Quick Guide for Data Collection on the NIU Bruker Smart CCD

Create a new project

Optically align the crystal

Take rotation picture

Collect matrix to determine unit cell
Refine unit cell

Home instrument

Start data collection
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In the following Smart program panels, the parameters in red circles are those to be changed.
Individual Steps

1. Create a new project

Under menu Crystal — New Project, give new project a name (e.g. grp_a) etc.:
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Options for Crystal = New Project

Crystal Name [32-X chars]

Crystal Number [up to 4 digits]

Title

Chemical Formula

Crystal Morphology needle
Crystal Color colorless
Maximum Dimension 0.62
Intermediate Dimension 0.04
Minimum Dimension 0.04
Collection Temperature -70
Measured Density

Density Method 7
Working Directory d:\framesigrp_a

Data Directory |
Backup ¥YWork Directory? [~ Check for yes

0K Cancel

Distance 5,000
FloodFld LINEAR
Spat'ia1 LINEAR
Dark Nong
Siz,Gain 512 1

Drive:Directory to hold data frames (blank = working directory)

Click OK three times. In the fourth prompt, use Small Molecule setting.

Move all axes to zero position by using Goniom — Zero (click OK when prompt).



2. Optically align the crystal
Mount the crystal to the goniomenter head. Screw the goniometer head on to the diffractometer.

Open menu Goniom — Optical, accept the default parameters. Now the goniometer is in manual
mode.

Use the goniometer manual control box, align the crystal.  First press the B button, then the Print
AXxis button.  The goniometer will move the mount position.

Adjust the height of the crystal so that it is at the center of the cross in the microscope.
Adjust the lateral Y position so that the crystal is at the center of the cross in the microscope.

a) Press the A button and then the Print Axis button, the crystal will rotate 90 degrees. Adjust the
lateral X position so that the crystal is at the center of the cross in the microscope.

Press the Print Axis button, the crystal will rotate 180 degrees. If the crystal is of the center,
adjust it only half way toward the correct position.

Press the Print Axis button again, the crystal will rotate another 180 degrees. If the crystal is off
center, adjust it only half way toward the correct position. Repeat the above two procedures until
the crystal is not moving when rotated.

The reason that we adjust the crystal only half way toward the correct position is that sometimes
the cross in the microscope is not the true center. By using the infinitesimal (1/2 x 1/2 x1/2 ...)
approach we can find the true center.

b) Press the B button and then the Print Axis button, the crystal will rotate 90 degrees. Adjust the
lateral Y position so that the crystal is at the center of the cross in the microscope.

Press the Print Axis button again, the crystal will rotate another 180 degrees. If the crystal is off
center, adjust it only half way toward the correct position. Repeat the above procedure until the
crystal is not moving when rotated.

Repeat steps a) and b) if necessary until the crystal is centered.
Return the manual control box to the side, close the radiation protection windows until all window
status lights in the front panel turn green, push the small Reset button. All window indicator

lights must be green before the shutter can be opened.

Press the Esc key on the computer to return to the automatic mode. Move all axes to zero position
by using menu Goniom — Zero (click OK when prompt).



3. Take rotation picture

Open menu Acquire — Rotation, choose a 30 second exposure time, click OK. DO NOT use
exposure time more than 60 seconds without consulting with an expert. You may damage the
CCD detector!

Exam the rotation picture (remember the Ewald construction?) to make sure that the crystal quality
is good.

4. Collect matrix to determine unit cell

Open menu Acquire — Matrix. Depending on the quality of the crystal, we choose appropriate
number of frames to collect and the exposure time per frame. For most organic crystals, 15
frames and 5 seconds/frame exposure time is good. Leave other parameters at their default
values.

Flood Correction

Options for Acquire > Matrix:

# Frames

Frame width

Secondsfframe

Title Unit Cell Determination
Job name MATRIX

Max display counts -1

Lower axial limit 3.0

Upper axial limit 200.0

Indexing HKL tolerance 0.2
LS RLY tolerance 0.01

|| Shutter CLOSED
Distance
FloodFld
Spatial
| Dark
Siz,Gain 512

Largest possible crystallographic axis length in Angstroms

Least Squares Output @

Orientation Matrix:

—0.01942135 0.04358366 -0 03483856
0.03094940 0.04139782 0.03602298
0.11626597 —-0.003¥2833 0. 00732101

Lattice parameters & Standard deviations
6.3022 16.6040 19.9782 90.002 98.763 90.010 2721.86
0.0023 0.0067 0.0079 0.007 0.007 0.008 i el
Standard deviations corrected for GOF
0.0048 0.0097 0.0115 0.010 0.010 0.009 4.63

Histogramns
0& 10 15 20 25 an 35 40 45 +Inf

2
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Print... Write...

Shuttar CLOSED
Distance 4.943
FloodFld 1430117
Spatial 1430106
park dkcz_20
51z,Gain 512 4

Click OK to close the window.



Go to menu Crystal — Index, change Minimum vectors to 5, and Fractional which must be fit
to 1.0, click OK. If index fails, reduce the fraction to 0.9, 0.85, 0.8 etc. Below 0.8, the crystal is
no good, change to another crystal:

Unit Cell Determination

Expected Unit Cell

A axis 30 B axis |30
Alpha 90.0 Beta  [90.0

Tolerances

Length tol [0.95 Angle tol (0.1 HEL tol

Difference Yectors/Grouping
Minimum vectors I~ Assume known cell

Length fraction I ¥Yerbose output

03
Fraction which must he
OK | Cancel

Shutter CLOSED
Distance 4.943
FloodF1d 1430117
Spatial 1430106
Dark dkcz_20
Siz,Gain 512 4

I

Minimum # of occurrences of a difference vector before using

Autoindexing Options (center at 254.3 251.0 of a 512x512 frame) X|?

If the crystal can be indexed, you will see a screen like this:

Autoindexing Output

AUTOINDEXEING SUMHARY

4 B C Alpha Beta Gamnma
Three vectors: 8.413 16.721 20.126 90.203 98 462 90.270
Linear LS g.324 16.623 20.021 89.911 98.935 90.128

Axis linits. max index 1.500 G58.500 1.500 G58.500 1.500 58.500
# Length FOM H1 H 2 H 7 Reflections fit
Angles between solutions
I1 20 640 0.02 1 o 0 111111111111111111111111111
2 é6.721 0.01 0 1 0 1111111111311111111113111111
*
%6 2332 0.02 1 1 0 111111111131111111111311111

26.633 0.03 -1 1 0 1111111113111111311111111111

Print... Write...

Shutter CLOSED
Distance 4.943
FloodFld 1430117
Spatial 1430106
Dark dkcz_20
Siz,Gain 512 4

fAuto"l ndexing. ..

A 1 means a reflection fits the vector, a 0 not. Ideally, you want all reflections fit, with all 1’s:
1111111111111211...

Click OK to close the window.

Go to menu Crystal — LS to do least square refinement of the cell. Choose Constrain to be 1
Triclinic and Max RLV error to be 0.01:
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LLeast Squares Options [center at 254.3 251.0 of a 512x512 frame)

Output PAP file [FTTErAN 11

Constraint ‘ Max BLY err Constraint mask: 512

Unit Cell

A axis 8.324 B axis 16.623 C axis 20.021
Alpha 89.911 Beta 98.935 Gamma 90.128

Detector Corrections

® beam center |0.000 Y beam center |0.000 Distance cor. 0.000
Detector pitch  (0.000 Detector roll 0.000 Detector yaw 0.000

Eulerian angle 1 |44.672 Eulerian angle 2 [107.158 Eulerian angle 3 |86.260
Crystal X-trans |0.0000 Crystal Y-trans |0.0000 Crystal Z+trans (0.0000

Omega zero 0.0000 Chi zero : Frame halfwidth |.15

0K Cancel ‘

3
FloodFld 1430117
Spatial 1430106
Dark dkcz_20
Siz,Gain 512 4

f:i_l_wlame of file to receive orientation (e.g., for ASTRO)

Click OK. Go to menu Crystal — LS again, now choose Constrain to be -1 Triclinic and Max
RLV error to be 0.005 (we do not use any bias for a unknown crystal, therefore we choose triclinic
lattice. 1 is for linear LS, -1 for nonlinear LS fitting).

Go to menu Crystal — Bravais to choose Bravais lattice (the index part gives only primitive
lattice). Accept all default values for most crystals.

Do cell refinement again: Go to menu Crystal — LS, choose Constrain to be 1 Triclinic and Max
RLV error to be 0.005. Click OK. Go to Crystal — LS the last time, choose Constrain to be
-1 Triclinic and Max RLV error to be 0.003. Click OK.

Now you have the cell constants. Record the values of a, b, ¢, a, B, v, lattice type, first histogram
column, X-cent, Y-cent, Dist, Omega, Chi zeros, GOF and total numbers of reflections used in the
refinement. The absolute values of X-cent, Y-cent, Dist should be less than 0.5 for a correctly
centered crystal, GOF should be close to 1 for a correctly index crystal. The number of reflections
in the histograms should be 50% or greater of the total number of reflections used in the cell
refinement.

8. Home instrument

Since there are accumulate errors in the instrument gears, we need to reset the motor reference
positions each time we collect data. This procedure is called Home axes.

First move all axes to zero position by using Goniom — Zero.

Home the first (6) axis by using menu Goniom — Home axis.

Home the second (w) axis by using menu Goniom — Home axis (the axis number will
automatically change to 2).

Home the third (¢) axis by using menu Goniom — Home axis (the axis number will automatically
change to 3).

Move all axes to zero position by using Goniom — Zero.



9. Start data collection
Normally we collect the reflections of the reciprocal lattice points inside the hemisphere of the
Ewald sphere. Because of the Friedel relation Ing = lLnk, these reflections are complete even for
the lattice with the lowest symmetry (P 1). For lattice with higher symmetry, the high redundancy
will give better signal to noise ratio (I/c) after averaging. Given the geometry of our
diffractometer, the data collection strategy is given in menu Acquire — EditHemi:
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Rotation Frame

SCAN Hemisphere Run List (B lines)
Rund Framed 2-Theta Cmega Phi Chi Axis Width #Frames Tine

—28.00 —28.00 0.00 G4 .82 2 —0.300 500 20.00
-28.00 -28.00
-28.00 -28.00
-28.00 -28.00

Shutter CLOSED
Distance 4.943
FloodFld 430117
Spatial 1430106
Dark dkcz_20
Siz,Gain 512 4

IChoose file functions

Click OK to close the window. For strongly diffracting crystals, you can reduce the exposure
time from 20 seconds to 10 seconds. For weakly diffracting crystals, you can increase the
exposure time from 20 seconds to 30 seconds. DO NOT use exposure time more than 50 seconds
without consulting with an expert.  You may damage the CCD detector!

Now and finally, we can collect data by using menu Acquire — Hemisphere:
T sl 05 oo 90,8 R i Lo

Rotation Frame

SCAN /HEMISPHERE Options

Job name

Title

Max display counts

Suppress correlation [Y{N] [~ Check for yes
Suppress bias detn. [Y/N] I~ Check for yes
XENGEN output format [v/N] I~ Check for yes
Sequence ¥ of starting run 1

Sequence # of ending run 9939
Oscillate [Y{N] I~ Check for yes

Shutter CLOSED
Distance 4.943
FloodFld 430117
Spatial 1430106
Dark dkcz_20
Siz,Gain 512 4

[Enter base name for frames

Click OK to close the window. Accept all the default parameters when prompt.

Data collection using 20 second/frame will last 13 hours.



