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Overview

Overview

The FLS1000 Series of Fluorescence Spectrometers enable steady state, fluorescence lifetime and
phosphorescence lifetime measurements.

Read this document if you plan to use the spectrometer to make measurements or use the software to
analyse your measurement results. It describes the spectrometer components, the software you use to
control the spectrometer and how to make spectral and lifetime measurements.

This User Guide covers the operation of the standard components. Making measurements are
explained in chapters 5 and 6. The data operation and analysis procedures are explained in chapters 8
and 9.

More Information

For details on how to install an FLS1000 spectrometer, for service procedures and for validation
procedures refer to the FLS1000 Series Installation and Service Guide.

Special Accessories and Hardware options will be supplied with their own reference guides. For details
on these items refer to the specific reference guide.

Edinburgh Instruments Ltd. 1






Introduction to the FLS1000

1. Introduction to the FLS1000 Series of
Fluorescence Spectrometers

The FLS1000 Series is a series of modular software-controlled spectrometers for the acquisition of
steady state and time-resolved photoluminescence. They can measure:

A Fluorescence and phosphorescence spectra
A Fluorescence and phosphorescence lifetimes
Data can be obtained over a wide spectral range, from the ultraviolet to the near-infrared, with single

photon counting sensitivity. The spectrometer series combines superior sensitivity with high spectral
and temporal resolution.

The FLS1000 Series of Fluorescence Spectrometers is ideal for demanding applications in such areas
as:

Photophysics
Photochemistry
Biophysics

LB >

A Materials research

An FLS1000 Series spectrometer has the following main components:

A Light Source - an excitation source to generate photoluminescence from the sample

A Excitation Monochromator — for the selection of specific monochratic light from the full
spectrum of the excitation source

A Sample Chamber - for optical components and sample holders

A Emission Monochromator — for the selection of specific monochromatic light from the full
spectrum of the sample emission

A Detector — detects the photon flux of the sample emission at the selected wavelength
A Dedicated PC —is pre-installed with spectrometer operating software Fluoracle.

Depending on the type of measurments you want to make, different light sources are used together
with different data acquisition techniques:

Measurement Type Standard Light Source Data Acquisition Technique
Spectral measurements Continuous xenon lamp (Xe2) Single Photon Counting
Time-resolved measurements | Microsecond flashlamp (nF2) Multi-channel scaling (MCS)
in the microsecond to second for  time-resolved  photon
range counting

Time-resolved measurements | Picosecond pulsed lasers EPL or | Time-Correlated Single
in the pico- to nano-second | EPLED, nF920 nanosecond | Photon Counting (TCSPC)
range flashlamp as an option

The following section (chapter 1.1) introduces each of the ten models in the FLS1000 Series of
fluorescence spectrometers. Your own spectrometer may differ from those shown in respect to light
sources, detectors and optional accessories. Upgrade options are listed in chapter 1.2 on page 11.

Edinburgh Instruments Ltd. 3
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1.1. FLS1000 Series Models

The ten FLS1000 Series models are listed below.

FLS1000-SS-s and FLS1000-DD-s

The FLS1000-SS-s and FLS1000-DD-s are spectrometers for the acquisition of fluorescence spectra and
fluorescence kinetic measurements. The FLS1000-DD-s is the world’s most sensitive steady-state
fluorescence spectrometer, with a specified signal-to-noise ratio of the Water Raman signal of 30,000:1.
The signal-to-noise ratio of the FLS1000-5S-s specifies at 20,000:1, while there are also FLS1000-SD-s
and FLS1000-DS-s models with signal-to-noise ratio of 25,000:1.

Figure 1-1a shows the layout of the standard version of the FLS1000-SS-s with single grating
monochromators; Figure 1-1b shows the FLS1000-DD-s with double grating monochromators.

Component Standard
Light Source Xe?2 continuous xenon lamp
Detector Single Photon Counting PMT

Data Acquisition Module | CB1

Acquisition Technique Single Photon Counting (spectral scanning, kinetic measurements)

Figure 1-1: General layout of, a) the FLS1000-SS-s and b) the FLS1000-DD-s

4 Edinburgh Instruments Ltd.
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FLS1000-xS-t and FLS1000-SS-t

The FLS1000-xS-t and FLS1000-SS-t are dedicated spectrometer for the acquisition of fluorescence
decay kinetics the time range from picoseconds to microseconds, based on the technique of Time-
Correlated Single Photon Counting (TCSPC).

Component Standard

Light Source EPLs and EPLEDs (nF920 nanosecond flashlamp as an option)
Detector Single Photon Counting PMT

Data Acquisition Card TCC?

Acquisition Technique TCSPC (fluorescence decay acquisitions)

Figure 1-2: General layout of a) the FLS1000-xS-t with EPL/EPLED, b) the FLS1000-SS-t with nF920.

Edinburgh Instruments Ltd. 5
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FLS1000-SS-m

The FLS1000-SS-m is a dedicated spectrometer for the acquisition of phosphorescence decay kinetics
in the time range from microseconds to seconds, based on the technique of multi-channel scaling
(MCS).

Component Standard

Light Source WF2 microsecond flashlamp

Detector Single Photon Counting PMT

Data Acquisition Card CB1

Acquisition Technique MCS (phosphorescence decay acquisitions)

Figure 1-3: General layout of an FLS1000-SS-m

6 Edinburgh Instruments Ltd.
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FLS1000-SS-sm

The FLS1000-SS-sm is a steady state and phosphorescence lifetime spectrometer. It can be used to
measure fluorescence and phosphorescence spectra, as well as phosphorescence decay kinetics.

Component Standard

Light Sources Xe2 continuous xenon lamp, uF1 microsecond flashlamp
Detector Single Photon Counting PMT

Data Acquisition Card CB1

Acquisition Technique MCS (spectral scanning and phosphorescence decay acquisitions)

Figure 1-4: General layout of an FLS1000-SS-sm

Edinburgh Instruments Ltd. 7
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FLS1000-SS-tm

The FLS1000-SS-tm is a dedicated instrument for the acquisition of fluorescence and phosphorescence
kinetics throughout all time ranges (picoseconds to seconds).

Component Standard

Light Sources pF2  microsecond flashlamp, EPLs/EPLEDs (nF920 nanosecond
flashlamp as an option)

Detector Single Photon Counting PMT

Data Acquisition Card CB1, TCC2

Acquisition Technique MCS and TCSPC (fluorescence and phosphorescence decay

acquisitions)

Figure 1-5: General layout of an FLS1000-SS-tm

8 Edinburgh Instruments Ltd.
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FLS1000-SS-st

The FLS1000-SS-st is a combined steady state and time-resolved fluorescence spectrometer.

Component

Standard

Light Sources

Xe?2 continuous xenon lamp, EPL/EPLEDs (nF920 nanosecond flashlamp
as an option)

Detector

Single Photon Counting PMT

Data Acquisition Card

CB1, TCC2

Acquisition Technique

Single Photon Counting, MCS and TCSPC
(spectral scanning, kinetic measurements, fluorescence decay
acquisitions)

Figure 1-6: General layout of an FLS1000-5S-st

Edinburgh Instruments Ltd.
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FLS1000-SS-stm and FLS1000-DD-stm

The FLS1000-SS-stm and FLS1000-DD-stm are complete photoluminescence laboratories in a single
instrument. They combine all the features of the abovementioned models as detailed below.

Figure 1-7a shows the layout of the standard version of the FLS1000-SS-stm with single grating
monochromators, Figure 1-7b shows the FLS1000-DD-stm with the popular upgrade of double grating
monochromators.

Component Standard

Light Sources Xe2 continuous xenon lamp, pF2 microsecond flashlamp,
EPLs and EPLEDs (nF920 nanosecond flashlamp as an option)

Detector Single Photon Counting PMT
Data Acquisition Card CB1, TCC2
Acquisition Technique Single Photon Counting, MCS and TCSPC

(spectral scanning, kinetic measurements, fluorescence and
phosphorescence decay acquisitions)

Figure 1-7: General layout of a) an FLS1000-SS-stm, b) an FLS1000-DD-stm.

10 Edinburgh Instruments Ltd.
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1.2.

Spectrometer Upgrades

The fluorescence spectrometers listed in Section 1.1 are standard configurations. Various upgrades,
modifications, and enhancements are also available, giving the FLS1000 the flexibility to be used with a
wide range of specific applications and sample requirements.

Common upgrades and enhancements include:

A

A

Double monochromators with increased stray light performance for better measurements of
highly scattering samples

Additional emission monochromators to form “T" or “X" geometries, enabling more than two
detectors to be permanently installed (or more than three when using double monochromators)

Polarisers for automatic acquisition of fluorescence anisotropy data

Gated photomultipliers for better discrimination between (long) phosphorescence decay and
strong (short) fluorescence and/or strong sample scattering

Near Infrared detectors

Additionally, a range of sample holders and sample cooling options are available:

> > > > >

>

> > >

>

Cuvette holders with options for water circulation (for cooling or heating) with a temperature
probe

Magnetic stirrers

Front face sample holders on slides, rotational stages, X-Y stages

Thermo-electrically temperature-controlled cuvette holder with magnetic stirrer option
EPR dewar option for cooling at liquid nitrogen temperature

Cryostat options (Helium or Nitrogen)

Multi-position sample holders, with water circulation or thermo-electric based temperature
control

Plate Reader attachment
Fibre attachments
Fibre couplers to microscopes

Integration Sphere accessory for the measurement of absolute quantum yield of flucrescent or
phosphorescent samples

Absorption accessory

X-ray excitation

For more details on these options, please contact Edinburgh Instruments.

Edinburgh Instruments Ltd. 1






Spectrometer Components

2. Spectrometer Components

The following sections describe the FLS1000 Series standard components. For details on other
components, please contact Edinburgh Instruments.

2.1. Light Sources

There are three standard light sources in the FLS1000 spectrometer series:
A A 450 W continuous xenon arc lamp for continuous sample excitation.

A Alow repetition rate pulsed 60W xenon flashlamp for pulsed sample excitation in multichannel
scaling experiments.

A EPLs (picosecond pulsed diode lasers) or EPLEDs (picosecond pulsed LEDs) for Time-
Correlated Single Photon Counting experiments.

2.1.1. Xe2 Continuous xenon Lamp

The standard light source for steady state applications is a 450 W xenon arc lamp, as shown in Figure
2-1. It produces “white"” light composed of a continuum superimposed with narrow peaks. The optimal
spectral range extends from below 250 nm to more than 1000 nm, shown in Figure 2-2.

Figure 2-1: Xe2 Xenon Lamp

Edinburgh Instruments Ltd. 13
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The Xe2 is an integrated module, comprising focusing optics, power supply, ignitor and control
electronics. The emission of the arc is focussed onto the slit of the excitation monochromator using an
ellipsoidal mirror. The lamp has a removable service panel to access the bulb for alignment or
replacement. The display panel at the front of the lamp indicates the operational status, count, voltage,
power status and elapsed operation time.
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Figure 2-2: Spectral Output of the 450 W Xenon Arc Lamp

The xenon lamp can be fitted with an ozone-free bulb or with an ozone generating bulb (optional).
When fitted with an ozone generating bulb, the spectral output in the UV spectral range is enhanced
and the lower wavelength limit shifts from about 250 nm to 230 nm. Further enhancement in the UV can
be achieved by selecting special UV gratings for the excitation monochromator.

Caution When working with ozone-generating bulbs, an air
extraction system must be fitted to the lamp head.
Ozone

Maintenance

The Xe2 is mostly maintenance-free. Optical alignment is made within the factory, optimal alignment
will be checked during installation; see the FLS1000 Series Installation and Service Guide for details.

The xenon bulb has an average lifetime of 2000 hours (1000 hours guaranteed). For instructions on how
to change and align the bulb, refer to the FLS1000 Series Installation and Service Guide for details.

14 Edinburgh Instruments Ltd.
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2.1.2. pF2 Xenon Flashlamp

The pF2 is a compact 60 W xenon flashlamp, which is triggered by the spectrometer’s controller. The
output is focussed by an adjustable lens assembly onto one of the entrance slits in the spectrometer’s
excitation monochromator.

DOPODE

Figure 2-3: uF2 Xenon Flashlamp

The pF2 is optimised for multi-channel scaling (MCS) lifetime measurements. It has a narrow optical
pulse width of 1 >s— 2 ns and a pulse repetition rate of between 0.1 Hz — 100 Hz.

For some applications (for example, time-gated spectral scanning), the uF2 lamp can be used as an
excitation source for spectral scans. When operating in this mode your samples should have intrinsically
long lifetimes since the spectrometer uses the highly sensitive single photon counting mode for spectral
scanning. The number of instantaneous photons counted per dwell time is limited by a repetition rate
of 100 Hz and a typical pulse width of 1 >s- 2 ps.

Edinburgh Instruments Ltd. 15
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pF2 Output Spectrum

The typical output spectrum of the uF2 is shown in Figure 2-4. The microsecond pulsed xenon flashlamp
has an optical output that is more structured with narrow peaks and has comparatively higher content
of UV output when compared to the spectrum of a continuous xenon lamp (see Section 2.1.1 Xe2
Continuous xenon Lamp on page 13).
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Figure 2-4: Spectral Output of the Xenon Flashlamp

uF2 Pulse Profile

Figure 2-5 shows the temporal output of the pF2 flashlamp, the typical pulse width (FWHM) is 2 ps.
Note that the shape and the tail of the pulse is not equal for all wavelengths.
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Figure 2-5: Temporal Output of uF2 Flashlamp at 300 nm (blue), 450 nm (green) and 600 nm (red).
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2.1.3. Picosecond Pulsed Diode Laser (EPL) and Picosecond Pulsed LED (EPLED)

Pulsed diode lasers and LEDs are the most popular light sources for lifetime measurements in the
nanosecond range for the FLS1000 Series of spectrometers. Edinburgh Instruments can supply a range
of picoseconds pulsed laser diodes (EPLs) and LEDs (EPLEDs) spanning the spectrum from
250 nm - 980 nm. These are connected to the spectrometer using a coupling flange dedicated to
pulsed light sources. The coupling flange connects to the spare port of the sample chamber opposite
the excitation arm. This flange also has an integrated adjustable neutral density filter.

Figure 2-6: Edinburgh Instruments Picosecond Pulsed Diode Laser

All picosecond pulsed light sources require a beam dump and a beam aperture for precise
measurements in the lower picosecond region. The beam dump accepts the residual beam after
passing through the sample and attenuates it. This significantly reduces back reflections from lens
surfaces and other components in the sample chamber that can impair the time-resolved
measurements.

In addition, a beam aperture can be inserted into the cuvette sample holder, limiting the field of view
for the emission channel. This reduces the temporal spread that is caused by the propagation time of
the laser beam travelling through the cuvette (~30 ps).

Beam dump and beam aperture are not usually required for EPLEDs due to the lower power output
compared to EPLs . However, they can significantly improve data quality when EPLs are used with fast
detectors.

2.1.4. Other Light Sources

For details on other light sources such as NIR CW lasers Nd: YAG lasers, Supercontinua, please contact
Edinburgh Instruments.

Edinburgh Instruments Ltd. 17



FLS1000 User Guide, Issue 1

2.2. Monochromators

A monochromator transmits a selectable narrow band of wavelengths of light from a wider range of
wavelengths available at the input. Most FLS1000 fluorescence spectrometers have at least two
monochromators: an excitation monochromator and an emission monochromator. These can be either
single-grating, double-grating or triple grating monochromators, depending on your configuration. The
FLS1000 can be configured in a "T" geometry with additional emission monochromator. This enables
several detectors to be permanently installed.

FLS1000 fluorescence spectrometers use symmetric Czerny-Turner type monochromators, specifically
designed to meet the requirements of the modular concept of the spectrometer. The monochromators
have two chambers:

A An upper optical chamber, coated with highly absorbing optical grade paint of less than 0.2%
reflectance. It is fitted with baffles and shields to minimise reflections of scattered light on
reflecting surfaces and is sealed against ambient light for single photon integrity.

A The lower chamber contains mechanical and electrical components

The focal length of the monochromators is 325 mm with an F-number of 4. They are fitted with one
(single monochromators) or two (double monochromators) grating turrets, each one carrying up to three
gratings. The monochromators also have several computer-controlled slits, a filter wheel, swing mirrors
and shutters.

When you load the spectrometer software, the monochromators calibrate by finding defined positions
for the grating turrets, the slit mechanism and the filter wheel.

Note: There are lower-priced versions of the monochromators available with reduced number of slits
and without the filter wheel.

2.2.1. Excitation Monochromator

The single-grating excitation monochromator has two entrance ports for lamps and one exit port
mounted to the spectrometer’s sample chamber:

Exit port (out of view)

\

Entrance port “A”

Entrance port “B”

Figure 2-7: TGM325-X Single-Grating Excitation Monochromator
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Entrance port B is fitted with a computer-controlled shutter. Although typically configured for the Xe?2
continuous xenon lamp, it may also be used for the nF2 microsecond flashlamp.

Excitation Grating
Entrance port B\ assembly turret
Entrance .
port "A" ~—— <« port

Shutter /
swing —
mirror

\ Filter

wheel

\ _4
Figure 2-8: Schematic of a TGM325-X Single-Grating Excitation Monochromator

Exit port (out of view)

\

Entrance port "A”

Entrance port "C"

(single-grating entrance)

Entrance port “B”

Figure 2-9: DTGM325-X Double-Grating Excitation Monochromator
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Swing Mirror Assembly

If three lamps are required on a single-grating monochromator, a swing mirror assembly (as shown in
Figure 2-10 below) is attached to entrance port “A”, allowing for a third entrance port, entrance port
IICII.

New entrance
port A"

Entrance
port "C"

Figure 2-10: The TGM325-X Swing Mirror Assembly.

2.2.2. Emission Monochromator

The single-grating emission monochromator has one entrance port connected to the sample chamber
and two exit ports that can be connected to different detectors.

Entrance port (out of view)

v

Exit port "A"

Exit port "B”

Figure 2-11: TGM325-M Single-Grating Emission Monochromator
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Unlike excitation monochromators, the shutter on the emission monochromator is not computer-

controlled. Instead, it is directly interlocked to the sample chamber lid and front hatch. This ensures the
detectors are protected against ambient light exposure.

Interlock Grating . e
i turret Exit port “B

Entrance
port —

Exit

«— Port
%

Swing
mirror

Filter _| /

wheel

b 4

Figure 2-12: Schematic of Single-Grating Emission Monochromator

A computer-controlled swing mirror selects the detector in use. The standard emission monochromator

can be fitted with two detectors.
Entrance port (out of view) \

Exit port “C"

Exit port "A” Exit port "B” {single-grating exit)

Figure 2-13: DTGM325-M Double Grating Emission Monochromator

A special single-grating emission monochromator is available for imaging applications. This
monochromator has exit port B fitted with the standard slit assembly, whereas exit port A has no slit and
is reserved for a CCD camera. The swing mirror assembly is in a different position so that the image for
port A is outside the monochromator body, at the active area of the CCD camera.
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2.2.3. Monochromator Gratings

The monochromator grating determines the spectral coverage and spectral resolution (grating groove
density), the efficiency of the optical throughput (grating optimisation wavelength / blaze), stray light
and polarisation effects (type of grating — holographic or ruled). The specifications for the standard
gratings for excitation and emission monochromator, respectively, are shown in the table below:

Mechanical Optimisation | Dispersion
Monochromator Groove Density Wavelength Wavelength

Coverage
single-grating 1800 200 nm =900 nm 250 nm 1.7 nm/mm
excitation grooves/mm (holographic)
monochromator
single-grating 1800 200 nm =900 nm 500 nm 1.7 nm/mm
emission grooves/mm (ruled)
monochromator
optional double-grating 1200 200 nm - 900 nm 400 nm 1.35 nm/mm
excitation grooves/mm (ruled)
monochromator
optional double-grating 1200 200 nm - 900 nm 400 nm 1.35 nm/mm
emission grooves/mm (ruled)
monochromator

Some applications may require additional or alternative gratings. In particular applications in the
ultraviolet or in the near infrared spectral range require gratings of different specifications. Please
contact Edinburgh Instruments for details on optional gratings.

2.2.4. Slits

Both entrance and exit slits of the two monochromators are continuously adjustable between 0 and
11 mm. With a linear dispersion of 3.5 nm/mm this translates to a spectral bandpass of up to 30 nm:

bandpass [nm] = slit width [mm] x dispersion [nm/mm]

For very small slit widths the above formula will be no longer applicable as the monochromator will
operate at the resolution limit. At the resolution limit the nominal bandwidth (displayed in the software)
may be further reduced. However, this will not further reduce the bandpass, instead it will only reduce
the amount light passing through the system.

2.2.5. Shutters

Both monochromators have built-in shutters. The shutters in the excitation monochromator are
controlled by the software: The sample is exposed to the excitation light only when measurements are
taken or the signal intensity is viewed by the user. At all other times the shutter is closed. This minimises
photobleaching and photodegradation of the sample.

The emission shutter is interlocked to the sample chamber lid. The shutter will block when the lid is
open or when the sample module is removed from the instrument. This way the detector is protected
against potential over-exposure with ambient light.
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2.2.6. Filter Wheel

Both excitation and emission monochromators are fitted with filter wheels. When the wheels are in use
the software automatically selects the correct filter to remove potential unwanted higher orders. The
nominal wavelength that is selected in the software is only strictly correct if the automated filters are in
use. If they are not in use higher diffraction orders will pass through the system. These will be detected
e.g. at half the wavelength of the excitation, causing scattered or unwanted sample excitation, often
leading to misinterpretation of spectra.

The operation of the filter wheels may be disabled from within the spectrometer operating software.
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2.3. Sample Chamber

The central component of the FLS1000 Series spectrometer is the sample chamber. This is a large
hexagonal box sub-divided into the upper sample chamber, and a lower section containing control
electronics.

The sample chamber has two access ports for routine access to the sample and mechanical/optical
components inside the compartment: A circular lid that covers a 230 mm diameter round access hole
on the top of the chamber and a 260 mm wide front hatch. Both access ports are interlocked, i.e. as
soon as one of the two lids is lifted the shutter in the emission monochromator will close to protect the
detector(s) against ambient light. Moreover, the lid atop of the sample chamber can be opened and
rotated thanks to a hinge at the back of the instrument.

Four slots on top of the sample chamber accept filter holders for excitation beams and emission light.
They are not interlocked as the apertures are small and the ambient light entering the sample
compartment is minimal.

To minimise stray light, the interior of the sample chamber is coated with a highly absorbing optical
grade black paint. Take care not to damage the fragile paint or spill liquids or powders into the sample
chamber as this will be difficult to clean off without adversely affecting the paint.

Figure 2-14: Sample Chamber, shown with Optional Polarisers and 2 Attenuator at the Laser Port

The sample chamber has four beam access ports, each 90° apart. This allows for a variety of
configuration options such as “T"- geometry (with two emission arms pointing in opposite directions)
or "X"-geometry with two excitation arms in addition to the two emission arms. The optical beam height
within the sample compartment is 82 mm.

With the sample holder removed, access to the sample compartment is also given from underneath the
spectrometer. This enables easy access for the cables or tubes needed to operate the spectrometer
with various cryostats.
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Attenuator

The standard sample chamber contains an attenuator. This is a circular, continuously variable, reflective
neutral density filter.

Reference Detector

The standard sample chamber contains a reference detector behind the attenuator. The reference
detector monitors a fraction of the light incident at the sample position. The output of the reference
detector is used to correct excitation spectra.

The beam splitter that diverts a fraction of the excitation beam to the reference detector is specially
mounted in a way that the angles in respect to the vertical polarisation plane and to the horizontal beam
polarisation plane are identical. This eliminates polarisation effects that would otherwise interfere with
the correction.

Sample Chamber Options

The sample chamber in Figure 2-14 shows the standard sample chamber, fitted with standard
components as well as a popular option of polarisers at the excitation and emission beam path and 2"
attenuator at the laser port.

A special version of the sample chamber with a larger beam access port at the excitation side is
available. This is needed to mount a vacuum UV refocusing flange for spectroscopy with VUV excitation.

Accessing the Optical Compartments inside the Sample Chamber

Usually there is no need to access the optical components inside the large hexagonal sample chamber.
However you may sometimes want to rearrange components for special experiments.

Procedure 1: Accessing the optical compartments inside the sample chamber
1-1  Remove the round lid, front hatch and filter holders.
1-2  Unscrew the four screws on the top of the large sample chamber cover plate.

1-3  Lift the lid carefully rotating it backward. The lid will sit on hinge mechanism.
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2.3.1. Standard Lens Optics

The standard sample chamber has lens optics for focussing the excitation light onto the sample and
collection of the emission light (see Figure 2-14). The lens assembly has two plano-convex fused silica
lenses. In normal operation the lens surface facing the sample is 70 mm away from the centre of the
sample position. The demagnification of the lens assemblies is 2.3. A typical slit opening of the
excitation monochromator of 0.55 mm (~1 nm bandpass for a standard grating) would produce a
0.24 mm wide beam at the sample position. The typical height of the excitation spot is 3 mm —4 mm.

The position of the lenses in the sample chamber are adjustable, although for standard applications
readjustment should not be necessary.

Before the lens assembly can be moved towards or further away from the sample it is necessary to
loosen the grub screw on top of the lens holder. It is then possible to screw the lens assembly into or
out of the mount.

2.3.2. Mirror Optics and Other Beam Steering Options
Some applications require special beam focussing and beam steering options.

The table below gives a summary of those applications. Note that the listed applications also require
other options and accessories (beyond the mirrors or prisms in the sample chamber), such as lamps,
lasers, special detectors.

Application Suitable Optics Where?
VUV excitation (<200 nm) beam re-focussing vacuum flange excitation
use of external lasers for beam steering prism excitation

sample excitation

NIR detection (>1700 nm) mirror optics or lens optics with special emission

lens material
NIR detection (>2500 nm) mirror optics emission
opaque samples in front face mirror optics excitation and
geometry emission

Please contact Edinburgh Instruments for more details about these.
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2.4. Sample Holders

2.4.1. Standard Single Cuvette Holder

The standard sample holder is a single cuvette holder as shown below.

Figure 2-15: Single Cuvette Sample Holder with Lens Assembly, Light Cones and Filters

This holder is suitable for liquid samples measured in standard right angle geometry. The sample holder
has a socket for quick exchange with other optional sample holders, a thermally isolated base, a sample
holder body with feed-through pipes for liquid cooling and a temperature sensor. A spring loaded roller
ensures exact positioning of the sample and avoids scratching of the cuvette. The socket of the sample
holder is mounted to the base by four M3 screws recessed in slotted holes, providing some freedom
for adjustment along the optical axis of excitation. The socket also has slots to hold filters.

The sample holder can be rotated and secured in multiples of 45 degrees.

This sample holder can be removed and replaced at any time without switching off the spectrometer,
"hot-swapped”. The cable for the temperature sensor (terminated with a D-type connector) can be
removed and refitted to the upper of the two D-type sockets next to the emission channel lens assembly.

The sample holder can be completely removed from the instrument by disconnecting the coolant tubes
(quick release fittings), the 9-way connector and (if present) the magnetic stirrer. For a temporary
repositioning, simply move the sample holder to the right side inside the sample chamber.

2.4.2. Other Sample Holders and Sample Positioning Options

Other sample holders include 3-position sample turrets, front-facing sample holders for liquids,
powders and films, holders with magnetic stirrers and a variety of sample cooling and heating options.
Additionally, the sample chamber can accept an integrating sphere, adapters for multi-well plate
readers, stopped flow assemblies, titrators, computer-controlled sample positioners and optical fibre
accessories. For details on these and other options, please contact Edinburgh Instruments.
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2.5. Detectors

The FLS1000 usually includes a high-gain photomultiplier (PMT) detector, suitable for photon counting
in both steady state and time-resolved applications.

Photomultipliers operating in photon-counting mode provide the highest sensitivity in the spectral
range from 200 nm to 1700 nm; for measurements above around 1700 nm analogue detectors are
required.

A variety of photo-detectors can be fitted to the FLS1000 Series. When comparing detectors for
sensitivity, two factors need to be considered:

A Detector Responsivity, usually published by the detector manufacturers as spectral responsivity
of quantum efficiency curves

A Detector Noise, determined by the background signal (dark count rate or dark current)

For the sensitivity of the whole spectrometer (as opposed to that of the detector alone} it is important
to consider other factors such as the efficiency of the monochromators (grating curves), efficiency of the
optics, and power and brightness of the light sources in the spectral range of interest.

For details on detectors, alone and in combination with other spectrometer components, please contact
Edinburgh Instruments.

2.5.1. Red Sensitive Photomultiplier in Cooled Housing

The standard photomultiplier, PMT-900, is a side window photomultiplier with a spectral coverage from
200 nm to ~870 nm. This detector comes in a cooled housing that provides an operation temperature
for the detector of -20 °C to reduce the dark count rate to a minimum.

The cooled housing comprises the optics for refocusing the radiation from the exit of the
monochromator to the photoactive area of the detector, the dynode chain socket, thermoelectrical
cooling elements and a fan for heat dissipation. A separate power supply, CO1, provides power and
controlling circuits for the cooling elements of the detector head.

The detector bias voltage is supplied by the spectrometer controller. This is typically -1200 V.

Figure 2-16: Detector Assembly, comprising Cooled Head to be connected to the CO1 Power Supply
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Do not disconnect the CO1 power supply from the detector when is use, as this
can permanently damage the thermo-electrical circuit.

Detector Specification

The spectral response of this detector is specified to extend to 870 nm. At that wavelength the quantum
efficiency is reduced about 300 times compared to the maximum at 300 nm.

The dark count rate at the operating temperature of -20°C is typically 100 cps.

The detector’'s minimum response width for time-resolved (TCSPC) measurements is 600 ps. This is the
characteristic width of the detector only. Additional contributions for broadening the temporal profile

(such as the pulse width of the exciting light source) may also have an effect on the measured pulse
width.
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Figure 2-17: Quantum Efficiency of Red-Sensitive Photomultiplier

2.5.2. Other Detectors

Other detectors include extended-range red detectors, microchannel plate photomultipliers (MCP-
PMTs), thermo-electrically cooled InGaAs detectors, and liquid nitrogen cooled infrared detectors. For
details on these, please contact Edinburgh Instruments.
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3. Introduction to Fluoracle® Software

The spectrometer’s operating software is Fluoracle. Fluoracle controls the hardware of the instrument
and provides functions for data acquisition, data analysis and data presentation.

Fluoracle is protected by a USB HASP key (software protection device —SPD) when installed ‘off-line’ on
a different computer for data analysis or presentation.

The following sections give an introduction to Fluoracle. You may also consult the Fluoracle Online Help
(Help > Help Topics).

3.1. Starting Fluoracle

To start Fluoracle, double-click the Fluoracle icon on your desktop or select Start > Programs >
Edinburgh Instruments > Fluoracle > Fluoracle.

The Fluoracle splash screen is displayed while the software initialises spectrometer components. This
auto-calibration takes approximately one minute, depending on how many computer-controlled
components are connected to the spectrometer.

Once initialisation is complete, the Fluoracle main window is displayed with an open Signal Rate window
(see Section 3.2.5 Signal Rate Window on page 32).

3.2. General Features of the Fluoracle Main Window

The Fluoracle Main Window has three areas: a large Display Area for measurement results, a Menu Bar
and a Tool Bar on the top of the screen and a Status Bar on the bottom.

3.2.1. Menu Bar

The menu bar offers access to all software features of the Fluoracle software. Note that the list of
different dialogues available depends on whether or not a data window is displayed and on whether
the data are spectral or lifetime data. The list of dialogues accessed through the menu bar also depends
on which sample module is in operation. In addition, some features of the instruments (e.g. use of filter
turret, display of chromaticity diagrams and quantum vyield wizards) can be disabled in the Options
menu, and consequently the list of dialogues may be reduced.

File Edit WView Setup Data Analysis Options Window Help

3.2.2. Tool Bar

The tool bar has a row of icons for commonly-used commands. Some icons will be greyed-out,
depending on the currently selected display area window.

A Scan Icons

= N O @ B

Opens the Signal Rate, New Spectral Measurement, New Lifetime Measurement, Re-run Measurement,
Batch Measurement windows.
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A File Icons

> B v b &

Open, save, import, export or print files.

A Scan View Icons
e (@ o] ®
Change the view style for data windows. Depending on the type of a selected scan, switch the plot

between 2D, 3D, text, or color map/contour plot. You can also set plot options such as axes fonts and
units, screen colours, and labels.

A Measurement Plot Icons

@ a Wb KL E N F

Zoom in to or out of a plot or show the cursor so that you can select and get data on a specific area.
Other icons enable a plot grid, view plot peaks, normalise the graphs (in a contour plot) and view or edit
plot properties.

A Measurement Container Icons

B

Join scans into a single measurement container (multiple scans), split multiple scans or extract individual
scans from measurement containers.

A Scale Icons

| &l

View the Y-axis in logarithmic or linear format.
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3.2.3. Scan Display Area

The Scan Display Area is where Fluoracle scans and windows are displayed. You can have multiple scans
open at the same time: use the Window menu to manage how they are displayed.

Right-click on a scan to display a pop-up menu. From here you can view the scan’s properties, change
the view and set multiple scan options.

Note that the scan display area can get cluttered when many scans are open. To obtain an overview
select Tile Horizontally or Tile Vertically from the Windows menu. A large number of open scan displays
can be best handled by minimizing displays that are not in focus.

3.2.4. Status Bar
The Status Bar at the bottom displays information about the current scan and spectrometer settings.

What is displayed varies depending on whether a scan is in progress and on your particular component
configuration.

Both Tool Bar and Status Bar can be disabled using the View menu options.

3.2.5. Signal Rate Window

The Signal Rate Window (Setup > Signal Rate) is where you setup the wavelength and other parameters
before starting a scan. It is displayed autom ||| GcKNGNEEEEEE o

Figure -1 -

32 Edinburgh Instruments Ltd.














































































































































































































































































