Crystal Indexing in PROTEUM3




Indexing
Screen

e Determine Unit Cell

Finding the orientation of
the crystal lattice relative to
the instrumental setup

e Automatic

e Can be run from any step
e Manual

e Collect Data

e Harvest spots
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e Index
e Refine
e Bravais
e Refine

e Methods

e Difference vector
e FFT
e Least squares (Cell_now)
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Determine Unit Cell
Collect data

You can collect images for indexing based on preset
runs in the bn-config.py file. Since every crystal
diffracts differently, you to change critical
parameters to match the sample.

e Distance
e Exposure time
e Image width

Standard setting for CMOS and CCD detectors

e Detector Format always 1024x1024
e Correlate Frames always “"no” for CMOS

e Runs or scans are defined as angular sweeps in different
crystal orientations. They can be setup in the bn-config
file or from the run experiment menu

e 2 runs of 3° separated by 90° in reciprocal space
e Filename_01_0001.sfrm

(I

Run # Frame #

Image Location: [ C:Mrames‘demo'lysozyme

Image Base Mame: [matrix

First Run: E
Distance [mm]:

Exposure Time: [1D.DD I%] [secﬁmage -

Image Width [deg]: E

Detector Format:  [1024x1024 |~
Comelate Frames:

@) (0] (o]

l Collect... H Cancel ]




Determine Unit Cell BRUKER
Harvest spots (O

Find reflections for the indexing. Can harvest from

anywhere in the run or from more than one run. Can First Image: [aMES"-demn"-h'sDz'.-'rrIE"-.L‘fso_DBDmE_D1_DDD1.sfrrn]E]
be in different regions of reciprocal space. Number of Runs: images per Fun:

() F|rst |mage can be from anYWhere in the data Go to Image: [C:‘&mmes\demo\lysozwne\bﬁo_ﬂ&ﬂmE_ﬂ'l_[H]ﬂ'I.sfrrn v]
] Number Of runs More Spots Fewer Spots

ol

Min. |/sigmai]): 10.00 R T

[ Smooth images

e Will start at the beginning of all runs after run 1

e Go to Image - what image to display

| From [A] [ To [A] [ Add. |
e Min I/sigma(I)
e Signal to noise cutoff for finding reflections
e Smooth images reduces image resolution Brcluded Shels
e Smooth images
e Reduces the resolution of the images which removes
weak reflections and combines split reflections
Stare: [_ empty v]
® EXC|Uded She”S [ ] Save only reflections that span images
e Remove resolution shell from harvesting
e Store
e Stores reflections by color scheme @] e e

e Save only reflections that span images




Determine Unit Cell

Navigating through the indexing steps

e Arrows move to the previous or next step

e Harvest Index
e Finish
e Runs auto mode from current step
e Harvest
e Performs function and returns to the main
menu

e Cancel returns to the main menu

First Image:

Mumber of Runs:

Go to Image:

Min. |/sigmai]):

Excluded Shells:

Store:

L[]

[ames\demo\h.'soz:,me\wso_ﬂ&ﬂmﬁ_ﬂ‘l _ 00071 sfrm ] E]

Images per Run: EE

| C:\frames\demo\lysozyme \Lyso_080916_01_0001sfm |+ |
More Spots Fewer Spots
e
[ Smooth images
[From [A] [ To [A] [ Add. |
3.2 3.8
Delete All
L__E -]
[ ] Save only reflections that span images
Finish | | Harvest J| Cangel




Determine Unit Cell
Indexing

* Reflections shows the number of spots
harvested and color code

* Go to Image shows the image displayed
* Min I/sigma(I)
* Signal to noise cutoff for finding reflections
* Resolution
* Filters

* Corrections
* Offsets from the frame headers
* Clicking manual allows them to be edited

* Methods
* Difference Vector
* Fast Fourier Transform
* Least Squares (Cell_now)

Reflections: [_ Group 0: 870 reflections vl

Go to Image: [C:\flames\demo\b_.'soz:.'me\Lysozg,rrne_ﬂ'I_[H:H}'I.sfn'r v]

More Reflections Fewer Reflections

e

Min. |/sigmal(l). | 20,00 o |

Resolution [4]: [9999.00 | - [152

Reflections must be isolated
|| Reflections must span images

|| Reflections must be whole

870 Reflections selected for Indexing

Store: ‘ I Empty -
Comections: () From store @ From last harvest ) Manual
Distance [mm]: Pitct

¥ Beam Center [mm]: |-0.54

¢ W
g =
& g

Y Beam Center [mm]: |-0.60

Methods: Difference Vectors
Fast Fourier Transform

[] Least Squares [ Specific Cell Search...




Determine Unit Cell
Indexing

* Indexing results gives the
unit cell found from all
methods selected

* You can choose any cell to
continue

* HKL histrogram

* Percentage of harvested
reflections that match the
predicted spots based on
the orientation matrix

Reduced Unit Cells found:

rf"lE:’tI'u:u:I: Difference Vectaors

95

Method: Fast Fourier Transform
Score: 0.595

a=38 574, o=90.03°, V=23032042
b=77.274, B=90.01°

c=77.28A, v=90.01°

HEL histogram:

HEL histogram:

0.1: 90 1% (581/645)
0.2: 96.6% (623/645)

0.3: 97 2% (627/645)




Determine Unit Cell BRUKER
LS refinement reduced triclinic cell (o

* Refine the unit cell I
- a=38.57A, 0=90.08°, V=2304684
constants and hardware /] et cel S e i .
parameters to improve b (A 7719 = 008 7 e S—
i i - ~clA] 7714 = 005 ol S
the orientation matrix el 8951 = 004 o o
~BI1 8995 = 003 & o on
H H 3 ne VIAg 230500
* Makes it easier to search R e = 1Y B
for higher symmetry [ 1 Domain transiation T
- xfom) 0.00 i
H Y lmm] 0.00 ] ggledortmnlalm e
* If you only index from a 2 from] 0.00 o —
| Domai ientati T x beam [rm 057 =
small angular range, the ] Dl oo - I — g
program only allows you = o7 & D418 e g
to reflne the DOmaln gztectn{tﬁrﬁlaim - . Goto Image: | C:\frames\demo\lysozyme'\Lysozyme_01_0001 sfm |
H . - distance jmm : e L More Reflections Fewer Reflections
orientation, beam center Beam center o ——— 5
and crystal to detector o Do & U !
distance (DX) [ ] Detector orientation ol | O Show selcted Reflectons
pitch [7] 0.0 E ® Show predicted Reflections
Ll 171 n AR
. . 68 RMS XY [mm]: n/a RMS angle ['l: n/a
E:;'%F} " : 3% 1442 2300 Tools [ Reire | [ Histograms... | [ Transformations.. |




Determine Unit Cell

LS refinement reduced triclinic cell

* Tolerance

* How far the position of the
observed reflection differs from
the predicted

* Moving the slider bar increases the
accepted tolerance and add more
reflections

* Start with suggested reflection set
and then add more as the cell
improves

* RMS XY, RMS angle

* How far off are the predicted spots

* RMS XY should be < 0.3

* RMS angle should be < 1 deg

Reflections: [_ Group 0: 645 reflections v]
Goto Image: [ C:Mramesdemot LysozymeLysozyme_01_0001 sfrm - ]

Mare Reflections Fewer Reflections
Toece: 006 )

216 Reflections selected for Refinement

() Show selected Reflections

® Show predicted Reflections

RMS XY [mm]: 0.005 RMS angle []: 0.044

Tools: [ Histograms... ] [Tlansfnrrnations...l
w [L] Finish [ Accept ] [ Cancel ]




Determine Unit Cell BRUKER
LS refinement reduced triclinic cell (o

* Histograms
. . ) Reflections: [_ Group 0: 645 reflections v]
* Error distribution for all of
the reﬂeCtionS Goto Image: [E:‘-.fmmes‘xdemnkLysuz:.n‘nekLwnz:.me_W_ﬂll]'[ll1 sfrm T]
* Shows how well the
Observed SpOt matChes the More Reflections Fewer Reflections
predicted indices and Tolerance: ...
detector position =
. mm 216 Reflections selected for Refinement
* Can display and remove T wfil
reflections by clicking on = - ) Show selected Reflections
the error bar Sﬁi 3 0‘1 0‘2 0'3 0‘4 0‘5 0: -‘l -0'5 .“). 0‘5 ; .-.-. Shnw prEdICtEd HEﬂEDtIDnS
K Y [mm]
200 0] RMS X [mm]. O.009 RMS angle []: 0.044
@ 53: . 53: b Refine Histograms... | | Transformations...
£|K‘0|LV“|f):<n|z+;‘|3L03|d‘£;§3|0meg;£g|:r;;;|:ﬂaﬁ|:6m|\xm“|vu(?m7 001 02 03 04 05 s 0 05 1 [ ] [ l
L Rotation Angle [°]
o «§| ] [ Accept ] [ Cancel ]
AL 3
eeeeeeeeeeeeeeeeeeee lCaw Selected Reflections to Clipboar ¢ 0102080405 K e ’ e !




Determine Unit Cell BRUKER

LS refinement reduced triclinic cell

* Transformations

Reflections: [_ Group 0: 645 reflections |v]
* Allows you to transfer the
Orlentatlon matrlx Goto Image: [C:"ﬁfr.:lmes\daﬂu\Lﬁume\Lﬁume_m_ﬂD'I]1 sfrm |T]
f W Orientation Matrix &Iﬂ
More Reflections Fewer Reflections
[ awbs || awbm@ |[ awbm |
(st ][ awer ][ aoe® | ||[Tolerance: - { b
[ beoe#t || beoem |[ bwem | ero e r e
a->Fa b->2b c-x2c
; ’ i ’ I ’ ] 216 Reflections selected for Refinement
[ zaza || 2sb || zese |
Transformation Matrix: | | | ::: Shﬂ'l\' SE-‘IECtEd Hﬂﬂec:tinns
1 2 B
1] +1.00000000 +0.00000000 +0.00000000 ® Show predicted Reflections
2 +0.00000000 +1.00000000 +0.00000000
3] ~000000000] 00000000 +1.00000000
RMS XY [mm]: 0.005 RMS angle []: 0.044
oo Tools: Refine [ Histograms... ] [Tlansfurrnatiuns...l
1 |2 [3 |
1 +0.00192394 +0.01289463 -0.00003455
E +0.02581651 -0.00095729 +0 00072585
3]

+0.00142480 -0.00010615 -0.01251883
]m Finish | Accept | [ Cancel |

a=38.57A, o=0008°, V=230524A
b=77.34A, B=90.05"
c=7728A v=899%"




Determine Unit Cell BRUKER
Bravais search (<O

* Higher symmetry search
T Initial Unit Cell:
[ J
Tran_sforms the Ijeduced_trlcllnlc 38 5Th o006 V-230dsa
cell into all possible choices I -77.33A ey v
* Rates them on how closely they
match the Laue constraints for that |Bravais Lattice | FOM |a [A] Ib[ﬁq et [er1 er1 |vm1 |
point group symmetry and lists the | (G570 R AE pm
FOM from 0 == 1, the higher value Cubic P 001| 3857 7726 77.33| 8992 8397 8995
being the better score Rbareda F_| 001 ;;:‘22 a0 TIe0 TIe 666338 1A
H Tetmgu:unall 332 924 11555 3857 7063 5331 90.05
* Cells shown_ in green are those the T T T T
program thinks are acceptable, red Otthorhombic F ::z 3857 15924 159.37| 86.58 :39 103.97
nOt reaIiStiC Orthorhombic | 002 3857 10924 11595| 8995 7063 8399
COrthorhombic C 082( 10924 10535 3857 5006 8359 18355
* Any cell with a FOM 0.3 or higher oihoorbel | 28| ST TII TN Do DT SO
] ) } onoclinic C 08510939 10924 3857 3001 5006 5005
is shown in green, anything lower Monociric P D82 7726 3857 7733 9003 9008 8995
Shown in red Triclinic P 100 3857 7726 7733) 8952 83997 18395

* You can select any cell shown and
the program will transform the
reduce cell to that setting
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LS refinement of the final unit cell (A

* Final step is to refine the oo R
cell with the Laue A SR T e (|2 SR :
constrains applied % 9 %§§§ :
* For the reduced triclinic & §§§j§£5m@&g
cell all the cell constants i SR
are refined il

| Unit cell
o lAl
b [A] L]
A 90 §
~all .- distance fmm] 000 = 001
B[] Beam center
-y [ - x beam [mm] 0580 = 0003
SNA 7 - y beam [mm] 04643 = 00014 E
Domain translation = ==
- [mm £
-y [mm Reflections: | I Group 0: 645 reflections ‘ -]
50
-2 [mm
bd D‘F]‘a-n orientation _ 0 Goto Image: [C.\ﬂames\demu\Lysozyme\Lysozyme_m_DDD1 sfm | V]
- : 0 3
%[ 85851 - 0004 Eo5 8 g9 4 s
ol 176728 = 0017 Od} & Ucé’ oé> go 05% Dg 30 More Reflections Fewer Reflections
Parameters: Detector translation Hi & & %? (C;O OD0 o Toemnce: [177 |
.- distance [mm] 0005 = 0010 & o Dé’ £ 985S I
Beam center S o§) S g S 3
‘- xbeam [mm] 0575 = 0003 * Do e Ee QOG i Doo = 10 588 Reflections selected for Refinement
-y beam [mm] 04635 = 0.0013 S e -
[[] Detector orientation m " ) Show selected Reflections
i pitch [7] 0.0 9999 99939 939999 ® Show predicted Reflections
roll 1] 0.46 1
Lyaw [ 012
[] Goniometer zers RMS XY [om]: 0.013 RMS angle [1]: 0.026
~wll 0.00
Lexork [] 0.00 Tools: [ Refine l [ Histograms.. ] [Tmﬂsfon'naﬁons...]
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