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1. Turn on the Diffractometer

1) Turn on the cooling water for X-Ray tube, flow rate marked on the Gauge.

2) Turn on the Haskris and check flow.

3) Turn on X-Ray (key then ‘ON’ button).

4) Switch to Remote Control: 59 0 [Enter] =2 9 = 1(hold) [Enter], should see
‘9 M 1’ 2 Release both, then [Enter], should see “......... ’ 2 Enter.

5) Turn on the Cryojet Controller, and set the temperature to 173 K, Sample

Flow to 5 L/min, and Shield Flow to 4.5 L/min.
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2. Start Softwares

Start BCP (Bruker Configuration Program) at console PC (Bruker54).

Start BIP (Bruker Instrument Service) at console PC (Bruker54).

Start APEX2 at Workstation (Bruker55).
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3. Create a New Dataset

* Sample 2 New = Give a sample name (use sequential number).
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4. Choose a Good Single Crystal

A “good” single crystal is:

0.1-0.4 mm in at least two dimensions;
Will extinguish polarised light (check with Scope);
Often shows regular faces and edges;

No cracks or deformation in the crystal.
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5. Mount the Crystal

1) Setup = Center Crystal = ‘Center’ (move Goniometer to position for Centering).

2) Take off the Pin = Pick a good crystal (on the tip) = load the Pin.

~
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6. Center the Crystal Mcunﬁngsgfgzﬁ\

Adjust X to center the crystal. wouning Ear—___
‘Spin Phi 90’ > Adjust Z (height) = Adjust Y.

‘Spin Phi 180" = Adjust Y = Repeat until centered. Yaxis Lock
‘Spin Phi 90’ = Adjust X = ‘Spin Phi 180’ - Adjust X = ...

H-axis

I\ . I P /.

Adjustment Ui Al
. . . . Screw ] il -axis Lo
‘Spin Phi 90’ = Check if still centered = ... = Close door. e
. . X-axis Lock

Measure the crystal size (0.6 x pix). S
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7. Check Crystal Quality (1)
f’ APEX2 v201411-0 - Usemf}?ﬂ - Licensed to Bruker 1t User at University of Saskatchewan - [Simple Scans_blélg
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1) Setup = Simple Scans. 0
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Simple Scans Phi: o & - D
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7. Check Crystal Quality (2)
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8. Determine Unit Cell
1) Click ‘Evaluate’ = ‘Determine Unit Cell’ = ‘Run’ Automatic Mode.

2) It will go through each module, until Unit Cell determined.
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Indexed 331 out of 338 reflections
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10.0112.7713.16 117.39 94.83 93.34




9. Refine Data Collection Strategy
1) Collect = ‘Kinght’ Data Collection Strategy = Edit parameters.
2) Refine - Stop when 100% Completeness reached = Sort.
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10. Start Data Collection
F APE0 oI Ui G e B0 Beerea & Bk emment U 2 Uy o oo o I =
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11. Monitor Data Collection

* Right click on Image > Select ‘Show Overlay’ (This shows how well the
diffraction peaks are overlapped with the calculated ones.)

, N
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Instrument




12. Fill Sample Info Page
T e i U g e B R e e U s Uy e B =
i

|4 sample Instrument Windows Help L@ skoxen |
L - & W
ST Name: | 1570
Compound: | |

Formula: [C20H3004CI2 |

_@_ Appearance Intensity Primary Color Secondary Color

Certer Crystal Crystal Color: |m"a |ZI |m"a |ZI |co|our|ess |ZI |m"a |ZI

! ! ! Crystal Dimensions: 0.13 | x 018 | % [0.31 | fmm]
|

Simple Scans Crystal Shape: |block

&

KPRES50

1) Setup = Describe.
2) Fill in crystal info such as Formula, Primary

Colour, Crystal Dimensions, and Crystal Shape.

3) Go back to Collection = Experiment.

Evaluate
Collect
Integrate

Examine Data
Solve Structure
Refine Structure
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T APEX2 v2014.11-0 - Usel

By Sample Instrument Chart Windows Help

13. Integration (1)

nstrument User at Un

LB X srixer

G D”'n| noTE

© W

Integrate = Integrate Images.

Setup

W ) e R e

=]z

Starting Image Filename

C:\Frames'guest"157041570_01_0001 sfm
C:\Frames'guest'157041570_02_0001 sfm
C:\Frames“guest'157041570_03_0001 sfrm
C:\Frames“guest'157041570_04_0001 sfrm
C:\Frames'guest"157041570_05_0001 sfm
C:\Frames'guest'157041570_06_0001 sfm
C:\Frames“guest'\157001570_07_0001 sfrm
C:\Frames“guest'157041570_08_0001 sfrm

Images  Output Filename

739 C:\Frames'guest\ 1570 work\ 1570_01 raw
357 C:\Frames'guest\ 1570 work\ 1570_02 raw

57| C\Frames“guest\ 1570 wor\ 1570_03.raw
127 | C:\Frames“guest\ 1570 work\ 1570_04 raw
138 C\Frames'guest\1570work\1570_05.raw
213 C:\Frames'guest\ 1570 work\ 1570_06 raw
334 | ChFrames'guest\1570work\1570_07 raw
437 | C\Frames'guest\ 1570 work \ 1570_08.raw

— — =
rorr: R
| Integ n Opticns

Model Profiles
Enable LS Profile Fitting
Blend Profiles from All Detector Regions

Intensity/Sigma Lower Limit for Model Profile Update: 10.000

Fraction of Model Profile Maximum for Simple Sum Mask:
Intensity/Sigma Upper Limit for LS Model Profile Fit
Lower Resolution Limit for LS Model Profile Fit [A]
Profile XYZ Half-Widths:

Active Mask
@ Generate Mask:

Fractional Lower Limit of Average Intensity:
) Use Pre-Bxdsting Static Mask

Active Mask File:

) Use Pre-Buisting Dynamic Masks

PAgorithm

Use Mamow Frame Algorithm @) Use Wide Frame Algorithm

Wait for Images During Data Collection

Background Update
Background Update Scaling Factor

Image Queue
Active Image Queue Half-Wicth images]

Beam Manitor
Enable Beam Monitor Normalization
[[] Momalize each Run Separatefy
Twin Overlap Detemination
Minimum Common Velume [%]:
Separaton Facter
Maarum Range:
Modulated Structure Integration

Maximum Satellite Index.

Output / Diagnostic Flles
Generate Diagnostic Plot Files
Keep Temparary Files
Append Listing Files
Hide Log Window

Verbasy ofLaing i
Snapshot Output Frequency [Images]

Lok JI

Cancel |

Resolution Limit [A]: |0.770

Unit Cells

b=12.804, = 94.90°, Triclnic P
c=13.184, y= 93.26°

a=10.03A, a=117.44°, V=14874

Refinement Options...
oo ]

Find Runs...

Import Runs from Experiment

[06/21/2017 16:33:01] Generator is unstable - generator settings are fluctuating from target values




L3
13. Integration (2)
f’ APEX2 v2014.11-0 - User: (guest) - Sample: 1570 - Licensed to Bruker Instrument User at University of Saskatchewan - [Integrate]mage_[-_- '@'ﬂ-‘

By Sample Instrument Chart Windows Help =& X '!"EE"‘

D w & K

Setup [[Sefup | Integration |
HHj Spot Shape Correlation [E3] |FHj Average Spot Intensity and I/Sigma(l) Values 3 Scan 1 - Integration
— 1600000 -
]
0.80

060

[ [«]

All Components

[ Progress Statistics
“.O Integretion progress
[0 Perimage Statistics
Spot shape comelation
Spot intensity and |/Sigmal(])
% Spot intensity < 2 Sigma(])
Number of reflections harvested
Spot position overay
XY, Zemor
X, Y, Z RN diference |
K.Y, Z spot size
% Queue extent used
Primary beam intensity
fiodic Statistics
Profile snapshots
Aads + ESD
B axs + ESD
C axs + ESD
Alpha angle + ESD
Beta angle + ESD
(Gamma angle + ESD
Cell volume + ESD
LS goodness-of fit
LS Residuals
XY, Z crystal translation
X. Y beam center
Distance comection
Pitch, Roll, Yaw comection
Angle zeros I
O Coverage Statistics
[0 Harvested reflections
-0.40 ] -0 Completeness and redundancy
-0 Bijvoet pairs

10000.00 -

Integrate Im:

0.40

coefficient

5000.00

0.20

Average correlation
Average spot intensity

o
=
=

0.00 -

]

* Comelation coefficient * |ntensity = |/sigma

HHj Spot Shape Profiles by Detector Region [£3) |FHi Average Difference Between Observed and Predicted X, ¥, Z 3
0.40 —

=

(2]

=
1

Error [pixels]
=]
8
|
9 00000000000000R O000OROO0RE

D Snapshot after image: {EE * X =Y “ Z

138_U1359 =Tt U 1 OO - T I - N I B I - S 1 e = | AU -1 EX -1} 31 130 135 0.4 1.000
139_0140 18 -0.06 -0.07 —-0.00 0.23 0.23 0.10 2338.5 13 17 0.80 24 1.30 1.35 0.87 1.000
Examine Data Baclkground pizels updated = 93 41X Port, connections: 2001, 1
Integration of 1570

# File #Ref ErrX Err¥ ErrZ EmnsX Emns¥ EmsZ Inorm #5ig X<2= <Cor: ¥Ful XS5iz ¥Siz Z5iz Bean
Refine Structure 140_0141 19 0.02 0.16 0.01 0.42 0.68 0.23 888.63 7 32 0.77 27 1.30 1.35 0.87 1.000 Connected: Integration in Progress:

Report 141_0142 16 -0.05 0.05 -0.01 0.39 0.25 0.29 418.98 4 44 0.87 26 1.30 1.35 0.87 1.000
142 _0143 12 0.04 0.05 -0.02 0.29 0.44 0.18 1034.7 11 33 0.77 32 1.30 1.35 0.87 1.000 - :
Instrument

Scale

Solve Structure




14. Scale (1)

7 Sample Instrument Windows Help (218 (%] 'EE"

D e @ W

Setup
Evaluate

Setup NOmEncal Absorphon Lomeshon Feemeter Retnement. I Efervedel Diagnostics

Use Merged Batches or Individual Batches

Merged Batches |C:\Frames \guest'\1570\work \1570_(m raw Base [1570

Individual Batches Output File Type: ‘ Unmerged hkl file

100 Output File Name: [1570_0m
. —E Diagnostic Plots File Name ‘15?0.&95
Titie of Diagnostic Plots ~ [1570
Log File 11570.abs

Crystal Faces

Use only centrosymmetric poirt groups
Scale = Scale. 5
Default setting = Next. S —

Allow for crystal d position

Refi n e 9 N eXt . by B-value refinement | None

Extra Linear Comection to be Applied | N
to Each Reflection: one

Fast Scan Resolution Cutoff:

Spatial display of (I-<I>)/su greater than:

Absomtion Comection Type
@ Multiscan Absorption Comection

Mumerical Absorption Comection from Face Indices)

P4F File: |MNone




14. Scale (2)

S APEX2v2014.11-0 - User: (guest) - Sample: 1570 - L

7 Sample Instrument Windows Help

DB sk

| D DNE| NOTE @ k?

Setup

T =P e o e i W = = e |
Evaluate

ia

no:

CS

Call 54 f
Integrate 114

(9]

)
o

I

Crystal Faces

i~]

=
5]

Iaiyd

R{int) [%]
Scale Factors

=)
o

[=]

Initial Reflections

Total

Unigue

Outlier Rejection

High resolution limit H
| 1-<I> I¥su ratio for _
oo 40 [4]
grvale: 00400 [o]

Number of Reflections

Reflections after Outlier Rejection

Total

% Rejected

Unique

% Rejected

Include the following batches:

Batches

=]

1

2
3
4
5
[
7

2-Theta
=270
=270
-120
-17.0
105
-70
-13.5

Rt}
0.0301
0244
0270
0.0302
0230
0274
0.0226

Incid. factors
0.955-1.053
0.793-0.846
0.875-0.914
0.796-0.842
0.809-0.833
0.928-0.979
0.785- 0.882

Diffr. factors K a I/sflim =
0.961 -1.042 0.6710.018 56.4
0.5965 -1.041 0.730 0.018 56.4
0.5970 -1.040 0.707 0.018 56.4
0.968 -1.041 0.906 0.018 56.4
0.564 -1.042 0.684 0.018 56.4
0.970 -1.044 0.6750.018 56.4
0.968 - 1.042 0.664 0.018 56.4

] 3

[Detan'nine Emor Modd] [Repeat Parameter Refinarnent] I Finish




14. Scale (3)

& APEX2 v2014.110 - User: (guest)

nt User at U

e Sample Instrument Windows Help

DEE e © K

L= | I e T e e s e il e I e R i

Diagnostics
Evaluate

Direction cosine Inttial Reflections

I 0.001 Total
I 0.004 Unique

Mean emor

Mzimum emor

Crystal Faces

Transmission Data

Comected Reflections:

[327840
Replaced Reflections: |

iy

Mirimum Transmission 0.6861

Maximum Transmission: 0.7456

Ratio of min/max apparent transmission
Data Statistics

Maximum 2-Theta
(dearees)

Maximum Resolution
(Angstroms)

{Angstroms)

Approximate Wavelength

|55.09
ID.T’?
ID.?W nz

[T52

Reflections I 32954
Unique | 6763

Data per frame | 1364

wR2(nt)

Iritial wR2{rt) [oesz—
Overall wR2(int) o414

(selected reflections only, after parameter refinement)

Average Redundancy

I 487

Approximate Unit Cell from direction cosines)

a b c ] B b
[1o.mz 277 [13182 [117.332 |34.955 93.266

Reflections after Outlier Rejection
Total

% Rejected

Unique

Statistics

Start Over lEntAXScale'




15. Determine Space Group (1)

——
% APEX2 v2014,11-0 - User: (quest) - Sample: 1570b - Licensed to Bruker Instrument User at University of Saskatchewan - [Experiment_ =y
4l Sample Instrument Windows Help DEX ";@.
D@ E|we @  [C\Frames\guest\15700\15706_05_0021 fm ESlmawomwdm, ‘?| val©ONE K
Setup [ -
Evaluate ‘ o 2 | Mankor ot
Uit cell
2 e
egre a=10.00A, a=117.57°, V=1478A
300 b=12.78A, B= 94.96°, Triclinic P
== c=13.17A, y= 93.18
280
N
a
Space Groups and
Statistics 240
220
e <\ 1570_0m pdp = 200
Space Group
Detemination 180

9

Precession Images

T

Diffraction Space
Viewer

o

[ rmnoer

HKL file: |C:\Frames'guest\ 1570 work\1570_0m hkl

=

oK

|| Cancel

=t _t

| 1 [ | 1 Lo 1 g

L

Find a Reflection 0 9 99 999 9999 99999 999999
O Cursor

Position [mm] 2761 12.39
Position [pixels] 23 359
Intensity [counts] 50
HKL index -1.32 378 0.59

Resolution [A] 270

Zheal] 1515

["Image Header | Tool!Ediior | Cursor Posttion |

=



15. Determine Space Group (2)

for Windows Copyright(C) Bruker-AXS 2014 B " XPREP V! 2014 i s Copyright(C) Bruker-AXS 2014

Current dataset: 157 hkl Wavelength:
$Complete Redundancy Mean I Mean I/=s
Original cell: .0 4 4 1
Esds:

Current cell:

Cjvy

Matrix:

DooDoo oo

Crystal Tric [ Lattice:

R R e
o«

coocooooooo

C {sample is optically active)
NOT WECESSARILY ral (eg. may be racemate)
INPUT known Space group
EXIT to main menu or JIT program

R b b b B WO

D OWMWWWmIWw e Wwe W,
1o o

Dooooo

Dooooo

0 oc
w oo
FORORM R L)L L
=l

o

[T] Tetragonal,

o

L3RS B R L L LY B R L G L L L L LY L G LA M
n 3o

Mot ML b
[T

o
g

Merged

Graphi

W R D

SO Choose the default options
retematic abszences not required for tri (Enter) aII the Way through.

Identical indices and Friedel opposites combined before calculating R{sym)

Option Space Group No. Type Axes CSD Ri(sym) Ni(eq) Syst. Abs

centro

chiral




16. Solve the Structure (1)

APEX2 v2014.11-0 - Usey

B Sample Instrument Windows Help
|

OB =k

DM = @ W

Setup

TITL 1570_0m in P-1

CELL 0.71073 998620 12.74430 13.12770 117 3675 94 9275 93 2764
ZERR 4.00 o.oo0z0 0.00030 0.00030 0.o0008 0.o011 0.0011
LATT 1

SFAC C H O CL

THIT &0 120 16 &

TEMP —100.000

SIZE 0.13 0.18 0.31

HELF 4
END
Structure Solution ° SOIve StrUCture 9 StrUCtu re SOIUtiOn-
*  Choose ‘Intrinsic Phasing’.
o e e Solve Structure.

i

Instruction File [1570_0m.ins |

Reflection File |[1570_0m.hkl |

Formula |C20H3004C12 Z 4 Bl Update

() Chiral () Noncentrosymmetric @ Any

Statistics
Reflections IW Unigue W
Rejected [0 Observed 6722
Riny[:] [Z6  %Obseved  [85

Risigma) [%] [2.6 T A Shel I%
Method

[@_h"nrinsic Phasing ]

©) Direct Direct 1 |

) Dual Space u

() Patterson [¥] Expand

Intrinsic Phasing Solutions

L H©
R1[%] |
alpha |

I[ Solve Structure ]I[ Stop after lteration ]

[ Reset J B J




16. Solve the Structure (2)
[ % APEX2 v2014.11-0 - User: (quest) - Sample: 1570 - Licensed to Bruker Instrument User at University of Saskatchewan - [Structure Soluﬁon‘- o o [ ) |

Bl Sample Instrument Windows Help )& X -:.":6\'52'.
D@ = © N

Set
7@ Insfructions | Listing | Resufts Structure View
[ Balde | Instruction File [1570_0m ins
Collect
Integrate
Scale
Examine Data
Solve Structure

Reflection File | 1570_0m hkl

D | (&

Formula |C20H3004C12 Z |4 o Update

Chiral Non-centrosymmetric @ Any

Statistics

Reflections IW Unique W
Rejected II}— Observed W
RIM[=  [26  %Observed  [B5

- - % Ob: d
Risigma) [] |2.6 . 1_1?183.: Shel |96
Ll
Method
@ Intrinsic Phasing | Intrinsic 1 [+] I
Direct Direct 1
View Molecule Dual Space
Pattersan
Intrinsic Phasing Selutions
2] P-1 [+
R1[%] |13.2D
———————————— 0 we P
0 No. of QPeaks: 0 0 Zoom
. . . I
Space group determination: 0.010 =secs i
Rl Rweak Alpha Orientation Space group Flack = File Formula
0.132 0.005 0.030 as input P-1 1570_0m_a C24 02 Cl12 L
Aszsign elements and isotropic refinement 1.566 =secs
| Solve Structurs ‘ | Stop after teration |
+ XT finished at 185:57:17 Total tine: 3.389 =ec= + | Reset ‘ | Exit |

m

m PR ST S R U AN U U S T ST S T S AT A S SO S TR S N O A S ST S R O A
Report I
Instrument
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17. Turn off the Diffractometer

Remove the crystal from the pin.

Set Cryojet to RT, turned it off after returning to RT.

Turn off APEX2 and then BIS.

Lower X-Ray power under ‘Acquisition = X-Ray Generator’.
Turn off the X-Ray tube. Keep the Haskris running for ~30 mins.

Turn off the Haskris and cooling water.

Generator settings

KappaCCD Server _' _ _ Apply default Default zetup
File: Experiment Setup  Help Apply lovs Low setup
Angles
Present operation : - None - Theta - 10.00 setting outpul
P - 500 =[50
) . Phi : 375.34 kb =1
Mastership setting: -None- Omega: 105.34 Set generator N
Kappa: -46.22 mA:130.00 - [30.00
DX 165.00
Confirm gen. emar | Generator off |
Prezent power: 1500 %/, Max. power : 2000
Generatar type Remaote contrallable

I B e

X]




Appendix 1. Data Processing Flow Chart

Unit cell, formula, Orientation
colour etc. Matrices

L ...

!

Integrate RAW
data

I

Correct for
absorption (Scale)

!

.HKL File

I

XPREP

!

INS File — XS

.ABS File



Appendix 2. Four Circle Diffractometer

Liquid N, |

[ CCD Detector }

Microscope &
video camera

| Phi ()

[ Kappa (k) X-ray Beam

2-theta (29) Omega ((D)




