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1 Introduction

1.1 SMART APEX Features

The Bruker AXS SMART APEX system is the
newest member the SMART CCD product
line of instrumentation for single crystal X-ray
diffraction. This system is completely
redesigned and features a new CCD detector,
based upon a 4K CCD chip. It also
incorporates a new goniometer with an
enhanced interface, all enclosed in a fail-safe
X-ray enclosure system.

From a software and operational viewpoint,
the SMART APEX system shares many
common features with its predecessors
(SMART 1K, SMART 2K, SMART 1000,
SMART 2000, SMART 1500, SMART 6000,
and SMART 6500). These features are
discussed in the SMART Reference Manual.
Also, most of the information in the current
SMART, SAINT, and ASTRO manuals
applies to the SMART APEX system and the
other SMART CCD systems.

From a hardware viewpoint, the SMART
APEX also shares common hardware
components. Other members of this new
generation of instruments include the D8
ADVANCE and D8 DISCOVER, and the D8
GADDS systems for general diffraction.
Documentation on some of these common
hardware and software components is
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available in the user’'s manuals for the D8
family of instruments.

1.2 How to Use This Manual

This manual covers basic tutorial steps to get
you started using the SMART APEX X-ray
diffractometer system.

The manual leads you step-by-step through
an actual data collection and structure
determination experiment performed on a
typical system. Additional reference is made
(where necessary) to related program
manuals (SMART, SAINT, ASTRO, and
SHELXTL), appendices, other factory
documentation, and standard crystallographic
reference materials. And special notes are
included where new users tend to have
problems.

Information is organized in this manual as
follows:

e Section 1, Introduction, presents system
features and instructions on using this
manual.

e Section 2, Software Overview, provides
details on the software used with the
system.
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Introduction

e Section 3, Hardware Overview, provides
details on the system configuration for
those not familiar with the equipment.
Included is a brief description of each
component as well as options available
with the system.

¢ Section 4, Data Collection, describes basic
operation of the hardware and software of
the SMART APEX system to collect single
crystal X-ray diffraction data. Procedural
steps are presented in a typical fashion
that you would use to analyze an unknown
sample.

e Section 5, Data Integration, explains how
to convert the raw frame data to a set of
integrated intensities that can be used to
solve and refine the crystal structure. This
section will illustrate use of the
SAINTPLUS interface program to carry out
integration of a data set previously
collected in Section 4.

¢ Section 6, Structure Determination &
Refinement, demonstrates how to use the
reduced intensity data to produce a crystal
structure. The SHELXTL suite of
crystallographic programs will be
described.

1-2
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Examples in this manual use the specimen
sample 2-dimethylsulfuranylidene-indan-1, 3-
dione (YLID)', similar to the crystal provided
with your system. By using a similar sample,
you can duplicate the procedures described in
this manual and obtain similar results to
assure your understanding of the SMART
programs. (That is, your results should match
those outlined in this manual except for minor
variations caused by slight differences in
specimens or instrument parameters.)

Note: Before using this manual, ensure that
the system is in proper working condition (e.g.
the X-ray tube is aligned) and that all software
has been properly installed.
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2 Software Overview

The essential software components of the SAINTPLUS

SMART APEX system (located in the Bruker
AXS program folder on your Windows NT

desktop) are:
SMART program
. -

=

SMART

SMART program

By

SMART
affine

VIDEO program

)

video

M86-E02015 -0800

program

This on-line program E

controls the instrument to '
collect the experimental SAINTRLUS
data used by the other

programs in the system SHELXTL
program suite. programs
This off-line version H
performs many data SHEL*TL

display and manipulation
functions but cannot
control the instrument.

This program controls the
real-time video images
from the video camera.

This program sets up and
carries out the integration
process.

This program suite
produces a crystal
structure from the

integrated data.
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3 Hardware Overview

3.1 SMART APEX System
Components

The SMART APEX system (Figure 3-1)
consists of the following basic components.

e 3-axis goniometer module with SMART
APEX detector (see Section 3.2)

Radiation safety enclosure with interlocks
and warning lights

D8 controller

Refrigerated recirculator for SMART APEX
detector

Computer

3-axis Goniometer Module
with SMART APEX Detector

Manual Control
Module

Frame Buffer
(computer)

/
[CHI / [T
I/
Radiation Safety
Enclosure
SMART APEX e
Detector 7 7
7
]
Refrigerated @®| || Detector oo @
i o | |! ptional 5!
Redireulator 5 L Power Supoly . {_LT Controller | | &
— 5]
Generator
0 o
Electronics
| =/

Figure 3-1. SMART APEX system components
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Hardware Overview

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 incorporates interlocks (for both
hardware and software)—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.

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 driving
goniometer angles, opening the X-ray
shutters, and monitoring other instrument
functions, such as safety interlocks, generator
status, and detector statuses.
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Refrigerated recirculator for SMART APEX
detector

The refrigerated recirculator uses Peltier
technology to cool the CCD chip to a required
-40° C to minimize dark currents.

Computer

Included with the system is a high-speed
computer, which is used for control of the
experiment, storage of raw frame data,
integration of data, and solution and
refinement of the structure. The computer
uses the Microsoft Windows NT® operating
system and includes the software described in
Section 2. Often the computer is attached to a
network of similarly configured computers
with access to local and/or network printers.
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3.2 3-axis Goniometer Module
with SMART APEX Detector

The 3-axis goniometer module and its
associated SMART APEX detector comprise
the unique hardware of the SMART APEX
system. This is the part of the instrument that
actually performs the experiment.

Several components comprise the 3-axis
goniometer module with SMART APEX
detector (Figure 3-2).

* Goniometer with fixed chi (x)stage

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

Hardware Overview

* SMART rotary shutter and incident beam
collimator (with beam stop)

¢ SMART APEX detector
e K760 X-ray generator

¢ Manual control module
¢ Video camera

Goniometer with fixed chi stage

The standard SMART APEX system uses a
horizontally oriented D8 PLATFORM
goniometer base (with 2-theta [26] and omega
[w] drives) with dovetail tracks for the X-ray
source and the detector, and mounting posts
for accessories such as the video camera and
optional low-temperature attachment. The
system also incorporates a fixed chi stage

Incident Beam

Collimator

Beam Stop
Fixed Chi
Stage  Goniometer
Head
SMART APEX = m

Detector System |

SMART
Rotary Shutter

& Attenuator
Assembly ~ Safety Shutter

Sealed
X-ray Tube

| 8

D8 Goniometer

Graphite Crystal
Monochromator

I

Figure 3-2. SMART APEX & goniometer module instrumentation
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Hardware Overview

with chi angle of approximately 54.74° and a
phi drive with 360° rotation.

All four axes (20, m, ¢, and ) intersect within
a volume of approximately 10 microns. These
axes are shown in Figure 3-3.

¢ axis

20 axis

Figure 3-3. Fixed y, 3-axis goniometer
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X-ray source

Three components (Figure 3-2) 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
molybdenum (Mo) target, produces the X-ray
beam used by the SMART APEX 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
(green) and closed (red). The shutter is also
interfaced to the controller and to the safety
interlocks.

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

SMART Rotary Shutter and Collimator

The monochromatic X-ray beam then passes
through the labyrinth, the SMART rotary
shutter, and the incident beam collimator
before striking the specimen.

* The labyrinth is a spring-loaded device,
which ensures that the collimator and the
SMART shutter are tightly connected to
prevent X-ray leakage.

e The SMART shutter is a device which
precisely controls the exposure time for
each frame during data collection. Its

M86-E02015 -0800
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status lamps indicate when the shutter is
open (ON) and closed (OFF). This
assembly also houses an automatic
attenuator.

¢ The incident collimator is equipped with
pinholes 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. You
will normally use a collimator with 0.5 mm
pinholes. (Collimators are available in a
variety of sizes, depending on your
application.)

* The beam stop (a hook-like assembly
attached to the collimator) catches the
remainder of the direct beam after it has
passed the specimen. 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.

SMART APEX detector

The SMART APEX detector is specific to this
system. It is mounted on a 26 dovetail track.
The track has a scale that is calibrated to
indicate the distance from the crystal to the
phosphor window (a typical distance is 6 cm).
Status lamps on the detector housing indicate
when the detector is on (green) and off (red).

M86-E02015 -0800
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K760 X-ray generator

The K760 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 SMART APEX
system, power settings should never exceed
the maximum power rating of the X-ray tube.
(Typical maximum power settings for the
SMART APEX system with a normal focus
tube are 50 kV, 40 mA. The kV setting should
not exceed 50 kV.) This generator is
interfaced to the controller, and the power
settings may be adjusted either from front
panel buttons or from within the SMART
software.

Manual control module

The manual control module is a remote
device that you will use in certain operations
to manually drive angles (particularly in
optical alignment of a specimen). The module
is physically the same as in other D8 systems
but has a different keypad and functions. In
this application, you will use only the first
three rows of buttons and the AXIS PRINT
button.

Video camera

The video camera, an essential part of the
system, allows you to visualize the crystal to
optically 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 camera is mounted in the
accessories track of the goniometer base.
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3.3 Accessories

Various devices can be mounted in an
accessories track on the goniometer base.
These include an optional low-temperature
attachment.
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4 Data Collection

We are now ready to begin actual operation
of the instrument, using the YLID test crystal
(mentioned in section 1). We assume that
your system manager has set up the system
properly and that all system default
parameters have been set appropriately.

At this time, double click the BrukerAXS
Programs icon on the Windows NT desktop
(Figure 4-1).

Figure 4-1. Bruker AXS programs icon on desktop

The BrukerAXS Programs window appears
(Figure 4-2), containing icons for the Bruker
AXS Program modules described in Section 2.
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5, C:\WINNT\Profiles\All Users\Start Menu\... [H[=] E3

File Edit “iew Help

= 0 B
A z
video SMART SMART Shartcut ta
aff-lire D8tools.exe
! iy
e 7
o c
COSMO RLatt GEMINI
SAINTPLUS  SHELXTL
|10 object(s) |4.51KE v

Figure 4-2. BrukerAXS programs window

4-1



Data Collection

4.1 Activate the Video Program

Before starting the SMART program, you
must first activate the video camera as
follows:

1. Double-click the Video (binoculars) icon
(recall Figure 4-2) to start the Video
program and display the main window
(Figure 4-3).

. VIDEO for Windows NT [ [olx]
e View Hep

Dl 5] 2z lz] pln| [+ =] _|Sl8EfF Ble]

eady

(77271 Ri2, 6:2,B:7 [ Thu, 08Jun 00 (034054 AM

Figure 4-3. Video program’s main window

2. Click File > New Image to open a new file
(Figure 4-4).

% VIDED for Windows NT

View Hel

ELO (- »m| [+ =| _|@&@f+

OpenImage... Chl+0

Hecent Eie

E xit

Figure 4-4. Create new video image

4-2

SMART APEX User's Manual

3. Then press the green arrow button in the
toolbox to start the video frame grabber
(Figure 4-5).

VIDED for

Heip

a| B[8|[+ <] _ [O[HEF A2

acly

(#70.91) R0, G:0, B:0 [Fri. 09.un 00 [07:46:45AM 7

Figure 4-5. Start video frame grabber

The video camera is now ready for later use.
Continue now to the SMART Program section
of this manual.
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4.2 Activate the SMART Program

Activate the SMART program as follows:

1. Double-click the SMART (goniometer)
icon to start the SMART program.
SMART establishes communication with
the D8 controller, the SMART APEX
detector, and the X-ray generator. Then it
displays its main screen without unit cell
information (Figure 4-6).

right 1999 BrukerAXS:

Project wtrloo8

ir ...wtrlooB\

- -wtrloo8\

Shutter

Distance

FloodF1d

spatial

Dark

size,spd 512 400

Figure 4-6. Main screen without unit cell information
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Then SMART reminds you where you last
worked and displays the next message
(Figure 4-7).

SMART V5 52 =l

Last project was in
d:Mframeshmylidl

Feturn to this project’?

o |

Figure 4-7. Return to project

2. Press the Yes button (normal response).
The program then informs you that it has
changed directories and asks for
confirmation to continue (Figure 4-8).

SMART V5 52 ]|

Current, wiorking directan is now:
d:Mframezhrmyplid]

Figure 4-8. Confirmation of current directory
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3. Press OK (normal response). The
program then communicates with the

instrument, then loads the calibration files
and parameters from the previous project

(Figure 4-9).

|5 SMART: Bruker Molecular Analysis Research Tool V5.52 Copyright 1939 BrukerAXS
file Edt Cosial Acquie Anabge Goriom Detector Level Lser Help

Project mylidL
DataDev H
iroAmyTidt

v d:

19d1y
4y

workDir ...\my
A 5.9650
B

C

Alp

stance 5.984
FloodF1d 4004L170
spatial R
Dark 4004L060
Size,Spd 512 400

Figure 4-9. Screen showing data from previous project

Note: While presenting data
(handshaking), the menu headings
appear grayed (inactive). Once all data
has been displayed (handshaking
finished), the menu headings return to
black (active).

4. Click Crystal > New Project to start a new

project. A new project options window
appears (Figure 4-10).

SMART APEX User's Manual

Options for Crystal > New Project

Crystal Name (32 chars) INewProject
Crystal Number [up to 4 digits)
Title

Chemical Formula

Crystal Morphology

Crystal Color

Maximum Dimension
Intermediate Dimension
Minimum Dimension
Collection Temperature
Measured Density

Density Method

Working Directory

B R R R s R R

Data Directory
Backup Work Directary? I Check for yes

Figure 4-10. New project options window after entering
information

5. Fill in all available information as shown
(Figure 4-11). Note that you must specify

a Project Name (lines 1 and 2) and a

Working Directory and a Data Directory

(which may be the same). You should

also enter additional information specific
to your specimen so that it will appear in
the final structure report. When you are

finished, click OK.

Dptions for Ciystal > Mew Project

Crystal Name [32-X chars] YLD

Crystal Number [up to 4 digits] 1

Title YLID Test Crystal
Chemical Formula cC11 H1002 5
Crystal Morphology Sphere

Crystal Color Pale Yellow
Maximum Dimension 0.36
Intermediate Dimension ?

Minimum Dimension 7

Collection Temperature 23

Measured Density ?

Density Method ?

d:iframeslylid1}
d:iframeslylid1}
™ Check for yes

YWorking Directory
Data Directory
Backup Work Directory?

Figure 4-11. Options window

M86-E02015
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The following save message appears
(Figure 4-12).

SMART ¥6.52 B

@ Save the cunent configuration?

Figure 4-12. Save the current configuration

6. Press Yes. Another message prompts you
to create the new directory (Figure 4-13).
The message will appear twice if the
working directory and the data directory
are not the same.

SHMART ¥5.52 [ <]

@ d:Mramesiwlidl does not exist. Create it ?

Figure 4-13. Create the new directory

7. Click Yes (normal response). SMART
then asks you to load the system default
settings (Figure 4-14).

M86-E02015 -0800
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PROJECT DEFAULTS B
Select defaults for new project
== current Settinis ;I
Frotein
0K Cancel
Figure 4-14. Project defaults
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8. Select Small Molecule, then press OK. 9. Click Level > Level1 (Figure 4-16). This
SMART loads the system defaults and level has a minimum number of options
displays a SMART screen. This screen for routine problems, such as YLID, and
will contain the sample-to-detector plane will be used for this tutorial experiment.
distance, the current goniometer angle Level2 has more crystallography options
settings, current dark and flood files, and required for special problems. Level3 is
information concerning your project and designed for use by a system manager
its working and data directories. No unit only.

cell information displays. (Figure 4-15.)
= SMART: Bruker Molecular Analysis Research Tool V! opyright 1999 BrukerdXS

RT: Bruker Molecular Analysis Research Tool ¥5.52 Copyright 1999 BrukeiAXS EI‘E Ed‘l EWS[aI ﬂDqLﬂlE Analy;e EDHIDW QE[EC[EI

Fie Edt Costal Acquie Ansbze Goriom Detector Level User Help

Ctrl+1
Cirl+2
Lewel 3 Ctrl+3

Command Line  Ctrl+k

Project YLID1
DataDev H
Datapir ...s\ylidl}
vorkDev :
workpir ...s\ylidii

Figure 4-16. Level menu

2-Theta
omega
phi

Shutter

Distance -
FloodFld 4004170
spatial

LINEAR
Dar| 4004L010
Size,spd 512 400

Figure 4-15. SMART screen with loaded data

4-6 M86-E02015 -0800



SMART APEX User's Manual

10. Click Goniom > Zero to drive all angles to
zero, and check the goniometer scales to
ensure that all angles read zero. The
following drive message appears (Figure
4-17).

SMART ¥5.52 [ <

@ Drive all angles to zero: are pou sure?
R[] |

Figure 4-17. Drive all angles to zero

The system is now ready for you to begin the
experiment.

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

11. Carefully remove from its case the
goniometer head containing the YLID test
crystal.

12. Place the goniometer head onto its base
on the phi (¢) drive, aligning the head’s
key slot with the key (pin) in the base.
Snugly screw the head’s collar to the base
such that the head does not move, but do
not overtighten it.

Note: At ¢=0°, the key on the mounting
base of the goniometer head will be at the
12:00 position.

M86-E02015 -0800
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13. Click Crystal > Generator to check the X-
ray power. The Goniometer /Generator
Options panel appears (Figure 4-18).

kY 50
mh 30
Wait [YIN] I” Check for yes

Figure 4-18. Goniometer /Generator Options panel

14. Set appropriate values for kilovolts (kV)
and milliamps (mA). For this experiment,
we want 50 kV and 30 mA. Click OK to
program these new settings.

4.3 Optically Align the Sample

To obtain accurate unit cell dimensions and to
collect good quality data, you must align the
center of the sample with the center of the X-
ray beam and maintain the alignment for the
entire experiment. We assume that your
video camera has been aligned so that the
crosshairs of the video camera coincide with
the center of the goniometer and the center of
the X-ray beam.
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Align the sample as follows: During the first stage (optical alignment),
you will control the instrument from the
manual control module (Figure 4-20)
using buttons A and B.

1. Click Crystal > Evaluate to begin the
alignment of the sample in the center of
the X-ray beam.

The alignment process combines optical
alignment steps with rotational photo
steps. The menu bar at the top of the
SMART screen remains gray (Figure 4-
19) until you complete the optical
alignment step and exit by pressing the
ESC key.

yright 1399 BrukerAXS

54.80
CLOSED
5.984

40041170

size,spd

anual Mode. Esc=Exit, S=Shutter, T=Atten, A=Add, C=Count, U=Status

Figure 4-19. Grayed SMART screen menu bar during
optical alignment

Figure 4-20. Manual control module

Also during optical alignment, you will adjust
the goniometer head at screw locations
shown in Figure 4-21. Use the goniometer
wrench to unlock the axis adjustment locks
and later lock them. Use the other end of the
wrench to turn the adjustment screws.

4-8 M86-E02015 -0800
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YLID Crystal

M ngple
ounting crew\
Moun Sacmlle Z-axis Lock
ounting Co ar\
\ Z-axis

Y-axis Lock

X-axis
Adjustment

Screw X-axis Lock

X-axis Lock
Figure 4-21. Goniometer head adjustment locations
2. Click on the Video window to display the

real-time image of the crystal (Figure 4-
22).

VIDEO T - Imagel !EII!

Ready (101,351)R:30, G:154, B:146 [Sun, 05 Mar 00 [04:47:38 PM
Z

Figure 4-22. Real-time image of the crystal
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3. Press the A button on the manual control
module to drive the goniometer angles to
the base position (26 = -30°, ® = -30°)
and ¢ = 0° for optical alignment.

Note: If you have difficulty seeing the
image of the crystal, you may want to
better illuminate the sample with a high-
intensity lamp and/or temporarily place a
light-colored piece of paper on the front of
the detector.

4. Adjust the goniometer head’s Z-axis
adjustment screw (recall Figure 4-21) until
the crystal is near the crosshairs
intersection on the video screen (Figure
4-23).

VIDEO for s NT - Ima 1 [=] E3
Help

sl8|[+=[ | [BlEEF b2

eady [(332.451) R:110. G:154, B:198 [ Sun, 05 Mar 00 [D45001PM._ 2

Figure 4-23. Crystal near the crosshairs intersection
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5. Adjust the goniometer head’s X-axis
adjustment screw to center the crystal on
the crosshairs intersection (Figure 4-24).

VIDED for Windows NT - Image1

[+ =l LBlolErE sl

Ready

[17352] F 105, G: 156, B: 184 [ 5un, 05 Mar 00 [045322PM

Figure 4-24. Crystal centered on crosshairs (¢ =0°)

6. Press the A button again to rotate the phi
by 180° and to verify that you have
correctly centered the sample at both ¢
=0° and ¢ =180°. (Do not be concerned if
the crystal moves away from its center as
it rotates; you have not yet adjusted the Y
axis.)

Note: Repeat this process as many times
as necessary. Each time you press the A

button, the phi angle will rotate between
0° and 180°.

7. Press the B button to rotate the phi angle
to 90° for adjustment of the Y axis (Fig 4-
25).

4-10
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Reary

[(117,318) A:103, G:152, B:163 [ Sun, 05 Mar 00 [05.0258PM 2
Figure 4-25. Crystal oriented for Y-axis adjustment

8. Adjust the goniometer head’s Y-axis
adjustment screw (Figure 4-19) to center
the crystal on the crosshairs intersection
(Figure 4-26).

[E

[+ oldlal+ ale]

eacly

(553.404) 102, G:144, B:165 [Sun. 05 Mar 00 [0511:46PM 7

Figure 4-26. Crystal centered on crosshairs (¢ =90°)
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9. Press the B button again to rotate the phi
angle to 270° and to verify that you have
correctly centered the sample at both ¢
=90° and ¢ =270°.

Note: Repeat this process as many times
as necessary. Each time you press the B
button, the phi angle will rotate between
90° and 270°.

The center-of-mass of a properly aligned
specimen should stay in the same place
with respect to the center of the
crosshairs in all angle settings.

Note: If the video camera has become
misaligned, the center of the crosshairs
may need to be adjusted by your system
manager.

10. Cycle between the two positions of both A
and B one last time to ensure that the
crystal remains centered in all positions.

11. After the alignment has been completed
using A and B positions, you should verify
the alignment by using the C and D
buttons in a similar manner.

12. When you have completed the optical
alignment steps, remove any paper you
might have placed on the detector face
and close the doors of the enclosure.

13. Click on the SMART program window,
then press the ESC key to exit the optical
alignment stage. SMART then prompts
for a rotation photograph (Figure 4-27).

M86-E02015 -0800
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rch Tool V5.52 Copyiight 1999 BrukeiAXS

YLID1
s\ylidIy

s\ylidiy

Take rotation photo?(Y or ENTER=YES; N or ESC=NO,

Figure 4-27. Prompt for a rotation photograph

14. Press Y (normal response). SMART will
then perform a 60-second rotation photo.
During this time, phi data on the screen
will be highlighted and the shutter data
will read: OPEN. Upon completion of the
photo, the image frame will display on the
screen (Figure 4-28).

5.52 Copyright 1999 BrukerAXS

YLID Test Crystal

Figure 4-28. Image frame following 60-second rotation

At this time, proceed to Unit Cell
Determination.
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44 Unit Cell Determination

Perform a unit cell determination as follows:

1. From the SMART program, click Crystal
> Unit Cell. The following message
appears, asking you to verify that the
distance and beam center are correct
(Figure 4-29).

SMART V5. 52 [ <]

@ CONFIGURE/EDIT Distxce = B0, 2611, 250.8. |5 this comect?

Figure 4-29. Distance and beam center verification

2. Ensure that the distance shown on the
detector scale agrees with the value
shown on the screen. Then press Yes.

SMART then displays a set of default
values for unit-cell determination and
asks you to confirm them (Figure 4-30).

Options for Cystal > Unit Cell

# Frames

Frame width 0.3

Secondsframe 10

Title Unit Cell Determination
Job name matrix

Max display counts A

Lower axial limit 3.0

Upper axial limit 200.0

Indexing HKL tolerance 02

LS ALV tolerance 0.01

Figure 4-30. Set of default values for unit-cell determination

SMART APEX User's Manual

3. Press OK (as these values are
appropriate for this crystal). The program
then collects three sets of 20 frames
called MATRIX0, MATRIX1, and
MATRIX2 (Figure 4-31).

5 SMART: Bruker Molecular Analysis Research Tool V5.52 Copyright 1333 BrukethXS [_[C]
0 B el o i) A feoior) LLevell Wser HEAp
F Unit Cell Determination
matrix0.002

03/05/00 17:43:38
Created  03/05/00

i ...s\y]idé{
irLos\yl9dIy

ance

st 5984
FloodF1d 40041170
Spatial LINEAR
Dark 40041010
Size,spd 512 400

ollacting matrix0.003. Disk Kb: 1578112. Time used, left: 0:00:29, 0:14:11

Figure 4-31. Frame collection (MATRIX0, MATRIX1, and
MATRIX2)

When all frames have been collected,
SMART performs the steps of
thresholding, indexing, Bravais lattice
determination, and least-squares
refinement of cell constants. The YLID
test crystal has an orthorhombic primitive
unit cell, as shown in Figure 4-32.
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Least Squares Output

Figure 4-32. Least-squares output

The YLID test crystal should have an
orthorhombic Primitive cell with approximate
cell dimensions of a=5.95A, b=9.03A,
¢=18.38A, and a=p=y=90°.

You are now ready to collect data.

M86-E02015 -0800
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4.5 Data Collection

Perform data collection as follows:

1. From the SMART program, click Acquire
> Hemisphere. SMART displays the data
collection options (Figure 4-33).

SCAN HEMISPHERE O ptions

Job name YLID1

Title YLID Test Crystal
Max display counts -1

Suppress correlation [Y/N) ™ Check for yes
Suppress bias detn. [Y/N] ™ Check for yes
XENGEN output format [Y/N]) ™ Check for yes
Sequence # of starting run 1

Sequence # of ending run 9999

Oscillate [YIN) I Check for yes

cane

Figure 4-33. Data collection options

SMART APEX User's Manual

2. Enter the job name, then press OK to
begin data collection (Figure 4-34).

YLID Test Crystal

YLID11.003

03/05/00 18:04:47

03/05/00
28.600

v :
--.s\ylidIy

v :
-..slylidly
5.963(

1
(3]
8)

Distance 5.984
FloodFld 4004L170
Spatial LINEAR
Dark 40041010
Size,spd 512 400

ollecting YLID11.004. Disk Kb: 1560620. Time used, left:  0:00:43,  5:18:05

Figure 4-34. Data collection

The hemisphere data set specified in this
example will require about four hours to
collect. Upon completion of data
collection, the following message displays
(Figure 4-35).

SMART V5.52

& Nao more ung in EditRuns amray

Figure 4-35. No more runs in Edit/Runs array
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3. Press OK. Then click Goniom > Zero to
drive the goniometer angles to zero. The
following drive message appears (Figure
4-36).

SMART ¥5.52 [ <]

@ Dirive all angles to zeno: are you sure?

Figure 4-36. Drive all angles to zero

4. Press Yes.

4.6 Least Squares Refinement

Before leaving the SMART program, you
might want to improve the orientation matrix
that will be used for integration. Do so as
follows:

1. Click Crystal > LS to further perform the
least squares refinement. The Least
Squares Options window appears. (Figure
4-37).

M86-E02015 -0800

Least Squares Dplions [center at 261.5 254.2 of a 512+512 frame]

Data

Collection

Output P4P file|matrix0.p4p

Constraint 5 Ortho ~| MaxRLY error  [0.01

Constraint mask: 512

~Unit Cell—{ 2 Mono €
A axis :.31 mﬁ:ﬁ E B axis [o.005  caxis [16.a0a
Alpha r T'E"a'n | Beta [o0.000 | Gamma [s0.000
-7 Hexa -
| Detector C:
Xbeamcenter [0.093 | Ybeamcenter [0.006 | Distancecor. [0.005
Defectorpitch  [0.359 | Detectorpoll  [0.386 | Defectoryaw  [0.240

Eulerian angle 1 [68.886

Crystal Xtrans [0.0000
Omegazero  [0.0590

Eulerian angle 2
Crystal Y-trans

Chj zero

50.016
0.0000
0.1365

Eulerian angle 3 [-104.522

Crystal Ztrans

Frame halfwidth |0.

Figure 4-37. Least Squares Options window

The YLID crystal is orthorhombic and,
therefore, the alpha, beta, and gamma
angles should be 90°. You may constrain
them to be so with the Constraint field of
the Least Squares Options window.

2. Change the Constraint field to Ortho and
press OK. The program may remove a
few of the poorest fitting reflections. The
following removal message appears
(Figure 4-38).

SMART V5.52 [=]

@ 3 reflection(s) removed from LS, because HKL's were not integers within tolerance

| Cancel

Figure 4-38. 3 reflections removed from LS
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3. Press OK. SMART displays a Least
Squares Output window showing, among
other data, a histogram for the reflections
and the unit cell parameters with errors
(Figure 4-39).

Least Squares Dutput [x]
Orientation Matrix -
~0.00213029 0.10657495 0.01467802
0.11297587 -0 02116330 0. 03880606

?
0.12384082 0.02113986 —0.03514893
Lattice parameters & Standard deviations
5985 9.0340  16.3903  90.000  90.000  90.000 991,01
0.0008  0,0032  0.0046 0.021 0.018 0021

Standard deviations corrected for GOF:
0.0008  0.0033  0.0047 0.022 0.018 0.022 0.52

Histograns

T 75 7 0 0 0 0 (i 0 0
H K I, Onega x ¥ =l

Figure 4-39. Histogram for reflections and unit cell
parameters with errors

If the refinement process was done
correctly, the histogram will show zeros in
all columns except the first.

4. Press OK. A message asking you to
overwrite the default file for refined unit
cell parameters (matrix0.p4p) appears
(Figure 4-40).

SMART V5.52

@ Ovenyrite d;srameswidlsmatixz0. pdp?

] 1o |

Figure 4-40. Overwrite default matrix0.p4p file

5. Press Yes. You have now completed the
least-squares refinement process.

SMART APEX User's Manual

6. Click File > Exit to leave the SMART
program. The exit message appears
(Figure 4-41).

SMART ¥5.52

@ E=IT: are you sure?
Ho |

Figure 4-41

7. Press Yes. The save message appears
(Figure 4-42).

SMART ¥5.52 [ <]

@ Save the curment configuration?

Figure 4-42
8. Press Yes.

This completes the data collection process.
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5 Data Integration

Before the data can be used to solve and
refine the crystal structure of the YLID, you
must convert the frame data produced by
SMART to a set of integrated intensities. To
do so, you must run the SAINT program.
SAINTPLUS helps you set up the SAINT
input parameters.

Integrate the data set as follows:

1. Click the SAINTPLUS icon in the Bruker
AXS programs folder to start that program
menu (recall Figure 4-1).

2. Click Project > New to create a new
project (Figure 5-1).

Gpen ened.

Figure 5-1. Create a new project

M86-E02015 -0800

3. Assign a name to the project. Then use
the built-in explorer to locate the data
directory used by the SMART program

(Figure 5-2).
Open a Hew Project HE
Project pame |YLIDT
Crpstal Type
{ € Potgn % Small Molecule
Use the file lacator ta help identify frames for SAINT to process. Click on a pdp or
frame filename with the base name of the series of frames you wish o process.
Lookin: | frames =l k| e
polyd (1 sema5 S
Prajects [ sh3 ([ yiids
recon (3 skbs0 ([ yids
sample? (3 skbED
sample2 (3 test
semod (3 whloo8
< |
Files of tpe:  [=pdp fies =l Cancel
Frames path |
Output drectary  [D:hwork!,
Figure 5-2. Assign a name and locate the directory
5-1
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4. Select one of the .P4P files (i.e., not a
MATRIX file) from the full data set. Then
click open (Figure 5-3).

Open a New Project HE

Project hame |YLID1

Crystal Type
’V © Protein & Small Molecule

Use the file locator to help identify frames for SAINT to process. Click on a.pdp or

frame filename with the base name of the series of frames you wish to process.

Lookin: | sl =l & e
matrie pdp YLD 4 pdn

matrix1.pdp

malris? pdp

Bl LD 1. pdz:

YLD 2 pdp

YLIDT3.pdp

Fies of type:  [*pdp fles = Cancel

Frames path |D rameshylid v LIDT >

Dutput diectory  |D:rames'ylidl wiork's

SMART APEX User's Manual

 Saint+ Program and Project Manager

Fokct ASIRO. SMART SAINT SADABS XPREP Twin Uiy Edt
Name: YLID1

Crystal Type: Small Molecule

Frames Directory Path: D:iframestylid13YLID1.%

Output Directory: D:yframeslylid1worky

Figure 5-3. Select a .P4P file

A summary window appears, showing the
name and directories used by the project
(Figure 5-4).

Figure 5-4. SAINTPLUS project summary window

5. Click SAINT > Initialize to initialize the
project.

6. Click SAINT > Execute.
An input box appears, summarizing the

information that SAINTPLUS has
determined (Figure 5-5).

M86-E02015 -0800



SMART APEX User’s Manual Data Integration

Basic SAINT menu for analyzing small molecule area detector frames
Title I WLID Test Crystal  Maore optionz
Laue class Immm orthorhombic; a,b,c; 90,90,90 j Integrate. . |
Lattice centering IF' [primitive] j Sort... |
— Rezolution limit for output Cell parameter: Global... |
O Ztheta [deqrees) A 5.9647 Alpha 90.000 .
" sinfthetal/lambda [1/angstromms] 074 B 9.0049 Beta 90,000 EI'LI
%" d-spacing [angstroms) C 184035 Gamma 50,000 el en o8 |

r Integration file

M awimum it for frame file [seconds) |0.000000

Starting Frame Filename # of Frames I atrix [.pdp] Filename Output Filename

ID:\frames'\yIid1\YLID11.DD1 Browse EO0 ID:\frames'\yIilﬂ\matrixﬂ.pd-p Emwsel I:elll ID:\frames\yIid'I\work\YLlDﬂ.raw

ID:\frames\_l,lIid1\YLID12.DD'| Browse 435 Bmwsel Cell | ID:\frames\_l,lIid'I waork WYLIDT 2 rave

|

I Bmwselﬂl ID:‘\frame&\yIim\work‘\YLIDH.raw
I TOWEE 1] I Emwselﬂl I

|

|

ID Mrarnestylid1 SvLIDT3.007 TOSE 230

Hi

I TOWEE 1] Erowsel Eelll I
I Browse 0 Bmwsel Eelll I
More integration files... | Increment last run |
Integrate + Sort + Global I Walidate | Open listing file | Help | Cloze |

Figure 5-5. Information that SAINTPLUS has determined

7. Check to see that the values for your data used for a sample-to-detector plane
set match those shown. Change any distance of 6.00 cm.
parameters that do not match. In
particular, change the input file to
matrix0.p4p for the first run, and delete
the .p4p filename for subsequent runs. A
resolution of 0.75 (d-spacing) should be

M86-E02015 -0800 5-3
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8. Click the Integrate button to display the
parameters for integration (Figure 5-6).
Check to see that the values for your data
set match those shown. Change any
parameters that do not match.

Integrate

0L.E0000

ooz

r r [
r I [
I u L]
r u [
r

|

Figure 5-6. Integrate input window
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9. Click the Advanced Integrate button to
display the Advanced Integrate input box
(Figure 5-7). Compare the values for your
data set with those shown. Make required
changes.

Advanced Integrate

0.050000

4.000000

FEEL

P
foocoen
—

|

1k

Figure 5-7. Advanced Integrate input window

M86-E02015 -0800
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10. Click the Integrate + Sort + Global button
to execute the SAINT program. The
integration process takes about 15
minutes, displaying data as shown (Figure
5-8).

rystal system con 5(orthorhonlic)
lparaneter constraint mask:
[Eulerian angles: -20.741  130.307  104.460

etector corrections: X-Cen Y-Cen Dist pitch  Roll Yaw
0.092  0.148 -0.007 -0.208 0.233 -0.14%

Refinement statistics: StartingRes FinalRes  GOF #Cycles  Code
2.03041E+02  1.65274E+02 0.81 8 0

03/06/00 08:12:06

ltntegration =

linsorted reflections will be written to: D:\frames\ylidlivork\unsorted.raw
fspatially corrected beam center: 261.15 250.77
o referance intensity correction will be made

[nput monochromator 2Th, roll (deg): 12.17 0,00

[Tnput X,¥,2 spot spread (deg): 0.8 0.60  0.48
[scale for ‘orientation update length: ~ 1.000E+00

léFrames running average for orientation Update: 7

Frames betveen full refinements of orientation: 100

N, where every Nth strong spot included in Ls: 1

Figure 5-8. Integration data

11. When the integration process has
finished, the results of the global
refinement of unit cell parameters display
(Figure 5-9).

Performing final unit cell least squares on file D:\framesiy1idivaork\YLID11. ma

Input file contains 5346 reflections
scimum allowed reflections = 5938
e reflection will be stored in memory per 1 reflections read

Performing orientation least squares ( 5346 reflections)..
Prientation ("UB") matrix:
.1130234  -0.0217837 -0.0389220

.0017302 -0.1067011 0.0149414

.1245285 0.0212537 0.0351184

A Alpha Beta Gamma Vol

5.9460 9.0125 18.3448 90.000 90.000 90.000 983.07

. 0.0004 0.0009 0.001 0.001 0.001 0.13
orrected for goodness of fit:

0.0003  0.0005  0.0010 0.001 0.001 0.001 0.16

Range of reflections used:
Worst res Best res Min 2Theta Max 2Theta
441

9.1724 0.7436 56.600
rystal system constraint: 5 (orthorhombi )
Parameter constraint mask: 512
Eulerian angles: £8.999 49.891 -104.504
oniometer zeros (deq): 0.0000 0.1185 0.0000 -0.0013
rystal translaticns Cpixels): 0.0000 0.0000 0.0000
Petector corrections: X-Cen ¥-Cen Dist Pitch Roll Vaw

0.721 -0.097 -0.013 0.332 -0.305 -0.210
Refinement statistics: StartingRes FinalRes GOF #Cycles Cade
2.04334E+405  2.344B6E+04 1.46 3 a

ew oriemtation is in Dr\frames\y]idi\work\yLID1m. pdp
End final global unit cell Teast squares refinement -=

= 08/08/00 13:48:31
Press ENTER to continue...

4] | vl

Figure 5-9. Integration summary
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12. Before pressing the Enter key, scroll up
the screen to display the summary table
from the integration process (Figure 5-

10).
ASAXINSAINT32ASAINT .exe
00 [s] 0.000 Q.00 Q.00 oo}
25.000
Owerall # Pairs Unig Merg %<2s <I» c#Sige <Bgx REsym
Q.000 7081 1279 1454 7027 9.1 1704.109 35.81 2.49 0.027
1.000
Centric # Pairs Unig Merg %<2s <I» c#Sige <Bgx REsym
0.000 1268 280 452 1235 16.5 2508.639 49.56 2.57 0.022
1.000
‘overage Statisties L. shell ...
Angstrms  #0bs Theory %Compl Redund Esym Pairs %Pairs Eshell #Sigma %<2
to 1.616 178 173 98.88 5.65 0.020 149 83.71 0.020 97.04 3.
to  1.283 325 328 99,09 5.88 0.022 282 B85.98 0.027 38.48 1
o 1.120 471 476 98,95 5.79 0.023 412 26.55 0.037 26.57 3
to 1.018 Gal2 618 99,03 5.67 0.024 538 87.06 0.037 17.22 &
to  0.945 762 765 99,61 5.49 0.025 BEE B7.32 0.040 13.52 7
to 0.83% 901 906 99,45 5.35 0.025 792 B7.42 0.047 10,32 11
to 0.845 1035 1040 99,52 5.22 0.026 913 87.79 0.055 7.72 11
to 0.808 1185 1189 99.66 5.09 0.026 1045 87.89 0.059 6.89 16
to 0.777 1318 1323 99.682 4,98 0.026 114 87.98 0.070 5.70 23
to 0.750 1454 1454 100.00 4.86 0.02F 1279 @&7.96 0.082 4.75 19

loveraged "local” cell Teast squares refinement =
Mumber of local refinements averaged:

lveraged orientation ("UB") matrix:
-0.1131002 -0.0218930 -0.0389057
-0.0016071 -0.1067129 0.0149832
-0.1245288 0.0212608 0.0351417

eighted average cell constants:
A

B C Alpha Beta
5. 59440 9.0100 18.3419 0. 000 90,000
O, 0004 0.0006 0.0015 0.003 0.003

Std dewviations of the 11 input local LS results:
0.0059 0.0027 0.0184 0. 000 0,000

Ralnge of reflections used:
4

Ganma
90,000
0.002

0.000

Wil

g2,
0.

31
20

.58

ol P D G0 3 D

0.000

dI/I
0. 000

dI/I
0. 000

s

= 0B/0B/00 13:48:17

0.0 0.000 0.000 0.00

dI/s E+ Ranom Canom Erx

0.7 0.025 0.026 0O.82

dI/s E+ Ranom Canom Erx

0.7 0.018 0.0259 1.15

Qo0

-01

03

00

Data Integration

Ery ErZ REmix

-0z

-0z

24

Ery ErZ REmix

=02

01

25

NEIL

Figure 5-10. Viewing log files

Your results should be similar to those

displayed above.

13. Press Enter, and close all SAINT windows
and exit from the SAINTPLUS menu.

You are now ready to begin the structure

determination and refinement process.

M86-E02015 -0800
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6 Structure Determination & Refinement

You are now ready to solve and refine the
crystal structure for the YLID test crystal. The
integration process (SAINT) has produced two
important files—YLID1M.p4p, containing the
final unit cell parameters and other important
information on how the experiment was
carried out, and YLID1M.raw, containing the

actual intensity data. These files are all that is

SAINT -
name.p4p
v name.RAW
XPREP ===
name.INS
v name.HKL
Xs [
Cycle until
good trial name.RES
solution found
XSHELL
name.INS
XL
Cycle until the
refined solution
goes to ' name.RES
convergence
XSHELL
name.RES
v
Final Solution
XSHELL [
name.CIF
name.FCF  — XCIF -
name.PCF

Figure 6-1. Flow chart

M86-E02015 -0800

» name. LS

» name.PRP

name.PCF

» name.LST

» name.LST
name.CIF
name.FCF

» name.PLT

name.ORT

» name.TBL
name.SFT

Data Collection
and
Data Reduction

Data Reduction,
Space Group
Determination, and
Absorption Correction

Generate Trial
Solutions

Analysis of
Trial Solutions

Structure
Refinement

Analysis of
Refined Solutions

Final Plots
for Publication

Final Tables
for Publication

required to begin the structure solution and
refinement process. The various steps in
solving and refining the structure are carried
out using the programs of the SHELXTL
package.

A simplified flow chart is shown in Figure 6-1.
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Solve and refine the crystal structure as 3. Use the built-in Explorer to locate the
follows: YLID1m.raw file. In this example, the file

1. Click the SHELXTL icon in the Bruker 's in Di\framesiylidt\work (Figure 6-3).
AXS folder to start SHELXTL (recall

K Dpen a New Project [ 71x]
Flgure 4-2) Project hame: |YLID1m
2. CIiCk PI’OjeCt > NeW tO Cl’eate a new Locate a.pdp or data file to associate with the new project:

project for the YLID (Figure 6-2). Lookire | vidt = &= ek
[ YLD raw
manda"ﬂ XPBO XOF XEOG XPOW XPS Edt Heb YLD 20am
5 = o AR (] YLD 3 raw
Dpen. ened. YLID1m pdp
o LD

Files of type:  [*pdp, = hkl. and “raw files =l Cancel

Project path:  [D-Mramestylid1 WLIDTm *

Figure 6-3. Locate the YLID1m.p4p file

The SHELXTL Program and Project
Manager window appears (Figure 6-4).

[]Shelxtl Program and Project Manager

Project XPREP %5 MSHELL L P XwAT PRO XCIF ®FOG xPOW PS5 Edit Help

Figure 6-2. Create a new project

Project name: YLIDTm

Project path: D:\frameslylid1YYLID1m.*

Figure 6-4. SHELXTL Program and Project Manager
window
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4. Click XPREP > XPREP (or XPREP >
BigXPREP). The first XPREP window
appears (Figure 6-5).

+ IGHT (o) 1 1 i e +
B o L L o S L B L o o T B L g S S S

wultiplied by 0.1000 to bring onto

m file ylidlm.raw

Figure 6-5. First XPREP window

M86-E02015 -0800
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5. The lattice is Primitive [P]. Press
RETURN. The second XPREP window
appears (Figure 6-6).

pyright [c) 1997 Bruker AX5]

o oylidilm, raw

| 4 4
L0o1 0.o001

4 90.00

aoo  1.0000

[l
[F]
[R]
[u]
[T
[w]

Figure 6-6. Second XPREP window
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6. Press RETURN to execute the search for
higher metric symmetry [H]. The program
has determined that the YLID crystal has
an orthorhombic primitive lattice (Figure
6-7).

pyright [c) 1997 Bruker AX5]

: ylidlm

Current cell:

1.0000

100 1.0000

1.0000

on B retains o

1 [A]:

Figure 6-7. YLID crystal, orthorhombic primitive lattice
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7. Press RETURN to select cell choice A.
The next XPREP window appears (Figure
6-8).

BIGXPREP - [¥5.1 Copyiight (c] 1997 Bruker AXS]

current 1 ylidim.raw

1.0000

Figure 6-8. Next XPREP window

6-6
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8. Press RETURN to choose the SPACE
GROUP option [S]. SMART will then
prompt you for four selections: determine
space group [S], the crystal system [O],
the lattice centering [P], and the space
group [A] = P2,2,2,. All prompts and data
are shown in Figure 6-9.

Structure Determination & Refinement

Figure 6-9. Next XPREP window

M86-E02015 -0800
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9. Press RETURN to choose option [A]. The
next XPREP window appears (Figure 6-
10).

ht Bruker-AXS 2000

1.0000

[F] Contour PATTE

Figure 6-10. Next XPREP window

10. Press RETURN to choose the read,
modify, or merge datasets option [D]. The
next XPREP window appears (Figure 6-
11).

ect option

Figure 6-11. Next XPREP window

6-8 M86-E02015 -0800
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11. Press RETURN to choose the display
intensity statistics option [S]. The next
XPREP window appears (Figure 6-12).

1 XPREP ver 6.07./%in Copyright Bruker-AxS 2000

current idim. hkkl

Figure 6-12. Next XPREP window

12. Press RETURN to choose the merge all
equivalents including Friedel mates
option [A]. The next XPREP window
appears (Figure 6-13).

Compare data in the circled areas and
note that the data set is virtually complete
to 0.75 A with an average redundancy of
>4. The overall Ryerge IS 2.72%.

1 XPREP ver 6.07/Win Copyright Bruker-AXS 2000

Merged [4], lowest resolution

Enter ntinuel]

Figure 6-13. Next XPREP window
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13. Press RETURN to continue displaying the
window. The next XPREP window
appears (Figure 6-14).

1 XPREP ver .07 Win Copyright Bruker-AxS 2000

urce of Data

vlidlm.hkl <- current

ect option [E]: I

Figure 6-14. Next XPREP window
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14. Press option [E] to return to the main
window. The following window appears
(Figure 6-15).

iginal

Current cell:

Matrix: 1.0000 o.oooo o. oooo o, oooo 1.0000 o, oooo

tem: Orthorhonbic 3 group:

1, modify
ntour PLTTE

Figure 6-15. Next XPREP window
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15. Press RETURN to choose the Define Unit
Cell option [C]. The unit cell contents will
be summarized on the next menu (Figure
6-16).

= BIGXPREP - [¥5.1 Copyright [c] 1997 Bruker AX5]

Current formula is: C11 HI10

[F] mu

nain menu

*t. option [E]:

Figure 6-16. Summarized unit cell contents
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16. If you did not enter the chemical formula
when you created the new project for the
YLID crystal in the SMART program, you
must do so now. The correct chemical
formula for the YLID crystal is C11 H10
02 S. If the information is correct, press
RETURN to display the next window
(Figure 6-17).

“» BIGXKPREP - [¥5.1 Copynight [c] 1997 Bruker AXS]

Current d

Original

current cell:

Matrix: 1.0000

oup: PZ{1)2(

17.7 Fi00Q):

on) [YLID1m] :

ylidlim.ins

FLIDIm in

ylidim. hkl

Figure 6-17. Next window
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17. Press RETURN to keep the current name,
then type Y to write the YLID1m.HKL file.

18. You may now press RETURN, for option
[E], to return to the main SHELXTL menu.
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The XPREP program has created an
YLID1m.ins file and an YLID1m.hkl file
(recall Figure 6-1). You are now ready to
solve the structure of the YLID sample.

19. Click on the XS command at the top of
the menu to launch the XS (structure
solution) program (Figure 6-18).

AWINNTASpstem3I2ACMD . exe

Reflections and 1866. unigue TPR for phase annealing

Phases refined using 2642 . unigue TPR

Reflections and 3344. unigue TPR for R{alpha>

Unigue negative guartets found. 594 used for phase refinement
Unigue NGR employed in phase annealing

Parallel refinements, highest memory = 4261 44577

Ralpha Hgqual Sigma—1 M{abs»> CFOM Seminvariants

. B.853 -8.775 B8.967 1.122 B.853% ++——— —4—d4— Hi——+

B111 6 31 6B PAPABBBBH11BAAEBEBE61L6660 . 128
B.853 -A.818 6.967 1.131 B.853 ++——— —+—4— ++——3

B207 12 94660 PBBB1BH11106066066066061066000 25

256. Phase sets refined — hest is code 181393. with CFOM = 8.8529

Fourier and peaksearch
E = 8.138 for 14 atoms and 452 E-values

Fourier and peaksearch
RE = 8. » 14 atoms and 452 E-values
Fourier and peaksearch

B T R i R L e Y

+ ylidim finizhed at B7:57:27 Total elapsed time: 4.1 secs +

++++++++ AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A
Press any key to continue . . .

Figure 6-18. Launch the XS program

20. When the program has finished running,
press RETURN. The SHELXTL summary
window redisplays (recall Figure 6-3).
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21. Click on the XSHELL button to start the
XSHELL program. The Fourier peaks will
be displayed (Figure 6-19).

Y plidlm.res H=]

File Edit Refine Select Atoms ‘iew Preferences Labels Render Help

Figure 6-19. Fourier peaks

M86-E02015 -0800 6-15



Structure Determination & Refinement SMART APEX User's Manual

22. You may rotate the structure by dragging Note: You can also use the S key to
the mouse with the left button depressed. select a peak directly.
Select all false peaks (peaks Q14 to Q22
in the example shown) by moving the The peak should turn blue when selected.
mouse to each peak and clicking the right The molecule may be rotated during this
mouse button. process (Figure 6-20).

Note: For more detailed instructions on
use of the XSHELL program, see the
XSHELL User’s Manual.

Y YLIDTm_res HE=E

File Edit Befine Select Atoms Wiew Prelerences Label Render Help

Figure 6-20. Molecule with peaks Q14 to Q22 selected
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23. When all false peaks have been selected, 24. Select the 11 peaks that correspond to
click the Kill Selected button in the Select carbon atoms (9 atoms in fused 5- & 6-
menu. The peaks will disappear (Figure membered ring, 2 atoms attached to S
6-21). atom) in the order in which they are to be

numbered.
Fle Edt Refine Select Atoms View Preferences Labels Render Help

Figure 6-21. Peaks disappear
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25. Click Labels > Group Label (Figure 6-22).

) ylidim.res =1 E3

File Edt Refine Select Atoms Miew Preferences

+ Hydiogen Labels
Hubrid Label Coloration

Tuin Selected Atom Labels Off
Tun Selected Atom Labels Oy

Figure 6-22. Select Group Labels

A panel will appear to label these peaks
(Figure 6-23).

Atom Group Labeling in Order of Selection E

T.'r'Deil':— | DKI I:ancell

Initial Muriber: |1

Nnte: L_eave emply any
o . f|e_|u:| which pou do not

: ﬂSCBndln.g wizh changed. Alzo,

" Descending the program wil

i truncate any label over
Trailer: I 4 characters long.

Order:

Figure 6-23. Input panel

SMART APEX User’'s Manual

26. Click OK to label these peaks as C with a
starting number of 1 (Figure 6-24).

<) ylid1m.res [_[o]x]

Fie Edl Refine Select Aloms View Preferences Labels Render Help

Figure 6-24. Label the peaks

27. Select the two remaining atoms. Then
click Labels > Group Label again, and
click the El button. A periodic table will
appear (Figure 6-25).

Periodic Table
14 VillA
H He
[ T WA VA VA VA WiA
Li | Be B c N o F | MNe
Na | Mg Al s | P s |o|a

L " lwe nve ve viB wiB, VIIE B 1B

K [Ca|sc| Ti|v | Co|Mn|Fe|Co| MNi|Culzn|Ga|Ge|as|Se| B | ke

Rb| S| ¥ | Z | Hb|Mo| Te| RulRh|Pd|Ag|Cd|In|Gn|Sb|Te| I |xe
Cs | Ba| La[Hi|Ta|w [Re|Os| b | Pe|Au|[Ha| T |Pb[ Bi|Pofat|Rn
Fi | Ra| &c

Ce | Pr[Nd|Pm|Sm|EufGd| To| Dy Ho| Er|Tm[ ‘| Lu
Cancel
Th|Pa| U |Np|Pufam|cCm|Bk| Cf|Es|Fm|Md|Na| Lw

Figure 6-25. Periodic table
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28. Click the O button for Oxygen. A panel
appears for you to label these peaks
(Figure 6-26).

) ylidim.res [ [O] =]

File Edit RBefine Select Atoms Miew Preferences Labels Render Help

Atom Group Labeling in Order of Selection

iI Tupe ID— ok Eancall

Iritisl Nurber: [1

Mote: Leave empty any
2 field which you da not

@ scending wish changed. Also,

€ Descending | | the program wil

tiuncate any label over
Trailer. I 4 characters long.

Order:

Figure 6-26. Input panel appears

Refinement Control
29. Click OK to label the peaks as O with a = P 3
. O
starting number of 1. drisol | Inwetl | Fouter [Difference Man =] || pSigmas lzmi
= r r
30. Click the Refine button at the top of the ca e
XSHELL Menu. A panel will appear Previous iy m | r o r
(Figure 6-27). | mi | o i =l C
s'[o?';em s""uﬁzrmal " High " Realtime
T3 Cancel |

Figure 6-27. Refinement control
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31. Click OK to launch the XL (least-squares
refinement) program (Figure 6-28).

Refine
GooF =5 = 2372 Restrained GooF = 2372 for 0 restraints ﬂ
Mean shiftfesd = 2. 439 Maximum = -11.246 for 11 51 at 16:47:09
Max. shift = 0.040 A for C4 Max. dU =-0.006 for C1
wR2 = 0.2582 before cycle 3 for 2435 dataand 57 Ff 57 parameters
GooF =5 = 2.065; Restrained GooF = 20653 for 0 restraints
Mean shiftfesd = 0330 Maximum = 2089 for x C4 at 16:47:09
Max. shift =0.012 A for C4 Max. dU = 0000 for C5
wR2 = 0.2574 before cycle 4 for 2435 dataand 577 57 parameterz
GooF =5 = 2.052; Restrained GooF = 2.052 for 0 restraints
Mean shiftfesd = 0128 Maximum = -0.501 for x 02 at 16:47-09
Max. shift = 0.003 A for C6 Max. dU = D000 for C6
wR2 = 0.2575 before cycle 3 for 2435 dala and 27 a7 parameters
GooF =5 = 2.052; Restrained GooF = 2052 for 0 restraints
R1 = D.0883 for 2297 Fo = 4sig{Fo) and 0.0917 for all 2435 data
wR2 = 02575, GooF =5 = 2032, Restrained GooF = 2.052 for all data
** Ahzolute structure probably wrong - invert and repeat refinement **
R1 = 0.0933 for 1436 unique reflections after merging for Fourier
Highest peak 1.03 at 02526 0.3357 02429 [ 0.50 A from 51 ]
Deepest hole -0.64 at 01642 02805 0.2391 | 053 A from 51 ]
++++++++++ AR R AR R
+ YLIDIm finiched at 16:47:10 Total elapzed time: 1.9 =ecs +
+++++++HH+HH A A A i
-
QK Prinit
Figure 6-28. Least-squares refinement
In the output above, note that the R1
value is 9.0%. This is typical for a
preliminary isotropic refinement with no H
atoms included. Also note that, for our
sample, the program informs us that we
must invert the molecule to obtain the
correct absolute structure.
6-20 M86-E02015
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32. Click OK to return to XSHELL.
The Q peaks on the diagram represent
difference peaks.

33. You may delete them with the Edit > Kill
all Q peaks command (Figure 6-29).

Fie B Refie Select Atoms Wiew Preferences Labels Render Help

Edit Curent File

Kil all B-Peaks
Festore Killad Atorals),

v FMOL after significant structure changes

Figure 6-29. Kill all Q-Peaks
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34. Click the Refine button at the top of the
XSHELL Menu. A panel will appear
(Figure 6-30).

Refinement Control [ %]
Cycles |4 _|::l Exfinction |-001] Plan |5 _,;‘
Cimwit
anisoW  lnwet ¥ Fourier IDWE'E”CE Wap j nSigmas 2theta
Bond Actal” List |Mone | ™ u L
weights,
Plewousl r I r I r I r I |m
suggestsﬂmswann I~ |1 300 [ | Il | Im | Il

Program Priarity
€ Ide & Momal © High  Reallime
0K I Cancel I

Figure 6-30. Refinement control

35. Change the input values to include
Extinction and Anisotropic refinement.
Also, reduce the number of difference
peaks to 5. If the refinement indicates an
inverted structure (as in our example),
also check the Invert box.
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36. Click OK to launch the XL (least-squares
refinement) program (Figure 6-31).

Refine

Mean shiftfesd = 1557 Maximum = 11.250 for 13 51 at 08:09:29
Max_ =hift = 0.020 A for C5 Max_ dU =-0.002 for C2

wR2 = 01614 before cycle 2 for 2332 data and 128 F 128 parameiers
GooF =5 = D.697; Restrained GooF = 0.697 for D restraints
Mean shiftfesd = 1.439 Maximum = 11279 for 13 51 at 08:09:30
Max_ =hift = 0.008 A for C5 Max_dU = 0.003 for C5

wR2 = 0.1393 before cycle 3 for 2332 dataand 128 F 128 parameiers
GooF =5 = 0.596; Restrained GooF = 0.596 for D restraints
Mean shiftfesd = 0331 Maximum = -2.923 for EXTI at 08:09:30
Max_ =zhift = 0.002 A for C10 Max_. dU = 0.001 for C5

wR2 = 0.1333 before cycle 4 for 2332 dataand 128 F 128 parameiers
GooF =5 = 0.591; Restrained GooF = 0.591 for D restraints
Mean shiftfesd = 0081 Maximum = -2.917 for EXTI at 08:09:31
Max_ =hift = 0.001 A for C5 Max_dU = 0.000 for C5

wR2 = 0.1332 before cycle 5 for 2332 data and 27 128 parameters
GooF =5 = 0.590; Restrained GooF = 0.590 for D restraints

R1 = 0.0505 for 2231 Fo = 4=gig(Fo) and 0.0518 for all 2332 dala

wR2 = 01332, GooF =5 = 0.590, Restrained GooF = 0.590 for all data
R1 = 0.0535 for 1407 unique reflections after merging for Fourier

Highest peak 051 at 0.3138 05799 02321 [ 096 A from C10]
Deepest hole -0.24 at 01814 08834 01210 [ 1.30 A from C2 ]

1> IIx]

++++++++HHHH AR

+ ylidim finizhed at 08:09:31 Total elapsed time: 3.0 zecs +

++++++++HHHH AR

oK | Print

Figure 6-31. Least-squares refinement

In the output above, note that the R1
value is 5.0%. This is typical for a
preliminary anisotropic refinement with no
H atoms included.
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37. Click OK to return to XSHELL.

38. Kill the Q-peaks as before. Then click
Atoms > Hybridize All (Figure 6-32). The
atoms will appear in different colors.

Y1) ylidim.res M=) E

File Edit Refine Select “iews Preferences Labelz Render

Edit...
Sort...

Info o Al

Info an Selected...
Flane...

Weighted Plane...

Graow
Pack...
Trim

Figure 6-32. Hybridize all
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39. Click Atoms > Calculate Hydrogens
(Figure 6-33).

Y phidim_res A= E3

Eil= Edit Befine Select gGInEl “iew Preferences Label:  Render

Edit...
Sort...

Infa on Al

Info on Selected...
Plane...
Weighted Plane...

Grow
Pack. ..
Trim
EmMOL

Hubridize Al

Figure 6-33. Calculate hydrogens
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40. The 10 H atoms will be added (Figure 6-

34).
Y vlidim.res M= B
Fil= Edit Befine Select Atoms Wiew Preferences Label:  Render Help

Figure 6-34. Ten H atoms added
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41. Click the Refine button at the top of the
XSHELL Menu. A panel will appear
(Figure 6-35).

Refinement Control %]

Cycles I _|::' E stinction ID-IJIJIJIJIJIJ Plan |5 _I;

Dimit

arisa[— lavertl Fourier I Difference Map || rSigmas Ttheta
Bond [/ Aot List INDne 'l

=
Wweights:

Previous [0151300 [~ [L313100 [ |

C i
5uggested|n_1nz?nn V¥ |n_nnnnnn V¥ | n | n | n

Program Priority
’Vf" Idle " Mormal ¢ High ¢ Realtime

coce |

Figure 6-35. Refinement control
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42. Click OK to launch the XL (least-squares
refinement) program (Figure 6-36).

Refine

Mean shiftfesd = 1161 Maximum = 5496 for y C4 at 17:01:06 ﬂ
Max_ =hift = 0.072 A for H10B Max. dU =-0.001 for C4

wR2 = D.0886 before cycle 2 for 2435 data and 1307 130 parameters
GooF =5 = 0.686; Restrained GooF = 0.686 for D restraints
Mean shiftfesd = 0525 Maximum = -4_775 for EXTI at 17:01:07
Max_ =hift = 0.008 A for H10B Max. dU =-0.001 for C10

wR2 = D.0873 before cycle 3 for 2435 data and 1307 130 parameters
GooF =5 = 0.675; Restrained GooF = 0.675 for D restraints
Mean shiftfesd = 0073 Maximum = -4_.817 for EXTI at 17:01:07
Max_ =hift = 0.001 A for H10B Max. dU = 0.000 for C10

wR2 = D.0873 before cycle 4 for 2435 data and 130 F 130 parameters
GooF =5 = 0.676; Restrained GooF = 0.676 for D restraints
Mean shiftfesd = 0045 Maximum = -4_.814 for EXTI at 17:01:03
Max_ =hift = 0.001 A for H10B Max_. dU = 0.000 for O1

wR2 = 0D.0873 before cycle 5 for 2435 data and 2§ 130 parameters
GooF =5 = 0.675; Restrained GooF = 0.675 for D restraints

R1 = 0.0318 for 2297 Fo = 4=ig(Fo) and 0.0334 for all 2435 data

wR2 = 0.0873, GooF =5 = 0.675, Restrained GooF = 0.675 for all data
R1 = 0.0326 for 1436 unique reflections after merging for Fourier

Highest peak 0.29 at 0.83214 04402 01532 [ 0.72 A from C1 ]
Deepest hole -017 at 01898 04771 00215 [ 1.28 A from C6 ]

++++++ -+

+ ¥YLIDAm finizhed at 17:01:09 Total elap=ed time: 3.6 zecs +
++++++++4+++H 4+ A A

Dk Print

Figure 6-36. Least-squares refinement

In the output above, note that the R1
value is 3.2%. This is typical for an
anisotropic refinement with H atoms
included.
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43. Click OK to return to XSHELL and delete
Q peaks.

44. Click the Refine button at the top of the
XSHELL Menu. A panel will appear
(Figure 6-37).

Refine
Mean shiftfesd = 1161 Maximum= 5496 for y C4 at 17:01:06 ﬂ
Max_ shift = 0.072 A for H10B Max. dU =-0.001 for C4
wR2? = 0.0886 before cycle 2 for 2435 dataand 1307 130 parameters
GooF =5 = 0_6BE; Restrained GooF = 0.686 for 0 restraints
Mean shiftfesd = 0525 Maximum = -4.775 for EXTI at 17:01:07
Max_ shift = 0.008 A for H10B Max. dU =-0.001 for C10
wR2 = 0.0873 before cycle 3 for 2435 dataand 1307 130 parameters
GooF =5 = 0.6735; Restrained GooF = 0.673 for 0 restraints
Mean zhiftfesd = 0.073 MWaximum = -4 817 for EXTI at 17:01:07
Max_ shift = 0.001 A for H10B Max. dU = 0000 for C10
wR2? = 00873 before cycle 4 for 2435 data and 1307 130 parameters
GooF =5 = 0_676; Restrained GooF = 0676 for 0 restraints
Mean shiftfesd = 0.043 Maximum = -4 8§14 for EXTI at 17:01:08
Max_ shift = 0.001 A for H10B Max. dU = 0000 for O1
wR2? = 00873 before cycle 5 for 2435 data and 2§ 130 parameters
GooF =85 = 0.6735; Restrained GooF = 0.6753 for 0 restraints
R1 = 0.0318 for 2297 Fo = 4zig(Fo) and 0.0334 for all 2435 data
wR2 = 00873, GooF =5 = 0675, Restrained GooF = 0.6753 for all data
R1 = 0.0326 for 1436 unique reflections after merging for Fourier
Highest peak 029 at 0.8214 04402 01532 [ 0.72 A from C1 ]
Deepest hole -0.17 at 01898 04771 00215 [ 128 A from C6 ]
+++++++++ 4+ R
+ ¥LIDim finiched at 17:01:09 Total elapsed time: 3.6 secs +
+++++++++ 4+ R i
-
Print
Figure 6-37. Refinement control
Note that the suggested weighting
scheme has values of 0.0485 and 0.000.
You are now ready for the final least-
squares refinement run.
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45. Check the Acta box to create .cif files for
publication. Click OK to launch the XL
(least-squares refinement) program
(Figure 6-38).

Refine

Mean shiftfesd = 0566 Maximum = 4.142 for OSF at 17:09:07
Max. shift = 0.007 A for H10C Max. dU = 0.001 for C10

wR2 = 00778 before cycle 2 for 2435 data and 130 F 130 parameters
GooF =5 = 1.029; Restrained GooF = 1.029 for 0 restrainits
Mean shiftfesd = 0226 Maximum = -3.951 for EXTI at 17:09:08
Max. shift = 0.002 A for H10C Max. dU = 0.000 for C10

wR2 = 0.0776 before cycle 3 for 2435 data and 130 F 130 parameters
GooF =5 = 1.025; Restrained GooF = 1.025 for 0 restraints
Mean shiftfesd = 0.043 Maximum = -3.930 for EXTI at 17:09:08
Max_ shift = 0.000 A for HI1DA Max. dU = 0.000 for C6

wR2 = 0.0776 before cycle 4 for 2435 data and 1307 130 parameters
GooF =5 = 1.026; Restrained GooF = 1.026 for 0 restrainits
Mean shiftfesd = 0033 Maximum = -3.929 for EXTI at 17:09:09
Max. shift = 0.000 A for H10C Max. dU = 0.000 for C7

whR2 = 00776 before cycle 5 for 2435 data and 2 7 130 parameters
GooF =5 = 1.025; Restrained GooF = 1.025 for 0 restraints

R1 = 0.0309 for 2297 Fo = 4sig(Fo) and 0.0326 for all 2435 data

wR2 = 00776, GooF =5 = 1.025, Restrained GooF = 1 025 for all data
R1 = 0.0317 for 1436 unique reflections after merging for Fourier

Highest peak 026 at 07701 0.3559 02036 [ 0.82 A from C1 ]
Deepest hole -0.18 at 01900 04769 0.0242 [ 1.30 A from C6 ]

+ ylidim finizhed at 17:09:09 Total elapzed time: 3.3 zecs +
+++++ 4+ AR A A A A A AR AR

Prirt

Figure 6-38. Least-squares refinement

In the output above, note that the R1
value is 3.1% and that the goodness-of-fit
(GooF) value is now 1.026. We have
carried out a complete refinement of
suitable quality for publication. This is
typical for a final anisotropic refinement
with H atoms included.
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46. Click OK to return to XSHELL.

47. To display the thermal ellipsoids for the
final structure, click on the background
with the right mouse button and select
Thermal Ellipsoids (Figure 6-39).

) ylidim.res =1

File Edit Refine Select Atoms Wiew Preferences Labels Fender Help

Figure 6-39. Thermal Ellipsoids
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