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1. Introduction

1.1 APEX Il Systems for Chemical
Crystallography

Bruker AXS Kappa APEX Il and SMART APEX
Il systems are the newest members in the
Bruker Nonius product line of instrumentation
for single crystal X-ray diffraction. The systems
provide the tools for complete small molecule
structure determination. The hardware and soft-
ware are completely redesigned. The software
features a new start to finish graphical user
interface (GUI). The hardware features a new
CCD detector based upon four port readout of a
4K chip and a choice of two goniometers. APEX
Il systems are enclosed in a fail-safe X-ray
enclosure system.

The Kappa APEX Il system features the Kappa
4-axis goniometer. Two computers are used for
experiments. One computer, the server, controls
the goniometer. The other computer, the client,

controls all other aspects of the experiment,
from data collection through report generation.

The SMART APEX Il system is an enhanced
version of the SMART APEX fixed chi system. A
single computer controls the data collection, and
solution and refinement of the structure.

From a software and operational viewpoint, the
APEX Il systems use the GUI of the APEX2
software suite to control all operations, from
crystal screening to report generation, for a typi-
cal crystallography study. This is a complete
departure from the command driven, function-
ally separate modules of SMART, SAINTPLUS
and SHELXTL. Enhanced versions of the
proven and widely accepted programs used by
these modules (e.g., SAINT, SADABS, XPREP,
XS, XM, XL, etc.) underlie the GUI and provide
powerful tools.

From a hardware viewpoint, APEX Il systems
share common hardware components with other
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Bruker products. Other members of this new
generation of instruments include the D8
ADVANCE and D8 DISCOVER, and the D8
GADDS systems for general diffraction. Docu-
mentation on some of these common hardware
and software components is available in the

user’s manuals for the D8 family of instruments.

1.2 User Manual Features

This user manual and associated YLID test data
are intended to provide you with a step-by-step
guide to data collection and processing using
the APEX2 software program.

The test data supplied was collected on an X8
(or Kappa, per Ludger) diffractometer with an
APEX Il camera, and graphite monochromated
molybdenum radiation from a sealed tube gen-
erator. The high quality data (resolution=0.75 A)
allows easy refinement of the hydrogen atom
positions and determination of the absolute
structure of the sample.

NOTE: Before using this manual, check that
your system is in proper working order (e.g., the
optics and goniometer are aligned) and that the
APEX2 suite is properly installed.

M86-E00078
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1.3 X-ray Safety

X-ray equipment produces potentially harmful
radiation and can be dangerous to anyone in the
immediate vicinity unless safety precautions are
completely understood and implemented. All
persons designated to operate or perform
maintenance need to be fully trained on the
nature of radiation, X-ray generating equipment
and radiation safety. All users of the X-ray
equipment are required to accurately monitor X-
ray exposure by proper use of X-ray dosimeters.

For safety issues related to the operation and
maintenance of your particular X-ray generator,
diffractometer and shield enclosure, please refer
to the manufacturer operation manuals or your
Radiation Protection Supervisor. The user is
responsible for compliance with local safety reg-
ulations.

M86-E00078
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2. Hardware Overview

The two hardware platforms for the APEX |l sys- 2.1 System Components
tems are the Kappa APEX I, the four-axis
advanced research instrument, and the SMART
APEX I, the three-axis laboratory instrument.
Software functionality is essentially the same for e APEX II™ CCD detector
both platforms.

The system (Figure 2.1 and Figure 2.2) consists
of the following basic components.

e 4-axis Kappa or 3-axis goniometer
e K780 X-ray generator

¢ Radiation safety enclosure with interlocks
and warning lights

e D8 controller
¢ Refrigerated recirculator for the detector

e Computer(s) (two for the Kappa APEX Il
and one for the SMART APEX II)

e Video microscope

e Accessories (temperature devices)

M86-E00078 2-1
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Figure 2.1 - Kappa APEX Il system Figure 2.2 - SMART APEX Il system
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2.1.1 APEX Il Detector

The APEX |l detector is specific to this system.
Status lamps on the top of the detector housing
indicate when the detector is on (green) and off
(red).

On Kappa APEX Il systems, the detector is
mounted on a motorized 26 track. The camera
distance is computer controlled (a typical dis-
tance for the camera is 40 or 50 mm).

On SMART APEX Il systems, the detector is
mounted on a 26 dovetail track. The track has a
scale that is calibrated in mm to indicate the dis-
tance from the crystal to the phosphor window
(a typical distance for the camera is 40 or 50
mm).

2.1.2 Goniometer

The goniometer module and APEX |l detector
comprise the unique hardware of the system.
This is the part of the instrument that actually
performs the experiment.

Several components comprise the goniome-
ter module with APEX Il detector.

e Goniometer (4-axis or 3-axis)
e APEX Il detector

e X-ray source (including shielded X-ray tube,
X-ray safety shutter, and graphite crystal
monochromator)

e K780 X-ray generator

e Timing shutter and incident beam collimator
(with beam stop)

e Video camera

M86-E00078
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Kappa APEX Il Goniometer

The Kappa goniometer uses a horizontally ori-
ented Kappa goniometer with 2-theta, omega,
kappa and phi drives and a motorized DX track
for setting the detector distance. It includes
mounting points for the video camera and for
optional attachments such as the optional low
temperature attachment.

Timing | cident B€am Stop
Shutter  ggom
Safety Collimator
Shutter

Goniometer
Head

- | APEXII
Detector

Sealed X-ray
Tube

Monochromator

Kappa
Goniometer

Figure 2.3 - Kappa 4-axis goniometer components

With the kappa angle, the crystal can be ori-
ented at chi from -92 to 92 °?. This leaves the
top of the instrument open for easy access.
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SMART APEX Il Goniometer

The SMART APEX Il system uses a horizontally
oriented D8 goniometer base with 2-theta,
omega and phi drives, dovetail tracks for the X-
ray source and detector, and an additional
mounting track for accessories such as the
video camera and optional low-temperature
attachment.

The 3-axis system incorporates a fixed chi stage
with chi angle of approximately 54.74° and a phi
drive with 360° rotation, which is so compact
that it swings into the incident beam collimator,
allowing free rotation in omega. All four axes
(26, o, ¢, and y) intersect.

) Rotary
Incident  ghytter and
Beam Attenuator

Fixed Chi Goniometer
on Assembly

Safety
Stage Head

Shutter

Beam Collimator

APEX I =

Detector Sealed X-ray

Tube

Monochromator

D8 _

Goniometer

Figure 2.4 - SMART goniometer components
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X-ray Source

Three components comprise the X-ray source: a
shielded X-ray tube, an X-ray safety shutter, and
a graphite crystal monochromator.

The sealed tube X-ray source, with a molybde-
num (Mo) target, produces the X-ray beam used
by the system.

The X-ray safety shutter is built into the X-ray
tube shield. The shutter opens upon initiation of
a set of exposures and closes upon the end of
collection. Status lamps on the shutter housing
indicate when the shutter is open (red) and
closed (green). The shutter is also interfaced to
the controller and to the safety interlocks.

A tunable graphite crystal monochromator
selects only the K, line (A=0.71073 A) emitted
from the Mo X-ray source and passes it down
the collimator system.

Timing Shutter and Collimator

On SMART APEX Il systems, the monochro-
matic X-ray beam then passes through the laby-
rinth, the timing shutter, and the incident beam
collimator before striking the specimen. On
Kappa APEX Il systems, the monochromatic X-
rays pass through a small labyrinth, the timing
shutter, a secondary labyrinth and the incident
beam collimator before striking the sample.

* The labyrinth is a device that ensures that
the collimator and shutter are tightly con-
nected to prevent X-ray leakage.

The timing shutter is a device which pre-
cisely controls the exposure time for each
frame during data collection. Its status
lamps indicate when the shutter is open
(ON) and closed (OFF). For SMART APEX
Il systems, this assembly also houses an
automatic attenuator. Kappa APEX Il sys-
tems do not have an attenuator.

The incident collimator is equipped with pin-
holes at both front (near crystal) and rear
(near source). These pinholes help to define
the size and shape of the incident X-ray
beam that strikes the specimen. (Collima-
tors are available in a variety of sizes,
depending on your application.)

The beam stop catches the remainder of the
direct beam after it has passed the speci-
men. The beam stop has been aligned to
minimize scattered X-rays and to prevent
the direct beam from hitting the detector.
The entire collimator assembly is supported
by a collimator support assembly, which has
been precisely aligned to guarantee that the
X-ray beam passes through the center of
the goniometer.
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2.1.3 Video Camera/ microscope?--heading?

The video camera, an essential part of the sys-
tem, allows you to visualize the crystal to opti-
cally align it in the X-ray beam and to measure
the crystal dimensions and index crystal faces.
The camera is interfaced to the computer and is
operated through the VIDEO program. The
video program includes several computer-gen-
erated reticules and scales to make centering
and measuring the crystal easy.

2.1.4 K780 X-ray Generator

The K780 X-ray generator is a high-frequency,
solid-state X-ray generator, which provides a
stable source of power for operations up to 60
kilovolts (kV) and 50 milliamps (mA). For the
APEX Il system, power settings should never
exceed the maximum power rating of the X-ray
tube.

Typical maximum power settings for the APEX 1|
system with a fine focus tube are 50 kV, 40 mA.
For both types of tubes, the kV setting should
not exceed 50 kV and the power (kV x mA)
should not exceed the rating given on the tube
cap.

This generator is interfaced to the controller and
the power settings can be adjusted within the
APEX2 software. This is usually not necessary
though as the software automatically increases
the power to the user defined values at the
beginning of an experiment and lowers them
when the instrument is inactive.

2.1.5 Radiation Safety Enclosure with
Interlocks and Warning Lights

A common component of all systems in the D8
family is the radiation safety enclosure. This new
design is fully leaded (leaded metal sides and
panels, leaded windows) to protect you from
stray radiation. The enclosure also includes
warning lamps (a government requirement) that
alert you when X-rays are being generated.
And, as a special feature, the enclosure incorpo-
rates interlocks (for both hardware and soft-
ware)—an automatic system-interruption device
that senses when the doors and panels are
open and prevents use of the shutter and data
collection until you close the doors.

2.1.6 D8 Controller

The D8 controller is an electronic module
enclosed in the rack behind the font panel of the
instrument. It contains all of the electronics and
firmware for controlling the generator, opening
the X-ray shutters, and monitoring other instru-
ment functions, such as safety interlocks, gener-
ator status, and detector statuses. For SMART
APEX Il systems, the goniometer is controlled
by the D8. For Kappa APEX Il systems, there is
an additional module, the Kappa controller, for
positioning the Kappa goniometer angles and
driving the detector distance.
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2.1.7 Refrigerated Recirculator for the
Detector

The refrigerated recirculator uses an ethylene
glycol/water mixture to absorb the heat from
dual Peltier devices which are used to cool the
CCD chip to approximately -58°F (-50°C). This
minimizes dark current.

2.1.8 Computers

The Kappa APEX Il system uses two high
speed computers. The server controls the
instrument and is used for crystal centering and
screening. The client collects the data, stores
the raw frames, processes the data, and solves
and refines the structure. The two computers
are linked via a hub and communicate with each
other via TCP/IP protocols.

The SMART APEX Il system uses a single high
speed computer for control of the experiment,
storage of raw frame data, integration of the
data, and solution and refinement of the struc-
ture.

Often the computer(s) is (are) attached to a net-
work of similarly configured computers with
access to local and/or network printers.

NOTE: Connection to the external network must
be done with care. Consult with local security
experts.

2.1.9 Accessories

Various devices can be mounted on the goniom-
eter base. These include optional low- and high-
temperature attachments. Both instruments can
be used with diamond-anvil cells.
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3. Software Overview

This section presents an outline of the system server and the client execute on the same com-
software, including a brief description of the soft- puter, but the functionality remains separate.
ware layout, as well as the graphical user inter- The flowchart in Figure 3.1 shows the software
face (GUI). layout. For both Kappa APEX Il and SMART

APEX Il systems, the server and client commu-

APEX2 runs on two computers: the server and nicate using TCP/IP protocol.

the client. For SMART APEX Il systems, the

APEX2 Suite |

Server TCP/IP Connection Client
Hardware Control (BIS) & Data Collection
Crystal Orientation and Evaluation

‘APEX2 ServerI ‘ APEX2 GUI I

Figure 3.1 - APEX2 software diagram

N\
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3.1 The Server Computer

The server computer communicates with the
hardware, allowing the user to control the instru-
ment. The software to align the system, as well
as to align and screen samples, runs on the
server computer.

3.1.1 Bruker Instrument Service (BIS)

BIS provides the link between the hardware and
software. Once a connection is established, BIS
executes hardware commands sent by the
APEX2 software. The instrument service can
also be used as a service tool, displaying diag-
nostic messages during operation.

Figure 3.2 - Image of start/stop in BIS

3.1.2 Bruker Control Program (BCP)

BCP is used to configure BIS, as well as to pro-
vide instrument control and alignment tools.

S8 BrukerInstrument.ini - BCP: Bruker Configuratiol

Fle Edt Yiew | Tools Help

= = e
DETO0LS

aenerator RA Ctrishft+a
o Detectar Bias, Ctri+5hft+B

General Info Ratemeter Crl+shft+R
Half-beam Cerh-shft+k

- HI-5TAR grid CErlH-Shft-H
= Test Frame Chrl+Shft+T
Configuration Dark Current Ctri-shit+D
Bad Pixels Cerl+ShFt+P

1 Spatial Chrl+5hft+5
Gonio Hemds | Flood Field CirbtshittF
Atterator Chrl st

m ITmagemeter Chr-HShft+1
Hubuﬂ Dewars  Manual Crhshft+M
Lirits Chrl+Shft+L

Collision recovery Ctrh+Shft+C
Update & home  Ctrk+shit+U
Encoder Offssts  Chrl+Shit+E

Log/Test Security GhrlHl
Exerciss best
Debug BIS

Figure 3.3 - BCP main window

M86-E00078



APEX2 User Manual

Software Overview

3.1.3 APEX2 Server

The APEX2 Server provides tools for aligning
and screening samples. There are two main
items: Align Crystal and Simple Scans (see Fig-
ure 3.4).

e e N - (1}

v 4 Ble Instrument Windows

RZ | | CADOCUME 1 ADMIN TLOCALS W Terche_01_m0 st =@ | 4 [ | € % &% B

B =

Detweajoes} [0 F - p———
Thets M d—1—
Onege [0 H——F—
mo o d——
n  fd——

Dirrer
Sear fisa

o« Pri  Dmegy
Scanflange 20
Inspe Wit |20

Bgonwe Tme [10 ] |ercefmae @

Sears Opars
™ Conclte Zimages [ Mow dark image

Sast postaon L 2Thets~0 00 Dineégs~0.00 Phe=0 00 Chi-0. I‘

End pastion ) 21 ety 00 Cimegyyed) OO Fhe 2 (1) Chist) (1]

Seaniange

= \ Frame heacien | ool Ecice A Curpor Poviion

1 10 T L1 LD UL naowins) | wisepg |
Deerpiion |7 | il
hage e Fresemiom |

Figure 3.4 - Simple Scans window
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3.2 The Client Computer

The client can be any computer which is on the
same network as the server. For SMART APEX
Il systems, it is usually the same computer as
the server. The main portion of the APEX2 suite,
the APEX2 client, runs on the client computer.

The client is a GUI with multiple plug-ins or mod-

ules for different aspects of an experiment. The
client includes a database which stores relevant
data from each step in the experiment. Details
of the functions available in the GUI will be
explained in more detail later in the manual.

3.2.1 Database and Database Connection

As currently configured, the database is used
internally by the APEX2 Suite and is not avail-
able for user customization or manipulation. It
must be running before the APEX2 Suite is
started and it should be stopped before the
computer is shutdown (see Section 4.3.2).

The purpose of the database is for storage of
data generated by the Bruker APEX2 software.
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3.2.2 APEX2 GUI ¢  Window Tool Bar

The APEX2 GUI has one main window (see Fig-
ure 3.5). This window is divided into four sec-

Tool Icon Bar

tions: e Task Bar
e Task Display Area
File Instrument Windows Window Tool Bar n
It = 3 Tool Icon Bar
Seiin.
Describe
Task
Bar

Task Display
Area

Evaluate Crystal

Collect

Inteqrate

Scale

Examine Data

Solve Stucture

Refine Stucture

Fieport

Instrument

Figure 3.5 - APEX2 GUI
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Window Tool Bar Tool Icon Bar
The tool bar provides pull-down menus for a The tool icon bar provides shortcuts to the
variety of file operations, image tools, and help options available through the window tool bar.

files. =
Icon Description
Option Description Create a new file.

[Symbol] Use this menu to select the following:
Restore, Move, Size, Minimize, Maxi-
mize, and Close.

=

Open a file.

File Use this menu to select the following: - P

Login, Logout, New, Open, Save, Close, =

Import (Spatial), Export (P4P File) and

Exit. Save a file.
Instrument Use this menu to select the following: H

Connection, Status, Toggle Shutter and

Abort.
Windows Use this menu to select the following: o What's this?” -- context-sensitive help.

Cascade and Tile. k-
RLATT Use this menu to select the following: -
(available when Rotate, Edit, Orientation, Unit Cell Tool, _Open an image.
you select Measure Distance, Measure Angle and - |
Reciprocal Visualization. ji

Lattice Viewer)

Select previous image. This icon is visible
only when an image is open.

View Use this menu to select the following:
(available when Detailed Strategy.

you select Data

Collection

2|

Select next image. This icon is visible only
Strategy) [ when an image is open.

Table 3.1 — Window tool bar options

Draw a circle. This icon is visible only when
@ an image is open.

Table 3.2 — Tool icon bar options
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Icon Description

Draw a plotting line. This icon is visible only
‘% when an image is open.

Change the part of the image displayed while
@"‘Fu zoomed in. This icon is visible only when an
_— image is open.

Select a region of the image. This icon is visi-
@ ble only when an image is open.

Table 3.2 — Tool icon bar options

Task Bar

The task bar provides menus for all of the
options in the APEX2 Suite: crystal evaluation
and indexing (Evaluate Crystal), data collection
(Collect), data processing (Integrate and Scale),
and instrument setup (Instrument).

Describe - Specify crystal size, color,

shape, etc.

Center -

Center Crystal

Evaluate Crystal

Determine Unit Cell - Determine unit cell
and Bravais lattice type.

. Reciprocal Lattice Viewer - 3D visualization
= = . of lattice projected in reciprocal space.

Table 3.3 — Task bar options
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Collect

Data Collection Strategy - Simulated data
collection and determination strategy.

Experiment - Sequence editor for data col-
-2 lection experiments.

Oriented Scans - Measure different images
with the crystal aligned along the axes.

Integrate

Integrate Images - Integration of different
data.

Scale - Scale intensities and perform

L)'—ﬁm absorption correction.

Table 3.3 — Task bar options

XPREP (Space Group Determination) -
Run XPREP.

prep

Precession Images - Create synthesized

precession images based on measured
frames.

Solve Structure

Structure solution.

%

Refine Structure

e

Report

>

Table 3.3 — Task bar options

Run XCIF to generate a report.
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Task Display Area

The task display area is the main area for tasks,
user input and selected output. This area dis-
plays images, the reflections used in indexing,
and the observed and predicted diffraction pat-
terns. It also displays the runs for data collection
and solution and refinement. (For version 1.22,

space group determination, SaintChart output,
XShell refinement, and Xcif report generation do
not use the Task Display Area; they open in a
new window). All other plug-ins open in the Task
Display Area of the GUI.

& File Instrument Windaws iew =181
Oz ]
e 100 o
Evaluate Ciystal e Lo Distance [mm}: [37.50 it Jo77
eclec] ] F Mosaicity [ [0.40 2Theta[7: [54.57
iy T oo Image width [} [0.33 sinty (174} [065
E J L
o Fao 2 Bivoet Pairs: [ merged =]
4 o] g merge
c r = Laue Class: [ 1 -
s |8 1 \ Feo 2 —
> 30 ] Latlice Type: [ P -
E 2
Experiment S B [ 40 A s 656 A Alpha: 97.37
] t B dsis: 561 A Bets: 82,89 *
\\ F oo C fais: 1392 A Gamma: 64.50 ©
F Total Reflectians: 4782 Unigue: 2486
0
e T T T ) )
o i a5 / o Runs: &7 Images: 28338
Resolution [A] Req Disk Space: 7361 ME
® Completeriess # Recundancy
100 T '";;‘_’H,.i;;;;i;==i-'-ﬁ“""""’"""“ Lsn
] /"’ ry Exposure Tmes [5]
/ Py A 1A omA 08l oA oA 036
80 - - e % g g 0 120° 150° 180°
| '; % 4o 0004 03A 0704 newA 1A 1A 144
T 4 Py o | Ho Hpo Hx Hk Hx Hp H
@ oot fon® same | Ewend | Redwe | Rmm |
c 5
£ ] / 5
E 8
r=aTalen | O {S Y .-
E r g Current Target Prioiity
Qo A s (B0 w5z [room 100 =
‘"‘;Q'T‘E 20 ke Lo Redundancy: 4512 [room 5 El
cale L =
—— ] P r Time [h: 0818 [ram | Fo |
Solve Stucture () %o O OR[N T N R O Stategy: Custam hd
Refine Stiucture Ell T Z‘EI ti‘[l ! E‘EI ! ! B‘EI ! ‘1E‘I[I‘
Report . Execule: [ Refine Stiategy -
Time [h] ! E
Instrument

Figure 3.6 - The Task Display area showing COSMO

Stop
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4. Program Start-Up and Shutdown

As mentioned previously, the APEX2 Suite is
composed of several programs. All of the pro-
grams are started in a similar fashion. For ease
of use there is usually a desktop icon for the
folder containing these programs and desktop
icons directly to these programs. However the
Click on Start > Programs > Bruker ... path is
always available. This more complicated method
is what will be used in this discussion.

4.1 Server Computer Start-Up

Two programs must be running: Bruker Instru-
ment Service and APEX2 Server.

NOTE: For Kappa APEX Il systems, the pro-
grams will be on the server computer in the
goniometer cabinet. For SMART APEX Il sys-
tems, there is typically only one computer.

4.1.1 Starting Bruker Instrument Service
(BIS)

1. Click on Start > Programs > Bruker AXS
Programs > Bruker Instrument Service.

After a brief initialization period, a window will
appear (see Figure 4.1). On Kappa APEX Il sys-
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tems, the goniometer will move to reference

positions. NOTE: With a SMART APEX Il or a Kappa
T — APEX Il, the kappa goniometer will home and
— e i p— the kappa server will activate when BIS is
- @ e e o~ @ 0 e started. This may take a minute or two. The
= @ e @ v @@ ; .
. e e e v e e e MelI L, server is a service tool and should not be used
ot 4 . . . Clentd . . . . = and THIER” commands. .
v e ® v & @ © v ) | 10 cONtrol the instrument.
|
Debective Mettage Recened by 15 _I
LE]
=l
LE]
I:m.d =] Process
Het B | Supls o | i |

Figure 4.1 - The BIS window

If a small pop-up window appears that says
“This second instance of BIS is exiting” (see Fig-
ure 4.2), BIS was already running. Click on ok to
clear this informational message.

InstrumentS ervice E

& Thiz zecond inztance of BIS iz exiting

Figure 4.2 - BIS warning message
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4.1.2 Starting the APEX2 Server 2. Inthe top left corner, click on the pull-down

1. Click on Start > Programs > Bruker Nonius menu Instrument (see Figure 4.4).

Programs > APEX2 Server. R Apex2Server v1.0-19
A window will appear (see Figure 4.3). File | [nstument Windows

LaApex?Server v1.0-19 JJ k

= Stetus,
Toagle Shutter
fbart..
Center Crystal

Figure 4.4 - Connecting to the instrument

=y

File Instrument Windows

Center Crystal

e

Simpls Scans

3. Click on Connection and a new window will
appear (see Figure 4.5). The name of your
server should already be filled in.

4. Click on connect.

(=] n
g Instrument Connection ﬂ E

Host Mame:

Figure 4.3 - Initial APEX2 Server window Ciars! I Carcel |

Figure 4.5 - Connection window

NOTE: If the name is wrong then the instrument
is not properly configured and you should con-
sult the system manager. (It is possible to con-
figure the instrument to automatically connect
and then this window will not appear). tell how
to do this.
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4.2 Client Computer Start-Up

On the client computer, two programs are also
required: the database and APEX2. It is best to
start the database before starting APEX2.

NOTE: For the SMART APEX I, there is typi-
cally only one computer for the client and server
software.

4.2.1 Starting the Database

1a. For Windows systems, click on Start > Pro-
grams > Bruker AXS Programs > Start
Database or click on the Start Database
icon on the desktop.

1b. For Linux systems, open a terminal window
and type “bnrun startdb” or click on the Start
Database icon.

A window should appear that says the database
system is ready.

£ Start Database

= datahase system was interrupted at 2004-84-30 15:04:30 CDT
: checkpoint record is at B/3275888

: redo vecord is at B-/32758@8; undo record is at B/8; shutdown FALSE
: next transaction id: 21669; next oid: 83188

: database system was not properly shut down; automatic pecovery in progre

= ReadRecord: record with zero length at B-3275040
= redo is not require
: datahase system is ready

Figure 4.6 - The database is ready

You can minimize this window. If the database
has not previously been closed properly (e.g.,

after a power failure), a window will appear (see
Figure 4.7) that states that another postmaster
is running. If this happens, stop the database
and then start it again.

£ Start Database

start
Lock filk "sdataspostmaster.pid" already exists.
e

Iz anoth postmaster (pid 1788> wrunning in “~sdata'?

Figure 4.7 - Database failure message
4.2.2 Starting APEX2

1a. For Windows systems, on the client com-
puter click on Start > Programs > Bruker
Nonius Programs > APEX2 or click on the
APEX2 icon on the desktop.

o

1b. For Linux systems, open a terminal window
and type bnrun apex2 or click on the APEX2
icon.
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2. A window will appear to login to the data- 4. Click on File.
base by entering a user and password (see
Figure 4.8). Eile Instrument Wy
2.1 If the system manager has set up the 5,

Logout
0 mew...

system to automatically enter the user
name and password, step 2 is skipped.

= : = Open...
haLogin 2 x| e

Figure 4.10 - clickfile2.bmp

User: ||

5. Use the options in this menu to create a
new project or to open an existing project.

Password: I

o | concel 6. If the window in Figure 4.11 appears then
APEX2 thinks the database is already in
Figure 4.8 - Login request use. Answer “Yes” to close the window.

. ;
3. An empty start-up window will appear (see & ET =

. - This sample is locked by another session, Do you want to unlock the sample?
1
Figure 4.9). 1)
=|ojx|
Eio Jretrument Wirdiows n
10 e &k Figure 4.11 - Sample Locked menu

Figure 4.9 - APEX2 start-up window
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4.3 Client Computer Shutdown

NOTE: The order of stopping these programs is
important. If you attempt to close the database
before APEX2 is stopped, the database will
remain open until APEX2 is stopped.

4.3.1 Stopping APEX2

1. For Windows or Linux systems, click on the
X in the upper right corner of the window or
click on File > Exit in the upper left. It is not
necessary to disconnect from the instru-
ment.

4.3.2 Stopping the Database

1a. For Windows systems, click on Start > Pro-
grams > Bruker Nonius Programs > Stop
Database or click on the Stop Database
icon.

B

1b. For Linux systems, in a terminal window
enter bnrun stopdb or click on the Stop
Database icon.

A window will appear and quickly disappear, and
the Start Database window will close.

£ Start Database

: checkpoint record is at B-3275888
: redo record is at B,/3275080; undo 1~ecu§5ll%§- at @-8; shutdown TRUE

:  next transaction id: 2166%; next oid:

: database system is ready

: pg recvhuf: recu() failed: Connection reset hy peer
:  smart klut own request

Figure 4.12 - Stop database screen

NOTE: Occasionally the windows won’t disap-
pear and the Start Database window will display
a “smart shutdown request” (see Figure 4.12).
This message means that the database is wait-
ing to close until applications that it might write
to are closed. Exit APEX2 to solve this problem.
If the message still appears, check for other pro-
cesses that may still be running (e.g., COSMO).
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4.4 Server Computer Shutdown

Stop APEX2 Server before BIS. It is ok if the
order is inverted. Generally, BIS is never
stopped.

4.4.1 Stopping the APEX2 Server

1. Click on the X in the upper right corner of
the window or click on File > Exit in the
upper left. It is not necessary to disconnect
from the instrument.

4.4.2 Stopping BIS

It is almost never necessary to stop and exit
BIS. If necessary, click on the stop BIS button
on the bottom of the BIS window and then click
on the exit button at the bottom of the window.
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5. Crystal Orientation

We are now ready to begin data collection with
the instrument using the YLID test crystal. We

assume that your system manager has set up

the system properly and that all system default
parameters have been set appropriately.

The data collection process is divided into five
steps:

See Section 5:

1. Centering/aligning on the diffractometer
(from the APEX2 Server—the center mod-
ule)

2. Crystal quality check (from the APEX2
Server—the simple scans module)

See Section 6:

3. Cell determination (from APEX2—the cell
determination module)

4. Data collection setup (from APEX2—the
strategy module)

5. Data collection (from APEX2—the experi-
ment module)

The first steps, mounting, aligning and screen-
ing a crystal, are performed on the server com-
puter.
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5.1 Mount the Goniometer Head on
the Instrument

A CAUTION

Use extreme care when handling the
goniometer head to prevent damage to your
sample on the end of the small glass fiber.

1. Open the enclosure doors. Push either of
the rectangular green Open Door buttons on
the side posts. This will release the door
locks for approximately five seconds. During
this time, pull out on one or both of the han-
dles to physically open the doors.

2. Inthe APEX2 Server GUI, under Setup click
on Center Crystal.

The centering buttons will appear and the video
window will open.
- Center Crystal o =] R

f Marual Y Motoized 4

Spin Phi 90

Spin Phi 180

b oLt |

et | Top | Fign

Center |

Figure 5.1 -

The bottom five buttons will drive the goniometer
to various predefined positions that are
designed to simplify crystal centering. The top
two buttons will drive phi by either 90 or 180
degrees.

3. Click on Mount to mount an empty goniome-
ter head and determine the position.

NOTE: On Kappa APEX Il systems, in the
mount position, the key or pin on the mounting
base will be toward the back of the instrument.
On SMART APEX Il systems, at ¢=0°, the key
on the mounting base of the goniometer head
will be at the 12:00 position.

A CAUTION

Use extreme care when handling the
goniometer head to prevent damage to the
sample on the end of the small glass fiber.

4. Carefully remove from its case the goniome-
ter head containing the YLID test crystal.

5. Place the goniometer head onto its base on
the phi drive, aligning the head’s key slot
with the key (pin) in the base.

6. Snugly screw the head’s collar to the base
so the head does not move. Do not over-
tighten it.
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5.2 Center and Align the Sample

To obtain accurate unit cell dimensions and to
collect good quality data, align the center of the
sample with the center of the X-ray beam and
maintain the alignment for the entire experi-
ment. Your video camera should be aligned so
the crosshairs of the video camera coincide with
the center of the goniometer and the center of
the X-ray beam (see manual M86-Exx024 for
instructions on aligning the microscope to the
center of the instrument). Although, if the micro-
scope is not centered, you can still align the
sample—the key here is that the crystal stay in
the same place in the microscope in all orienta-
tions.

NOTE: On SMART APEX |l systems, adjust the
height while in the mount position.

NOTE: Use the thin end on the goniometer
wrench to unlock the adjustment slides at the
beginning of the centering process and to lock
them at the end—locking needs only a very
slight touch. The other end of the wrench is
used to make adjustments.

NOTE: If the image of the crystal is difficult to
see, illuminate the sample with a high-intensity

lamp and/or temporarily place a light-colored
piece of paper on the front of the detector.

NOTE: Centering is often easier if the crystal is
rotated to give a good view before the actual
centering process is started (e.g., down an edge
for a plate). To do this, drive to one of the cen-
tering positions, loosen the screw that locks the
goniometer head, rotate the crystal to a suitable
orientation and then tighten the screw again.

1. Click on the Center button—the crystal and
goniometer head will be positioned perpen-
dicular to the microscope. To center the
sample, make adjustments in the height and
with the translation screw that faces the
front of the diffractometer.

Figure 5.2 - Crystal initially mounted
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2. Use the z-axis (translation) screw and the x-
or y-axis (translation) adjustment screw that
is perpendicular to the microscope axis to
move the crystal so it is centered in the

microscope (see Figure 5.8 and Figure 5.9).

2.1 (For the SMART APEX IlI) Make adjust-
ments in the x and y translations, but
not to the height (z).

Figure 5.3 - Crystal centered
3. Adjust the height with the z-axis screw.

3.1 (SMART APEX 1) Click on the Right
button. Adjust the height and the trans-
lation screw that is facing up.

4. Adjust the translation with the x- or y-axis
screw, whichever is pointed toward you.

5. Adjust the height again with the z-axis
screw.

6. Adjust the crystal position using the x- or y-
axis screw.

7. Click on Drive Phi 180 and adjust (adjust
what? x/y) again.

Figure 5.4 - Drive Phi 180

8. Check the other translation. (how? which
one?)

Repeat steps 3 and 4 as necessary to keep the
crystal in-line with the microscope.

9. Click on Drive Phi 90.

Figure 5.5 - Drive Phi 90
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mieroscope:
10. Adjust the crystal position using the goniom-

eter screws. Why adjusting now--what are
we adjusting?

11. Click on Drive Phi 180 and adjust again.
(adjust what? x/y)

Repeat steps 3—11 as necessary until x is cen-
tered. Then adjust the height using the following
steps.

1. Click the Left button and note the height.
The goniometer drives to place the fiber
horizontal and to the left.

2. Click the Right button and check that the
crystal height stays in the same place in the

2.b If the height is not in the same place,
adjust the height and repeat steps 1
and 2.

Figure 5.6 - Check the crystal height
3. Click the Top button.

microscope.
2.a If the height is in the same place, you
are done.
Figure 5.7 - The crystal is centered
The crystal is now centered on the instrument.
All of the next steps (except removing the crys-
tal from the diffractometer) are performed with
APEX2 on the client computer.
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YLID Crystal
Sample Ak

Mounting Screw\

Sample

Mounting Collar

Z-axis Lock

Z-axis
Adjustment
Screw

Y-axis Lock Y-axis
Adjustment
Screw
X-axis
Adjustment
Scrow

X-axis Lock

X-axis Lack

Figure 5.8 - Huber goniometer head in detail
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YLID Crysal

Sample
Mounting Screw /
Sample \

/Z-axis Lock

Mounting Collar Z-axis
Adjustment
/ Screw
Y-axis Lock :
Y-axis
Adjustment
Screw

X-axis

Gy
Adjustment
Screw \ X-axis Lock

Figure 5.9 - Standard goniometer head in detail

M86-E00078 5-7



Crystal Orientation APEX2 User Manual

5.8 M86-E00078



6. Data Collection

The data collection process is carried out on the
client computer using APEX2. Once data collec-

tion is started, exit APEX2. Data collection will
continue.

6.1 Start a New Project and
Describe the Sample

1. Left-click on File > New.

2. Inthe window that appears enter the sample

name.
;i MNew Sample 21
Mame: Iylid_manual
Template; I LI
Falder: IEI:\frames\guest\ylid_manual EI
()8 I Cancel |

Figure 6.1 - The New Sample window

3. Click OK.

4. The task bar will appear with the Setup sec-
tion open. Left-click on Describe.
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5. Enter the requested information into the
Describe window.

Setup
Narme: |yhd_manua\
Compound [Test yid for manual
Describe
Famuls: [ Hiozst
Appearance Intensity Primary Color Secondary Color
Crystal Color:
¥ [[ranstucent =] [pae =] [areen = [ellow
Center Crystal
Crystal Dimensian: |D_22 ® |U 25 % |0.23 [rm]
Ciystal Shape: IDhIaled sphere

Figure 6.2 - Describe window

6. Close this module. The data will automati-
cally save to the database.
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6.2 Determine the Unit Cell
6.2.1 Collect Images

1. Inthe task bar, left-click on Collect and then
on Experiment

Since there was no connection to the instrument
when APEX2 was started, the program recog-
nizes that it needs a connection in order to col-
lect images. It will ask to connect (see Figure
6.3).

;i Instrument Connection ﬂ E

Host Mame: |

Connect I Cancel |

Figure 6.3 - Instrument Connection window
2. Click on Connect.

3. Click on Append Matrix Strategy at the bot-
tom left of the window.
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Setup Expetiment | Monitar Experiment

Image loation;  [C-ameshguestilid_manual = IV Attenuate il topped Defaul time: [secihiame] ¥

Filename o prefis; [ratrin ¥ Corelate Frames Default width: m

First Fun: | = I™ Generate new Dark Images Detector Format [mzere =]
Operalion | Active | Distance [mm] | 2Thela[deg] | Omega(deg] [Phildeg] |Childeg] |Time[sec] |Width[deg] [Sweep(deg] |Diection [+

1 [PhiSean  |ves 40.000 30,000 45,000 0000 54.740]default defaul 6,000 positive

2 |PhiSean  |ves 40.000 30,000 45000 120000 54.740[defaut defaul 6.000]positive

3 |PhiSean  |ves 40.000 30,000 45000 240000 54.740[default defaul 6.000]positive

4 |NoOperation |ves

5 |NoOperation |ves

5 |NoOperation |ves

7 |NoOperation |ves

8 |NoOperation |ves

3 |NoOperation |ves

10_|NoOperation |ves

11_|NoOperation |ves

12_|NoOperation |ves

13_|NoOperation |ves

14_|NoOperation |ves =

15_|NoOperation |ves

16_|NoOperation |ves

17 |MoOperstion  |ves =l

Append Stiategy| Append Mali Suategy validate | Evecute / Resume

Figure 6.4 - Append matrix runs

1. Adjust the scan time and scan width if
desired. The default values are usually
good. The default time of 10 seconds is
acceptable for most samples, but shorter
times will not adversely affect most experi-

ments

NOTE: Adjust the time (upper right) to match the
scattering ability of the crystal (e.g., shorter
times for strong diffractors and longer exposure
times for weak diffractors). If the exposure times
are five seconds or less, click on the check mark
by Correlate Frames to turn off this feature.
Frame correlation measures each frame twice

2. Click on Execute/Resume. The view will at typically 1/2 the time and then combines the
shift to the Monitor Experiment view (see two together. This is usually not necessary with
Figure 6.5). The program will collect a shorter exposure times.
series of three runs with twelve frames per
run. This typically takes less than ten min-
utes. The images will stop changing when NOTE: The format for frame names is shown in
the experiment is done. Figure 6.5. Every frame is assigned a name. For

this figure the name is
ylid_manual_01_005.sfrm. This means that the
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frame is for the project ylid_manual and that this
is the fifth image of the first run.

@ Apex2 v1.0-20 - User:  (guest) - File: ylid_manual - [Experiment]

i Fle Instrument Windows =18 x|
O =8
J - ramesguestiylid_manuahylid_manual_01_0005 i dslmar v ales ™
= =
Selup
T Setup Experinent | Monitor Experiment |
Collct

Left and right Up and down
arrows move arrows move
between frames between runs

S

Expediment

Oriented Scans

120
i 100
80
&0
g
[ AT \_\.HHI‘ [T N T R N T TR R AT
1 1o 100 1000 10000 100000 1000000
Intsgiale Description Value ﬂ
Scale 1 Image type PhiScan Image
Examine Data 2 Start position Distance=35.00 2T heta=338.00 Omega=286.99 Phi=3.61 Chi=3.8
Salve Stucture 3 End position Distance=35.00 2T heta=338.00 Omega=286.99 Phi=4.11 Chi=3.8:
Riefine Stucture 4 |Scanangs jp.5000 =l
Repoit \Image Header A Tool Editor A Cursor Poslion f
Instument

Figure 6.5 - Monitor Experiment view
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To change the color of the image display (e.g.,
Black on White), right-click in the intensity bar to
the right of the image display (see Figure 6.6).

e LList Befli
% 200
AsCz
ik EEE 0 Fefh
|7 Elack On White
il Colored i
CUSTOM A
5 orFrer i
= Life 1000
N MOND Trichi
- PRINT F
Rainbow

ctions:
Rainbow Step
The Blues

m Cer
Tie Dye
V16 Centel

WESYM

— —
WE
WIDEC

‘White On Black

Custom...

Figure 6.6 - Color tool

After the first run is completed, there usually is
sufficient information to start the indexing step.

If state “usually” then need to give informa-
tion about what to do if there isn’t enough
information.

NOTE: APEX2 assigns to every collected frame
a name. Per Ludger, base-
name.run#.frame#.sfrm

6.2.2 Harvest the Reflections

1. Left-click on Evaluate Crystal > Determine
Unit cell.

=

Determine Unit Cell

S

Feciprocal Lattice
Wigwer

Figure 6.7 - The Determine Unit Cell (Indexing) icon
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This will open the image viewer, but with a tool
bar to the right for indexing (see Figure 6.8). The
plug-in initializes with the first run (e.g.,
matrix_01).

First Image: Etrix_D‘I_DDD‘I B |

Mumber of Images: |12 >

[lear &l B eflections |
Harvest Spots... |
I |
Refine... |

Llist Heflections... |

0 Reflections

r—Uniit Cell
A: 10,000 A o 30,000 °
B: 10.000 A B 30,000 *
C: 10,000 A v 30,000 °

— I Wolume: 10000 A3
g

I R T AR
1 10 100 1000 10000 100000 1000000

Symmetry:  Triclinic
Lattice: P

r—Detector Corections

Description | WValue ;I
Image type Fhi Scan Image —

Distance [mm]: 0.00
Start pogition Distance=40.00 2T heta=30.00 Omega=315.00 _
End positon Distance=40.00 2Theta=30.00 Omega=315.01 Horizortal Beam Certer i [100

‘, | - e | _’I—I Wertical Beam Center [mm]: 0.00

Image Header A Tool Editor A Cursor Paosition

Figure 6.8 - Image viewer with indexing tool
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2. The name of the first image is already
entered. Click on Harvest Spots.

NOTE: All other options are gray at this point
because there are no reflections available.

A blue progress bar will appear as the software
determines the best background level to use for
harvesting. Then a window with two sliders will

appear.

Harvest Spots HE
Mare gt Iram

Fiowen Spets 1

I

Figure 6.9 - Indexing sliders

The right slider selects which image is dis-
played. The left slider increases or decreases
the I/s(l), the cut off criteria for accepting reflec-
tions. Generally, the defaults are fine.

3. Change the run number in the “First Image”
box to matrix_02_0001 and click on Harvest
Spots. The run number is 02. The image or
frame number is 0001.

At this point you should have 100 to 300 reflec-
tions harvested.

4. Change the run number in the “First Image”
box to matrix_03_0001 and click on Harvest
Spots.

NOTE: If run three is not completed, a window
will pop-up that says “Do you want to continue
with the images that could be read?” If this hap-
pens, skip step 3 and go to Section 6.2.3. Then
return to Section 6.2.2 and harvest the spots
before refining.
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6.2.3 Index the Reflections
1. Click on Index.

A window will open.

;i Index Spots EHE
—Select Spats For Indexsing——————— —Reduced Unit Cell
Mare Spots  Resalution From: ISSSS.DD A
_— .

. Resaolution To: I 0g3 A A Bl 10.000 &

'\\\ B Axis: 10,000 A

[V Spots Must Be lsolated C Axis: 10,000 A
L ™ Spots Must Span Images
r [~ Spots Must Be Whole
L Alpha: 90.000 *
3 Total Spats: 259 Beta: 90.000 *
L Selected Spots: 244 Gamma: 90.000 *
3 Indexed Spots: néa
e Filter Tools
IRy Siplis Ol o Yolume: 10000 A°3
@
Index |
—Harvested Image:
| matriz_01_0001 sfim =l

{* Show Observed Spots " Show Predicted Spots

)8 I Cancel

Figure 6.10 - Indexing tool

The defaults are usually OK. Use the slider to
omit reflections with lower I/sigma from the cal-
culations. If indexing is difficult, try reducing the
number of reflections used.

If indexing is difficult, use the RLATT tool. This
tool is described in Appendix ?.

2. Click on Index.

After approximately 30 seconds the index win-
dow will display a possible cell and the OK but-
ton will no longer be gray. The values shown in
Figure 6.11 are reasonable for the ylid.

—Reduced Unit Cell

A Bz 5929 A
B Axis: 2931 A
\\SEAxis: 18.343 A
Alpha: 89.955 *
Beta: 83.811 *
Gamma: 89.953 *
Yalume: 976.9 A3

Figure 6.11 - The unit cell

The spot statistics are also acceptable with 98%
(i.e., (238/244)x100) of the selected spots
indexed.

Total Spaotz: 209

Selected Spats: 244
Indered Spots: 238

Figure 6.12 - Focus on the spot results

There are often a few reflections that are not
indexed. The reciprocal lattice viewer can be
used to look at the spots used in the indexing,
but first refine this cell.

3. Click on OK to accept the indexing results.
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6.2.4 Refine the Unit Cell

There is not a correct order for the following
steps. Use this as a guideline with the main goal
of creating a stable converged refinement.

1. Click Refine in the Indexing Tools menu.
The refinement window will open.

Deviation Histograms g Refine Unit Cell X
5 (1] 2]
H K Detectar Cormect
100 = 100 = Distance [mm]; [THE I Constrain Distance
] ] Beam » [mm):  [-1.44 Beam ¥ [mm] 0,35 I™ Constrain Beam Center
80 — 80 — Piteh [T [0.34 Roll [ [0.65 vaw [t [o.03 ¥ Constrain Pitch, Roll, Yaw
&0 5 d Crystal Position
] ] {x[mmr Jooo el .00 Zmmk [o.00 [¥ Constrain Cipstal Pasiion ‘
40 40 Angle Zero
b b Omeaa ] 0.00 Chi’Kappa [} [o.00 ¥ Constrain Angle Zeros ‘
20 o a0 J
] ] - Display Imag
g g | [ mati_01_0001 sfim =l
I T T T T T T T T T 1 I T T T T T T T T T 1 " Show Observed $pats % Show Predicted Spots
0 01 02 03 04 08 0 01 02 03 04 08
Fi ~Unit Cell
More Tolerant
T seg || A 53929 A
: - B Asis: 8981 A
: C Aus: 18,348 &
Spats Fit A
Alpha: 83.955 *
RMS R [mm]: 0.00 || Bats 83811 °
Giamma 83953 *
RMS Angle [1] 000
- Volume: 9769 A2
: View Histograms
r 4WI Symmetry Constraint:
Less Tolerant Triclinic |
Refine | Bravais... | Transfom.. | Drientation Matin.. |

Figure 6.13 - The Refine menu with histograms displayed
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The YLID test crystal should have an orthor- crystal should now be aligned, so refinement of
hombic primitive cell with approximate cell the crystal center is not necessary.

dimensions of a=5.95A, b=9.03A, c=18.38A,

and o=p=y=90°.

2. Click View Histograms. The histograms
show how observed data compares to the
data calculated using the current unit cell.
The HKL values should be close to integers
and the rotation angle differences should
not be significantly larger than the step size
used to collect the matrix frames.

Click Refine several times.

4. Check the Constrain Distance and Con-
strain Beam Center boxes.

NOTE: Check the constraints to fix the parame-
ters listed. Uncheck the constraints to allow the
parameters to refine.

5. Uncheck Constrain Pitch, Roll, and Yaw.
Click Refine several times.

7. Uncheck Constrain Distance and Constrain
Beam Center, and check Constrain Pitch,
Roll, and Yaw.

8. Click Refine several times.

NOTE: In most cases, the angle zeroes are
close to zero and should not be refined. The
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6.2.5 Determine the Bravais Lattice

1. After refining, click Bravais Lattice and look

for other unit cell choices (i.e., look at fit val-

ues).
;ithoose Bravais Lattice EHE
Fit & dwis [B] | B Awis [A] | Cawis [A] | Alpha[?] | Beta[?] | Gamma[7] | Yolume [£73]

Cubic F 379.54 21.36 21.36 21.37 12993 £0.85 147.60) 3597079
Cubic | 436.63 19.37 10.82 20.51 £8.44 31.37 80.30 1985.39
Cubic P 491.52 5.96 9.04 18.42 89.94 89.97 89.90 992.70)
Hexagonal P 218.27 5.96 9.04 18.42 89.94 90.03 90.10 992.70)
Rhombohedral R | 236.36 5.96 10.82 56.31 94.32 9608 12332 2978.09
Tetragonal | 174.92 5.96 9.04 38.40 76.42 g1.08 89.90 1985.39
Tetragonal P 154.90 5.96 9.04 18.42 89.94 89.97 89.90 992.70)
Orthorhambic F | 102,67 5.96 19.03 3732 a7.11 99.16 108.15 3597079
Ortharhambic | 81.26 5.96 9.04 38.40/ 10358 98.92 89.90 1985.39
Ortharhombic C 90.74 5.96 19.03 18.42 90.04 90.03 108.15 1985.39
Orthorhombic F

Monaclinic C 90.74 19.03 5.96 18.42 89.97 90.04 71.85 1985.39
Maonaclinic P 0.52 9.04 5.96 18.42 90.03 90.06 89.90 992.70)
Triclinic P 0.00 5.96 9.04 18.42 89.94 89.97 89.90 992.70)

()8 { ! Cancel |

Figure 6.14 - Bravais lattice display

Note that even though monoclinic has a slightly
better fit, the software makes the correct choice
of the higher symmetry cell.

2. Click on the appropriate Bravais Lattice, in
this case orthorhombic.

3. Press OK to accept the suggested lattice

settings.

4. Refine again.

Refine for several more cycles, changing
the constraints one or two at a time.

Now you have a unit cell ready for determining a

data collection strategy.

6-12

M86-E00078



APEX2 User Manual

Data Collection

6.3 Determine the Data Collection

Strategy

APEX2 includes a powerful algorithm, COSMO,
for determining an efficient strategy that fully uti-
lizes the flexibility of your instrument.

1. Left-click on Collect > Data Collection Strat-
egy.
100
r Distance [mm]: |35.00 d AL |ue7
] 3 Mosaicity [T [0.24 2Theta [T [64.29
- — 800
&0 L Image width '] [0.50 s [1/8] [0.75
oy L
2 ] F @
% 50 - FE00 & Bijvoet Pairs: | merged
r c o Er—
E i L g- Laue Clazs: | mmm hd
[} r .
TE3- 104 L 400 % Lattice Type: | P hd
r <
3 g r A dais: 5.96 A Alpha: 90.00 *
54 Lom B Ax!s' 905 A Beta: 90.00
L C i 18.43 A Gamma: 90.00 *
o r Total Reflections: 13983 Unique: 2157
R T A F Runs: 214 Inages: 108698
14 13 12 11 1 0.8 0s8 07 i i
Resolution [A] Req Disk Space: 27716 MB
@ Completeness @ Redundancy
100 7T T grm == L e ==
| __.nlr“
- I’"'"-‘. 400 Exposure Times [<]
| | Inf & 1,378 0na 0504 0413 0.374 0,364
g0 — W4 L L il g £0° a0’ 120 150° 180"
0004 0384 0704 099A 12AE 1384 1414
I
g ! - 300 (T ) = ) EC = ) (D 22 = O
: o
& 60 —FF1W8-71F1-F-H- ! g Same Extend | Reduce | Reset |
o i r € I
= 5
2 7 i 2
£ | — 200 @
o 40 | .._‘ ................ ! i E =
E 1 | L -~ Current Target Priority
o7 I | Complateness [} 10000 [ 00 El
— 100
20 =l i i Redundancy: 4693 [am 20 :
] o
7 it ," r Tirne [h] 48873 [24.00 J 5 El
0 = N SRR Strategy: Custam >
T T T T T T T T
0 100 200 300 400
. Execute: | Refine Strategy hd
Time [h] E

Figure 6.15 - The strategy display
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NOTE: COSMO will use information from cell
determination to set defaults. You can modify
the suggested values. How?

2. Check the inputs for defining the data col-
lection.

2.1 Set the data collection distance. For
SMART APEX Il systems this should be
set to the actual detector distance. For
Kappa APEX Il systems there is a vari-
able (DX) and the distance will default
to the shortest reasonable distance.
Generally for the APEX Il detector, the
distance should be about the same as
the longest cell dimension. Typically
distances ranging from 35 to 45 are
reasonable.

2.2 Set the exposure time and press return.
For normal crystals on an APEX I, five
seconds is a reasonable time.

2.3 Click Same to set all of the times to be
the same.

NOTE: If the “Same” feature is not chosen, the
times for shells can be set to collect high
angle data more slowly than inner shell data.

2.4 Set the desired redundancy (0.50 is a
reasonable value).

2.5 Check the other values (Laue class,
Lattice, etc.).

2.6 Each time a value is changed, COSMO
recalculates the statistics for the runs.
The results are displayed in the column
labeled Current.

2.7 Below the Target and Priority columns
is a pull-down menu with several differ-
ent strategies. Choose the one that
best meets the needs of the experiment
(for the example, “Best in 2 hours”).-
-cut this text, we don’t need to give a
step by step analysis of the YLID.

At this point, if all of the runs available were col-
lected it would take 183.98 hours and get a
redundancy of 452.86. Clearly this is not desir-
able.

3. Click on Refine Strategy.

4. Alist of options will appear. Again click
Refine Strategy.

Execute: | Fiefine Strategy

k‘ or Completeness

Figure 6.16 - UserManual017.bmp

NOTE: The objective in refine strategy
(COSMO) is to get good completion (98% or
better) with high redundancy in a reasonable
amount of time. When COSMO is first started it
will tell you the completion, redundancy, and
time for all of the available runs. It is almost

M86-E00078



APEX2 User Manual

Data Collection

never necessary to let COSMO run to comple-
tion. Typically it should be stopped when com-
pletion is greater than 99% and the time is close
to what is desired.

80

o
[
|

Completeness ||
=
(=]
| 1

]
o]
|

1.4 1.2 1 08
Resolution [A]

% Completeness  # Fedundancy

100 —

3] fus]
[ [
| |

completeness |l
=
[=]
| 1

Time [h]

Figure 6.17 - Completeness and redundancy chart
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In this example, as shown in Figure 6.18, the
completion is 99.76% and the time is approxi-

mately 2.33 hours. by 100 7 *SE®
] E 14
I RO F
NOTE: Time estimates are approximate. They T ] 12
depend on the number of rescans, general @ o] 3
instrument overhead, backlash compensation, § ]
etc. If estimated times are consistently longer or E; 0]
shorter, modify the COSMO hardwire profile. E
o
20 -
5. Click Stop when the completeness nears ] F
100% and the time and redundancy o o
approach the desired values. It is not neces- DU T T
sary to wait until the refinement reaches Resolution [A]
1000/0_ @ Completeness @ Redundancy
100
Current Target Friority :
9376  |100.00 J100 = an
748 [s000 5 = —_ ]
- S
233 [zm o 3 ? o]
I Bestin 2 hours | g 8
§
£ |
Figure 6.18 - Strategy status and priority control _g- 40
£ ]
6. Click Refine Strategy. w1
20
7. Alist of options will appear. Click on sort ]
runs for completion. .

Execute: | Fiefine Strategy

| Fiefine Strategy

Time [h]

Figure 6.19 - Choose “Sort Runs for Completeness” Figure 6.20 - UserManual022.bmp
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8. Go to View > Detailed Strategy.

The next window shows the runs to be collected.

;i Current Strategy

Scan Type | CCD |2Theta  [Omega [ Phi | chi | |widh  [#images  [Sweep  [Time |
1 Sategy 35.00 2200 «20693 353 +3.83 Phi s 738 33E0 75
2 [suateay /OO 3200 2479 2776 9947 Omesdy | oo 153 7650 75
] Stiategy 35.00 7.00 401 2526 55,53 Omega e 74 37.00 75
Strategy J|OO +2800  +435) 14.91 -34.09 Phi partial 162 g1.00 75
. s
Figure 6.21 -

NOTE: If for some reason it is necessary to start
over, change the distance slightly (by 0.02 for
example) and press Return. COSMO will reload
all of the possible runs.

You are now ready to collect data.

M86-E00078



Data Collection

APEX2 User Manual

6.4 Data Collection/Run Experiment
1. Click Collect > Experiment.

2. Go back into the experiment window and
delete the three matrix runs if they are still
there.

First Run: 1 =

5By copy
_Eg Paste

v Clear

n
h es
n
n

Figure 6.22 - UserManual014.bmp

3. Click Append Strategy.
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4. The program changes the name to the
name of the current project (in this example,
ylid_manual).

[Frtvuctguestdata_menawid_msnuahgld_msrua_0_000stn =1 & | [ 4 b B[ ¥ o[ @ N & @)

Setup Expetiment | Monitar Experiment

Image location:  [C:struchauest'ylid_manual = W Atteruate if topped Default fime:  [10.000 [secthame] *.

Filenarme or prefis: Iylid_manual ¥ Conelate Frames Detault width:  [0.500 [degrees] =
First Rur: 1 & I™ Generate new Dark Images Detector Format: 5124512 -

Operation Active | Distance[mm] | 2Thetaldes)  |Omegaldes)  |Phildsg] | Childea] Time[sec] | 'width[deg] | Sweep[deq] | Direction |+
Phi Scan es 35,000 -22.000 266,99 356,39 283 5.00 050 369,50 automatic

OmegaScan  |Yes 35,000 -32.000 27.75 2775 9347 500 050 7650 automatic
OmegaScan  |Yes 35,000 -7.000) 26.26 2605 559 500 050 37.00] automatic
Phi Scan es 40,000 26,000 1491 1491 34.03 500 050 81| automatic

NoOperstion  |Yes

NoOperstion  |Yes

mwmmlumr\)—l

NoOperstion  |Yes

3 |MoOperstion  |ves

10 |MoOperstion  |ves

11 |MoOperstion  |res

12 |MoOperstion  |ves

13 |MoOperstion  |ves

14 |MoOperstion  |res —

15 |MoOperstion  |ves

16_|NoDperation |ves
17 |NoDperation  |es =l

Append Stiategy| Append Mali Suategy vaidste | Evecue {Seume

Figure 6.23 - Experiment view with strategy appended
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NOTE: At the top of the experiment window are
controls for data collection. Usually the default
values are correct. For data collection times of
less than five seconds, correlation can usually
be turned off. If new dark frames are required,
APEX2 will automatically collect them. Checking
“Generate New Darks” will force the collection of
darks before every run. In Figure 6.23, the time
and width are explicitly set for each run, so
changing the default width and time will have no
affect. If the explicit time or width for a run is
deleted so the box is empty, the default values
will appear and be used.

5. Click Execute/Resume. The focus will shift
to Monitor Experiment and images will start
to appear. This may take a minute or two if
new darks are being collected. Images will
start to appear.

NOTE: When resuming after a power failure,
APEX2 will automatically skip images that were
previously collected with matching angles and
generator settings. Otherwise it will ask if you
want to overwrite the images.

NOTE: After data collection is started, the

experiment window can be closed and APEX2
can be stopped. The server computer must be
left on. If communications are lost between the

client and the server, frame data is stored on the
server.

@ BIbM o %

Figure 6.24 - Monitor experiment view
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7. Data Integration and Scaling

Before the data can be used to solve and refine
the crystal structure, convert the information
recorded on the frames to a set of integrated
intensities and scale all of the data.
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7.1 Integration
1. Click on Integrate in the Task Bar.

2. Click on the Integrate Images icon. The fol-
lowing window will open.

Space Group: F222 N -| Fiesolution Limit [&], [0.651
)

; Staring Image Filename: Images | Output Filename B
2

3

4

5

B

7

)

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23 LI
HelmementDptiuns.l InteglatiunDutiuns.l Find Runs... | Import Fiuns from Experiment

Figure 7.1 - Initial integration window
3. Check the default values.

There are two items of interest on the top of the
window. The space group tool and the resolu-
tion limit value.

Space Group: Fz22 [ hd |

Figure 7.2 - The space group tool
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The space group tool allows the user to set the
symmetry for integration. Typically this value is
correct when the integration window opens.

3 Group: | Fz22 hd
Starting Triclinic ’ Images | Output Fil
| E— Manoclinic 2
— Orthorhombic v “_‘ pooo
- Tetragonal 2 I » P222(1)
. Rhambohedral  » SN P(LI2(1)2
Hexagonal » c o . e

I Cubic 2 | — k

Figure 7.3 - Choosing P2(1)2(1)2(1) with the space group
tool

The resolution window on the upper right sets
the upper resolution for integration.

Riesolution Limit [3]. |0.750

Figure 7.4 - The resolution tool

The APEX2 Suite will suggest a resolution cut-
off. In this case the suggested value changed to
0.75.

In the center of the bottom are two buttons for
defining the data collection runs to be inte-
grated.

Find Runs... | Import Rung from Experimentl

Figure 7.5 - The Find and Import Runs buttons

The import runs button determines the runs to
be integrated from the experiment that has just
been submitted. Using this button allows the
user to start integration while the data is still
being collected.

NOTE: SAINT will integrate all of the data cur-
rently measured and then will wait for the next
image, integrate that, and wait for the next, etc.

The Find Runs button is used to browse to the
set of runs to be integrated. The button is nor-
mally used when the data collection is finished.
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1. Click on Find Runs.

The following window will open, usually it will
have the correct directory and basename as the
defaults. If these are not correct, then use the
browse button to find the runs for the data col-
lection of interest.

Swint

+ Find Runs 2 x|

Find Rung in Directary: Ic::\struc:\guest\data_manual\ylid_manua'

Image Baze Mame: Iylid_manual

Browse | ()8 I Cancel

Figure 7.6 - Find Runs tool view

Both the Import Runs from Experiment and the
Find Runs buttons will generate a list of runs as
shown in Figure 7.7.

Space Group: Fz22 hd |
Starting Image Filenarme Images | Output Filename
1 C:hatruchguestidata_manualiwliid_manualiylid_manua 739 hstructureshdata_for_manualywlid_manualsworkwlid_n
2 C:hatruchguestidata_manualiwliid_manualiylid_manua 183 hatructureshdata_for_manualywlid_manualsworkwlid_n
3 C:hatruchguestidata_manualiwliid_manualiylid_manua 74| hatructureshdata_for_manualsywlid_manualssorkwlid_n
4 C:hatruchguestidata_manualiwliid_manualiylid_manua 161 hatructureshdata_for_manualywlid_manualsworkwlid_n
1=

Figure 7.7 - Completed runs list

Figure 7.7 shows a run list entry being changed.
The original run is shown first and then the run

with the starting image number modified. In the
last strip, the number of frames to process has

been changed.
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Double-click on any of the fields in this list to
open up that value for editing.

C:hatruchguestidatamanualwid_manuabyid_manua

manualsylid_manualslid_manual 0400071 =fm] =

C:hetruchguestidata_manualhwlid_manualhid_manua T4
marnualylid_manualylid_manual_04_0051.sfm =2

%struc'\guest'\data_manuaIkylid_manual'\_l,llid_manua
C

Sabruchguesthdatamanualylid_manualwlid_manua 111

Figure 7.8 - Example of manually editing a run list
2. Check the refinement defaults.

The two buttons on the bottom far left are used
to change the default options for the refinement
of the data.

The default values are generally very good.
There is seldom any need to change those in
the refine window.

U Refinement Options 2%
Pesimage Aefnemert
7 [Enabie Orentation Mefinemere]| DasgirgFactor: 1000
[ I — I RS [} Jows [owss s
Pesicdic Plefnement Dokl Refinement:
[P Enabis Persodic: Refrwment ¥ Enabie Global Al
F
Frequencyfmagest [50 4] N Hamber of Retiections: [1559 2]
Conutran Metric Spmmety of Unit Cell b Ciorhvn Mol Symnstry of Urad Cell bex
& Space Grup P2IT 7 Space Geoup P22

£ Copand Systorn i | 1 Coputal System: =]

Rlnarment Porsmetats [=] || [Refnerent Pusmersis I-]
D Cretecice D Detmcin
B ([T Gl icoid e Cenies |
B Verhcol Boam Conter B Vool Beam Cerder
A Distarce M Distsnce
B Fek B Fun
B ra E aa
B v B v
(3 Urit Cel (0 Uik Cel
Cipl = = -]

Figure 7.9 - Refine Window

3. Change the default options for the integra-
tion in the “Integration Options” window.

The integration window has a few values that
are changed more frequently.

7 Integraticp Options 2xl
Mool Praties [ Backgound Updsle -
17 [Enibion LS P Pty Eachground Update ScalegFactoe [ 1000

™ Berdd Profes bom A1 Dietectos Flagions
IrderiiySigma Lower Linkfor Modsl Profls Updse: [ 10000 | - Imaoe Qumue 1
Frasi Mask: [ [T I E|
Iy Upges L b0 LS Moxded Prctie Fit [ 2000

~Ba Mirsin :
Loweer Rexckion Lim foe L Model Profle Fi A} [ 08 oo I Enabis Baas Mo Nosnakzaton
Ptz Harwiane [ 3 [3 [+ (el
s Ops |

Figure 7.10 - Integration Options
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The default values in the Model Profiles window
are usually good.

%\‘1 odel Profile:

I
™ Blend Profiles from &1l Detector Fegions
Intensity/Sigma Lower Limit for bModel Profile Update: IW
Fraction of Model Profile b aximum for Simple Sum tagk: IW
Intensity/Sigma Upper Limit for LS Model Profile Fit: IW

Lower Resolution Limit for LS Model Profile Fit [&]: I 9999.000

Frofile }vZ Halfwidths: [ 4 [ 2[4

Figure 7.11 - Model Profiles

For weakly diffracting crystals it is sometimes
helpful to change some options in the Model
Profiles window. Reducing the Intensity/Sigma
ratios from 10 and 9 to, for example, 5 and 4 or
3 gives the profile fitting algorithm more reflec-
tions to model. Clicking on Blend Profiles from
All Detector Regions to increase the profile
blending can also help with weakly diffracting
crystals.

4. Click on More Options. This results in an
expanded window (see Figure ) and gives
access to several other useful features, in
particular Active Mask (see Figure 7.13),
Algorithm (see Figure 7.14), and Image
Queue (see Figure 7.15).
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" Integration Options -

—Model Profil

—Background Updal
Background Update Scaling Factor: 1.000
™ Elend Profiles from All Detector Regions

Intensity/Sigma Lower Limit for Model Profile Update: W ~Image Bueu
Fraction of Madel Profile M aximum for Simple Sum Mask:; Iw sl s Qe Rl mees) | S
Intensity/Sigma Upper Limit for LS Model Profile Fit IW
Lower Rlesalution Limit for L5 Model Profile Fit [A} [ 3339.000 I~ Enable Beam Moritor Nomalzation
Profie 52 Halfwidths: [ 4 [4 [ 4 I~ | Hormelize each Run Separately

— Twin Owerlap Determination

{+ Generate Mask: Minirum Common Yolume [#]: 4.000
Fractional Lower Limit of Average Intensity I 0.000 Separation Factor: 1.000

b awimum Range: 1.300
" Use Pre-Existing Mask:

I¥ {Enable LS Profile Filling

—Beam Moritor

—Active Mask.

. e =1 | ~Output / Diagnostic Fil
PRl FE I LI I™ Generate Diagrostic Plat Files
r—#lgarithm I™ Keep Temporary Files
= Use Mamow Frame Algarithm I™ Append Listing Files
[ UJ%\A/\\:IB Frame Algorithm I™ Hide Log \window

"Refalence Correction [Multiwire Detector only) Vit At | 3'

¥ Multiveire Reference Conection Snhapshot Output Frequency [Images]): |100 3:

Fewer O ptions Cancel

Figure 7.12 - The Integration Options window with “More
Options” selected
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7.1.1 Active Mask

Active Mask
% Generate Mask:

Fractional Lower Limit of Average Intensity: I 0.000

= Use Pre-Existing Mask:

Sctive Mazk File [*_am]: I il ‘

Figure 7.13 - The Active Mask tool

The Active Mask is used to mask out areas that
are covered by the beam stop, low temp nozzle
or other obstructions. Typically a value of 0.7 is
good here. SAINT will determine an active mask
for each run.

NOTE: If this option is set, the user should
examine the active mask images that are written
into the work directory. These images can be
opened with the image viewer. They should be
all red except for a black area showing the
shape of the obstruction, typically the beam
stop.

7.1.2 Algorithm

Alganthm
" Use Narrow Frame Algorithm

{* Use Wide Frame Algarithm

Figure 7.14 - The narrow/wide algorithm tool

The algorithm buttons are used to change from
narrow to wide frame integration. Frames col-
lected with narrow scans width (less than one)
should be integrated as narrow frames. Those

greater than one should be integrated as wide
frames.

7.1.3 Image Queue

mage [ueue
Active Image Queue HalfAwfidth [Images]: I? 3:

Figure 7.15 - The Image Queue tool

The Image Queue sets the number of frames
being used to determine profiles. For crystals
with high mosaic spread (big wide reflections)
increasing the queue size can improve integra-
tion.

5. Click on the button on the far right of the
bottom row, Start Integration. This will start
the integration and will open the SaintChart
window for monitoring the integration.

6. Examine the output. Double-click on any of
the output entries for one additional tool—
the Is button at the far right of the top. This
will open the SAINT listing file for that inte-
gration run (see Figure 7.16).

quaI\yIid_manual\wurk\ylid_manual_ﬂﬂl.rau-.l =l1s
4

Figure 7.16 - Using the runs list Is tool
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7.2 Monitor the Integration Run with
SaintChart

SaintChart is a powerful tool for monitoring the
progress of the calculation and for graphically
presenting the results of the integration process.

=10l x|

[Scan - degraten =]
2 Conguonets =]

[0 Progemss: Statmtu:
O irtegaton peogess

D Porimage Skt
B Soot shaps comeiation
B Somt intereity ard | S}
O 3 Spet sty £ 2 S}
0 Humber of seflectons harvesied
O Sest gt ovmilay
“E YT e
O Y ZAMS disence

.2 pok sew

O % Gu satorkt wind
O Py bty

[0 Psee: Statistice
Bl Pacti snapthots

O ékha oo + ESD
] eta e + £SO
O Gamma angie + £50
O Colvohae = E5D
0 15 poodmeralft
0 15 Peesiduds
O %.Y.2 eophal waralshen
O #. b coritee
[ Distance comaction,
[ Pach. Bol Taw comection
O teede covn
O Coverage Sistmtes
[ Harweted sefiectons
O Compieleneis and sedhurndarsy
-0 Bivemt e

0,80 0,06 0,23 16693 a0, 19 0,69 0,70 0,40 1,000

6.17 0.00 34 0.10 049,75 6 3 U8 065 0,71 0.60 1.000
0.6 0,12 0,10 1062.1 25 15 0,69 0.71 0.60 1.000
-0.08 0.04 0.15 1288.8 24 0,69 0,70 0.€0 1,000

-o.08 -0.07 0,74 83511 28 0,68 0,70 0,48 1,000 Comected: 7 legabon i Poigpse.

Eostrm A7 0006 ~0.EE 0,08 .20 0.38 0,13 SIS A% 18 0.3 A% 0.6F 0.71 0,60 L.000 j

Figure 7.17 - SaintChart view
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As shown in Figure 7.17, when the SaintChart

1.2 Expand the windows to fill the available
window opens the graphs are small, and under graphical area by clicking on the four-
Linux the text area is large. square icon in the upper right.

1. Change the view. =l
1.1 Change the text area by clicking and
dragging on the line between the text
and graphical areas.

=ielx]
IFC IR

g

g e e

Average correlation coeficient

=

Figure 7.18 - SaintChart view with graphical area expanded
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To the left of the graphical area are a series of
check boxes that select the displays.

1. Add other displays.

1.1 Click on integration progress to add the
new display seen in Figure 7.19. When
the integration is complete, the blue
progress bars will be full and the
remaining time will be zero.

i Integration Progress I =1 B3
Fiun Images Progrezz | ETA [Remaining)
ylid_rnanual_01_0001. sfrm EE4 (739 MNEEN 222528 (00:00:24]
wlid_marwal 02_00071 . =frm 0153 22:28:08 [00.03.08)
ylid_marwal_03_00071 . =frm 0[74] 22:30:13 [00:05:09)
wlid_rmarwal_04_00071 . =frm 0[161) 223256 [00:07:53)
Al 634 [1127)HENE 22:32:86 (00:07:53)

Figure 7.19 - Integration progress display
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One of the most powerful windows for monitor-
ing the progress of the integration is Spot Posi-
tion Overlay (in Per-Image Statistics). Pull up on
the Window Tool Bar for Integrated Spots (the
cursor arrow is pointing to this tool bar in Figure
7.20) to display the entire window (see Figure

7.21).

14000.00 o

12000.00

10000.00

8000.00

6000.00

4000.00

Average spot intensity

2000.00

0.oo

] 20 40 B0 80
Image

* |ntensity = | /sigma

i Integrated Spots

Figure 7.20 - Spot Position Overlay

=8|
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(fewBigy abeiany

I Scan 3 - Integration

I Al Companents

O Progress Statistics
D Integration progress
O PerImage Statistics
M Spat shape conelation
~B] Spot intensity and 1/Sigmall]
O Spatintensity < 2 Sigmall]
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-F Spot position overlay
B = 2 enar
-0 ¥, Y.Z RMS difference
-0 ®.¥.2 spot size
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B Profile shapshats
-] & axis + ESD
- B asis + ESD
O Casis+ESD
- #lpha angle + ESD
-] Betaangle + ESD
-] Gamma angle + ESD
-0 Cell volume + ESD
O L5 goodness-offit
-1 LS Residuals
- ®.'. 2 ciystal hanslation
O = beam center
-] Distance canection
- Pitch, Roll, Yaw conection
- Angle zeros
O Coverage Statistics
[ Harvested reflections
O Completeness and redundancy
L[ Bivoet pairs

O

7-12
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In this full view, the Integrated Spots window
looks much like the image viewer used previ-
ously, but there are no tools. At the bottom of
the window is an entry box that can be used to
change the display frequency of the Integrated
Spots images. The default is shown every fifth
image.

i¥ Integrated Spots I B] x]| ] 5ean 4 - Integration

| All Components

L

O Progress Statistics
L Integration progress
[ Perlmage Statistics
- Spot shape conelation
Bl Spot intensity and I/Sigmall)
O % Spotintensity < 2 Sigmall]
[ MWumber of reflections harvested
-]l Spot position overlay
B #.v.2 e
~[ ®.Y.Z RMS difference
[ ®.¥.Z spot sizs
O % Queue extent used
[ Primary beam intersity
Periodic Statistics
B Frofile snapshats
O & axis +ESD
[0 B ads +ESD
[ Caxis+ESD
O alpha angle + ESD
~[] Beta angle + ESD
[0 Gamma angle + ESD
O cell volume + ESD
~[ LS goodress-of-fit
-~ LS Residuals
O ', Z ciystal wanslation
~[ #. v beam center
[ Distance corection
O PFitch, Rall, Yaw corection

[m]

O angle zeros
_—— 0O Coverage Statistics
e R ] &0 Harvested reflertions
1 n 100 1000 10000 100000 1000000 [ Completeness and redundancy
[ Bijvoet pairs
Desseription [alue N
Image pe [Phi Scan Image ‘ —
Start position Distance=35.00 21 hets=28.00 Omegs=4 51 PHi=57.c
End position Distance=35.00 2T heta=28.00 Umege‘a=48 51 Phi=B2.0 _
(. ol

 Image Header A Tool Editor A Cursor Position

[ Show every Sth image |

Figure 7.21 - Full view of the Spot Position Overlay
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1. Examine SAINT text output.

At the bottom of the SaintChart window is a
scrolling text window that displays the text out-
put from Saint. (This window can be expanded
by dragging the horizontal bar above the text as
indicated by the arrow in Figure 7.22).

2. Examine the final results.

At the end of the integration, examine this text
critically. In particular, look at the Overall Rsym,
the coverage statistics and the unconstrained
unit cell refinement.

For a typical small molecule structure, the over-
all Rsym is usually less than 8%. Higher values
may indicate problems with absorption, twinning
or poor crystal quality.
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7.2.1 Overall Rsym and Coverage Statistics

i Spot Shape Correlation

o [=1 || & Integrate

L 100
[
[T
‘O
= 0.80
L
L=,
[+
I
25.000 b
Owverall # Pairs Unig Meryg %<Zs =Ix <g3igx <Bg> PBEsvym dI/T dIf
0.000 12556 1442 1451 12248 17.3 4707.540 Z27.07 2.8% 0.038 0.000 O,
Ll.000
Centric # Pairs Unig Meryg %<Zs =I> <g3ig> <Bg> Psvm dI/T dIf
0.00o 2413 447 454 2407 Z1.5 7064 447 3333 3.08 0.033 0.000 O,
Ll.000
Coverage Statistics for ylid manual Om.raw
....... Shell. .. ...
Angstrus #0bs Theory %Compl Redund DBsym Pairs $#Pairsz Rshell #%igma $<Zs
to 1.61E5 17a 178 lo0.00 11.72 0.03z2 172 loo.o00 0.032 g22.97 4.7
to 1.E8Z 3ET 3EE 99,70 1l.38 0.033 3FET 93,70 0.038 31.34 Z.6
to 1.120 473 475 93,53 10.95 0.034 473 9353 0.03% E1.81 7.6
to  1.018 6l4 glé 23,68 10.71 0.034 &l4 3363 0.045 13.70 11.0
to 0.94F% 7e0 7e2 99,61 10,29 0.03E 753 9943 0_.0E0 9.88 132.5
to 0.8839 237 202 929.34 10.02 0.035 838 93_:FF 0.083 7.3E 18.9
to 0.345 1033 1036 23,71 .77 0.036 1031 93 5 0.078 4. 584 23.1
to  0.808 1133 llgs 232 50 I.44 0.037 1181 3333 0.083 4.45 30.3
to 0,777 1217 12z0 232,77 9.l 0,037 12312 99,47 0,098 3034 40,2
to 0.7E0D 1451 14E5Z 9993 8.92 0.038 144 93321 0.1l1le Z.65 E0.8

Averaged "local"

cell least sgquares refinement

Local refinement results for component 1
Mramleme

L N T

1

Figure 7.22 - Final Saint Integration Statistics

Add text.
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7.2.2 Unconstrained Unit Cell Refinement

Unconstrained global unit cell refinement ============== 05/06,/04 EZZ:32:31

Performing final unit cell least scuares on file dibvstructuresidata for manualiwlid

Input file contains EEEZ reflections
Global Refinement -- single-component data.
Maximum allowed reflections = R

One reflection will be stored in memory per 1l reflectioni(s) read

Orientation least sdquares, component 1 (8E55Z input reflections). ..
Mavelength, relative uncertainty: 0.7107200, 0_0000082

Baflection Summary:

'BLY.Excl' are reflections excluded after cycle 1 because RLYV error exceeded O.0ZE5C
Component Input  RBLW.Excl Used WorstRes BestRes Min. ZTh Max . ZTh
1 LEEE u] LEEE 2. 1065 07224 L0k L3. 580

Orientation ('UB') matrix:
-0.052450% 0.0333484 -0_0483062
0.00053z8 01045404 0.017E51E0
0_1573586 O.01Z100% -0_0180036

A E C Alpha Beta Gamms Wol

L. a57z Q.0z2732 12. 3868 Q0,088 25 953 S0.0332 28772

0._0o00l1 0. 000z 0.0004 o_ool1 0.o0olL 0.o01 o.o0k5
Corrected for goodness of fit:

0._000& 0. 0o00s 0.o0o1l= o_ook 0.00g o_oos 0.2z

Figure 7.23 - Unconstrained unit cell refinement

Check the angles in the unconstrained unit cell
refinement to get a quick confirmation that the
initial lattice determination was correct. In the
unconstrained refinement, angles that are
required to be 90 or 120 are allowed to refine. If
they differ considerably from the expected value
then the data should be checked carefully.

7-16
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7.3 Scale

The scaling process uses the SADABS program
to put all of the measured data on the same
scale. This process involves five steps:

1. Setup input files.
Parameter refinement.
Error model refinement.
Display diagnostics.
Exit.

N o D

.3.1 Setup Input Files

1. Click on Scale > Scale in the task bar. Fig-
ure 7.24 shows a portion of the initial Scale
work area. The defaults and file names are
typically correct.

Base [vtid_manual

Dutput kI il [vi_manuial_trm. bl

Disgnostic Plots File Mame [yid_manualm. cps

Title of Disgrostic Plots — [yid_manual

Log File [vid_maruialm. abs
[ Use anly centrosymmetric point groups
Point Group [ mmm = |

I™ &dditional Spherical Absorption Canection

Mut of Equiviant Sphere |
IV Lambda/2 Correction

Correction Factor [o.oms

Allow o crystal decamposition -
by B-value refinement [Ware = |
Extia Linear Correction to be Applied -
tos Each Pisflaction ['ore E

Figure 7.24 - FIG7.28a

2. Click Next and check that the defaults are
correct. Generally the Absorber Type is all

that changes.
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7.3.2 Parameter Refinement

1. Click on Refine. Figure 7.25 shows a typical
refinement result. The R-values are reduced
and the Mean weight increases. Typical
final values are 3—4% for the R-values and
0.95-0.98 for the Mean Weight.

<t Fle [nstrument Windaws =181x|
|0 = =[x
Setp Y~ Parameter Fefement Y Ervon Mode] i Diagnastics 1
Evaluale Cipstal
~Diection C
Colect
Inteqrate Mean enior 0,000
Scale i
| Masimum ertor o.om
. I I ]
T T T T T T T 1
g 4 5 B 7 3 9+ iy
ata
Redundancy
: ; Matimum 28] 6489
Wavelength (4] 0.71074
] Rieflections |8231
1} I
| | | | Urique 2788
™ | | |
! ! 2 . ! ! - ! Data pei frame | 7.59
T T T T T T T T T T T T T T T 1
1 2 3 a 10 15 20 +nf
Mean lisigma ez
3 1— 0.98 Mean |/a{] thieshold 30 ~
29 g 0.979%6 =
28 @ | High resolution thieshold 01 ~
=27 ... 09796 E
Py — Eogros g | Foclorgforiiedweihing scheme 0.04 2
4 gj - 09792 & | Restaint asd for scale factors [0.002 ~
I 2
o3 b ) - o £ 0878 7| absorption Type: \Weak Absorber -
22 ; s ; . . — WEFED Nuraber of refinemert cycles:  [50
o 10 20 30 40 a0
Examine Dala Cycle
Sz S = Rfincid) = Rdith) = Mean Weight Refine £ Wl
Fiefine Structure
Repart Fiish | SenOver | Esvexseas |
Instrument

Figure 7.25 - Xscale window after refinement
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7.3.3 Error Model Refinement

Figure 7.26 shows typical Error Model results.

f Ton Y Trmee R Y T Mol L pis= Y\
1= . R
i Total e High okt bt [01 ~]
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gi' é i sl 00000 -
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g" B0
® 1 I
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N . . g Il | | Taa 752 || speses [
I % Rescted BT || e c7sa
Uriun e
oL o " ol : o —
1 2 3 4 1 2 3 4
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T +04
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- 4
-
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& 6000
é x Inchu the folowing befches:
=
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-
=z o
T 220 Q02 O0K-0S31 0901 -10W 0471 M 0
02 =F---B------ - - - - . (= zo 0ne 068093 05945 1062 080 B52 145
Gy B2 70 005 ORY-0M0 0ME 107 05 M oM
I I = + 11} 0035 08730313 0546 1043 086 1615 1491
o | o
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Figure 7.26 - Error model results

NOTE: If the R-values are significantly higher
than this step, repeat the entire scaling calcula-
tion. Click the check box by the “bad” run and
then click Repeat Parameter Refinement.
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7.3.4 Display Diagnostics

1. Click Finish to produce a series of diagnos-
tic plots. Some of these are recaps of the
plots that have already been displayed.

2. Click on the “folder” tab at the bottom of the
screen to select the individual plots as
shown in Figure 7.27. Why? To do what?

\__ Statistics A Reflection Graphs M, Refinement Graph _h Enor Model Graphs _h Scale Variations! A Intensity Statistics A Chi-Souared A, sDat\amusmnunon[f Spatisl Distribution 2

Figure 7.27 - Tabs for selecting diagnostic plots

7-20 M86-



APEX2 User Manual

Data Integration and Scaling

The Scale Variations plot shows the overall vari-
ation in Scale and R(int) for the individual
frames. The Scale plot should be flat (for highly
absorbing, irregularly shaped crystals it will
probably be sinusoidal) and the R(int) plot
should not show large variations (more than
2%).

/ ‘. Y T Hac: ¥ Thisgradics A

Overall scale and R(int) variations for ylid_manual

%

Normalized Scale Factor
s

1.24

Smoothed R(int)%

Run/Frame —=>

\__Sigitcy 4 Mlofiection Guaghy L i LMI«

Figure 7.28 - Overall scale and R(int) variations
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The Intensity Statistics plots look at R(int) and
|IE2-1] as a function of resolution. Typical plots
of R(int) versus Resolution increase to the right
as seen in Figure 7.29. An |E2-1] plot should
have a constant resolution. IE2-1l is a strong
indicator of centric and acentric space groups.
The two horizontal lines indicate the expected
values for centric (top) and acentric (bottom)
space groups. This plot clearly suggests an
acentric space group.

f T ¥ T ¥ 7 ¥ Tisgroniizs !

Intensity statistics for ylid_manual
Riint) blue, Rixigma) red

Riint) or Risigea)®
-

NEEEYEEE Lo o8 08
Resalution d[A]
12
% Lo
g
& } | | | |
¥
il 13
)
Wy
02
40 2L Le L3 V) 05
Resaluon d[A)
\__Sielubcs A A A A, A Irierady Sishithcs A i

Figure 7.29 - Intensity Statistics

The plots Chi-Squared values for the data as a
function of resolution and intensity should be
mostly flat. Values below one are not unusual
for weaker high resolution data. The plots
shown in Figure 7.30 are typical.

Chi—squared distributions for ylid_manual
Chi-squared = Mean of | M-Sum[l—=L=]* / (M= L)-Sum[su%1)] | (M equivalents)

5 -

e
L

Chi—squared
1

|

T T
6.7 2.1 LS gk L.O 0.9 0.2 0.7
Resolution d[A]

Chi-squared
L
1

(¥
L

M

T T T T T
0.1 0.2 0.3 0.4 0.5 0.6 a7 0.2 a9
Lntensity quantiles

Figure 7.30 - Chi-squared
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The special distribution plots are generated for
each data collection run. They indicate, using
red and blue dots, points of average intensity for
a particular reflection after scaling. The actual
intensity measured at that spot on the detector
vary by more than three standard deviations.
Figure 7.31 show two spatial distribution plots
side by side. This is the way they are typically
output by Scale.

r Y ¥ gl Y gt )
Spatial disteibution of (I-<L=>}su for ylid_manual Spatial distribution of (1-<L=)/su for ylxd_manual
Scan L, detector 2-theta ~22.00°, [l—<L=l >3 00su (oed+, blae-), ervors (black) Scan 2, detector 2-theta ~32.00°, l-<L= >3 00w (sed+. bhse-), emrors (black)
5 A
0 |
- -
450 450
<004 400
50 150
00 300
2504 50
200 200
150 150
Loa- L0
30 50
S0 W 150 00 20 W0 B0 w0 0 X 50 100 130 W0 W0 M0 B0 M0 40 X-»
sy X A i P J ChiSougreg A Spais Ditstusin —_—

Figure 7.31 - Spatial distribution
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Figure 7.32 shows a single plot so that the dots
are easier to see. Note that the points of dis-
agreement are spread fairly evenly over the
entire detector face.

r B Y i Y Tegreac

Spatial distribution of (1-<I=>)/su for ylid_manual
Scan 1, detector 2-thera ~22.00°, -1 >3.005u (ped-+, blwe— ), emvors (black)

0 100 150 200 250 00 iso @0 450 X-»

Sl A tsha A oA,

A Scoke Vonolons b |nbensd
Figure 7.32 - A single Spatial Distribution

If the spots are clustered in an area or if there
are significantly more spots of one color than
there are of another, then the data should be
examined critically. Figure 7.33 is from another
data set where the active mask was not used
during integration and the reflections collected
in that area are consistently smaller than

expected. This kind of problem may affect the
final results.

Scan 1, detector 2-theta —12.00°, ll—<I> >3.00su (red+, blue-), emwors (black)

Y
~

B

o

3504

PN

300

2504 ¢

2004

1504

504

T T T T T T T T
50 100 150 200 250 300 350 400 450 X -—>

Figure 7.33 - A Spatial Distribution plot showing a problem
area
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7.3.5 Exit

1. Click on Exit XScale to close the scaling
GUL.

EmtAXScalﬂ

Figure 7.34 - Exit XScale

NOTE: Scale is one of the few GUIs where it is
necessary to exit using a special exit button.
This avoids an error message that SADABS has
exited improperly.
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8. Examine Data

In this step, the space group for the sample is
determined and optional simulated precession
photographs are calculated to further evaluate
the overall quality of the data. APEX2 provides
two tools for this: XPREP for space group deter-
mination and Precession Images for looking at
undistorted slices of reciprocal space. This is
the final step before beginning the structure
solution and refinement process.

8.1 XPREP

1. Click on XPREP (Space Group Determina-
tion) under Examine in the task bar.

2. Check that the two files in the pop-up win-
dow are correct (see Figure 8.1) and click
OK.

x|

P4P file: [questidata_manualylid_manualwiorkylid_marusl_Om pép EI

HEL fle: - frguestiadata_manualtylid_manualwsorkylid_manual_Dm.hid E‘l
Caron

Figure 8.1 - Select files for XPREP input

NOTE: The scaling process has created two
files: ylid_manual_Om.p4p containing the final
unit cell parameters from integration and
ylid_manual_Om.hkl containing the corrected
intensities. Typically these are the files to use for
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space group, but you can browse to choose
other files.

8.2 Space Group Determination

Matrix: 1.0000

1. XPREP evaluates the data and looks at the
mean intensities and the mean int/sigma.
Since these are large for all groups except
P, XPREP suggests that the lattice is P (see
Figure 8.2). Press Enter to accept.

Figure 8.3 - Reduced cell

For the YLID, there is no higher symmetry cell
found. The program has determined that the
YLID crystal has an orthorhombic primitive lat-
tice (see Figure 8.4). Press Enter to accept.

B L O B B e R e

1

from file ylid wanual Om.hil

Figure 8.2 - Lattice statistics

2. XPREP determines the reduced cell based :
on the lattice entered above. Since the lat- Figure 8.4 - Higher symmetry cells
tice was primitive and the magnitudes of the
cell dimensions were proper (a<b<c), the
original and reduced cells are the same
(see Figure 8.3). Press Enter to search for a
higher symmetry cell.
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3. The next logical step is to determine the 5. XPREP has chosen the crystal system [O]
space group. XPREP suggests this (see (see Figure 8.7). Press Enter to accept.
Figure 8.5). Press Enter to determine the ietin onoc1in rthorhomsic, [T] Tecragonal,
space group.

Figure 8.7 - Choose the crystal system

. ; 6. XPREP has chosen the crystal lattice [P]
1.0000 : (see Figure 8.8). Press Enter to accept.

Lattice: F

Figure 8.8 - Choose the lattice

Figure 8.5 - Determine the space group 7. XPREP evaluates the data and looks at the

4. If the space group is known or if the com- systematic absences for all possible glide
pound is known to be chiral, enter that infor- planes and screw axes (see Figure 8.3).
mation (see Figure 8.6). Generally, it is These are displayed across the middle of
sufficient to press Enter to start the space the figure. By examining the number of
group determination. reflections with 1>3 sigma(l), the mean

v intensities, and the mean int/sigma, which
should all be very small for a systematic
absence, XPREP derives a suggested
space group, P2(1)2(1)2(1). Press Enter to

accept.

Figure 8.6 - Space group options
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8.3 Reflection Statistics. 3. The data can be merged in several ways.
Choose the merge all equivalents including
Friedel mates option [A] (see Figure 8.11).
Press Enter to accept.

M XPREP Ver 6.14 W95

Mean |E4E-1] = 0.654

chiral 1 5917 0.019

Figure 8.11 - The merge data menu

Figure 8.9 - Systematic absences and a suggested space 4. A table of statistics appears (see Figure

group 8.12). Examine the data presented. Is the

1. XPREP returns to the general menu seen completion near 100%? Is the redundancy
previously (see Figure 8.5). This time D is good? Are Rint and Rsigma small and
chosen to evaluate the dataset. Press Enter increasing smoothly from top to bottom? In
to accept. particular look at the last two lines which

compares all of the data with the high reso-
lution data. The completion should be near
100% for both the high resolution shell and
the complete data set. The redundancy and
Rint should be similar for the two. The Mean
Intensity and the Mean I/sigmay(l) will usually
be quite different. The Mean I/sigma(l) for
the high resolution data should be greater
than 3.0.

2. There are multiple choices for data manipu-
lation (see Figure 8.10). “S” chooses a dis-
play of statistics.

prion [51:

Figure 8.10 - The data manipulation menu
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For this data set the difference between the Rint 8.4 Applying High Resolution Cutoff
for the high resolution data and the complete , L ,

data set is slightly larger than expected. Press 1. Entera high resolution limit of 0.75 (see Fig-
Enter to continue. ure 8.14) and press Enter to accept the low

s [1.0]: 0.75

Figure 8.14 - The resolution cutoff menu

2. Applying the cutoff removes approximately
3000 reflections from the data set (see Fig-
ure 8.15). The next step is to see if the cut-
off has improved the statistics. Type S and
press Enter.

Enter

Figure 8.12 - Intensity statistics

5. Since the difference between the Rint for
the high resolution data and the complete
data set is slightly larger than expected, it is
reasonable to apply a high resolution cutoff
using the H option in the data manipulation
menu. (see Figure 8.13). Type H and press

Enter. Figure 8.15 - Requesting statistics after applying a high
resolution cutoff

option [E]: J§

3. As before in step 3, enter [A] to merge all
equivalents.

Figure 8.13 - Requesting a high resolution cutoff
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4. After the cutoff, all of the statistics look bet- 8.5 Preparing an Output File
ter (see Figure 8.16). Press Enter to con-

tinue. 1. Exit the data manipulation menu to return to

the general menu. This time chose C to
define the unit cell contents.

2z 0.0116

2. A window will open displaying the current
formula, Z, the density and the atomic vol-
ume (see Figure 8.17). In this example, the
formula is incorrect and Z has been set to
six to try to achieve a reasonable density

B e in o oo and atomic volume. Since this formula is

incorrect it must be modified now. The cor-

rect chemical formula for the YLID crystal is

C11 H1002S.

2.1 At Select Option do not accept the
default answer of E. Type in F to enter a

Figure 8.16 - Statistics after high resolution cutoff

5. This response will return to the data manip-
ulation menu (see Figure 8.10, Figure 8.13

or Figure 8.15). The default answer should new formula.
be E for exit. Press Enter to accept this 2.2 In response to the question “Enter For-
default. mula,” type the correct formula C11

H12 O2 S1 and press Enter.

2.3 Check that the information is correct.
Check that Z seems reasonable for the
space group, that the density is as
expected (1.1 to 1.4 for organic mole-
cules, higher for inorganic compounds),
and that the atomic volume is around
17 or 18. Significant variation from the
expected values may indicate an incor-
rect molecular formula or missing
counter ions or solvates. The values at
the bottom of the window look fine for
the YLID. Press Enter to accept.
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3. The next default action for XPREP is to
write out the files necessary for the structure
solution process (see Figure 8.18). Press
Enter to accept.

Formula wo:

Mu[rm-1] :

spcion [7]: ]

Figure 8.17 - Defining and checking the unit cell contents Figure 8.18 - Requesting output files
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The program asks for an output file name.
Since this data has been cutoff at a resolu-
tion of 0.75A, it makes sense to change the
output file name to ylid_res75 to reflect the
cutoff (see Figure 8.19). Press Enter to
accept

Current

Original

Current

Figure 8.19 - Changing the file name
5.

After entering the file name (or hitting return
to accept the default file name) an input file
for the structure solution module is created
and displayed on the screen. And the pro-
gram asks “Do you wish to (over)write the
intensity data file ylid_res75.hkl.” Since the
file name has been changed, this question
must be answered with a y (see Figure
8.20).

1ual_Or]

write the intensity data file ylid

Figure 8.20 - The input file for structure solution and a final
question

6. Exit XPREP (see Figure 8.21). Press Enter
to exit the program.

option [a]:

Figure 8.21 - Exit XPREP from the general menu

NOTE: There are many other features in
XPREP that can be accessed from the general
menu; reciprocal space plots, simulated powder
patterns and a test for merohedral twinning are
very useful tools.
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8.6 Simulated Precession Images

1. Click on Precession Images under Examine
in the task bar. Precession Images provide
an undistorted view of layers of the recipro-
cal lattice. APEX2 generates simulated pre-
cession images by finding the appropriate
pixels in a series of “.sfrm” images. You
must specify the images to examine and the
zones to calculate.

Look jn [{29 c:/strue/quest/dats_manual/ylid_manusl/ | e R ek

. (3] matris_m_ | Aun

Cwork B 1_ | metis_O1_SERE 1 -12)
3 = N B matiz_02_gt#E (1 -12)
] trvevertiog S matrie 0 G oy 03ttt (1 -12)

[ communication log 20040502 0z (] matie 01 | pid_marmaal_ 0148 (1 - 739)

) mati_01_0001 sfim ) matix_01_ | ] vid_manual_02_sist 1 -153)
[ atis_01_0002 st [ ratis_m_ | B id_manual 03 e q 173
[ atis_01_0003 st | matrix_02 f1-180

- B yid_manual_04_ttst
[ matris_01_0004. st (3] wativ_nz_

[ atris_01_0005 st (3] wativ_nz_
[ atris_01_0008 st | matrie_02_

L]
Directory: [yid_manual
=l Cancel

File type: [ Dieciories

A

Figure 8.22 - The simulated precession work area

2. To open the file selection window, left-click
on the folder beside the file name. Choose
the sets of images that you want to use for
the calculation by clicking on the check
boxes (see Figure 8.23).

[ python

Look int [ 3 c./stuc/quest/data_manuallylid_manual/ = /et

. =] matie_on_ | Bun

work =] mati_o1_ | I matrie_O1_#HE(1-12]
= s [ matris 02_sHt# (1 -12]

[Z] breeventlog | mati_1_
[ communication log-20040502.92 [ matie 01_ [ i marwsal, 01 48 (1 - 735)

@ matris_01_0001.sfrm | matiin_01_ || B vid_manual 02_tt (1 -153)]
[2) matis_01_0002.561m [ mati_on_ [ vid_maruial 03 sise (1 - 74)
[2) matiis_01_0003.5fim 3 ez | B Yidmanual D4 HBIR (1 -167)
[2) matiis_01_0004.561m B mativ 02
[2) matiis_01_0005 5fim & matie_02_

i

[2) matiis_01_0008 5fim ) mativ_02_

L]
Directon: [yid_manual oK
File wpe: | Diieciories =l Cancel

Figure 8.23 - File Selection window with matrix runs
deselected

3. Check the default input value. Modify as
needed and press Calculate.

Calculating more zones does not significantly
increase the calculation time. In the example,
1kl, h1l and hk1 have been added to the
defaults of Okl, hOl and hkO. Fractional values
(e.g., 0.5kl) are allowed. Reducing the resolu-
tion may speed the calculations slightly. The
thickness defines the range of pixels above and
below the requested range. For example, if the
Okl zone is requested with a thickness of 0.1
then the simulation is looking for all pixels that
have -0.1<h<0.1, and any value, including frac-
tional values, for k and I.

M86-E00078



Examine Data

APEX2 User Manual

Flanes IDkI bl kk0 k1 Tk K11

Images from Iruc:.-"guest.-"data_manual.-"ylid_manual @l

[1127 image files in 4 rung]

best resolution ID.??

Thickness  [0.10

Calculate |

Created files I LI

Figure 8.24 - Detail of the input section

4. A progress bar will appear and after approx-
imately 5-10 minutes (depending on the
number of “sfrm” files read) an image will
appear on the screen. Display other planes
by clicking on the calculated images to the
bottom right of the work area or by browsing
as usual with the view plugin.

b Synthesizing precession 2] x|

Processing 1127 image files... %

2%

Figure 8.25 - The progress bar

NOTE: This is a relatively slow calculation since
every sfrm file is examined to determine if it has
pixels that would contribute to a requested zone.
For example, if the Okl zone is requested with a
thickness of 0.1 then the simulation is looking

for all pixels to have -0.1<h<0.1 and any value,
including fractional values, for k and .

5. User the simulated patterns to check space
group symmetry (see Figure 8.25, Figure
8.26 and Figure 8.27) and to find signs of
twinning (see Figure 8.28).

| am having trouble generating acceptable
images for 8.26 to 8.29, but they will get done
eventually.

Include SIMPRECS5.bmp here
Figure 8.26 - The Okl plane for the test YLID
Include SIMPRECG6.bmp here
Figure 8.27 - The hOI plane for the test YLID
Include SIMPREC7.bmp here
Figure 8.28 - The hkO0 plane for the test YLID
Include SIMPREC7.bmp here

Figure 8.29 - A plane from a rotationally twinned crystal
showing the two lattices

Curt will add images of a good and bad exam-
ple.
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9.1 Overview

You are now ready to solve and refine the crys-
tal structure for the YLID test crystal. The vari-
ous steps in solving and refining the structure
are carried out within the APEX2 GUI. These
tools will prepare input files for the solution and
refinement programs of the SHELXTL package.
The integration process (SAINT) has produced
two important files—YLID1M.p4p, containing
the final unit cell parameters and other impor-
tant information on how the experiment was car-
ried out, and YLID1M.raw, containing the actual
intensity data.

These files are all that is required to begin the

structure solution and refinement process. The
various steps in solving and refining the struc-

ture are carried out using the programs of the

SHELXTL package.
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9.2 Solve the Structure

The process of obtaining an initial model of the
compound is started by clicking in the Task Bar
on Solve Structure and then on Structure Solu-

tion.

1. This will open the Structure Solution GUI.
Check that there is a reasonable formula in

the formula window.

nstuctions Y Listing V' Hesults

1.1 If you entered a correct formula in the
display GUI, then all is ready to start a
normal direct method run.

1.2 If the formula is incorrect, change it in
the formula window and press Return.
The input file will update.

TITL ylid_resa?5 in PZ{l)Z{1)Z(1)

LATT -1
SYMM 0.5-X, -Y, 0.542
SYMM -X, 0.5+Y, 0.5-2
SYMM 0_5+X, 0.5-%, -2
SFAC C H O &

THIT 44 48 8 4

TEMP 0

TREF

HELF 4

EHD

ZERR 4.00  0.0005 0.00l0  0.0021 0.000  0.000

CELL 0.7107% §.9634  9.0449 18.3942 50.000 90.000 90.000

0.000

Base:  [vid_resa?5 =
Farmuls [C11H12025
Rieflections: [T2261 Urigue: e
Ficiected  [75 Observed:  [T353
R [357 % Observed [35
Risigma) [%] [203 Flbeerved a0
Method

& [pieent -

~ DualSpace 1 ~
~ Pattersan 1 - ¥ | Structure Exparision

- Computing Effort log scale) +

i
P

Solve Structure | STOP Resat Ezit

Figure 9.1 - Default Solve Structure view
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2. Click on Solve Structure to start the calcula-
tions and open an output window. This win-
dow can be used to monitor the progress of
the direct methods calculations.

@ Structure Solution Log Window

172 Reflections and 3346, unique TPR for Rlalpha)
4E5 Unigue negative quartets found, 465 uzed for phaze refinement

110 Unigue MQR employed in phase annealing
128 Parallel refinements, highest memary = 3822/ 44085

Trv  Ralpha Mqual Sigma-1 M[abs) CFOM  Seminvariants

1830751, 0.064 -0.770 0.946 1.154 0064 +4-- 4ot i
Freg 00097130000000071001071007100721111/128

917713 0.060 -0.793 0.946 1151 0.060" 44 +omet +-4-
Freq 001201250000000010010122100122211/256

286. Phase sets refined - best i code 317713 with CFOM = 0.0557

A

Fourier and peaksearch

RE =0.154 for 14 atoms and 467 E-values
Fourier and peaksearch
RE =0.140for 14 atoms and 467 E-values
Fourier and peaksearch

+ ylid_rezo?5 finished at 07:46:22 Total elapzed time: 09 zecs +

Figure 9.2 - Structure Solution output

3. Click on the arrow to the right of Direct 1 in
the Method box (see Figure 9.3). This gives
three choices for structure solution using

direct methods.
—Method

& Direct 1 -

Is [ual Space 1 -

- I Fatterzon 1 e l

- Computing Effort [log scale) +

¥ | Structure Expansion

I
|

Figure 9.3 - Method box

In most cases the default values will give a good
initial model, but there are several other options
available for more difficult problems.

1. Chose the solution method by clicking the
appropriate radio button on the left in the
Method box.

2. Highlight and click on Direct 1 to set up a
default run with a simple TREF instruction.

3. Highlight and click on Direct 2 to set up an
extended run with TREF 10000. By adding
10000 to the TREF command, more
attempts are made to determine a solution.
This will take more time, but if you see a
good solution in the output window it is pos-
sible to stop at that point by clicking on the
STOP button. Good solutions typically have
a CFOM of 0.06 or less.

4. Highlight and click on Direct 3 to set up an
extreme run with two instructions, ESEL 1.0
and TREF 100000. By adding ESEL 1.0,
more reflections are used in the solution
process. This is particularly useful for acen-
tric triclinic structures and for pseudo sym-
metric structures. Increasing the number of
tries in the TREF command to 100000 runs
until ended by clicking on the STOP button.
There is only one predefined option for the
dual space calculations and also only one
for the heavy atom Patterson methods.

At the end of the direct methods runs, the output
display will look like the figure. Good figures of
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merit are near 1.0 for Sigma-1 and M(abs) and
less than 0.06 for Ralpha and the CFOM. Struc-
tures can be solved with figures of merit that
deviate from these numbers, but they may
require more effort.

If all looks reasonable, click OK in the output
display and Exit in the solutions plug-in. The

next step is structure refinement using XSHELL.

9.3 XSHELL
9.3.1 Refine the Structure

The structure solution step produced statistics
that indicate a solution had been found. The real
proof is in the initial model that is produced.
XSHELL provides the tools to view the model
and determine if it makes chemical sense.

1. Start XShell, the molecular viewing and
refinement plug-in, by clicking on Refine
Structure in the Task Bar and then on the
Structure Refinement icon.

2. This will open a window to select files for
XShell. In usual operations, the file name
will be preselected. If a different file is
desired, select Browse.

b Select Files For XShell 2 x|
RES file: IEI:\struc\guest\_I,IIid_manual\work\ylid_reso?E.res @l
()8 I Cancel |

Figure 9.4 - The Select Files tool
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3. Click on OK to open a molecular display
window.

Max, shift = 0,000 & for H11E Max, dU = 0.000 for C6

Max, shift = 0,000 & for HLOB Max, dU = 0.000 for C11

Max, shift = 0,000 & for H11C Max, dU = 0.000 for C11

R1 = 0.0296 for 2308 Fo = 4sig{Fo) and 0.0315 for all 2430 data

R1 = 0.0307 for 1429 unique reflections after merging for Fourier
Highest peak 0,25 at 0,2245 0,1515 0.20258 [ 0.81 A from C2 ]
Deepest hole -0,16 at 0.0668 0.2087 0.2179 [ 1.21 A from C2 ]

GooF = 5= 1.064; Restrained GooF =  1.064 for O restraints
Mean shift/esd = 0,000  Maximum = -0.001 for OSF at 07:05:49

wR2 = 0.0808 before cycle 7 for 2430 data and 129/ 129 parameters
GooF =5 = 1.064; Restrained GooF = 1.064 for 0 restraints
Mean shift/esd = 0,000 Maximurm = 0,000 for OSF at 07:058:50

wR2 = 0.0808 before cycle 8 for 2430 data and 129/ 129 parameters
GooF =5 = 1.064; Restrained GooF = 1.064 for 0 restraints
Mean shift/esd = 0,000 Maxirmum = 0,000 for U11 S1 at 07:058:50

wR2 = 0.0808 before cycle 9 for 2430 data and 2/ 129 parameters
GooF =5 = 1.064; Restrained GooF = 1.064 for 0 restraints

wR2 = 0.0808, GooF =S5 = 1.064, Restrained GooF = 1.064 for all data

ylid_reso7s

+

4

Figure 9.5 - Initial view of the YLID molecule
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4. Right-click in the background to open a pop-
up window with options to change the
image.

’7 Wireframe

Ball And Stick
Thermal Ellipsoid
Pipes

Select atoms

Hide Partis)

Shaow all Atams
Disassociate Akoms
Unit Cell

’7 Hydrogen Labels

’7 Labels

Sork...

Grow

Pack...

Trim

Zoom Cut

Toggle Pan And Rotate
Restore Deleted Atoms
Find Duplicate Labels
Information on All Atoms

Add Hydrogen atoms — »

Figure 9.6 - XSHELL menu
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The Information On All Atoms option shows a
list of the peaks and their heights. The drop in
height between Q13 (the last real peak) and
Q14 (the first noise peak) is typical of a correct

solution.
INFORMATION ON ALL ATOMS
LABEL PEAK HEIGHT TYPE k3 A Z HYBRID CHARGE | LEQ

1 51 0.0000(5 0.8105 0.1820 0.2401|sp3 o 0.05

2 Q1 161.0300/Q 0.6925 0.10 0.1253|sp3 o 0.05

3 Q2 158.7400/Q 0.3333 0.3057 0.1756|sp3 o 0.05

4 Q3 155.9800/Q 0.4332 0.1961 0.1488|sp3 o 0.05

5 Q4 141.7300/Q 0.5055 0.3 0.685|sp3 o 0.05

6 Q5 141.6600/Q 0.6344 0.698] 0.1307|sp3 o 0.05

7 Q6 140.8200/Q 0.6372 0.1262 0.1726|sp3 o 0.05

8 Q7 140.6700/Q 0.3537 0.1161 0.634|sp3 o 0.05

9 Q8 127.0800/Q 0.1821 0.1416 0.360|sp3 o 0.05

10 |G 108.9200/Q 0.8324 0.3761 0.2281|sp3 o 0.05

11 |Q10 109.4100/Q 0.1433 0.486] 0.244|sp3 o 0.05

12 |Q11 104.8200/Q 0.2908 0.615] 0.380|sp3 o 0.05

13 |q12 98.8900/Q 0.4789 0.656] 0.93|sp3 o 0.05

14 |Q13 85.8200 Q% 0.6561 0.1836 0.3232|sp3 o 0.05

15 |Q14 66.1600/Q 0.5674 0.1814 0.2395|sp3 o 0.05

16 |Q15 64.7300/Q 0.8062 0.4621 0.2409|sp3 o 0.05

17 |Q16 54.7300/Q 0.9433 0.1856 0.1563|sp3 o 0.05

18 |Q17 40.2200/Q 0.52 0,883 0.237|sp3 o 0.05

oK | Print
Figure 9.7 - Atom information screen
;
. . . f “Residual (Diff Fouri Peak

At the bottom left of this window is a slide bar estine] (Phiens ol @ Peele)
which is used for deselecting peaks. The arrow 5 J
can be moved by left-clicking and dragging the o Ne.of QPesks 22 -
arrow or by left-clicking on either side of the
arrow. Left-clicking to the left of the arrow (i.e., Figure 9.8 - The Q-peak slider

where the cursor is pointed in Figure 9.8) will

5. Slide the pointer down while watching the
remove peaks.

molecular display. Change the number of Q
peaks to 15.
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At 15 the molecule is much cleaner, but there 6. Put the cursor over the bonds to check dis-
are still peaks that do not make sense. tance. The distance will be displayed at the
bottom right. The distance of 1.178 is typi-
cal for C=0 in aromatized ring systems.

Figure 9.9 - Image after the number of Q peaks was
changed to 15

Two more clicks left on the Q-peak slider gives a
reasonable model.

Figure 9.10 - Image with all noise peaks removed
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9.3.2 Label the Atoms

1. Label the atoms and set the atom types.
Left-click on atoms to select them. Left-click
on the peaks for the two oxygen atoms (Q2
and Q5 in this example).

Figure 9.11 - View of model with the probable oxygen peaks
selected
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2. Ifitis difficult to see the color and labels,
change the color scheme by left-clicking on

Preferences and then right-clicking on

Background Color. Choose colors and click
Apply. Click Cancel to exit the background
color mode. Note that the selected peaks
are blue in Figure 9.13.

Preferences Help

Akom Preferences. .. Chrl+F

Chrl+G

OpenGl Preferences. ..

QE

BB sohel G st
J k Color

Figure 9.12 - Selecting the background color

SELECT BACKGROUND COLOR,

 Solid | |

{+ Gradient Foreground Background

Apply | Cancel |
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Figure 9.13 - New background color

3. Right-click to view a pop-up menu and
select Labelling.

Delete Atoms

Hide Atoms

Information...

Labelling...

Set Pivat point
Sart. .

Show All Labels

Show Hydrogen Labels

Zoom In

Change Parts
Plane
wieighted Plane

Associats Connacted Atoms

Grow

Movwe to Symmetry Equivalent Site
Pack...

Trim

Deselect Al

Constrain Model

Add hydrogen atoms

Figure 9.14 - Select Labelling

The Atom Labelling box will open.

ATOM LABELLING IN ORDER OF SELECTION
Element = =0

First Sequence # Jt & Ascending

Suffix " Descending
Relabel Concel_|

Figure 9.15 - Atom Labelling box

4.

The two selected atoms need to be
changed to oxygen atoms. Do this one of
two ways:

Click on the Element field and type in the
element symbol (case does not matter).

Click on the El button to the right of the Ele-
ment field. This will open a periodic table.
Left-click on the appropriate element sym-
bol to select it (the periodic table will auto-
matically close).
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- |Periodic Table 2 x|

Figure 9.16 - Refine014

5. Once the element type is set correctly, click
on Relabel to number the peaks sequen-
tially in the order they were selected starting
with the number in the First Sequence #
field.
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6. Seeing the color of atoms can be difficult in
the Wireframe view used so far. Right-click
in the background with no atoms selected to
get a slightly different action menu. In this
menu, highlight and left-click on Pipes. This

makes the bonds thicker and makes it obvi-
ous that there is an incorrectly labeled atom.
That will be corrected when the carbon
atoms are labeled.

‘Wireframe
Ball And Stick
Thermal Elipsoid

Hide Parkis)

Show all Atoms

Unit Cell

|7 Labels

w
Select sthms

Disassaciate Atams

|7 Hydrogen Labels

Sork...

Grow
Pack,..

Trim

Lo ik

Toggle Pan And Rotate
Restore Deleted Atoms

Find Duplicate Labels

Figure 9.17 - Choose the pipes view ) 8.
7. Left-click on the remaining peaks in the

order that you want them labeled.
NOTE: If working on the YLID test data, look at 9.
Figure 9.18 and click on the peaks to give the 10.

same order as used here. Right-click and
choose Labelling. Select Carbon and apply the
labels.

In the labelling tool, change the el type to C
(carbon). The starting atom number will
change to 1—the first available number for
carbon atoms.

Click Relabel.

Click Cancel to close the window.
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9.3.3 Refine the Molecule

The labeled ylid molecule is now ready for
refinement.

Figure 9.18 - Correctly labeled model

1. Left-click on the Refine icon in the tool bar
(the cursor is pointing to it in Figure 9.19) or
Type Control+R.

_[%—

Figure 9.19 - The Refine icon
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This will open the Refine Box. Click on Refine to
launch the least-squares refinement program,
XL using the default parameters as given.

REFIME

Least squares opkions

v Full Matrix

™ Conjugate Gradient

% Refinement Cycles |4

IZD
l—
l—

[ Trevert struckure

Mumber of residual {ipeaks
Sigma Cutoff ™ n Sigma

Resolution Cutaff [~ 2 Theta

—Late-stage refinement options
™ Refine all non-H atoms anisotropically

™ Use suggested weights

Squared Term IU-UUUUUU

™ Refine extinction parameter

Linear Term

|

™ Generate ACTA[CIF] information file

Refine | Edit File: | Cancel |

Figure 9.20 - The Refine menu

After a few seconds, a Refine window will open
with output results for the calculation.

Max, shift = 0.032 & for C11 Max, dU =-0.008 for C2

wRZ = 0.2616 before cycle 3 for 2445 data and 57/ 57 parameters
GooF =S = 2.498; Restrained GooF = 2496 for 0 restraints
Mean shift/esd = 0.686 Maximum = 2456 for y C11 at11:50:43
Max, shift = 0.015 & for C11 Max, dU =-0.001 for C2

wRZ = 0.2787 before cycle 4 for 2445 dataand 57/ 57 parameters
GooF = 5 = 2.473; Restrained Goof = 2473 for 0 restraints
Mean shift/esd = 0180 Maximum = -0.854 for y Q2 at 11:50:44
Max, shift = 0.004 A for 02 Mazx, dU = 0.000 for C4

wRZ = 0.2783 before cycle 5 far 2445 data and 2/ &7 patamesters
GooF =S = 2.470; Restrained GooF = 2,470 for 0 restraints

R1 = 0.0879 for 2315 Fo = 4sig{Fao] and 0.09168 for all 2445 dats

wRZ = 0.2783, GooF = 5= 2470, Restrained GooF = 2470 for all data

** absolute structure probably wrong - invert and repeat refinement **
Rl = 00932 for 1440 unigue reflections after merging for Fourier

Highest peak 118 at 0.2500 0.3358 0.241% [ 0.51 A from 51 ]
Deepest hole -0.75 at 01606 0.2830 0.2403 [ 0.51 A from 51 ]

+ ylid_res?s finished at 11:50:44 Total CPU time: 0.3 secs +

Figure 9.21 - Isotropic refinement output

In the output displayed above, note that the R1

value is 0.08. This is typical for a preliminary iso-

tropic refinement for an organic molecule with
data to a resolution of 0.75 and no hydrogen
atoms included. The refinement program also
indicates that the model needs to be inverted to
get the correct absolute structure.

NOTE: This indication of the absolute configura-

tion is usually reliable, but all assignments of
absolute structure should be confirmed later in
the refinement process by including TWIN and
BASF cards in the instruction input.

M86-E00078
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2. Click on OK to return to XShell. The mole-
cule display will refresh with the results of
the least-squares calculations.

Figure 9.22 - The model after isotropic refinement In the refinement box click on Invert Structure

The peaks in the diagram represent difference and Refine All Non-H Atoms Anisotropically as
in the electron density between the refinement in Figure 9.23.

model and the experimental electron density as nETCE @R |
Sgmacuoff | nsgma [

defined by the measured data. Many of these SR
difference peaks are near the sulfur and oxygen i
atoms. Refinement of all atoms anisotropically ﬁjRqufH N

¥ Refine all non-H akoms anisotropically

should correct the model.
Figure 9.23 - Inverting and choosing anisotropic refinement
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3. Click on the Refine button to launch the
least-squares refinement program. The out-
put window will open and a summary of the
results of individual cycles of refinement will
appear.

GooF =5 = 1627, Restrained GooF =  1.627 for O restraints |
Mean shiftfesd = 1801 Maximum = -15,000 for U13 51 at 11152134
Max, shift = 0.010 & for C5  Max, dU = 0.004 for C5

wRZ = 0.1427 before cycle 3 for 2445 data and 127/ 127 parameters
GooF = 5 = 1. Restrained Goof = 1.257 for 0 restraints
Mean shift/esd = 0503 Maximum = -2.462 for U13 51 at11:52:34
Mazx, shift = 0.005 A for C5 Max, dU = 0,002 far C6

WRZ = 0.1408 before cycle 4 for 2445 data and 127/ 127 parameters
GooF =S = 1.236; Restrained GooF =  1.236 for 0 restraints
Mean shift/esd = 0.085 Magzimum = 0.561 for U33 Cé at11:52:34
Mazx, shift = 0.001 A for 7 Max, dU = 0.000 for C5

WRZ2 = 0.1407 before cycle 5 for 2445 datasnd 2/ 127 parametsrs
GooF =S = 1.233; Restrained GooF = 1.233 for 0 restraints
R1= 0.0468 for 2315 Fo = 4sig(Fo) and 0.0488 for all 2445 data

WRZ = 0.1407, GooF = = 1.233, Restrained GooF = 1233 for all data
R1= 00505 for 1440 uniqus reflsctions aftsr msrging for Fourier

Highest peak 048 at 0.8141 0.0816 0.2288 [ 0.95 A from C10]
Deepssthole -0.24 at 06815 0.3980 01148 [ 1.21 A from C3 ]

+ ylid_res?5 finished at 11:52:34  Total CRU time: 0.5 secs +

« o]

Figure 9.24 - Refine023

The value for R1, 0.047, is typical for an initial
anisotropic refinement with no hydrogen atoms
included. Since the mean shift/esd is greater
than 0.1, the model is still changing. Since the
highest peak in the difference map has a height
of 0.49 and is 0.5A from C10, there are certainly
some hydrogen atoms to be included.
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Examination of the difference peaks in the
resulting difference electron density map shows
that the top difference peaks all correspond to
hydrogen atoms.

Figure 9.25 - Difference peaks correspond to expected
hydrogen atom positions
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9.3.4 Look at Atomic Displacement
Parameters (Thermal Ellipsoids)

It is generally good practice to examine the dis-
placement parameters at this point in structure
determination.

1. Remove difference peaks with the slider
tool.

—Residual (Difference Fourier G Peaks)

05‘7_!

Mo, of QPeakz: 0 5

Figure 9.26 - Removing all Q-peaks with the slider bar

2. Right-click on the background and select
Thermal Ellipsoids.

‘Wireframe |

Ball And Stick Alternatively, a list of Ueq’s (equivalent isotropic
displacement parameters) can be generated by
requesting information on all of the atoms.
Figure 9.27 - Selecting Thermal Ellipsoids Examining these values for outliers is good

practice.

Figure 9.28 - Refine2015

3. Right-click on the background and click on
Information on All Atoms.
Find Duplicate Labels

Information on All Atoms

Add Hydrogen atoms — #

Figure 9.29 - refine 2005
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This produces the table in Figure 9.30.

INFORMATION ON ALL ATOMS

LABEL PEAK HETGHT TYPE i M z HYBRID CHARGE | LEQ
1 51 0.0000(5 0.8097 0.1815 0.2405|sp3 o 0.0353467
Zz 01 0.0000{0 0.3345 0.3028 0.1765|sp3 o 0.04722
3 02 0.0000{0 0.8432 0.890] 0.1287|sp3 o 0.0488033
4 8 0.0000(C 0.3591 0.1141 0.827|sp3 o 0.03482
S (s 0.0000(C 0.1498 0.502] 0.228|sp3 o 0.0549167
& 3 0.0000(C 0.6898 0.8/ 0.1251|sp3 o 0.03443
7 iC1 0.0000(C 0.4329 0.1949 0.1500|sp3 o 0.0335987
i 9 0.0000(C 0.5093 0.24 0.679|sp3 o 0.0371967
9 iz 0.0000(C 0.6354 0.1245 0.1728|sp3 o 0.0332787
1o 7 0.0000(C 0.1758 0.1410 0.377|sp3 o 0.0462133)
11 |C10 0.0000(C 0.8345 0.3779 0.2289|sp3 o 0.04692
1z S 0.0000(C 0.2978 0.620] 0.378|sp3 o 0.0566333)
13 |4 0.0000(C 0.4862 0.891 0.78|sp3 o 0.0486733)
14 |C11 0.0000(C 0.6498 0.1778 0.3230|sp3 o 0.0572667

Brint

Figure 9.30 - List of parameters with Ueq to the right

Examining the values here is difficult because
the atoms are not in order.
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9.3.5 Sort Atoms

1. Right-click on the background and click on ~ SORTATOMS _
“Sort...” to sort the atoms into a sensible et 8 Atom Lt
order.

<Top of List=

|7 Hydrogen Labels

|7 Labels

Grow

Pack,..

Figure 9.31 - Choose the Sort option

A box will appear to the right of the molecule

display. Since S1, O1 and O2 are in a reason- Sort{ Alpha-humeric )

able order, only the carbon atoms need to be | A A |

ordered ’ Insert Selected After- =
Insert All After---=

<--Move Selected Atoms To Sork Bin
<--Move All Atoms To Sort Bi
o _Geneel |

Figure 9.32 - refine2016

NOTE: Generally, it is easier to sort and number
atoms before adding hydrogen atoms.

2. Highlight the atoms to sorted (i.e., left-click
and drag over the atoms) and move them to
the sort bin (i.e., left-click on Move Selected
Atoms to Sort Bin).
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4. Highlight O2 and click on Insert All After

Sort Bin

7] --- > as in Figure 9.34.
6 ) .
3 Sort Bin Akaomn List
C1l Cl <Top of List=
z z a1
9 3 o1
7 4
10 5
5 6
4 7
Ci1 [at=)

9

10

Ci1

Sork( Alpha-Mumeric )I !

Figure 9.33 - refine2017 Sort{ Alpha-Numeric )
Sork( Murmeric-alpha

3. After the atoms are in the sort bin, click on
Sort(Alpha-Numeric) to get them into a nor- Insert Selected After->

mal order. Insert all After---:t

Figure 9.34 - refine 2019

5. Click on OK to accept the sorting.

Ok

Figure 9.35 - refine2011
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The resulting list of atom information is easier to
examine.

=3 e |

Figure 9.36 - Sorted atoms
The Ueq are reasonable if there are:

¢ |ower values for the sulfur atom and the five
member ring

e higher values for the terminal atoms—meth-
yls and carbonyls

e sensible numbers for the six member ring—
lower for C8 and C9 higher for C5 and C6
and in between for C4 and C7

9.3.6 Add Hydrogen Atoms

At this point, refine the hydrogen atoms either
by renaming them using the labelling tool as
before and then including them in the refine-
ment.

or

Include the hydrogen atoms in fixed idealized
positions riding on the atom to which they are
attached.

In this manual we will illustrate the later fixed
idealized method.

NOTE: In some cases (e.g., hydrogen atoms on
hetero atoms or on geometrically strained car-
bon atoms), it is better to refine the hydrogen
atom positions. A general rule is to refine if there
is some doubt about the position of the hydro-
gen atom and there is different electron density
present.
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1. Using the slider tool, remove all of the
hydrogen atoms.

Figure 9.37 - Retread model with difference peaks removed

2. Right-click in the background and the click
on Hybridize All.

Add Hydrogen atoms

Calculate Hydrogens

Figure 9.38 - Refine025

The colors of the atom labels will change to indi-
cate the atom hybridization.

NOTE: If the atom hybridizations are hard to
see, right-click on the background and open the
Information on All Atoms window.

ANrormacion on M 4Coms

Figure 9.40 - Model with added Hydrogen atoms

3. The following warning will appear indicating
that the hydrogen atoms have been provi-
sionally added and that the final addition
with naming will take place when the least-
squares calculations are started. Click OK.

R |Notes Concerning Refinement x|

@ ¥SHELL has only assigned atom types, Correct labels

will be generated during the next refinement cycle,

Figure 9.41 - Hydrogen atom warning

M86-E00078



APEX2 User Manual

Structure Solution and Refinement

4. Click on the Refine button to launch the
least-squares refinement program. The out-
put window will open and a summary of the
results of individual cycles of refinement will
appear.

"0 restraints
at 11153117

GooF = 5 = 0.4a82; Restrained Goof = 0482 for
Mean shift/esd = 0506 Maximum = -2.502 for y C11
Mazx, shift = 0.011 A for H118 Max, dU = 0,000 far C1
wRZ = 0.0781 before cycle 3 for 2445 data and 129/ 129 parameters
GooF = 5 = 0.475; Restrained Goof = 0.475 for 0 restraints

Mean shift/esd = 0.034 Maximum = 0.243 for U13 C4
Max, shift = 0.001 A for H11B Max, dU = 0,000 for C5
wRZ = 0.0781 before cycle 4 far 2445 data and 129/ 129 parameters
GooF =S = 0.475; Restrained GooF = 0475 for 0 restraints
Mean shift/esd = 0.009 Maximum = 0.070 for tors H114 at11:53:17
Max, shift = 0.001 A for H11B Mazx, dU = 0.000 for C5

at11:53:17

WRZ = 0.0781 before cycle S for 2445 dataand 2/ 129 parameters
GooF =S = 0475, Restrsined GooF = D475 for D restraints
R1= 00284 for 2315 Fo > 4sig(Fo) and 0.0303 for all [%¢45 data

WRZ = 0.0781, GooF = 5= 0475, Restrained GooF = 'B8.475 for all data
Rl = 00291 for 1440 unigue reflections after merging for Fourier

Highest peak  0.25 at 0.7757 0.3500 0.2034 [ 0.51 A from C2]
Deepesthole -0.16 at 01920 04763 00236 [ 1.29 A from C6 ]

+ ylid_res?s finished at 11:53:17 Total CPU time: 0.5 secs +

o o]

Figure 9.42 - Refinement results

The value for R1, 0.029, is typical for an aniso-
tropic refinement with riding hydrogen atoms
and a data set measured to 0.75A. Since the
mean shift/esd is less than 0.01, the model is
not changing significantly. Since the highest
peak and the deepest hole in the difference map

are similar there are probably no missing atoms.

The resulting difference electron density map
appears rather ugly. This is because the number
of difference peaks to be displayed has been left
at 20.

Figure 9.43 - Difference peaks in a well refined model

9.3.7 Final Refinement for Publication

1.

For the final cycles of refinement reduce the
number of peaks to be displayed to five and
turn on Use Suggested Weights and Gener-
ate ACTA(CIF) Information File as shown in
the next two figures.

NOTE: If the suggested weights vary signifi-
cantly from 0.06 and 0.00, then change the val-
ues to 0.06 and 0.00.

Mumber of residual {ipeaks

-

Figure 9.44 - Refine032
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~Late-stage refinement options
™ Refine all non-H atoms anisotropically

¥ Use suggested weights

i Squared Term  [9.058500
Linear Term j0.000000

I™ Refine sxtinction parameter

—

¥ Generate ACTA[CIF] information File:

Refine | EdiFie | cancel |

Figure 9.45 - Select weights and request ACTA output

2. Click on Edit File, choose INS and click OK

to open the instruction file for the XL. This
allows you to add instructions that are not
directly available in the GUI.

Open File for Editing Unear Term [

rg— = extinction param:
- r

erate ACTAICIF] inft

*ING —————
*LST _concel | R

Figure 9.46 - Open the .ins file for editing
3. Check that the temperature card is correct.

3.1 If torsion angles are of interest, add a
CONF (confirmation).

TEMP 23

conf]

mpla 12 ¢l €2 €3 <4 <5 <6 <7 <8 ¢9 s1 ol o2 <10 <11
mpla 6 <4 <5 ¢6 ¢7 cB 9 ¢l €2 <3 ol o2 s1 <10 <11
mpla 5 <8 ¢9 ¢l ¢2 €3 ¢4 <5 ¢6 <7 ol o2 s1 <10 <11
mpla 10 ¢l €2 €3 <4 <5 <6 <7 <8 ¢9 s1 ol o2 <10 <11

Figure 9.47 - Add instructions in the .ins file

Figure 9.48 - Difference peaks

Display the anisotropic atoms displacement
parameters for the YLID.

If planarity and angles between planes are
of interest, add mpla cards.
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9.3.8 Generate an Atomic Displacement
(Thermal Ellipsoid) Plot

1. Remove difference peaks with the slider
tool.

2. Right-click on the background and select
Thermal Ellipsoids.

Figure 9.49 - Thermal ellipsoids with large hydrogen atoms

3. If the hydrogen atoms in Figure 9.49 are
large, change their size.

3.1 Click on preferences in the Window
Tool Bar and choose Atom Prefer-
ences.

Figure 9.50 - Atom preferences tool

At the top of the box that is opened there are
three values that can be changed to change the
size of atoms and the bonds to them.

ATOM PREFEREMNCES

Element  Atom Radius Bond Radius

PeriodicTable | IH_ ID.12 ID.22

Figure 9.51 - Default atom preferences

4. Change the hydrogen radius to 0.08 and the
bond radius to 0.15 to make the hydrogen
atoms smaller.

% ATOM PREFEREMNCES

Element  Atom Radius Bond Radius

PeriodicTable | IH_ ID.DS ID.IS

Figure 9.52 - Modified atom preferences

Figure 9.53 - Thermal ellipsoid plot with smaller hydrogen
atoms
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5. Position atom labels by right-clicking on the
atom and choosing Position Label.

Delete Atom

Hide Atom

Labelling. ..
Sek Pivok Paink
Hide Label

Change Part

Figure 9.54 - Position Label menu

Figure 9.55 - Positioned labels

6. Convert this image into a high quality jpeg
for inclusion into reports by clicking on ren-
der in the Windows Tool Bar and choosing
Black and White to High Quality JPEG file.

Constrain Model |3ender Preferences Help

= = [ = =

IEI To Screen Chrl+m |
Elack and White  » To Printer Chrl+T

k,—.:. HighQuality JPEG File  Chrl+ll

Figure 9.56 - Generate JPEG

NOTE: A message may appear that the font file
needs to be defined “Please set your font direc-
tory for the first time for opengl rendering.” If this
happens, click on Preferences > OpenGL Pref-
erences. Then click on the true type font
For.OpenGL. In Windows browse to
C:\bn\xshell\fonts\ or in Linux go to /usr/local/
bin/xshell/fonts. Choose a font.
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%Shell 6.2 - c: /struc/guest /data_manual /ylid_manual /work /ylic_reso67.res

EEFFECEEEEELIEEIR]E

600 Epae00 B

Figure 9.57 - The final rendered thermal ellipsoid/atomic
displacement parameter plot

M86-E00078 9-29



Structure Solution and Refinement APEX2 User Manual

9-30 M86-E00078



Appendix A. SAINTPLUS

Occasionally it is necessary to integrate images
outside of the APEX2 GUI. Usually this is nec-
essary in order to import a matrix (p4p) file.
SaintPlus executed from a command window is
designed for this purpose.

1. Open a Command Prompt window.
2. Change directories to the folder of interest.

3. For Windows, enter the command
bnrun c:\bn\src\plugins\saint\saintplus.pyc

(see Figure A.1). For Linux, enter the com-
mand bnrun /usr/local/bn/src/plugins/saint/
Saintplus_._py_q._ _

= Command Prompt - brrun c:ibn'src\plugins®saintsaintplus. pyc

sSnstruchguesthephe—lt>ed N

Nrod Sstruchguestsephe—1tS

sstruchguestsephe—1t>bnrun c:sbnssrespluginsssaintssaintplus . pyc

Figure A.1 - Starting SAINTPLUS
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After the command is executed, the SaintPlus
window will open (see Figure A.2).

Wsaniblus &

Eile Options  Utilities

1ol x]

e B P -

Resalution Limit [4F [1.700

Starting Image Filename Images | M atrix Filename:

Output Filename:

4

mmlmummA

o | I

Rlefinement Dptions: | Integration Optians |

Find Runs FRieplace Matiix Fies.

Start Integration.

Figure A.2 - Initial integration window

This window is like the Saint window discussed
previously, but with the following differences:

Defaults are not determined by previous
knowledge of the sample.

There is a button to replace the matrix files.

4. Click Find Runs.
5. Browse to find the images to integrate.
2x

Swint

+ Find Runs

Find Runz in Directary: ||

Image Baze Mame: I

Broqfe |

Figure A.3 - Find Runs tool view

Cancel

[ oc ]

6. Click on Replace Matrix Files and browse to
find a p4p or spin file to use.

*I'Replace Matrix Files x|
Mews Matrix File: || @l
()8 I Cancel |

Figure A.4 - Find Matrix tool view

7. This defines the information on the runs, but
the defaults for space group and resolution
have not been updated. Click on space
group and select the correct space group, in

this case Pmmm.
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SAINTPLUS

e ey
F1 Prmz2
Triclinic 3 Pmc2(1)
tanaclinic boL01_000: g
Orthorhombic ] Prmaz

Tetragonal 2 I Pea2(1)
Rhombohedral  » E o o—
Hexagonal 2 c o Pmn2(1)
Cubic » | : —
Jtions...l IntegrationDptions...l Fra2(1)
Phin2
|

Figure A.5 - Space group tool

8. Double-click on the Resolution Limit and
enter an appropriate value.

NOTE: If the starting values for SAINT need to
be changed frequently, change the default by
modifying the SAINT.ini file. Consult the SAINT
manual 269-0175xx for further information on
Windows or Linux.

9. Use the Refinement Options and Integration
Options buttons to set up the Saint run. In

this case Generate Active Mask has been
turned on and set to 0.7.

Active Ma:
& Generate Mask:

Fractional Lower Limit of Average Intensity: I 0.700

= Use Pre-Existing Mask:

Active Mask File [*._am]: I .q'l

Figure A.6 - Active Mask tool

10. Click on Start Integration to start the calcu-
lations and open the SaintChart window for
monitoring the results.
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Appendix B. Crystal Screening

crystal selection and mounting
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Appendix C. RLATT

1. Use the Reciprocal Lattice tool to look at the
reflections.

AT B -

Poe Dissigristed Dritatons

180 = sk 5° F1]

010=sorg b F2)

081 = sk " )
riseicd FE]

[ e —

RER vy _toa | 3o |
,,,,,, , P ey ey
e B |
Grentaton > 1Y _tosd | S |

Layery

...... . e v o= ] Ligs adks « DISARLED
. * a8 =% s e . a = " }

..... . —_——

Figure C.1 - UserManual013.bmp
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Index

DPS

HKL

Kaercher Strategy
ProScale
SADABS

SAINT+

SMART

Sparks indexing
XM

XPREP

Curt--I'll add to this list of keywords. If there are
any you specifically want added, write them in.
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