (3 xo.—nlzgs B My
B W00 SAEes | 0o 6
R int el

Ve 1BELE(1) #C, Tdes: SO0, 006
Saticn
ispad Custem ust ek fndag s ahyan pewey ey
Lamcs improvemant seth tolstance [

.thurm | Dretrtusion hsatagrams 1 vestars prspecten 003 3

.Mlﬁ'nwmhmuw-u * ot

Filers
Selection/Lattice-It

| & | desnd | iromy | Cober

i( v e v 2
| =l |
|
!
: : |

1
B |
3 {
.
[Peaks: visibile - 5310, hidden - 0, selected - 0 Fiewd o change wmit cefl X: 1092 Y: 370

oo oe
oBnas

|
|
|

=

Agilent Technologies




Katowice 165K:

) Baakd Eaplorer (103 7 W "é _—“_
uc.'nqpnc { .Emﬂaﬂ’“mm ’

reaks: visible - Mlo.m 0, selected - 0

Crystal

arnms
xu u)( )

i T, u mg“%

W RN
Vool "

Qemtiged \d

Lag merctom

Filters
Selection/Lattice-it

’ heowed Vg | Color

Vaax v uM
]

.
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Katowice 165K:

| Ewald Explorer (103) S = 7

8 L AREEATE- - [

[2 vwente progmectan 01 3

SO.00N3 B9 N0TE REL BN Wiy

O30 0,000 9.00048 .
QA6 0,23394  0.Catee 1101528
23Z1 B-ROTE MRG0T welidEN

Tt aalis S8R LW

0.09040  0.R00L
Byoks farmi TELACIEE 333, 6042)
Factazed cells B.75550 11 01a0
Time: Mo fals 04 23:0%:30 JtDd

[Primitive oo el BN QD000 L.O00 0000 0,000 100 -3.000
fol e priziziver BN C Q000 ».00

~h 00 L0 B0 0000 9.0 B ME 0000

T W

G vddmanson afder cdosng

& Kefy Nl caser
. e o~ i _—T—
114008 casos

Selection/Lathice-it

»  hiwwd | Viroag | Cobor
L | vas (v o
Bl W B

3 o R
40 [
B o _1n

Peaks: visible - 5310, hidden - 0, selected -0 Open Oheck CSO ool V X 1086 Y1182
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Katowice 165K:

n k-M--Hcmlln!l

2R EH8 BEEBB""-wm 2

Crystal
T log wetes
. HIS’ hﬂl(?’
Vom A
.muul
Yot RIS
(At

%Y et 34 modaseron vwersy vt { a1
I 2 24 ettt vuctar thidess|

' mwhwmm-m! o

Fiters

Selection/Latfice-it

» EI'“‘“( Wrong | Cokot
jvilvan ~Mionm
Hom W =
"3 » o -
{4 » 0 - |
& ) =

Poaks: visitle - 5310, hidden - 0, sefocted -0 Dedive g-vectors 1o help indexation X: 1086 Y612
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Katowice 165K:

Insexed total 3
Shiadenes: 300
Swippedi

K0 na

Naten 2nf cod wet: saustes

19364309 | D.00013K |
0. 050764 | QIaean | 0. D20%4R

Selection/Lattice-|t

¢ |bged |5 Wirong | Crlet

viNMMD s [viios |

r: . B RN
ala o B

[_o I a W B

A A . ¥ L B s ¥ LA 3l 0 I x

Pealos: visible - 5310, Mdden - 0, selected - 0 Open Check CSD tool X1 1052 Y:464

|
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_Katowice_165K:

= ot

- HREEE=- - i

(a yS A;l‘\

ACTratty =aglhi rrAle

ACTRae BOITITENEETEE Bedky

[ Log window

LATTICE {CSD: 4 hits)
19.2500(8) 19.2565(13) 52.734(3)

= T L G TN W, B 0 A LU 89.982(5) 90.018(4) 120.003(86)
= T G T B EL T T V = 16928(2) hR, index: 83.57%
b Y, WS VNP WY, V— . S W— W— { . ®
- ———————— L S WA I Overlay off
= B S LEL A AL SR ’h_._.._..~—_‘\ ’
- e —\\-————\- — -
- e - [ VS —— —— e ® .
== . o ’. BT, VD —— “--L————\‘——‘-— . ® ‘O - . 5
= . __*‘____g_“____)__“_ S TR Activate multicrystal
e . . o - . @ —.._\__\\__._L_ .‘\__.\._____“ . . ®
= ™ . - N "2 Tm = NS s s e i - . s 3
B= S i ° - .. __;5. ~_;‘:.‘\~_.__‘.' PRI Activate incommensurate peaks
— . o . - ® - . ————— i S e A S @ @ o
e, - . - | CUDNSGRRr N R A S N —) oy 8 g : 8
= . o. o. o -. @0 Ty --—t‘-—-o—-«- --:-‘}-«m By .. Distribution histograms {2 vectors projection §-1-2]
== e 6 ¢+ 9 8 °* P VAN P AN o .
— « 9 + o 0 ° o 0 + 0

. - e +« O -
— . @ o+ s+ B9 + o 0
}—— . ® - @ e
f—- o O e B TR AT NER
= B * 9 *» + 9
i ¢ . 9 e+ o+ @
3 e » . B .
= s 8 8 & 9 ¢ e
- . 9 + e+ &
= « 9 e+ + 09
— . - L ] - -
— . v - -
= . 9 -

. 0
| |

Peaks: visible - 2890, hidden - 0, selected - 0
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Recognition of incommensurate structures in CrysAlis

= Case fresno/raccolta
= Tetragonal sample with 2(!) g-vectors!

= Symmetry dictates the orientations

Agilent Technologies



- Fresno:
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Peaks: visible - 3097, hidden - 0, selected - 0 X: 1344 Y: 691
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_Fresno:
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Peaks: visible - 3097, hidden - 0, selected - 0 X: 1356 Y:954
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Fresno:

aiewadaon T e T

Y | . .
m - Lattice wizard

LATTICE
Current cell (CSD: 2 hits)
8.5501(18) 8.553(2) 5.2181(13) 90.12(2) 90.009(18) 89.928(18) 381.61(16)
Constrained current cell
8.5411(13) 8.5411(13) 5.2311(18) 90.0 90.0 90.0 381.61(16)
Lattice reduction
selected cell
8.5418 8.5480 5.2137 89.8598 89.9784 89.9610tP 21
reduced cell
5.2137 8.5418 8.5480 89.9610 89.8598 89.9784 380.7
Incommensurate/quasi-crystal information
q(1): 0.3012(15) 0.3014(18) 0.5000(12) q(2): -0.3015(19) 0.301(2) 0.5002(13)

PEAK TABLE
Peak hunting table
UB fit with 2265 obs out of 2265 (total:3097,skipped:832) (100.00%)
1267 main refl.; 508 q1 ; 490 q2 satellites; 0 cross q1/q2

INSTRUMENT MODEL

Goniometer

beam: 0.07153 alpha: 49.94538 beta: 0.00990

om zero: 0.15902 th zero: -0.50465 ka zero: 0.24275
Detector

x-rot: -0.56156 y-rot: 0.11022

x-cen: 1012.29978 y-cen: 1057.96971 distance: 50.04869
Wavelength Mo (Ang): A1 0.70930 A2 0.71359 B1 0.63229

LOAD

‘A reciprocal space

@'ysAlPirs0

Unit cell finding

Ewald explorer -

Incommensurates /
h Quasi-crystals

Load
information

Unwarping -
Precession images

- Agilent Technologies




Fresno:

W 1acocht - Cryshsios « RED Wew O IMMY : — T— i . el e
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e L e s ® a o
,l' ,/ = .
/ ’,v' / / . %En‘m =1 w :
J / .
/ f / . = g ». i n._uw
{ .|I J/ -"’;’P =% 1 ~
f / / = 3 (S 'ssmuu
/ l" :" -/ ,/ / < A :
{* | { / o / /- bue <Tasas A Baties
f / / : f / s -
~ {tatal |nv:=~f:d|3'd‘i.m

‘ | |' ,' { f /" /f \ Sistmpes X
| | |

SR OENEICELOER

\
' \ “l \ \ \ \ \\ /
l| \ \ \ \ a Y S
\ \ \ \ \ : ’
! \ \ \ +5 \ .
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\ \ \ \ A
\  * \ ~ ) ] \ % N
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\ 5 S
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Data Reduction ]
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Fresno: )

-
Proffit: CrysAlisPro data reduction assistant (1.0.25) l_ XS I
Profile fitting data reduction
i
Slen | Den g e e e
Empty reduction list - P—
& Noreduction list has been specified yet.
: In order to continue with the data reduction wizard, you have to
generate one or load it from the disk.
X
" Use filter for: [ ~| » Slngleq -vector l:'ﬁﬂ | m=1
(+ Other (reduction list) -
+ Twinning/Multi crystal (activated by UM TWIN entries)-
[ [ se autamatic i/ multl st data eauetan with tedol ownaeampanents: . J | Moltiemsts
! [ Neomponentas I MSemporente: I Gomponental | Eomponerts
\ y

- Agilent Technologies




F r e S n O . Proffit reduction list generation (1.0.3) ll I. J

din  Generate hki list (hki,hkim, hki

CrysAlis hkl reduction lists (*.dcred®) daedhkimn -hk|mn [2-d (in)commensurate] v I

~Min/Max
|d-value {Ang) L] 0.70353 hkl max (from resolution fimit): 13 138

LS EREEL it hit max_|

—g-vectors

aqf1): 0.30120.30140.5000 §2: 8¢ QIR niels mmax: 1
@i 0015001005002 e 1 IR
‘J".:B)l o Ll _‘L-'_fl 1

{e NGiAsTety LAl { Intemmensurates

illiee ) Eqit i limit

- Options
[~ Use cross g-vector refiections T TG XA GG O 5% [ e Ert Gt 1

o s
No extinction rules specified NOW rules

HINT: You can use DC EXTINCT to add extinction rules and DC CLEAREXTINCT to remove selected or all
rules from the list

o W corcor |

Agilent Technologies




Fresno: Strength of satellites

DC RED/RRP INFO: Incommensurate/quasi-crystal statistics

Main reflections

Statistics vs resolution - point group symmetry: P4/m

resolu- # # # average mean mean
tion (A) measured kept unique redundancy F2 F2/sig(F2) Rint Rsigma RsigmaA
inf-0.80 1602 1591 421 3.8 128244.12 18.87 0.023 0.024 0.037

Satellite reflections

inf-0.80 6695 6521 4033 1.6 1392.20 1.88 0.358 0.324 0.426

Agilent Technologies




Export to Jana

Data reduction finalizing - rrp file to hkl file (1.6.6) (-S|

@ysalt
rysAlis

#-|P Data reduction finalizing - rrp file to hkl 1

= Via hkl or CIF

- Chemical formula - Absorption correction
‘ Not available I Apply face based absorption correction
¢ NG ECHON
lIg%;f:;f:'r}{:'réﬂHEZ:'&'&:‘Q:H}‘{“Z .5503 i silate
|_diffrn_refins_theta_max 29.4106 N - | P
_gi;;rn_reﬂ ns_ct’hgta_fuﬂ zg. 315# " ld/m tetra-c) L] Don't use outlier rejection
_diffrn_measured_fraction_theta_fu 0.9568 | :
_diffrn_orient_matrix_us_11 0.0761045000 t 521004 30.13213 90.01233 63.36898
“diffrn_orient_matrix_UB_12 -0.0229269000 ectivalont L Showiace st
_diffrn_orient_matrix_UB_13 -0.0397729000 A .
_diffrn_orient_matrix_us_21 0.0041613000 : | Ad d h kl I nfo
_diffrn_orient_matrix_UB_22 0.0664606000 I~ Apply
_diffrn_orient_matrix_us_23 -0.0811103000
“diffrn_orient_matrix_UB_31 0.0330885000 A o i J |
“diffrn_orient_matrix_UB_32 0.0442330000 'Dverlap+win reject - Limits, filters and lattice extinction filters
_diffrn_orient_matrix_us_33 0.1019252000 2 - T o P —
_diffrn_measurement_details v Negintensity sigma imit -3.0
# _ type_ start__ end___ width___ exp.time_ I~ Resoluion ot Jnirs 2k Edit res fimit:
1 omega -99.58 50.42 1.0000 30.0000 =), WL 2
omega_____ theta____ kappa____ phi frames .
- -23.0000 -10.0000  30.0000 150  Nofiter (" usefilter for: I P-lattice v |
#__ type_ start__ end____ width__ exp.time_ . Sz
2 omega -86.80 14.20 1.0000  30.0000 0 active filters
omega_____ theta_____ kappa___ phi_ frames
& -15.0000 -70.0000  0.0000 101 : , .  j

‘use in external programs ~ User modifications
Ldi ffrn_measurement_method '\w scans’ n [for absoprtion correction)/special formats: I” Export eqy file
_reflns_odcompleteness_completeness 95.68 I Esport Stoe *.crs
_refins_odcompleteness_theta 26.32 _v]
_reflns_odcompleteness_iscentric 1 I Export sadabs * 1.raw;...
Toop_ un -> 1 batch) ¥ Esport CIF file [V Add hk data to CIF
_thl)_oxd'iff_h e R
“hk1_oxdiff_k AT i
_hk1_oxdiff_1 | file in WinG and Olex2 subfolders (. \structy®_mm1713628) - provided | ¥ Scaling and empirical absorption
—hk1_oxdiff_m sompatible with existing structure
_hk1_oxdiff_n i s rlERAL
_EE]|_°X51' ;;_fz_ atput name and directory to keep results of data reductions under
:hk'l:gi d} £ f:g ;9 its, sigma parameters...] v Completeness [0.80 Ang)
_hkl_oxdiff_frac_h ; e e e A S
Thicloxd{FF Frack 200542005_3\fresno\mm1713628 § [Ghsture solitdn i AUl Ehem)

_hk1_oxdiff_frac_1

21000 144968. 3413.03 2 2.00000 1.00000 0.00000 .
1-2000 140331. 2963.35 1 1.00000 -2.00000 0.00000

-2 -1 0 0 0 138886. 3098.56 1 -2.00000 -1.00000 0.00000
-2 -1 0 0 0 137255. 3336.35 2 -2.00000 -1.00000 0.00000
20000 84763.1 2668.13 2 2.00000 0.00000 0.00000

-2 000 0 85509.2 2688.20 2 -2.00000 0.00000 0.00000

0 -2 0 0 0 83962.7 2045.80 1 0.00000 -2.00000 0.00000

2 -1 0 0 140081. 3503.16 2 2.00000 -1.00000 0.00000
-1 -2 00 0 141876. 2698.34 1 -1.00000 -2.00000 0.00000
2 -1 00
-2 1 00
2 -2 00

0 140580. 2998.18 1 2.00000 -1.00000 0.00000 ' . .
0 138181. 3547.67 2 -2.00000 1.00000 0.00000 - - Agilent Technologies
0 208573. 4578.08 2 2.00000 -2.00000 0.00000 S
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Recognition of incommensurate structures in CrysAlis

= Case IC/1

» Pseudo tetragonal sample. Satellite show the symmetry
reduction.

= Satellites with two components dictates monoclinic
(http://superspace.epfl.ch/;http://it.iucr.org/resources/finder/)

— e . e
| T T D 20 n Gt v e M et © pemmmaty *

Sagervpes Sy Vs O
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Peaks: visible - 2639, hidden - 0, selected - 0 Find or change unit cell

ACTratty =aglhi rrAle

[ Log window

LATTICE (CSD: 4 hits)
6.7650(11) &.7778(10) 9.9399(17)
90.024(13) 89.949(13) 90.172(13)
V = 455.76(13) tI, index: 48.28%

Overlay off

Activate multicrystal

Activate incomimensurate eaks
Distribution histograms {2 vectors projection 0-1-2]

e Agilent Technologies



IC:

B Evatdd Expioves (LOLTY

B85 ._
et , (aysAhs

Crystal

I Loy wnnton
LALIKD 1AL L)

woco) 107 29
00.004C183 WD, MS(15) - 171 Y)
Voa 435 NR(LY) el indes: 40,788

Ovuthan ot

Acrate =aglii Tyl
Acesaie BOMIMINEHTND Sty
Dty Homngramt [ seston ey (0 1 X

MO L0
800028 [
AL M 2N M
BRIE LA MEE 118 L1LSS sal:iit
{Thau! Tam Tl 40 L1

Shp ndmanon Me coang

¢ Moy Mg eoer
i dviad _—rT—

CERAAR AR R AR RN

Filters

Peaks: visible - 2639, hidden - 0, selected - 0 Find or change unit cell X: 1539 Y: 287
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Peaks: visible -

220

Define q-vectors to help indexation

Agilent Technologies
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| Log window

LATTICE (CSD: 4 hits)
6.7650(11) 9.9399(17) 6.7778(10)
90.024(13) 90.172(13) 89.949(13)
V = 455.76(13) mI, index: 91.21%

Overlay off

Incommensurate peak options
Diistribution histograms [1 vector projection 0-1]

# | Poson

[¥11 0.4830.001-0.113 order: 1

1293 q1 satelites




Watch out: Ewald are projections

* In pseudo-orthorhombic: 0.48 0 0.119 roughly the same as 0.48 O
'0119 | Logwindow

E CSD: 4 hits)
6.7650(11) 9.9399(17) 6.7778(10)

= Cross check predictions VS RN R e o158
Overlay off

Incommens: ak options
- Distbtion histograms {1 vector projection 0-1]

# | Postion |
1 0.483 0.001-0.119 order: 1

| Modify | REKA S RE I R

1293 q1 satelites
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IC: Strength of satellites

DC RED/RRP INFO: Incommensurate/quasi-crystal statistics

Main reflections

Statistics vs resolution - point group symmetry: P2/m (b-unique)

resolu- # # # average mean mean
tion (A) measured kept unique redundancy F2 F2/sig(F2) Rint Rsigma RsigmaA
inf-0.80 1400 1358 494 2.7 115665.31 24.92 0.025 0.026 0.032

Satellite reflections

inf-0.80 5918 5866 2233 2.6 6711.75 5.10 0.069 0.077 0.136

1. order satellite reflections

inf-0.80 2968 2954 1121 2.6 12464.12 8.40 0.056 0.063 0.115

2. order satellite reflections

inf-0.80 2950 2912 1112 2.6 876.41 1.76 0.248 0.274 0.431
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Powder diffraction with CrysAlisPro

Agilent XRD instruments are single crystal diffractometers. They use almost
parallel X-ray beams for sample illumination. The geometry is open beam, hence
no Soller slits reduce background.

The instrument is calibrated for the single crystal application. The calibration is
only exact at the ‘near’ calibration point. Experiments at distances other than the
near point rely on the model interpolation in conjunction with ‘refine model’. This
means that the instrument model might not be as accurate as required for
powder diffraction, but reasonable good for single crystal application.

Powder diffraction, like single crystal diffraction is a volume effect. For good
results a reasonable amount of sample has to be brought into the beam
preferably with little dull diffraction material like capillary, glass stick, excessive
oil/grease etc. We recommend loop or Mitigen mounts as they have low
background diffraction.

‘7%~ Agilent Technologies



Sample mounting

There are many successful mounting techniques. For good results a reasonable
amount of sample has to be brought into the beam preferably with little dull
diffraction material like capillary, glass stick, excessive oil/grease etc. We
recommend loop or Mitigen mounts as they have low background diffraction.

Make sure to have a good ground powder, as for a powder diffractometer
experiment.

Try to increase the amount of material to a similar volume as single crystal.
Powder diffraction is weak. The more sample volume the better. The more
sample volume to dull volume the better.

‘7%~ Agilent Technologies



Wavelength

=  While the Gemini let’s you the choice of Mo or Cu, powder diffraction will
generally be done with Cu for it’s diffraction power. Exceptions are heavy
absorbers or HP setups.

Agilent Technologies



Resolution, distance, binning

= The resolution of a powder diffraction experiment depends
on several factors: scintillator, distance, source, binning,
sample divergence.

= The resolution is limited due to the scintillator thickness R S e
(40-80microns). The scintillator resolution is 2*scintillator et oy ot
thickness. Eos has a front pixel size of: 1x1 = 33microns; P ——————
2x2 = 66microns; 4x4 = 132microns. Atlas has a front pixel | =~ —— =™
size of: 1x1 = 50microns; 2x2 = 100microns; 4x4 = Pt
200microns. So 2x2 and 4x4 binning are reasonable with e
respect to resolution. Your camera’s 1x1 pixel size you find | =
on the ‘instrument model I’ tab.

= The source divergence is of the order of (5-10mRad = 0.3-
0.6deq). For a divergent beam doubling the distance will
also double the size. So generally the close distance is
fine. The long distance may only lower the background
(1/r?).

‘7%~ Agilent Technologies



Instrument calibration

= Aswas said: The instrument is calibrated forthe s
single crystal application. The calibration is only W;:;:ﬂ'f"gml.mﬂ.::::: o1 e |
exact at the ‘near’ calibration point. EXperiments | s | wn | e o | o | o |t
at distances other than the near pointrely onthe | .7 o s
model interpolation in conjunction with ‘refine
model’. This means that the instrument model
might not be as accurate as required for powd
diffraction, but reasonable good for single cr

application.

dd= 55043 dd= 179137

di= 0105
d2« -7

x= 102738 |t | x= 1028864

yo MI04572 yr 90465

e 0245

tal W 0218

= How to find the near calibration point? On the tab | ©sesee s
‘Distance calibration’ there is a section ‘Close
distance calibration’. For this distance the powder
extraction is the most accurate. We will treat the
case of an arbitrary distance later. It also requires
that the calibration is valid for the current setup.

[ Saveto par fte o0 et “ t’..-gel “

» The instrument calibration is only required if the
machine setup is uncertain, or someone changed
X-ray optics settings.

‘7%~ Agilent Technologies



Instrument calibration 2

= As said on the previous slide. The ‘near point distance’ is fine for powder

diffraction experiments. It is recommended to use this setup for powder diffraction.
Then no calibration is required.

= There is no special calibration for powder experiments. The instrument is
calibrated with the single crystal test sample.

= For powder experiments at arbitrary distances refer to later slides. Here a special
procedure might be required.
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Do an instrument calibration (only if required!!!)

@ mumwn-mmwv“wwwmm;mn;»mwmm e
= The instrument calibration can be easily % o
. us Shutte WECTTTE W
arChlved: m » fe-ntimbee » Re-musbre o Record wnghe statc image
" Resat Expurt contiol [ Bedurd snght ph of Senmege woan
. ; L femove dadks Fositon gono ¥ Save images to senice dvectory
= Mount the standard sample ylid. Make 2] e o,
sure the sample very well centered and s ——— —

nstrumenst Cabbimtios Toels

checked in 8 positions.

. {SeperiNova cptes Exp. hick-up fir anakss | o e |
. ' r—— ]
= Open the service wrench power tool: /g s e B
mage nto:
= There click on ‘Instrument calibration’ -> g ST
start new. -
= et i e i =
= Select the required wavelength for gl ... |
calibration (here Cu) and click start. The e e e e WY ¢~
default settings generally are fine. If you o e 1
ha_lve a weak source or small ylid you T e ——
might want to increase the default _..__._.g::f.---—-——)—
exposure by clicking on ‘Cu near’/ ‘Cu far’ ——
and adjusting the exposure time there... = o




Powder experiments

After a successful calibration you can use the
instrument for powder experiments at the near
calibration point.

Mount you sample with F12 and center it well

Click on the Powder power tool to plan the
experiment.

Put the distance roughly to the near point
(55.0234 can be 55mm). Select the targe
resolution. Expand theta will put extra settings
to the experiment.

Set the exposure time: Note that powders may
require very long times. The instrument will
chop very long exposures to several images
and add them

Click on ‘Start with analysis’ to do the
experiment

A 12) B3 ENL

X

Eal Bl Bl Kl

| Powder experiment dilog (1031 o |
Path
e | Tl - RO
TN smpeevnernt i fekter C: o) \gowder, 02
Optrarm Taxpan=em movwments
s o gt * s s
7 Lea darks 17 IR (e SCan Wit o 90
o s -
I Cryaftor shwitoown 2fie $0d of eparimaent
Tarpat —
Detrctir Gistaree | 500
Resclation
7 Nischtien (~ Sita’ — ametn | 0.%0 T Expand Sela pealiond In range
T Ony positne thetn
Frpossrs trw
The sasna for o8 thets postioes: 10,05 | Eopenare e |
|7 Uoe crynitet devce temperstwre costrol
L aetieus |

Favzh tme Eom runy let

Mo Jan 2O 1600456 2014, m

Exposure time dialog for powder experiments @

exposure time for specific theta

(@ the same for all theta
(" different for every theta position

theta positions [steps in

thl th2

Number of
frames

9 I 1000
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Powder pattern extraction

Fterslty [ADUS]

= During the experiment the pattern
will be automatically extracted.

= ‘Lattice information’ allows to put
lattice line marker on the plot. If
you have a structure res file you
can even put ‘Structure factors’

“_M i JMLMMM

©

| l ‘ thta {0
& | ‘ ’ [ LRGeS IAY, e N, a5, Biimudts 1, a0, Jammns bt b
l ‘ ‘ ’ thetasts] M, Buveed ALY ntecatpa0d WX

Il

L S ——

SRREERITTARBITINTINET A TR L LT LR LT DL L LT L) T ] LN
20 4 &0 an 100 120

= ‘Options’ changes the extraction -
options. After changing the option M e B N G M B B 5
you might need to click on
reprocess. (Look at the history
window output for details...)

2w congrans T | 6100 | maw | 123485

= You can zoom the pattern
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Example of history window output

POWDER DATA ANALYSIS INFO: Started at Mon Jan 20 16:12:59 2014

COHDER CORRECTIONS: Corrections fiages o = Note that the extracted

POWDER CORRECTIONS: lorentz threshold: 0.050 . . .
POWDER CORRECTIONS: smooth filter not applied! pattern WIII Iand In a flle-
L-correction is not applied
P-correction is not applied
Scan speed is rescaled to 20.00 s
F-L_fit2D is not applied
POWDER INFO: Resetting 2896 append bins with thetamin= 0.00050 thetamax= 61.74229
POWDER RADIAL INFO: 1523 of 2896 valid bins with 2theta: 53.44657 to 118.36608
Powder pattern copied into file (C:\xcall\powder 203\powder 203 _powder) !
POWDER INFO: image theta -86.000, Exposure time=1.00
POWDER INFO: Statistics: valid min pixel=-35, valid max pixel=10889, theta min=26.72, theta max=59.18
POWDER INFO: valid pixels=997424, valid bins=1523, masked pixels=51152, skipped pixels=0, bad pixels=0
POWDER INFO: Append data to 2896 append bins with thetamin= 0.00050 thetamax= 61.74229
POWDER RADIAL INFO: 2624 of 2896 valid bins with 2theta: 6.48442 to 118.36608
Powder pattern copied into file (C:\xcall\powder_ 203\powder 203 powder) !
POWDER INFO: image theta -31.529, Exposure time=1.00
POWDER INFO: Statistics: valid min pixel=-35, valid max pixel=377431, theta min=3.24, theta max=59.18
POWDER INFO: valid pixels=893150, valid bins=2624, masked pixels=155426, skipped pixels=0, bad pixels=0
POWDER INFO: Append data to 2896 append bins with thetamin= 0.00050 thetamax= 61.74229
POWDER RADIAL INFO: 2633 of 2896 valid bins with 2theta: 6.10053 to 118.36608
Powder pattern copied into file (C:\xcall\powder_ 203\powder_203_powder) !
POWDER INFO: image theta 31.529, Exposure time=1.00
POWDER INFO: Statistics: valid min pixel=-36, valid max pixel=258718, theta min=3.05, theta max=59.18
POWDER INFO: valid pixels=976192, valid bins=2633, masked pixels=72384, skipped pixels=0, bad pixels=0
POWDER INFO: Append data to 2896 append bins with thetamin= 0.00050 thetamax= 61.74229
POWDER RADIAL INFO: 2753 of 2896 valid bins with 2theta: 6.10053 to 123.48457
Powder pattern copied into file (C:\xcall\powder_ 203\powder 203_powder) !
POWDER INFO: image theta 90.933, Exposure time=1.00
POWDER INFO: Statistics: valid min pixel=-36, valid max pixel=11279, theta min=3.05, theta max=61.74
POWDER INFO: valid pixels=997314, valid bins=2753, masked pixels=51223, skipped pixels=39, bad pixels=0

POWDER DATA ANALYSIS INFO: Finished at Mon Jan 20 16:13:08 2014

Warning: F2 of ( 0,-2,-2) was modified from 1403567.3 to 999999.0
Warning: F2 of (-1,-1,-3) was modified from 1040141.6 to 999999.0
Warning: F2 of (-1,-1, 3) was modified from 1038842.9 to 999999.0

Reading 1565 observations from C:\xcall\calib_e 48 Mon-Jan-13-19-00-06-2014\Mo\Near45mm\Mo Near45mm.hkl
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Powder experiments at arbitrary distances
(PEAAD)

The previous slides showed how to exploit the ‘near calibration point’ for the
occasional powder experiment.

» ‘Real professionals’ might want to choose their experiment distance.

= The following slide will show the procedure on making a custom (x)par file for
powder experiments at arbitrary distance.

= As an example we will use 85mm on Cu wavelength on an Atlas SN

Agilent Technologies



PEAAD 1

= Make a copy of your current par file: Mine is
‘a_ 86 _200114.par’. The powder one | will call

‘ y v parameter W
a_86_200114 powder_at_85mm.par’. *» T .
. Organge » New talder - i ®
= The new par is selected as the new ccd
configuration file (under ‘Configuration file § i i
paths’ -> ‘Set ccd setup file’). i -
J Libearses & 286200114 _powder_at_85mm
= The software prompts to restart the software, | <wc 57
which | accept. 8 e
. I may be prompted to select to proper binning. This can be avoided by also e i | T
making a copy of ‘a_86_200114_1_1.img’ in the frames folder to ‘a_86_200114 r OM'* B
_powder_at 85mm_1_1.img’ and in the root folder ‘a_86_200114.run’ to —

‘a_86 200114 powder_at 85mm.run’

= | will now proceed the with ylid calibration at a
single distance: here 85mm.
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PEAAD 2 —single distance calibration

E Sarvico GUIC102T) « CcalDNSerdceton v 20-17- 10 402010 Servica Mon-J80:20-17- 12482034 _Limg El
| 0|[E oo
= Mount the standard sample ylid. Make = T
sure the sample very well centered and 3 2ol O o O el
CheCked In 8 pOSlUOnS. a " Resmuve Sacks " Pamban gomu [# Save msges to sarace diteoiory
_ —p TN N R W
= Open the service wrench power tool. B —
= There click on ‘Instrument calibration’ -> = P | | e oo el
v | . T
start new. . L~ ]
- . Wom"mo: .
= | select the required wavelength for b, I—
calibration (here Cu). Only the ‘Near’ | R A R
model, edit the ‘Cu near’ the distance to g - —— T
85 mm, close all sub dialogs and click on e ey W 11
‘Find experiments’ and the ‘Start’ — [
i i ii\‘ B e ——
Farameters for a given expenment | a4 L | e T
dstancs I 83 r
Sanrngeinn | 400 Scanwigh| 2000 e e
Exposure time B i [ [ -
@ the same for all theta posiion defoults | 200 .
(" different for every theta posmion .:u:wwmn___”m__;w“_
Random theta sets [steps in deg)
midk fram to md2  from to DRI 14 of o whe s £ 0 500 2w L~ B - B e ]

. e
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ol



PEAAD 3

After the successful calibration | can proceed with powder experiments at that
distance

The ‘a_86 200114 _powder_at 85mm.par’ calibration is now explicitly for 85mm.
Do not use this setup for single crystal work!

To go back to the standard single crystal calibration: Open the service power tool
(wrench) and select under ‘Configuration file paths’ -> ‘Set ccd setup file’ the file
‘a_86_200114.par’ and proceed with system restart.
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Powder reference samples

= There are a number of NIST powder standard samples available. E.g. Si, Csl
LaB, and others.

= A powder standard can also be used for instrument model calibration. But it is not
an automated procedure. The procedure is explained in ‘ITS 29 - Comments on
powder model refinement’. This procedure is difficult, but possible. The single
crystal method is strictly preferred.
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Powder: common errors

As is clear from the previous slides, the precise powder extraction relies on the
instrument calibration at the used distance. As the detector drive does not
maintain the center as it drives back using the instrument model away from the
near point is the most frequent user error.

Also an invalid instrument calibration may cause extraction errors. Here the user
has ‘changed’ the system willing or unwillingly (e.g. SN optics move by hand/arm
collision with the user). A quick ylid calibration will repair this flaw.

The instrument calibration at the near point is head on. The use of the valid
distance calbration and using the powder extraction at the far point might incur a
scale error of up to 2.0 promille (will depend on orientation of the detector drive).
For fingerprinting this might be still fine.
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XX gandolfi:

powder patterns from single crystal experiments

» Gandolfi method images a single crystal on film as powder diagram

= You can do the same using a single crystal data set and doing a powder pattern
extraction.

= The difference to a normal powder extraction is: background subtraction before
Image accumulation. The results are striking

= Now you can deposit new mineral structures with experimental powder pattern
extracted from your single crystal data! A super sensitive Gandolfi camera.

=  See also issue 81: ITS 81 XX GANDOLFI - Background computations for powder analysis

u Powder Gragh
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Powder: technical

= To accumulate a powder pattern we generate a theta-bin vector with N, where N
IS automatically selected between 512 and 32000 based on 6, and 6,,,, (only
the GSAS extraction has a fixed pitch theta step).

= Concurrent pattern extraction runs frame by frame. Offline processing
accumulates frames of the same detector setting. In case of ‘Scan time rescaling’
the exposure times are accumulated and normalized to 20s. In the ‘Gandolfi
case’ exposure time is normalized by the ‘background computation sequence’.

= Each pixel has a defined 0 value and will accumulate it in the closest bin X,,,,; as
X-ray counts (ADUs/system gain). In parallel we accumulate the number of hits
C; and the corrected counts X, ; (optional L, P and scan time rescale).

= The final pattern is outputted in the following way: The o(X,,, ) = sqrt(X,,;) and
G(Xcorr,i) = G(Xraw,i) Xcorr,i/ Xraw,i' We output as Ii - Xcorr,i/ Ci and G(Ii) > G(xcorr,i)/ Ci'
For proper plotting an additional rescale is applied on the max(l;; (i 1 to N)) is
<10.
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Thank for listening!
ank you for listening E4E

Find out more at [

www.agilent.com/chem/xrd [=]k.
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