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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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.
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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
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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)

/
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Figure 3-1. SMART APEX system components
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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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with chi angle of approximately 54.74° and a
phi drive with 360° rotation.

All four axes (20, m, ¢, and x) 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



SMART APEX User's Manual

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).
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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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