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Processing of Bruker & Nonius CCD data

There are two main stages of CCD data processing :

e Frame integration - extraction of intensities from images
e Post processing - error modelling, merging, abs corrections, etc

First procedure is specialised, involves many corrections to the raw CCD
data - no facilities in WinGX for this (Denzo, EvalCCD, SAINT).

Second procedure is handled in WinGX by a variety of routes

Frame integration relies on “black box” commercial software.
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Flowchart for data reduction of Bruker Nonius KappaCCD images
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Denzox program

Denzox was written by Bob Blessing, but extensively modified in Glasgow

* Reads .x files produced by Denzo and concatenates data

 does little massaging of reflection intensities

o transfers fulls transparently - no change in | or o(l)

» simple statistical summation of partials to provide | and o(l)

e some rejection criteria - y? of fit, partials at edge of scan set, sin6/x

e calculates direction cosines

* re-indexing for equivalent orientation matrices (NOT re-orientation !)
e various possibilities for batch number - frame, scan-set, experiment

o output file denzox_hkl.sortav for Sortav (or Gaussian abs correction)
 output file denzox.sad for Sadabs
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Flowchart for data reduction of Bruker Nonius KappaCCD images
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Processing of KappaCCD data

Summary of Data Reduction methods for AMBI (ammonium bitartrate)

Denzo Denzo Denzo Denzo EvalCCD EvalCCD
Scalepack-m Scalepack Denzox/Sadabs Denzox/Sortav  Sadabs Sortav
routel route2 route3 route4 routes route6
Total unique 1930 1923 1931 1935 1952 1953
Observed 1641 1684 1684 1700 1523 1525
R(sigma) 0.0366 0.0357 0.0316 0.0332 0.0427 0.0436
WR2 0.810 0.0818 0.0795 0.0792 0.0813 0.0815
R1 (obs) 0.0326 0.0336 0.0331 0.0334 0.0385 0.0385
R1 (all data) 0.0428 0.0429 0.0426 0.0425 0.0618 0.0619
Ap 0.18 -0.22 0.20 -0.22 0.23 -0.20 0.23 -0.18 0.20 -0.22 0.19 -0.21




Single Crystal Software Workshop ECM21-2003

Processing of KappaCCD data

KappaCCD Data Processing . X Load cell from various
Input reflection files Cutput reflection files
|7Primary: |7Shelx: SOU rCeS
Sartay Saortay
kdain |Denznx| Saortay | Scaling | Ermp. Alsorption | Merging | Outputl Fesults | FI Iter data by SI n (6)7\4 Or
—Programs ———— Crystal data batCh nO.

[~ Run Impor KappaCCD: Compound 1D ambi

S
L b= [roezress R Quick view of data quality
C= m gamma = Iglili by WeISS Or DIederICh =

Karplus programs

Concatenate |Hility

Data Quality Load cell from IMFORT.CIF Load cell from RMAT file
i S e Concatenation of input
Filter by Sinftheta)/lambda Filter by Batch Mumber fl IeS
Bun Fun fram File | e Window | Close PIOtS (SortaV)

Most data reduction programs handled through KappaCCD GUI
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Processing of KappaCCD data

Data Quality . X| .
T S e Load cell from various
Thig utility provides a guick indication of data guality using several different statistical descriptars, i.e.

the standard Rmerge (Fisym). the redundancy-independent Bmeas (Rrim), the pooled coefficient of SO u rceS
variation (PCY) or the precision indicating Fovalue (Rpim).  For a definition of these descriptors, see

k. Diederichs and FP.A. Karplus, MNature Struct Biology (19971 4, 269, and
M. S, Weiss. J. Appl. Cryst (2007, 34, 130,

Filter data by sin(0)A or
15963 reflections read from BATCHT _HKL SORTAN Diederichs/Karplus data quality anabysis finished
3079 unigue merged reflections for Laue class  2/m batCh nO.

15962 ohservations in merging calculations

Reflection data| Frralues |Rmrg values

Quick view of data quality

Bmeas MW < I-over-sigma- fract multi
by Weiss or Diederich -
ik 4.9 [ 4.4) 7.8  40.0 (40.0) 105.5 (#%%%] 13.8 6.8
Z 0.90 4.3 { 4.0) L R e S ey 94,6 (94.6) 17.5 &.5 Karplus programs
06 4.8 [ 4.5 8.6 24.5 (24.8) e b e e A
4 0.68 a.0 | S5 10.5 20.0 (20,09 SZa 52 e] 14.1 6.9
5 0.63 S s 10.4  15.1 {15.1) e P . .
3} 0.59 F7.9 0 Fails) AliEHErE] 12.9 [(12.9) 29.1 (28.9) g-g Gzl Concatenatlon Of InpUt
7 0.56 i ae 10.2 12.7 (12.6) Z0.6 (21.6) L R .
8§ 0.53 9.5 [ 7.7) 1343 9.9 ( 9.9) 15,5 (16.6) 4,2 2.5 flleS
= Lo W e L B e 15.3 FUg T bz daln g
B} R e e e 23.1 i R Sk atabesteiy) bl B
49.0) 100.0 5.2 Plots (Sortav)

Most data reduction programs handled through KappaCCD GUI
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Denzox GUI

KappaCCD Data Processing . ' X -
Denzox by R. Blessing
Input reflection files Cutput reflection files
|7Primary: Denzo #files - source undefined |7Shelx: denzox hkl
Sortan Soran: denzox_hkl sortaw .
Reads .x files and
kdain | Denzox | Sur‘cavl Scaling | Emp. Absorption | hderging | Outputl Results | CalCU|atES dlreCtIOn
— Source of Denzoxfiles — Program options : ’
o . cosines + batch no.’s
: : ™ Inwertindices from Denzo files
Directary ; ' ey :
v ‘Wiite direction cosines
v Allow chystal re-otientation . .
Seloct v Sum the parial reflections erteS Out f||eS
& lse su:an—stet index as batch number denzox h kI . Sortav
Cpen CO tray " Use frame index as batch number —
" Use single hatch number per file denzoxsad
Close CD tray Sintheta)/lambda minimurm : |n _IEI
Sinftheta)/lambda maximurm ;- 10 5 I 1
Info on Select | Info on Inwert Reads 'X fIIeS from dISk
Maxirnurn Chisg for profile fit: -~ [10 = ﬁleS or CD_ROM
Clutput Sortas file : Idenzu:ux_hkl.su:rtav Belchnumboranpuinie: ! EI
Allows for Denzo
Bun Fun from File | e Wi oo | Close matnx Varlatlon
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Sortav GUI

KappaCCD Data Processing e _ X

Sortav by R. Blessing

Input reflection files CQutput reflection files
Frirmany : Shelx: sortaw.hkl
Sorta denzox_hkl.sorta Sorta

Pre-correction with
GAUSSIAN abs. cor.

fidain | Denzox ‘ Sortan |Scaling | Emp. Absorption | Merging | Clutput | Results |

— Inp ian file — Frogram options

o e [T Apply GAUSSIAN absorption correction

" Import KappaCCO file v Refine frame/batch scale factors

= EwvalCCD file ¥ Apply empirical absorption corection Apply fram e/batCh

 GAUSSIAN file ™ Merge reflection data for output .

~ Concatenated file ™ Apply Bayesian postprocessing Scal | ng

= User specified reflection file

= Unmerged data from Sortay Auta Beject Dutliers |

Sonavfile: |denzox hklsoraw it conailons Apply emplrlcal
 Data Sl il il absorptlon correction
HELK+L=2M

Crystal class paint group |1 - I HiLL+H=2M

HEL H+EK+LL+H=2M

Instrumental instabilfy const  [T00E-02 =] HKLHekel=2N | Data merging & reject
outliers
Bun Fiun frorm Eile | Tew Window | Close

Check that parameters are correct !
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Sortav GUI - Empirical absorption

KappaCCD Data Processing e X| . .
Input reflection files Cutput reflection files ReqUIreS SUffICIent
|7Z!:1n§vr}f: denzox_hkl.sortaw |7§2?1:\.;: = data redundancy

fidain | Denzox | SDnavl Scaling ‘ Emp. Absorption |Merging | Clutput | Results |

Uses spherical

Equivalent reflections for *{lm) fitting — — hax. even arder spherical harmaonic

& Lse Laue point group e e harmonlcs to mOdeI

= Use crystal point group . .

— bax. odd arder spherical harmaonic absorptlon anlsotropy
[T Apply theta dependent correction ] [Esa |55 o7
Wanselenth (A) m_ kin. crystal dimension (mm) IEI.33 Odd harm0n|CS used to
Linear abs. coeff. (mm-1) IEI.1 425 bz crystal dimension (mm) IEI.EE mOd el non-
Spherical crystal radius (mm) IEI.31 Fractional error in mu*thar |1.EIE-EIE Ce ntrosym metrIC
Fel. weighting factor for <Ahi> |1 Eigenwvalue filter factor |5.IZIE-1E Systematlc errors

0-dependency also
Eun Fuwn from Eile | [New Wil ow | Close pOSS|bIe

R. H. Blessing, Acta Crystallogr., Sect A 1995, 51, 33-38.
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Sortav GUI - Merging

KappaCCD Dait S = | Several schemes for
Input reflection files Cutput reflection files . . .

|7Pr:?"nary: |7Shel;l: sortaw hkl Outller reJeCtlon
Sortaw denzox_hklsortaw Sortay

kain | Denzuxl Sortasw | Scaling | Emp. Absorption ‘ Merging |Output| Results |

Normally use Tukey

—‘Weights foraveraging—— — Equivalent reflections for merging — . .
“ieights are wi x wj (" s  Use Laue point group downwelghtlng and
+ Experimental weights & Use crystal point group . . .
See RH. Blessing iy — Wariahles for estimating sig(<y>) rEJeCthn Of OUtIlerS
J. Appl. Cryst, " No down=weighting
(1997) 30, 421-426 " Relative normal probability weighting ElJ IEI.E Sl |1.IZ|E—E|4
* Rohustresistant Tukey weighting . heit . .
— Sintheta)flambdalimits ——— “Autoreject Outllers”
IEi Zmax for Tukey weights kdin [0 hdax [10 .
| | until no further ones

Cutlier rejection

[ Reject shnormally low outliers fram sample maximurm by OF tast fo u n d
[ Reject shnormal outliers from sample median by Chauvenet's criterion

Rejection parameters : 0 |1 R |4 1 0.05 Cz [0 C3 |0 c4

[tis recommended to use Tukey downweighting, rather than outlier rejection by either of these criteria

Biun Bun from File | Mew Window | Close

R. H. Blessing, J Apply Cryst 1997, 30, 421-426
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Sortav GUI - Output

KappaCCD Data Processing E Xl | Save intermediate

Input reflection files Cutput reflection files
Frimary : Shelk: sortawhkl reSUItS here
Sortaw denzox_hkl sortaw Sortaw

hain | Denznxl Sortaw | Scaling | Emp. Absarption | hderging | Clutput |Results |

Controls number of

F kinirurm rmsd/esd to define discordant measurement plots and VerbOSIty Of
Info on Sortaw output...
|4 Minimum absr-vmean)esd to define statistical outlier 0] utp ut
|3 Threshaold Ymeanimax(rmsd.esd) for compiling printed tables SOV ey
- Reflecton lsting Remove unwanted
i Danatlistielsatone " Display plots = Do not display plots .
& Listdiscordant reflections Azimuth plots fl |eS
 Also list axial reflections Mo azimuth plots
" Also list zonal reflections & Azimuth plots for 100, 010 and 001
@ 2 Z g
ID— Litt ey nidh reflaction Alsofor110,-110, 101,101, 017 and 0-11
© Alsofor111.-111,-1-11 and 1-11
7 Remove unmerged data files on axit
[T Remove all extraneous SORTAY files
Biun Bun from File | Mew Window | Close

R. H. Blessing, J Apply Cryst 1997, 30, 421-426
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Sortav GUI - Results

KappaCCD Data Processing . Xl | shows outliers and

Input reflection files Qutput reflection files . .
Primary : Shelx: soraw.hkl reJeCted reﬂectlons
Sortaw denzox_hkl.soraw Sortaw

hdain | Denzox | Surtavl Scaling | Emp. Absorption | Merging | Dutput ‘ Results l

Shown missing

0 statistical outlier(s) in samples > 2 36 missing reflection(s) reﬂec |OnS
t
-9 0 13  54.8 (K
-9 Ak by )
-3 (He ey w0
0 dizcordant duplicate measurement(s) = a2
-3 A b
-2 bistaton Rpams S pih |
-9 Sl e bRl
-3 Zorelih s hheg
i ) . -11 12 8 55.3
0 reflectionis) rejected before averaging o e
-9 Foo g b hsd
ikl S bR
-4 R e e ) Ll
Bun Fiun frorm Eile | ey Window | Close

R. H. Blessing, J Apply Cryst 1997, 30, 421-426
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Processing of SMART/SAINT data

SMART-SAINT RAW File(s) Summary : X] ] _
Reads in all .RAW files

Intensity ranges Exposure time (min) Frame numbers Mo. reflns R .

fAinimurm Maximurm fAinimurm aimurm fAinimum e Eximurm found |n dlrectory
FEPNCOA ERFIER | 553326932 | |4 | 535 | B | [597 | [eas2 |
FEPNCOB |-74.964996 | [s8147.3007 |  [s02 | [1200 | E | [s00 | |44 |
FEFPNCOC [-68.375939 | [sa4126015 |  [1203 | [17329 | E | 500 | [es04 | .
FEPNCOD [-1o0.32293 | [41893.3984 |  [1302 | |2054 [E | |255 |  [to34 | PI‘OVIdeS I‘angeS Of
FEFNCOE [62093339 | [105834 | [en86 | 7354 [Fas | oo | [1983 | et
FEFNCOF [-31.742000 | 23237 | [e358 | 2654 [ | oo | [1981 | IntenSItlesl exposure
FEFNCOG [3282n33s | 100514 | [e656 | 2953 | |4 [REE | 19w | I

time, frame numbers.

FEPMCOH [92516338 | 103624 | [e9m6 | [3253 | |4 | |58 | [1983 |
FEFNCOI [42411888 | 1i7eree | [ | |as i3 | |96 |  [9m8 |
FEFNCZO [32826888 | [148280 | [im | [200 | |4 | oo | [om3 | )
FEPNCOK  [saovean | [mowo | P ] [ [ ] [ ] Necessary to provide
FEPMNCOL |-za.718000 | [140085 ] |1 | [100 | B | [598 | o1 |
FEPNCOM [-28516000 | 162600 | [1oo | 200 [E s | oo | [938 | batCh numberS fOI‘
FEPMNCON |s5.987001 | [190336 | [eoo | [299 | E | [598 | |83 | ;
FEPNCOO [439.25393 | [s51677 | [239 | [310 | E | 538 | [0 | Sca“ng
FEPNCOP [29n51689 | [s3zess | [ao | [319 [E | oo | [in43 |
FEPNCOQ [107.28300 | [444682 |  [319 | [323 [ | oo | |47 |
NFEPNCOA g

|-or.038988 | [44162.3007 | [ | [535 | [ | [597 | [eas2 | In th|S example, f||eS
NFEPNCOB [-54.40n001 | [44854 | [s02 | [1200 | | oo | [e474 | )
NFEPMCOC [44300001 | [4as125 | [1203 | [1739 | E | [snn | [e=04 | ShOUId be processed IN

DK Cancel | four batCheS
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Processing of SMART/SAINT data

SMART-SAINT Import Utility _
This utility allows wou to impont a series of SMART-SAINT BAW files Choose WhICh Sets Of RAW

ifram disk-files or a CO-ROM) inta WinGx. The autput reflectian filesis)

are used as input for Sortaw, which scales and merges the data. fl IeS to Concatenate

Sortay may be mn from the KappaCCD Data Processing GLUI

— Input files

=lil=ll=0 cl otatfeco S rawifepncoa. raw Browse...

File list : Add ta List

Clear List

Examine Files

— Output files

= Concatenate
" Individual file(s)

File for Sortaw concat_hkl. sortaw

" Keep original R file hatch number(s)
= Detive batch number from exposure time
& Single batch number perfile

(0] Cancel
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Processing of SMART/SAINT data

|SMART-SAINT Import Utility X :
This utility allows wvou to import a series of SMART-SAINT BAW files Choose WhICh Sets Of RAW
ifram diskHfiles or a CO-ROM) into Win G, The output reflection files(s) fl Ies to Concatenate

are used as inputfar Sortaw, which scales and merges the data.

Sortawy may be run from the KappaCCD Data Frocessing GL

Decide on way to derive

— Inputfiles .
o . batch numbers for scaling
File list: chdataifecobyravwifepncoa.r: H 1
Sl Write file concat_hkl.sortav
Clear List which is exact translation of
- the data in RAW file.
B = Suitable for merging etc with
File for Sortaw:  Joconcat_hkl.soras o« SOI’taV
" Keep original Baw file batch number(s)
" Derive bhatch number from exposure time
* Single batch number perfile

(8]4 Cancel




