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Chapter 0 : Introduction
About the Fluorolog®-3

The main parts of the Fluorolog®-3 spectrofluorometer system are:
« State-of-the-art optical components

* A personal computer

« FluorEssence™ for Windows®, the driving software.

This manual explains how to operate and maintain a Fluorolog®-3 spectrofluorometer.
The manual also describes measurements and tests essential to obtain accurate data. For
a complete discussion of the almost limitless power provided by FluorEssence™, refer
to the FluorEssence™ User’s Guide and on-line help, and the Origin® on-line help
(contains post-processing instructions for data manipulation) which accompany the
system.

The combination of time-tested, performance-proven hardware with the powerful data-
acquisition and manipulation software yields a system suitable for a wide variety of
applications. Equipped with expansion ports and slots, the Fluorolog®-3 can grow to
meet the changing needs of the user, it will provide years of dedicated service, and can
be upgraded easily with our TCSPC accessory for the Fluorolog® to provide lifetime
measurements.

@Note: Keep this and the other reference manuals near the system.

0-1
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Introduction

Power and environmental requirements; select the best
spot for the instrument.

Various Fluorolog®-3 configurations; their features and
benefits.

Operation of the spectrofluorometer system, and
calibration instructions.

How to use the special FluorEssence buttons to acquire
and plot data; how to determine peaks in an unknown
sample.

Hints for improving the signal-to-noise ratio, instructions
for obtaining corrected data, and other information useful
for optimizing data and ensuring reproducibility.

Routine maintenance procedures such as replacing the
lamp.

Potential sources of problems, their most probable causes,
and possible solutions.

How to correct for variation in sensitivity across the
spectral range.

Installation, operation, and troubleshooting of the optional
automated polarizers.

How to use and maintain the optional phosphorimeter.

Some interesting uses for the Fluorolog®-3.

Information about the xenon lamp, and a form for
recording the xenon-lamp usage.

Special instructions on using an iHR imaging spectrometer
with the Fluorolog®-3 system, including with a CCD
detector.

Determining the lifetime of a sample using the optional
TCSPC accessory for Fluorolog®. The TCSPC accessory
does not affect steady-state measurements.

Instrument specifications and computer requirements.

Description and application of the accessories available for
the Fluorolog®-3.

How to reassemble the Fluorolog®-3 after it has been
moved.

A list of some useful technical terms related to
fluorescence spectroscopy.

Important resources for more information.
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Disclaimer

By setting up or starting to use any HORIBA Instruments Incorporated product, you are
accepting the following terms:

You are responsible for understanding the information contained in this document. You
should not rely on this information as absolute or all-encompassing; there may be local
issues (in your environment) not addressed in this document that you may need to
address, and there may be issues or procedures discussed that may not apply to your
situation.

If you do not follow the instructions or procedures contained in this document, you are

responsible for yourself and your actions and all resulting consequences. If you rely on

the information contained in this document, you are responsible for:

e Adhering to safety procedures

e Following all precautions

e Referring to additional safety documentation, such as Material Safety Data Sheets
(MSDS), when advised

As a condition of purchase, you agree to use safe operating procedures in the use of all
products supplied by HORIBA Instruments Incorporated, including those specified in
the MSDS provided with any chemicals and all warning and cautionary notices, and to
use all safety devices and guards when operating equipment. You agree to indemnify
and hold HORIBA Instruments Incorporated harmless from any liability or obligation
arising from your use or misuse of any such products, including, without limitation, to
persons injured directly or indirectly in connection with your use or operation of the
products. The foregoing indemnification shall in no event be deemed to have expanded
HORIBA Instruments Incorporated’s liability for the products.

HORIBA Instruments Incorporated products are not intended for any general cosmetic,
drug, food, or household application, but may be used for analytical measurements or
research in these fields. A condition of HORIBA Instruments Incorporated’s
acceptance of a purchase order is that only qualified individuals, trained and familiar
with procedures suitable for the products ordered, will handle them. Training and
maintenance procedures may be purchased from HORIBA Instruments Incorporated at
an additional cost. HORIBA Instruments Incorporated cannot be held responsible for
actions your employer or contractor may take without proper training.

Due to HORIBA Instruments Incorporated’s efforts to continuously improve our
products, all specifications, dimensions, internal workings, and operating procedures
are subject to change without notice. All specifications and measurements are
approximate, based on a standard configuration; results may vary with the application
and environment. Any software manufactured by HORIBA Instruments Incorporated is
also under constant development and subject to change without notice.

Any warranties and remedies with respect to our products are limited to those provided
in writing as to a particular product. In no event shall HORIBA Instruments

0-4
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Incorporated be held liable for any special, incidental, indirect or consequential
damages of any kind, or any damages whatsoever resulting from loss of use, loss of
data, or loss of profits, arising out of or in connection with our products or the use or
possession thereof. HORIBA Instruments Incorporated is also in no event liable for
damages on any theory of liability arising out of, or in connection with, the use or
performance of our hardware or software, regardless of whether you have been advised
of the possibility of damage.

0-5
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Safety summary

The following general safety precautions must be observed during all phases of
operation of this instrument. Failure to comply with these precautions or with specific
warnings elsewhere in this manual violates safety standards of design, manufacture and
intended use of instrument. HORIBA Instruments Incorporated assumes no liability for
the customer’s failure to comply with these requirements. Certain symbols are used
throughout the text for special conditions when operating the instruments:

A WARNING notice denotes a hazard. It calls
} attention to an operating procedure, practice, or
‘ similar that, if incorrectly performed or
Warning: adhered to, could result in personal injury or

death. Do not proceed beyond a WARNING
notice until the indicated conditions are fully
understood and met. HORIBA Instruments
Incorporated is not responsible for damage
arising out of improper use of the equipment.

A CAUTION notice denotes a hazard. It calls
; attention to an operating procedure, practice, or
similar that, if incorrectly performed or
Caution: adhered to, could result in damage to the

product. Do not proceed beyond a CAUTION
notice until the indicated conditions are fully
understood and met. HORIBA Instruments
Incorporated is not responsible for damage
arising out of improper use of the equipment.

Ultraviolet light! Wear protective goggles, full-

; face shield, skin-protection clothing, and UV-
blocking gloves. Do not stare into light.

% Caution:

Intense ultraviolet, visible, or infrared light!

! Wear light-protective goggles, full-face shield,
skin-protection clothing, and light-blocking

Caution: gloves. Do not stare into light.

Extreme cold! Cryogenic materials must
always be handled with care. Wear protective
goggles, full-face shield, skin-protection
clothing, and insulated gloves.

Er

0-6
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Caution:

QOSSP pP

Warning:

Warning:

‘ Warning:

Warning:

Introduction

Explosion hazard! Wear explosion-proof
goggles, full-face shield, skin-protection
clothing, and protective gloves.

Risk of electric shock! This symbol warns the
user that un-insulated voltage within the unit
may have sufficient magnitude to cause
electric shock.

Danger to fingers! This symbol warns the user
that the equipment is heavy, and can crush or
injure the hand if precautions are not taken.

This symbol cautions the user that excessive
humidity, if present, can damage certain
equipment.

Hot! This symbol warns the user that hot
equipment may be present, and could create a
risk of fire or burns.

Wear protective gloves.

Wear appropriate safety goggles to protect the
eyes.

Wear an appropriate face-shield to protect the
face.

0-7
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@Nole:

Introduction

Read this manual before using or servicing the
instrument.

General information is given concerning
operation of the equipment.

0-8
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Risks of ultraviolet exposure

% ‘L‘aution: This instrument is used in conjunction with
ultraviolet light. Exposure to these radiations, even

Do not aim the UV light at anyone.
Do not look directly into the light.
Always wear protective goggles,
full-face shield and skin protection
clothing and gloves when using the
light source.

reflected or diffused, can result in serious, and
sometimes irreversible, eye and skin injuries.

Overexposure to ultraviolet rays threatens human
health by causing:

e Immediate painful sunburn

Skin cancer

Eye damage

Immune-system suppression

Premature aging

Light is subdivided into visible light, ranging from 400 nm (violet) to 700 nm (red);
longer infrared, “above red” or > 700nm, also called heat; and shorter ultraviolet
radiation (UVR), “below violet” or <400nm. UVR is further subdivided into UV-A
or near-UV (320400 nm), also called black (invisible) light; UV-B or mid-UV
(290-320 nm), which is more skin penetrating; and UV-C or far-UV (< 290 nm).

Health effects of exposure to UV light are familiar to anyone who has had sunburn.
However, the UV light level around some UV equipment greatly exceeds the level
found in nature. Acute (short-term) effects include redness or ulceration of the skin.
At high levels of exposure, these burns can be serious. For chronic exposures, there
is also a cumulative risk of harm. This risk depends upon the amount of exposure
during your lifetime. The long-term risks for large cumulative exposure include
premature aging of the skin, wrinkles and, most seriously, skin cancer and cataract.

Damage to vision is likely following exposure to high-intensity UV radiation. In
adults, more than 99% of UV radiation is absorbed by the anterior structures of the
eye. UVR can contribute to the development of age-related cataract, pterygium,
photodermatitis, and cancer of the skin around the eye. It may also contribute to
age-related macular degeneration. Like the skin, the covering of the eye or the
cornea, is epithelial tissue. The danger to the eye is enhanced by the fact that light
can enter from all angles around the eye and not only in the direction of vision. This
is especially true while working in a dark environment, as the pupil is wide open.

0-9
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The lens can also be damaged, but because the cornea acts as a filter, the chances
are reduced. This should not lessen the concern over lens damage however, because

cataracts are the direct result of lens damage.

Burns to the eyes are usually more painful and serious than a burn to the skin. Make
sure your eye protection is appropriate for this work. NORMAL EYEGLASSES OR

CONTACTS OFFER VERY LIMITED PROTECTION!

%% é(,‘aution: UV exposures are not immediately felt. The
user may not realize the hazard until it is too late and
the damage is done.

Training
For the use of UV sources, new users must be trained by another member of the
laboratory who, in the opinion of the member of staff in charge of the department, is
sufficiently competent to give instruction on the correct procedure. Newly trained users
should be overseen for some time by a competent person.

0-10
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Additional risks of xenon lamps

are dangerous.

. : Please read the
,;r:.ong the dangers associated with xenon lamps following precautions.
e Burns caused by contact with a hot xenon lamp.
e Fire ignited by hot xenon lamp.
e Interaction of other nearby chemicals with intense ultraviolet, visible, or infrared

radiation.

e Damage caused to apparatus placed close to the xenon lamp.
e Explosion or mechanical failure of the xenon lamp.

Visible radiation

Any very bright visible light source will cause a human aversion response: we either
blink or turn our head away. Although we may see a retinal afterimage (which can last
for several minutes), the aversion response time (about 0.25 seconds) normally protects
our vision. This aversion response should be trusted and obeyed. NEVER STARE AT
ANY BRIGHT LIGHT-SOURCE FOR AN EXTENDED PERIOD. Overriding the
aversion response by forcing yourself to look at a bright light-source may result in
permanent injury to the retina. This type of injury can occur during a single prolonged
exposure. Excessive exposure to visible light can result in skin and eye damage.

Visible light sources that are not bright enough to cause retinal burns are not
necessarily safe to view for an extended period. In fact, any sufficiently bright visible
light source viewed for an extended period will eventually cause degradation of both
night and color vision. Appropriate protective filters are needed for any light source
that causes viewing discomfort when viewed for an extended period of time. For these
reasons, prolonged viewing of bright light sources should be limited by the use of
appropriate filters.

The blue-light wavelengths (400-500 nm) present a unique hazard to the retina by
causing photochemical effects similar to those found in UV-radiation exposure.

Infrared radiation

Infrared (or heat) radiation is defined as having a wavelength between 780 nm and 1
mm. Specific biological effectiveness “bands” have been defined by the CIE
(Commission Internationale de I’Eclairage or International Commission on
Illumination) as follows:

* IR-A (near IR) (780-1400 nm)

* IR-B (mid IR) (1400-3000 nm)

* IR-C (far IR) (3000 nm-1 mm)

0-11
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The skin and eyes absorb infrared radiation (IR) as heat. Workers normally notice

excessive exposure through heat sensation and pain. Infrared radiation in the IR-A that

enters the human eye will reach (and can be focused upon) the sensitive cells of the

retina. For high irradiance sources in the IR-A, the retina is the part of the eye that is at

risk. For sources in the IR-B and IR-C, both the skin and the cornea may be at risk from

“flash burns.” In addition, the heat deposited in the cornea may be conducted to the lens

of the eye. This heating of the lens is believed to be the cause of so called

“glassblowers’ ” cataracts because the heat transfer may cause clouding of the lens.

e Retinal IR Hazards (780 to 1400 nm): possible retinal lesions from acute high
irradiance exposures to small dimension sources.

e Lens IR Hazards (1400 to 1900 nm): possible cataract induction from chronic lower
irradiance exposures.

e Corneal IR Hazards (1900 nm to 1 mm): possible flashburns from acute high
irradiance exposures.

Who is likely to be injured? The user and anyone exposed to the radiation or xenon
lamp shards as a result of faulty procedures. Injuries may be slight to severe.

0-12
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Chapter 1 : Requirements &
Installation

Surface requirements

e Asturdy table- or bench-top.
e Table size varies according to the system configuration; an average size of 38" x
60" (96.5 cm x 152.4 cm) is usually sufficient.

‘(,‘aution: Do not split the system between two tables.
Using two tables can cause instability, resulting in
service requirements or erroneous data.

Table size for standard systems*
FL3-11 FL3-12 FL3-21 FL3-22 FL3-222
Length 102cm 102cm 123cm 123cm 132cm
Width 91cm 112cm 104cm 124cm 183 cm
Height 43cm 43cm  43cm  43cm 43 cm

*Custom configurations are available. See the System Description chapter.
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Environmental requirements

e Temperature 72 + 5°F (22 £ 3°C)
e Humidity level ~70%
e No special ventilation.

@Nole: The standard xenon lamp provided with the Fluorolog®-3 is
ozone-free. The lamp housing contains an electrically powered fan
that removes the heat.
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Electrical requirements

115V, 20 A or 220 V, 20 A, factory-set.

As an extra measure of caution,
plug the xenon lamp into a circuit
Note: For the computer, HORIBA

separate from the other

components. This guarantees that Scientific recommends using a
the electrical surge from the lamp surge suppressor or an
never will interfere with the uninterruptible  power  supply
computer or system. (UPS) with a surge suppressor.

Make sure enough AC outlets are available for the

Host computer

Printer (optional)

Monitor

Xenon lamp

System controller (SpectrAcq)

Any other accessories that require an outlet

Use three-prong plugs for proper grounding of the system. If a two-prong adapter is
used, for the safety of the operator and to preserve the integrity of the system, the
adapter must be attached to the wall outlet properly, according to the manufacturer’s
instructions. This provides a positive connection to the electrical ground (earth),
ensuring that any stray or leakage current is directed to earth ground.

‘Waminy:A three-prong-to-two-prong adapter is not
recommended.
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Installation

Schedule the initial installation of a Fluorolog®-3 by calling the Service Department at
(732) 494-8660 x 8160. Customers outside the United States should contact a local
representative. For up-to-the-minute information about products, services, upgrades,
frequently-asked questions, etc., visit our web site:

http://www.horiba.com/scientific/products/fluorescence-spectroscopy/

Subsequent assembly because of relocation either can be performed by a HORIBA
Scientific engineer for a specified fee, or by the user. Re-assembly instructions and
diagrams are provided in Reassembly Instructions.
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Chapter 2 : System Description

Overview

General operation
All Fluorolog®-3 spectrofluorometers have common features:
—ad A source of radiation produces photons.

b The beam of light is filtered by an excitation monochromator that allows
a single wavelength of light to reach the sample.

Source

Excitation Spectrometer
Controller
(SpectrAcq)

Detec-
tor

Emission Spectrometer

Sample
Compartment Module
—C In the sample compartment,|the sample ffesponds to the incoming
radiation.
d The resulting radiation is filtered by an gmission monochromator that

feeds the signal to a photomultiplier detector.

e By stepping either or both monochromators through a wavelength
region, and recording the variation in intensity as a function of
wavelength, a spectrum is produced.

f The spectrofluorometer components (monochromators, sample-
compartment module, accessories) are connected to a controller (the
“SpectrAcq”), which, in turn, transfers information to and from the host
computer. The host computer may be attached to a printer or plotter.
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Basic components

Monochromators

The Fluorolog®-3 comes equipped with either a single- or double-grating
monochromator in the excitation and emission positions. Double-grating
monochromators offer a significant increase in sensitivity, resolution, and stray-light
rejection.

Sample compartment

The standard sample-compartment module is a T-box, which provides efficient
throughput with a choice of standard right-angle emission collection or optional front-
face emission collection. The sample-compartment module comes equipped with a
silicon photodiode reference detector to monitor and compensate for variations in the
xenon-lamp output.

Detector
The standard detector offered on the Fluorolog®-3 is the R928P photomultiplier tube,
which provides sensitive spectral characterization in the UV through the visible.

Accessories

Fluorolog®-3 spectrofluorometers offer sampling accessories to increase flexibility, and
extend their applications to techniques such as polarization measurements or
phosphorescence lifetimes.
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Configurations

The different configurations and various accessories available for the Fluorolog®-3
system allow you to customize a system specific for today’s needs, while the
interchangeability of the components and the inherent design enable the system to grow
and change as new applications arise.

Standard systems

The standard Fluorolog®-3 systems include a single- or double-grating monochromator
in the excitation and emission paths in an “L” configuration.

Standard systems available:

Model  Source Excitation Sample Compartment  Emission Detector
Monochromator Module Monochromator

FL311 450WXe Singe T-Box Singe PMT

FL312 450WXe Singe T-Box Double PMT

FL321 450WXe Double T-Box Single PMT

FL322 450WXe Double T-Box Double PMT
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Fluorolog®-3 Model FL3-11
The Fluorolog®-3 Model FL3-11 is an economical system designed for routine
fluorescence measurements.

Source

Single-grating
Excitation Spectrometer

PMT

T-box Sample Single-grating
Compartment Module Emission Spectrometer

The standard model FL3-11 comes equipped with:

450-W light source

Single-grating excitation monochromator
Single-grating emission monochromator
Automatic slits

Room-temperature R928P detector

2-4
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Fluorolog®-3 Model FL3-12
The Fluorolog®-3 model FL3-12 provides optimum performance for highly scattering
samples such as proteins, membranes, and solid samples. Like the Model FL3-11, the
Fluorolog®-3 Model FL3-12 has a single-grating excitation monochromator; but the

optimum performance of the Model FL3-12 is as a result of a double-grating emission
monochromator.

Source

Single-grating excitation
monochromator

T-box sample
compartment

Double-grating emission
monochromator

Features of the Model FL3-12 are:

450-W light source

Single-grating excitation monochromator
Double-grating emission monochromator
Automatic slits

Room-temperature R928P detector

System Description

PMT
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Fluorolog®-3 Model FL3-21
The Fluorolog®-3 model FL3-21 includes a double-grating monochromator at the
excitation position.

Source

Double-grating
Excitation Spectrometer

PMT

Y RV
T-box Sample Single-grating
Compartment Emission
Module Spectrometer

Features of the Model FL3-21 are:

450-W light source

Double-grating excitation monochromator

Single-grating emission monochromator

Automatic slits
Room-temperature R928P detector
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Fluorolog®-3 Model FL3-22

Because of the double-grating excitation and emission monochromators, the
Fluorolog®-3 model FL3-22 offers unsurpassed performance in resolution, sensitivity,
and stray-light rejection. This system is perfect for highly scattering samples like lipids
and proteins, or solids like powders, semiconductors, or phosphors.

Source

Double-grating
Excitation Spectrometer

PMT

T-box Sample Double-grating
Compartment Emission
Module Spectrometer

Incorporating double-grating monochromators in both the excitation and emission
positions places this model in a category by itself. Enhanced features, modular
structure, and few external controls are just a few of the reasons to consider a
Fluorolog®-3 model FL3-22:

e 450-W light source

Double-grating excitation monochromator

Double-grating emission monochromator

Automatic slits

Room-temperature R928P detector
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Standard options

The previously described systems represent the standard configurations. Each system,
however, can be customized by selecting different components. Available options are
listed below. For additional information, or for a list of the most recently developed
products, contact a HORIBA Scientific Sales Representative.

Sources

e Pulsed lamp,
including our
TCSPC
upgrade

e HgXe
e Your laser

Detectors L‘aut/on Always take appropriate protective measures
e Cooled PMT against intense light from external lamps and lasers,
e IR including goggles or face-shield, and clothing that

e CCD blocks the wavelengths that the source emits.

Refer to Components and Accessories for a list of accessories that will help you further
tailor a system to your application needs.
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Custom configurations

With custom configurations, you can change the layout of the system to a T-format or
add an imaging spectrograph at the emission port of the system. Using single-grating,
double-grating, or the imaging spectrometer, you can create a system for almost any
application. Details on using an iIHR imaging spectrometer are given in Chapter 13:
iHR Operation with the Fluorolog®-3. Some of the more popular custom configurations
are described on the following pages.
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Fluorolog®-3 Model FL3-XXX

Systems with the T-configuration design were developed for T-format polarization or
anisotropy and dual-emission spectroscopy. Models FL3-XXX (where the Xs are the
type of spectrometer positioned at the excitation, first-emission, and second-emission
positions, respectively) are available in numerous configurations.

Source Detector

Excitation o
Spectrom Emission

Spectrometer

Compartment

o Module
Emission

Detector Spectrometer

Fluorolog®-3 model FL3-122

The T-configuration allows the Xe source and the signal detector to be positioned at
right-angles to the sample, for a variety of experiments with results unequaled by other
configurations. The optical configuration of the model FL3-122 is shown below.

PMT PMT

Optical layout of the Fluorolog®-3 Model FL3-122.

2-10




Fluorolog-3 Operation Manual rev. G (2 May 2014) System Description

Fluorolog®-3 Model FL3-22iHR

The fully automated iHR320 imaging spectrograph can be a part of a custom
Fluorolog®-3 configuration. The imaging spectrograph offers the latest advances in
optical design and automation.

Excitation
Spectromete " iHR320
Imaging
Spectrometer
Sample
Compartment

Module

Emission
Spectrometer

Fluorolog®-3 with a double-grating emission spectrometer and iHR320
imaging spectrograph.

The optical configuration of this system is shown below.

Double-grating

emission CcCD
monochromator

Source

Single-grating excitation
monochromator

PMT
@ = 320 imaging
spectrometer
(emission)
T-box sample-
compartment
module

Custom optical layout. By switching the iHR320 and double-grating monochromator,
both right-angle and front-face collection are possible.

The unique optical layout of the iIHR320 eliminates rediffracted light. In addition, with
the single-grating excitation spectrometer in place, the iHR320 imaging spectrograph
can be placed on either side of the sample-compartment module. When the iHR320
imaging spectrometer is used as the first emission spectrometer, both front-face and
right-angle collection are possible.
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Custom options

Each system can be customized further by selecting different options. Available options
are listed below. For additional information, or for a list of the most recently developed
products, contact a HORIBA Scientific Sales Representative.

Sources

e Pulsed lamp,
including our
TCSPC
upgrade

e HgXe
e Your laser

Detectors L‘aut/on Always take appropriate protective measures
e Cooled PMT against intense light from external lamps and lasers,
e IR including goggles or face-shield, and clothing that

e CCD blocks the wavelengths that the source emits.

Refer to Components and Accessories for a list of accessories that will help you further
tailor a system to your application needs.
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Chapter 3 : System Operation

Turning on the system
1 Start the lamp.

The lamp must be turned on prior to the Fluorolog®-3,
accessories, and peripheral equipment.

a On the back of the lamp housing, turn on the switch
marked POWER.

= v
c €\ A ‘L‘aution: When the lamp is

turned on, a large voltage is
.- &-‘_ put across the lamp, during
icand R which a spike can feed back
down the electrical line. This
spike can cause damage to
computer equipment if the
equipment is operating at

b Just above the POWER the time and on the same
switch, turn on the MAIN power circuit as the
LAMP switch. Fluorolog™-3, when the lamp
is started.

7 Start the fluorometer

accessories.
Turn on any automated accessories (e.g., Temperature Bath, MicroMax, etc.)
used with the Fluorolog®-3. Let the system warm up for at least 60 min.

3 Start the SpectrAcg. |

a For Fluorolog®s with serial numbers 1030 an
lower, make sure the boot disk is in the floppy
drive.

g == —r I muA
‘L‘aution: For Fluorolog®s with serial ’
numbers 1031 or higher, do NOT
insert the 3v4" floppy disk into the

SpectrAcg. The floppy disk is =
ONLY for backup purposes, —
NEVER for boot-up. _—
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b

System Operation

On the rear of the l |
SpectrAcq, activate on - ‘
the power switch to start: |srtmin)
Immediately below the
muA logo on the front of T
the SpectrAcqg, the LED 1w
indicator lamp should B .
illuminate. -
‘ j
—

@Note: For Fluorolog®s that use the 3%" floppy disk to
boot up, the disk should access for ~ 60 s to load
system drivers.

4 Start the peripheral devices.

Turn on all peripheral devices such as printers and plotters (i.e., all devices

other than the computer).

5  Start the host computer.

a
b

Switch on the host computer.

Click on the FluorEssence icon in Windows®. Cae 1
The instrument initializes, then the FluorEssence window appears. If
there are any difficulties, see the chapter on troubleshooting.

a4 FluorEssence - C:\Users\Public\Documents\Jobin YvoniData\sco hen\UNTITLED,

File Edit Yiew Collect Analysis Graph Data Gadgets Tools Format Window Help
DEE cEEdB &8 B | dBPe ko +8-1T RRE B EEES
H= i E B e [t B ooveD 2 ||| & e oD B
A=l
£ UMTITLED
25000
20000 —

:=’. 15000

g

i 10000 o
T Z o
Mame Comm. ..
Graphl .

o 20 o 00 E!I] 1000 120
Wanelensth dhm)
< | »
|Find:| x|
m| o
Category | Topic

For Help, press F1 AU:ON | Dark Colors &Light Grids 1:[Grapht]l!l  Ra
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Checking system performance
Introduction

Upon installation and as part of routine maintenance checks, examine the performance

of the Fluorolog®-3. HORIBA Scientific recommends checking the system calibration

before each day of use with the system. Scans of the xenon-lamp output and the Raman

scatter band of water are sufficient to verify system calibration, repeatability, and

throughput.

e Calibration is the procedure whereby the drive of each spectrometer is referenced
to a known spectral feature.

e Repeatability is the ability of the system to produce consistent spectra.

e Throughput is the amount of signal passing through and detected by the system.
The throughput is correlated to the signal-to-noise ratio and sensitivity of the
system.

The Fluorolog®-3 is an autocalibrating spectrofluorometer. This means the system
initializes its monochromator’s drives, locates the home position of the each drive, and
assigns a wavelength value to this position from a calibration file. While the system
usually maintains calibration by this method, it is wise to check the calibration prior to
the day’s session with the instrument. For the calibration checks detailed here, a single-
sample mount or automated sample changer should be the only sample-compartment
accessories used.

The scans shown herein are examples. A Performance Test Report for your new
instrument is included with the documentation. Use the Performance Test Report to
validate the spectral shape and relative intensity taken during the calibration checks.

These scans are described for systems with the default 1200-grooves/mm gratings and
an R928P PMT emission detector with coverage from the UV to high visible. If the
monochromators contain gratings with groove densities other than 1200 grooves/mm,
with different wavelength sensitivity, or with a different emission detector, please
consult the Performance Test Report for appropriate scan parameters.
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Excitation calibration check

This calibration check verifies the wavelength calibration of your excitation
monochromator, using the reference photodiode located before the sample
compartment. It is an excitation scan of the xenon lamp’s output, and should be the first
check performed.

1 Close the lid of the sample compartment.

7 On the main FluorEssence toolbar, select the
Experiment Menu buttop_Hl:

=4 FluorEssence - C:\Wsers\Public\Documents\Jobin Y=z swatalscohen\UNTITLED

File Edt Yisw Collect Analysis Graph Des—Gadgets Tools Format Window Help
D sadld & B aBFeg ko +03-1T) REE B EEES
M= i E E B e |t [ER ov 2D 2 | R e N FD B
The Fluoresence Main Experiment
Menu appears:

3 Choose the Spectra

#=1 Fluorescence Main Experiment Menu

button. > . -
The Experiment Type window P
appears:

Anisotropy Single Point Phos

X

Experiment Type
4 Choose Excitation-then
click the Next >> button

. \)Excitation
. A Senchronous
The xenon-lamp scan experiment automatic
loads.

<< Back |

5  Use the default parameters or adjust them:
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Default monochromator parameters for the xenon-lamp scan are:

Monochromator Initial Final Increment Slits(bandpass)
(1200 wavelength  wavelength

grooves/mm)

Excitation 200 nm 600 nm 1nm 1nm

Emission 350 nm -- -- 1nm

Default detector parameters for the xenon-lamp scan are:

Detector (Signal) Integration time Units

Signal (S1) 0.1s CPS
Reference (R1) 0.1s mA

+=4 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Excitation] )

Experiment I General information

Experiment
File Directaory
|thSDect|aIExc'rtationml - @ 5o = |
Data Storage
Data Identifier: [DftEx
Comment Spectral Acquistion[Excitation]

Experiment Type Maonos

Excitation 1

DB ==

W Activate [~ (% Setas Reference
Wavelength Start End Inc

nm [200 [600 1

nm 1

Emission 1

v Activate

Wavelength Parkc

- B0
Slit
nm 1

Status

| &

Full Dizclozue
Triggers | Spectral Acquisition[Excitation] -

6  Click the Run button:

The Intermediate Display opens. The xenon-lamp scan runs:

| o
Cancel

Run Time Contral
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£82 DAItEx (D1) o =] ]
5 0.05 o
E
0.04 —|
0.03 |
| - - 4 .«
0.02 | o
ton Broadband |
0.00 -
T i 1
200 400 600
VWavelength (nm)
Drouble click graph to do analysis
Instrumenit Info:
Spectral Acguisition[Excitation) Manalog HORIB L
4 [+]\Graph AData £ Nate / |« I 4

This is an uncalibrated @
FluoroMax lamp scan. The Note: Your lamp scan may appeat

main peak ought to be at different, depending on the
467 nm, but here appears instrument configuration. See youf
near 480 nm. Performance Test Report for a

factory-run scan of your lamp.

[ Calibrate the excitation monochromator, if
required.

a Double-click on the graph to un-embed it from the workbook.

b Expand the plot by clicking the Expand button.
Ed

C Click the cursor button to start the Cursor function.
#=a FluorEssence - C:\Users\Public\DocumentsiJobin Yvon\Datalscohen\UNTITLED

File Edit ‘iew Collect Analysis Graph Data Gadgets Tools Format  Window  Help

DPR *EHR 83 AETa|[ra  +2-:T [A&RE &
He | B o6 E - Mokt @oen# |@awvod

EEEIEIERAEE

d Click on the graph near the peak, to place the cursor on the graph.

e Using the left and right arrows on the keyboard, move the cursor to the
top of the peak.

f Read the x-value of this plot: this is the wavelength of the peak.

3-6




Fluorolog-3 Operation Manual rev. G (2 May 2014) System Operation

i FluorEssence - C:Documents and Settings)All Users'Documents' Jobin Yvan',DataUNTITLED * -0l x|
Fle Edt View Collect Analysis Graph Data Gadgets Tools Format Window Hslp

SEEEEE ===

M e D5 E | e P e E e 2
——————lx

[kaa+E-:T
HBTK N FD [y
B

[EEIEEAC

3 UNTITLED

Wavelength
in nm

quantum dots (01) Fluor. ..

quantum dots (02) Fluor. ..
DflEx (01} Spect.

T T 1
200 400 B0
Wavelength (nm)

| | KT ]

Data Reader: Click ko read data value, Left/right keys to go From poink to p A : OM  [Dark Colors & Light Grids [1:[DfItEx1]DakalCol"R1")[1:401] 1:[DFtEX1G]111 |Radian

This example shows the peak actually at 477 nm, which is 10 nm too
high. Therefore we must recalibrate the monochromator.
Click the Previous Experiment button .

s=a FluorEssence - C:\Users\Public\Documenrtswiobin YvoniData\scohen\UNTITLED
File Edit Wiew Collect Analysis spt Data Gadgets Tools Format  Window Help

DDR SEER &3 PP | (k3 +B-:T [ARE &
EEEIEEEE B (0 2 |1 B ov oD % [ oo B

The Experiment Setup window appears:

- rescence

A

EEEIEIERAEE

General information
Experaet
Fis Direstory

DilSpectalE mission sl ] [Coa il Do vl Gleed | ESave | EllSavess. |

Data Storage

Data |denifier DMEm

. Spectial Acquistion[E mission]
Experiment Type Monos

Excitation 1

[#] Activate

Wavelength Park.

m o ]

St

nm 5

Emission 1
[VlActivate  |P=t ) Set as Reference

Wavelength Start End Inc

nm 365 450 1

St

- ]

Ful Disclosure ‘}A’ Ric | | m
Spectal Acquisiton[E mission) | —

h Click the RTC button on the lower right:
The Real Time Control window opens:

L 2]
| el
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- 3

Click the Monos icon to view the monochromators’ index card, then
click the gcitation monochromator tab.

System Operation

=4Real Time Control [ C:\Documents ind Settings\all Users',Documents',Jobin ¥von'Data'~DfltSpectralE —|0f x|

Chanrel 1

j,l Clear | P futoscale |

Grating
| | *
+
:r ben Lo | 1200 |
: TO |wznn,.
it
Sit width
09975 nm
Calibrate Excitation 1
/
Shutler Mode
A e @)/ BB o
slit i .
1o  Womal Clear T il Transfer | Save Fun Cancel
& Citcd “ Closed —
e I Confinuous

Enter the current, observed position of the péak in the Position Cont
(here, 477 nm).

Click the Calibrate Excitation 1 button.
The Calibrate

. Calibrate Excitation 1
window opens:

rol

Curent Positon: 477
In Peak Of |ntel’eSt,\ u”ent‘v\-?‘:ﬁggngth or Observed "
enter the actual or Pesk Locsten

. Peak Of Interest 467
expected p03|t|on of [Expected Peak Location]
the peak (it ought to

QK Cancel |

be 467 nm). /f’—\
Click the OK button.

At the bottom right of the Real Time Control window, click the Cancel

button.

In the Experiment window, click the Run button to confirm the correct

peak position. A correct scan is shown below (peak is at 467 nm):
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imaFluorEssence - C:\Documents and Settings',All Users',Documents', Jobin Yvon',Data\UNTITLED *
Fle Edt Wew Collect Analysis Graph Data Gadgets Dools Format Window Help

System Operation
1] x|

OB IEEEEE

E

IR rac+m-2T
PR EEEF R Eon? [@avem

RN [ DtE w1 GAIDAtER1 1GraphtALIATH

23 UNTITLED

uantum dots (02) Fluor...
fltEx (01) Spect...

Wavelength
in nm

5228 ||| x| =4 o# [

400
Wavelength (nm)

500

4 | )l

{ Bl

Data Reader: Click ko read data value. Leftfright keys to go from point to pelall s OM  [Dark Colors & Light Grids [1:[DfkEx1]DatalCol( "R 1")(1:401]

|[u[OftextGll |[Radian 4
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Emission calibration check

@Nm‘e; The emission calibration of the instrument is directly affected by
the calibration of the excitation monochromator.

This calibration check verifies the wavelength calibration of the emission
monochromator with the emission photomultiplier tube. It is an emission scan of the
Raman-scatter band of water performed in right-angle mode. Perform this check after
the xenon-lamp scan. When completed, the performance of the system has been
verified.

Use research-quality, triple-distilled or deionized water. HPLC-grade (18-MQ spec.) or
equivalent water is suggested for the Raman scan. Impure samples of water will cause
elevated background levels as well as distorted spectra with (perhaps) some unwelcome
peaks.

@Note: Avoid glass or acrylic cuvettes: they may exhibit UV
fluorescence or filtering effects.

Use a 4-mL quartz cuvette to hold the water.

1 Insert the water sample into the sample

compartment.

With an automated sample changer, note the position number in which the
sample cell is placed.

Close the lid of the sample chamber.

In the main FluorEssence toolbar, choose the
Experiment Menu button H|.

WM

4= FluorEssence - C:Yasers\Public\Documents\Jobin Yvon\Datalscohen\UNTITLED

File Edit W¥iew dlect Analysis Graph Data Gadgets Tools Format  Window  Help

FEEE & B aBFe | RAL+BE-IT ) ARRE B EEES
it B E B0 e [t B8 oveD P | F e MM FD B

The Fluorescence Main Experiment = : _ .
. == Fluorescence Main Experiment Menu E|
Window opens.

4 Choose the Spectra~__ oI Pper mert ¥

button . > Spectra Kinetics 3D
The Experiment Type window appears:

Anisotropy Single Point Phos
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. . . Experiment Type g|
5  Choose Emission, then click [

the Next >> buttO}I]\ Experiment Type

> |Emission
Excitation
Synchronous

<< Back

The water-Raman experiment automatically
loads.

#=4 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Emission] )

Experiment General infarmatian
Experiment
Fil Directary

DS pectialE mission. xml (Cy Load | I 5ave ‘ & savess |

Data Storage
Data Identifier: DIitEm

Bemrne Spectral Acquisition[Emission]

Expeniment Type Monos

Excitation 1
Activate

Wavelength Park
nm 350
Sii

nm 5

2 S8 = =

Emission 1
Activate © Set as Reference

Wavelength Start End Inc
nm 265 480 1
Slit

nm 5

Status

&

Full Disclosure

Help

k£l

T

Cancel

RTC

T Spectral Acquisition[Emission]

6  Use the default parameters or adjust them.
Monochromator parameters for the water-Raman scan:

Monochromator Initial Final Increment Slits
(1200 grooves/mm)  wavelength  wavelength (bandpass)
Excitation 350 nm -- -- 5nm
Emission 365 nm 450 nm 1nm 5nm

Detector parameters for the water-Raman scan:
Detector (Signal) Integration time Units

Signal (S1) 0.1s CPS
Reference (R1) 0.1s mA
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7

The Intermediate Display opens. The water-Raman scan runs.

A new Fluorolog®-3 should display a water-Raman peak intensity of at least
450 000 counts s .

@Nm‘e.’ Observed throughput (and hence peak intensity) is
affected by lamp age and alignment, slit settings, and sample
purity. As the xenon lamp ages, the throughput of the system
will decline slowly. Therefore, low water-Raman peak intensity
may indicate a need to replace the xenon lamp.

If the water-Raman peak is not at 397 nm,
calibrate the emission monochromator as shown
for the excitation-monochromator calibration on
pages 3-6 to 3-9.
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Calculation of water-Raman signal-to-noise ratio
Introduction

The water-Raman test is a good measure of relative sensitivity between different
instruments, if the experimental conditions used to compare the systems are the same.
Unfortunately, there are different ways of handling the data, all of which are valid but
which will give quite different values. Therefore, it is important not only to know how
the water-Raman S/N values are measured, but also how the data were treated. The
water Raman S/N test method combines a value for system sensitivity (a signal) with a
value for system noise (no signal) to show the overall performance of the instrument.

Definitions

Example

At HORIBA Scientific, we define the S/N as the difference of peak and background
signal, divided by the square root of the background signal.

— Our method

The peak signal is measured at the water-Raman peak (397 nm for 350 nm excitation)
and the noise in a region (450 nm) where no Raman signal is present. An “ideal”
system would give a signal value of zero at 450 nm. Thus the equation becomes

Another commonly used method is to divide the difference (peak signal minus
background signal) by the rms value of the noise on the background signal. This second
method is used by a few other manufacturers:

- Other manufacturers’ method

Some actual data from a Fluorolog® FL3-11 system (a typical system, a few years old)
serve to show the difference between the two methods. The experimental conditions
were as follows:

Excitation 350 nm with 5 nm bandpass
Emission 360-450 nm with 5 nm bandpass
Increment 1nm

Integration time 1
No smoothing of data points
Standard room-temperature, red-sensitive detector

@Note: Make sure the test is carried out with the actual detector you will
be using. All HORIBA Scientific systems’ parameters are specified
with a R928P photomultiplier tube at room temperature.
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Results

The measurements provided the following data:

Speak peak signal at 397 nm 501 500 cps
Shackground  Dackground noise at 450 nm 10 500 cps
Np-p Peak-to-peak noise of background at 450 nm* 223 counts

*Measured with a separate kinetic scan

Np-p gives an rms noise of the background signal of

~ 44.6

The HORIBA Scientific method gives a water-Raman S/N of

The other method similarly gives a water-Raman S/N of

HORIBA Scientific feels that the first method is correct although it gives a lower S/N.
The second method only takes into account the detector noise and the shot noise of the
electronics. By using the background total intensity as a measure of noise, the HORIBA
Scientific method is more representative of a real “live” experiment where noise is also
influenced by factors like the quality of the optics and scattered light in the system.
These additional factors influence the ability to measure a very low signal from a
sample and should not be ignored.
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Notes on excitation and emission calibration

e Two experiments, lamp.exp and water .exp, have been defined and saved.
They can be run after the system is switched on each day to check the calibration
and performance of the Fluorolog®-3.

e HORIBA Scientific recommends that the number of hours of xenon-lamp use be
recorded in a log (see sample sheet in Xenon Lamp Information & Record of Use
Form).

e Additionally, you may want to record the water-Raman intensity daily or weekly.

e The lamp is rated for 1800—2000 h, but if the Raman intensity starts to drop, you
may wish to change the lamp sooner.

‘Waming: To avoid explosion from lamp failure, do
not allow xenon lamp to exceed rated lifetime. One
clue to imminent failure may be extremely low
water-Raman intensity. Please record the hours
the xenon lamp has been used.
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System Operation

Useful materials for characterizing system

and samples

The following are materials that HORIBA Scientific has found useful in determining
system sensitivity or as standards for lifetime measurements.

Substance CAS Purpose Emission Lifetime
Number Wavelength (ns)
Range (nm)
Anthracene (99+%, zone- 120-12-7 Excitation and 380480 4.1 (in
refined) emission spectral MeOH)
characterization
Europium(l11) chloride 13759-92-7  Phosphorescence 580-700 1.40 x 10°
hexahydrate (99.9%) emission and decay
standard
Fluorescein (99%) 2321-07-5  Lifetime and 490-630 4.02 (in pH >
sensitivity standard 11)
D-glycogen 9005-79-2  Light-scattering 0
standard
LDS 750, or Styryl 7 114720-33-  Single-exponential 680-700 0.248 (in
1 lifetime standard MeOH, Aeye =
568 nm)
Ludox®, or colloidal silica ~ 7631-86-9  Light-scattering 0
standard
B-NADH (B-nicotinamide 606-68-8 or  Single-exponential 390-600 0.38 £ 0.05
adenine dinucleotide) 104809-32- lifetime standard (inpH=7.5)
7
POPOP (99+%), or 1,4- 1806-34-4  Single-exponential 370-540 1.32 (in
bis(5-phenyloxazol-2-yl)] lifetime standard MeOH)
benzene
PPD (97%), or 2,5- 725-12-2 Single-exponential 310-440 1.20 (in
diphenyl-1,3,4-oxadiazole lifetime standard EtOH)
PPO (99%), or 2,5- 92-71-7 Single-exponential 330-480 1.40 (in
diphenyloxazole lifetime standard EtOH)
Rose Bengal (90%), or 632-69-9 Single-exponential 560-680 0.98 +0.10
4,5,6,7-tetrachloro- lifetime standard
245 7"
tetraiodofluorescein
p-Terphenyl (99+%) 92-94-4 Single-exponential 310-410 1.05 (in
lifetime standard EtOH)
Water (18-MQ, de-ionized, 7732-18-5  water Raman

triple-distilled)

sensitivity test

Caution: Read the Materials Safety Data Sheets that

accompany these substances before using them.
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Chapter 4 : Data Acquisition

Introduction

This chapter presents an introduction to the special buttons used in FluorEssence™ to
record and present data with the Fluorolog®-3. These buttons, located in
FluorEssence™’s main window, are:

Auto Run Previous 3D Scan to 3D Rescale  Quantum Yield Blank
Experiment Profile Y calculator Subtraction
Experiment | Real ide Launch Switch menu between  |View
Menu Time vents  DataStation HJY Software Experiment
Control Application and Origin  |Settings
Std. l
v \ 4
- \ 4

E ||£ lT ﬁ oy 20 %’” Fa] ewe MM FD @
Previous Make Multlgroup Create/Use alibration 2D Normaliz
Experiment Overlay Curve from WA Data  Intensity Data

File Ma
Run JY Batch Show Launch Convert XYY Overlay Extract Experiment
Experiments Events DataStation data to graph(s) file from Data
Contour Plot (Notes)

For a detailed description of these FluorEssence™ routines, see the FluorEssence™
User’s Guide and on-line help.

In addition, two methods for determining best excitation and emission wavelengths are
presented, in case these wavelengths are unknown for the sample.
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Experiment Menu button H|

The Experiment Menu button chooses an overall type of experiment to run, such as an
emission scan, a phosphorimeter scan, a synchronous scan, etc., based on the
instrument and connected accessories, such as a temperature bath, MicroMax, etc. Only
those scans that can be run using the available hardware configuration are active; scans
that cannot be taken are grayed out.

Calibration scans for the Fluorolog®-3 use default parameters:
e Excitation monochromator: Spectra/Excitation scan
e Emission monochromator: Spectra/Emission scan

1 To choose an experiment type, click the
xperiment Menu button E:

4= FluorEssence - C:Vsers\Public\Documents\Jobin Yvon\Datalscohen\UNTITLED

Eile  Edit

View CeMect Analysis Graph Data Gadgets Tools Format  Window  Help
Frgdld & B BB & +B-IT RRE B EEES
it B E B0 e [t B8 oveD P | F e MM FD B

The Fluorescence Main
Experiment Menu appears:

@ Main Experiment Menu
Note: Those scan types

#=1 Fluorescence Main Experiment Menu

[ S Kineti 3D
not allowed with the pectra inetics

instrument gt

configuration are
grayed out. nisotropy Single Point Phos
2 Choose an /

experiment type:
The Experiment Type menu

appears.
5 Experiment Type E|
Note: The list of subtypes Experiment Type
depends upon the general vs Emission
type of experiment chosen. 7 e
wa Temperature
we Time
3 Choose a subtypeof
experiment.
A Click the Next >> button .|

The Experiment Setup window appears: \'\’*—‘
<4 Back
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+=1 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Emission] )

E wperiment I

Qe w =

> &

General | infarm.

File:

Drata |dentifier DitEm

E=periment Type M anas

Excitation 1

Activate

‘Wavelength Park

nm
Slit
nm

Activate

Wavelength  Start End Ine

nm
Slit
nm

Status

ation
E <periment

DS pectralE mission.sml JLDad | E save | B Savests . |
J

5
Advance d~
Emission 1

t

Spectral Acquisition[E mission]

350

@ Set as Reference

365 450 1

]

Speciral Acquisition[E mission]

Click the Experiment File field, andenter a new

Verify that experimental paramgters are correct.
Be sure to check all parameters under all icons i

Click the Run button

The collected spectrum is displayed on the Intermediate Display screen. After
all data are recorded, the Intermediate Display vanishes. For a new project, the
Project Name window appears:

= Project name

Enter a name for the
entire project, or

browse for an existing

project name Wowse button, then click
the OK button.

All data are moved to Origin®’s graph window for post-processing.

4-3




Fluorolog-3 Operation Manual rev. G (2 May 2014)

Previous Experiment Setup button

The Previous Experiment Setup button resets the experiment to the previous
experiment used, with minor modifications to the hardware possible.

Data Acquisition

@Nole: The Previous Experiment Setup button is active only after an
experiment has already been loaded.

1  After an experiment is loaded, click the Previous
Experiment Setup button & in the main toolbar

=a FluorEssence - C:Vasers\Public\DocumentsiJobin Yvon\Datalscohen\UNTITLED

File Edit W¥iew Cgflect Analysis Graph Data Gadgets Tools Format  Window  Help

DRxyeragdld & B aBBa k&

+B-1IT RRE B EEES
M e o R Ec- B

HE ==

|z |1 B ov 2D &2 || El en N OFD B

The last experiment used or loaded appears in the Experiment Setup window:

=1 Fluorescence Division - Experiment Setup ( Spectral Acquisition]Emission] )

Full Digclosure
Ties I S pectral Acquisition[E mizsion]

- BX)
Experiment General information

Experiment
File Diirectory

DS pectralE mission. sml

[ Load | E save | E savess .. ‘
[rata Storage

D ata ldentifier: DfltEm

Comment: Spectral Acquisition[E mizsion]

Experiment Type Monos

Excitation 1
Activate

‘Wavelength Park
nm 350
Slit

hm 5

2 & 8 =»

Advanced
Emission 1

Activate @ Set as Reference

‘wavelength Start End Inc
nm 365 450 1
Slit

hm 5

Advanced

Status

g 10

Help

72 Modify the parameters as/refqu(ed.
3 Click the Run button Lz

RTC

Cancel

| to run the experiment.
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Auto Run Previous Experiment button 2

The Auto Run Previous Experiment button reruns the last experiment loaded without
modifications.

@Nm‘e.’ The Auto Run Previous Experiment button is active only after an
experiment has already been loaded and run.

1 Inthe toolbar, click the Auto Run Previous
Experiment button /.

=4 FluorEssence - C:Vdsers\Public\Documents\Jobin Yvon\Datalsco hen\NTITLED

File Edit View Col#ct Aanalysis Graph Data Gadgets Tools Format  window  Help

Dz 2B & Z adBFa: | | | h& L +H-IT | RRE H EEEES

Mz 5 E £ B 0 Ls [t B ovoD &% ||| e N oFD By

The Intermediate Display appears, and the experiment starts:

Abark

D[+ & ala] SEIE]

Fluorescence Emission

Pause

Cartirue
1.50E+008
' T1_cyclel

Cloze Shutter

B Ll

g-I-. Autoscals

Intensity ( CPS)

s S B [ S B B I R

450 550 B00

Wavelength {nm )

| I | -
= General Info  DItSpectralE mizsion. xml
Experiment:  |Integration time: 0.3 & Cycle: 1 Accurmulation: 1
= Detectors
T 7.09E +005 CPS |
= Monos
Excitation 1 Positior: 400 fim Entrance gt 2 nm  Exit slit: 2 nm
Emigsion 2 Position: 534 nim Entrance gt 2 nm  Exit slit: 2 nm ;I
When the experiment is - — =
E |DfitEm2 (=13
complete, the data are e

moved into a new Origin®
graph window:

Intensity (CPS)

T T T
L) o

Mravelength (nm)
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Make Overlay File button

The Make Overlay File button creates an * . SPC file for use as an overlay file. An
overlay file can be used to compare data in real time. Inclusion of an overlay file is
controlled in the Display Options icon in the Experiment Setup window. The overlay
file appears in the Intermediate Display as data are acquired. Upon completion of the
acquisition, both sets of data appear on the plot.

1 Click the Make Overlay File button in the
toolbar.

=1 FluorEssence - C:\Users\Public\DocumentstJobin Yvon\Data\scohen\UNTITLED
File Edit W¥iew Colect Analysis Graph Data Gadgets Tools Format  Window  Help

Dhe sEdlE & B aBF@a REA+EH-IT RRE B EBES

He s 3 E & B @ Lz |t B8 ovep ¥ | Rl e N FD B
The Save As
window appears. [ 2)X]
. Save in: |_‘) Overlay ﬂ I‘::F '
2 Enter afile ) B
name in
the File Drig;iiect

name field ~|

3 Click the \
Save \

b utto n . \ File: name: \‘|= Save
The overlay file is Cancel
saved.

Led Lo

Save as type: |SPE Data [*.5SPC)
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3D Scan to 3D Profile button &l

The 3D Scan to 3D Profile button extracts emission profiles from an excitation-
emission matrix.

1 Open excitation-emission matrix data.
2 Click the 3D Scan to 3D Profile button in the

DR cER\EB & 3 aEPe k& +80-:T ARKE & DEE
Fl e NMOFD By

1 —nlﬁ'u: [ CurserType
5000 <> Crossed Lines
5000
4000 * Arbitrary Line
g%g: rIntersection |
1000 Z-¥alue ?359.3’2

0 \ | . | . | . ]
Excitation wavelength, nm
800 850 7141 750 800
1100 . 1100
; = L —
= P
= J
(- A
o e
L1200 1200
(]
=
|
S - -
. (-
o
&
1300 1300
The Profiles window appears. \\

3 Grab and move the emission and excitation
profile lines to see the profiles above and to the

right of the data-matrix.

The Z-Value field shows the intensity where the excitation and emission
profiles intersect.
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o . ] \ ] \ | A |
Excitation wavelenath, nm
600 650 700 750 800

1200 7

Emission wavelength, nm

1300 7

Grab an end of the profile line and move to the desired location on the matrix,
The profiles are updated.

5 To return to perpendicular profiles, click the
Crossed Lines button.




Fluorolog-3 Operation Manual rev. G (2 May 2014) Data Acquisition

Run JY Batch Experiments button ]

The Run JY Batch Experiments button runs a series of automated experiments,
including adjustable repeats and delays between experiments.

1 Click the Run JY Batch Experiments button /.

#4 FluorEssence - C:\Uszrs\Public\Doc uments\Jobin Yvon\Datalsco hen\UNTITLED

File Edit W¥iew Coliect/analysis Graph Data Gadgets Tools Format  Window  Help

Dk sgdld & B yBFag k& +H-IT RKRE B QRS

MeE e E ¢ B |5 Ls |t B ooveD ||| B en w1 oFD By
The Setup batch experiments window appears.
Setup batch experiments @
, Execution List \ Properties [Flog_antiBleach. zml]
T T —— ] R
experiment files to Flog_CWA2.xml = Comments:  &nti Phota Bleach - for Fluorolog
>> Add ' Up

Full Disclosure Info: View Full Disclosure Info
Comments: Down e X
|This is my batch recution Index:

File Management Total Repeats: |3
il Delay before executing: 5 sec
File Name: Load Save |

\IS:\TD_CINDY\Tesling\Batch\MyB atch.jyb

) Delay between each repeat: 0 sec

Batch outer loop info

Results
Total Repeats: |2
Mode: I | P R
Base Name: I Delay before first: 0 sec
Format: | _I Delay between each: k| Sen Cancel

2  Get the experiment files to create a batch job, or
load a previous batch job.

a Load a previously created batch job using the Load button, or browse
for experiment files (. xm1 format) using the Browse for experiment
files to >> Add button.

Add each desired experiment file to the Execution List.

Reorder or remove the files as necessary using the Delete button, the
Up button, and the Down button.

Add comments about the batch file in the Comments: field.

QO O T

Save the new batch job in the correct path, in the File Name: field, and
click the Save button.
The file is saved in a . jyb format.

3 Set up each experiment in the batch job.
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Setup batch experiments g]

Browse far
experiment files to
>> Add

Comments:

Execution List

Properties [Flog_antiBleach. zml]
Experiment Info:

Comments: &nti Photo Bleach - for Fluorolog

Full Disclosure Info: View Full Disclosure Info

IThis is my batch

File Management
Batch File

File Name:

Execution Index: 2

Total Repeats: 3
Delay before executing: 5 sec

Save

Results

SATO_CINDYATestingB alch\‘A yB atch.jyb

Delay between each repeat: 0 sec

Batch outer loop info

Mode:

Total Repeats: 2

Run

Base Name: I

Delay before first: 0 sec

Faormat: I

Delay between each: k| Se Cancel

\ =

|
Select an eﬁeriment from the Execution List.

(@ayel

In the Total Repeats: field, enter the number of times that experiment
should be repeated.

(@]

In the Delay before executing: field, enter the number of seconds to
wait before executing.

In the Delay between each repeat list: field, enter the number of
seconds to wait before repeating the experiment.

Set up an outer loop in the batch job, if desired-

a In the Total Repeats: field, enter the number of times to run the batch
job.
b In the Delay before first: field, enter the number of seconds to wait

before starting the batch job.

C In the Delay between each: field, enter the number of seconds to wait
before rerunning the batch job.

Click the Run button to start the batch job.

The batch job executes.
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Real Time Control button =l

The Real Time Control button opens the Real Time Control window directly, so that
the user can adjust experimental parameters in real time.

1 Inthe toolbar, click the Real Time Control button

#=4 FluorEssence - C:\Use rs\Public\Doc uments\Jobin Yvon\Datalsco hen\UNTITLED
File Edit W¥iew Coliect Analysis Graph Data Gadgets Tools Format  wWindow  Help

Dk el & B aBHs | || h& o +8~-31 T AKRE B LEES
| e B E £ B 0 | |t B8 ov 2D &F || @& e M FD B

The Real Time Control window appears:

#=4 Real Time Control [ C:\Documents and Settings\All Users\Documents\Jobin Yvoni\Data\~-DfltSpectralExcitation.xml ]|

AllSCD's DataView | Intensity

Chaninel 1

| ' ' ' ' ' ' 1
10.000

l ‘ Clear ﬂ-I-' Autoscale

Cammaon Parameters

nm@-@E|m

Excitation 1 Emission 1 R
Slitz Slits
) X Integration time | 0.1 k3
Width 1 nm Width 1 rirn
" B " *
Position | 200 1 o Position | 350 1 o
Status
Shutter Mode P T I
Exit lit: 1 rm ~ } + Cgen e & m : KD
Entrance zlit: 1 nm O Detailed - AEtD D
Exit slit: 1 nim s ON?r.maI + Closad Help Transfer Save i Run Cancel
(%) Critical ]
[ Continuous

72 Adjust the desired instrumental parameters as
necessary.
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Create/Use Calibration Curve from CWA
Data button |

When the user is doing Single Point experiments
(especially with the MicroMax or
multiple-sample changers), the Create/Use

Calibration Curve from CWA Data button creates a calibration curve for analytical
measurements.

1 In the toolbar, click the Experiment Menu button

@Nol‘e,’ This button only

operates if CWA data
exist.

v=4 FluorEssence - C:\Wsers\Public\Documents\Jobin Yvon\Datalscohen\WNTITLED

M =

it Wig Collect Analysis Graph Data Gadgets Tools Format  Window  Help

o zEEE & @B aBFBe | hAL+B8-IT ARKRE B EHES

fis B E C B L |t @ ovep 2 ||| E ek woFo B

The Fluorescence Main
Experiment Menu appears:

@Note: Those scan types

not allowed with the
instrument
configuration are
grayed out.

2 Choose the Single™ |

Point button.

The Experiment Setup window
appears:

=1 Fluorescence Main Experiment Menu

Main Experiment Menu

Spectra Kinetics 3D

Anisotropy ¥ Single Point Phos

/
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#=4 Fluorescence Division - Experiment Setup [ Single Point Acquisition[Constant Wavelength Analysis] )

Experiment | General information

Experiment
File Directary

| DB el 23 Load & save & save s |

D ata Storage
Data |dentifier: | DT,

Comment Single Point Acquisition[Constant 'Wavelength Analyzis]

Monos for Constant W avelength Analysiz

Experiment settings

Masirurm trialz |10 Target std. dewviation |2 %

Qe =

Wavelength Sets [nm) (Samples \
 SCaAun  * SCManual Sample Changer - 4 Position
w Excitation 1 Ermission 1 Inzert row
WL Set 1 350,00 365.00 Enable | 5ample Mame Type Concentration| A
Delete rows Sample 2 Sample 2 Standard 2
Sample 3 Sample 3 Standard 5
Clear all Sample 4 Sample 4 Mﬂ 10
Sample 5 Sample 5 Unknown N
Slits Sets [mm) k J
Excitation 1 Emizsion 1
Slit width 110 Slit width 110
Status
| & 1@ A -
-
Full Dizclosure Help RTC Bun Cancel
Triggers I Simgle FPoint Acguisition[Constant YWwavelength Analysis]

3 Set up the standards and unknown(s).

a If you have an automatic sample changer, you can still choose to change
the samples manually with the SC Manual radio button. Otherwise, the
software changes the samples automatically.

This allows more than the default number of samples in the sample
changer (i.e., more than 2 for the dual sample-changer or more than 4 for
the four-sample-changer).

b To add more samples (if manually changed), place the cursor in the last
sample-row’s Concentration field, and press the Enter key twice.
A new sample row appears below the last sample row.

C Under the Type column, choose the type of sample from the drop-down
menu: Standard, Unknown, Blank, or Empty.

d Enter the concentrations of the standards in the Concentration column.
The unknowns retain the default “N/A” concentration.

e Click the Enable checkbox of all the samples to be measured.
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4 Set up the excitation and emission
wavelength(s).

a Enter the appropriate excitation and emission wavelength set(s), one per
row, in the Wavelength Sets area.

b To add a wavelength set, click the Insert row button.

C To delete a wavelength set, select the rows, and click the Delete rows
button.

d To clear all wavelength sets, click the Clear all button.

Experiment I Genefl information

Egperiment

Fi Diirectary
| T, vl 3 Load u Save n Save &z ... |
[' = Storage
D3 |dentifier: | DftCwia,
Comllent Single Point Acquisition[Constant ‘W avelength Analyzis]

tonos @ Constant 'wavelength Analpsis

E «eriment settings
M{mum trials |10 Target std. deviation |2 %

< @8 = =

r\:\u’avelength Sets [hm) Samples
" SCAuo  * SCManual Sample Changer - 4 Position
Excitation 1 Emission 1 Inzert row
Wil Set 1 350,00 365.00 Enable | 5ample Mame Type Concentration| A
Delete rows Sample 2 Sample 2 Standard 2
Sample 3 Sample 3 Standard 5
Clear all Sample 4 Sample 4 5 tandarci| 10
Sample 5 Sample 5 Unknown WA o
>‘3Iits Sets [hm)
Excitation 1 Ernission 1
5lit width 110 Slit width 1.10

\\

Status

| &

Full Dizclosure

']

Cancel

iy )

RTC Bun

Help

Triggers | Single Pot Acquisitien[Censtant VWway slength Analysis]

5  Enter the excitation and emissi
the Slit Sets area.

it-width(s) in

Bun ¢

6  Click the Run button

The experiment starts. FluorEssence™ prompts you to insert the sample, if you
chose to change the samples manually. The dataset is recorded and appears on
the screen.

[ Create the calibration curve.
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a Click the Create/Use Calibration Curve from CWA Data button g

in the toolbar.
=4 FluorEssence - C:\Users\Public\Doc uments\Jobin Yvon\Dztalscohen\UNTITLED

File Edit WYiew Colect Analysis Graph Data Gadgets Tools/ Format  Window  Help
Dk readld & B aBEBA k& +H-1IT RRE B EEES
M [ e E B0 e |t B8 ov2D P | E oen N FD B

The Calibration Curve
Parameters window appears.

Calibration Curve Parameters g|

b Choose a Linear fit radio button, ¢ Linear
or a Polynomial fit radio button ™
with Order of the polynomial,
and then the OK button.——

The Save Curve window asks if —> ok | cancel |

you wish to save the curve.

Order 2

C Answer yes or no.
The calibration curve appears.

+=4 FluorEssence - C:WProgram FilesUobin Yvon\Dataingbuilde \UNTITLED - [Graph1]

[E] Fle Edt vew Collect Graph Analysis Tools Format Window Help

NEE
=(E| 3| @ B =@ [& &l +|m[2|T]]] alo e BlRkE | B =) [B|w| ] e )
1
Concentration Curve * Data
150 - — Fit
RCOD)0.4724
Faolynomial Fit [Order] = 2|
100 4
50 4
= 0-
>
=
2 50
& -50 4
=
{=
-100 4
-150
-200
0
Concentration (C)
C = -4 235e+001 + -9.T41e+0Q0(1) + 2.512e+000(F)
X|Y UNTITLED | Name | Type \ | vigw | size | medified e Dependents Label x|
A [data Folder 12{8/2006 10... \12/8(2006 10:36 4
| Dataz WWorksheet Hidden 2HE 12/8/2006 10... \12/8i2006 10:37 1
%Dﬂt[wﬂdl ‘wiorkshest lormal 17KE 12/8/2006 10... 2/812006 10:36 o Em1:365.01nm, Em2:365.nm, Ex1
Graphl Graph aximized  9KEB 12/8/2006 10, 812006 10:37 ]
< >
Color Publication 1:DataZ_F(1-5) Graphl  Radian

Stars indicate \he standards. The unknowns are not plotted, but their
calculated concentrations are filled in on the dataset. The fit equation
and correlation are displayed on the plot.

4-15




Fluorolog-3 Operation Manual rev. G (2 May 2014) Data Acquisition

2D Intensity Map button 22|

This button creates a two-dimensional intensity map from the active data.

@Nole: This button only operates if data are displayed, and is used for
microscope mapping purposes.

1 Be sure that data are open in FluorEssence™.

2  In the toolbar, click the 2D Intensity Map button
|,

=4 FluorEssence - C:\Wsers\Public\Documents\Jobin Yvon\Datalscohen\NTZ(LED

File Edit W¥iew Collect Aanalysis Graph Data Gadgets Tools Format  window” Help
Nz ~2EaEB & 3B aA8HBs ||| kS +H-IT RRE | EEEES
M&= e E - B0 |t @ oveD % B e w0 By
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Launch DataStation button 2

The Launch DataStation button closes the FluorEssence™ software, and starts
DataStation software.

@Nm‘e: This button only operates with TCSPC accessories.

1 Inthe toolbar, click the Launch DataStation e
button.

= FluorEssence - C:\Users\Public\DocumentsiJobin YvoniDatalscohen\UNTITLED

Pefmat  window Help

Ol rEadd & B aBFe k&L +8-1IT ARRE I EEES
Me e E ¢ B 0L |t B ooveD ||| B en w1 oFD By
FluorEssence™ shuts down. DataStation starts.

File Edit W¥iew Collect Analysis Graph Data Gadgets Tools

4-17




Fluorolog-3 Operation Manual rev. G (2 May 2014) Data Acquisition

Running an unknown sample

Often a researcher will scan a sample whose spectral characteristics are unknown. For
optimal spectra, the optimal excitation and emission wavelengths must be found.

The traditional method consists of running an emission scan to find the peak emission
value. Then an excitation scan is run using the determined peak emission value.

1  Find the preliminary emission maximum.
The object of this step is to acquire a preliminary emission scan, based on a
“best-guess” excitation wavelength. Because the fluorescence emission of
samples does not shift with excitation wavelength, the guessed excitation
wavelength yields the emission peak, albeit perhaps at lower intensity.

a Be sure all system components are on, and the Fluorolog®-3 is calibrated
as explained in Chapter 3.

b Set up the sample with the fiber-optic probe, with minimal stray-light
interference.

C In the toolbar, click the Experiment Menu button @:

=4 FluorEssence - C:\Wsers\Public\Documents\Jobin Yvon\Datalscohen\UNTITLED

File Edit Wiew Collect Analysis Graph Data Gadgets Tools Format window  Help
Uds cadild & B aBF«G h&  +B~-IT RRE E DEs=
M&= 55 E £ B0 s |t B oveD % | e WD By

The Fluorescence Main
Experiment Menu appears:

d Choose the Spectra Main Experiment Menu

button.

=1 Fluorescence Main Experiment Menu

Spectra Kinetics 3D

Anisotropy Single Point Fhos

The Experiment Type menu appears:

X

Experiment Type

e Choose the Emission button. \
Experiment Type

Click the Next >> button. > Erson

Excitation
Synchionous

—h
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The Experiment Setup window appears:
v Fluorescence Division - Experiment Setup ( Spectral Acquisition] Emission] )

E xpenment General inform,

Experiment
File Directorny

DIltS pectralE mission, wml ) Load [ save | & Saveds .. |

Data Storage
Data |dentifier: DIEm

Comment Spectial Acquiston(E mizsion]

Expenment Type Monos
Excitation 1

[#] Activate

wWavelength Park

Y Q8 = F

nm 350
Skt
nm 5
Emission 1
[¥] Activate © Set as Reference
“wWavelength  Start End Inc
nm 3ES 450 1
St
nm 5
@ ©
Full Disclozure Help RTC Cancel
Triboers Spectral Acquisibon[E mission) .
- . -' - -
g Click the Experiment File field, and enter a new file name or select a
previously saved file.
h Verify that experimental parameters are correct.
Be sure to check all parameters under all icons in the left-hand column.
| Set the scan parameters.

Most of these parameters are a trade-off between speed and precision.
Choose integration time, increments, and number of scans judiciously, to
give an accurate result without excessive time spent. HORIBA Scientific
suggests an increment of 1.0 nm, an integration time of 0.1-0.5 s, and
one scan. If unsure of an excitation wavelength, try 300 nm, at which
many samples absorb light. Use S (signal detector) for the acquisition
mode. Don’t forget a data file name.

@M}te: To minimize Rayleigh scatter, offset the start
position by at least 15 nm from the excitation
wavelength, with a bandpass of 5 nm. For example, for
an excitation wavelength of 300 nm, use 315 nm as the
start. Set the ending wavelength to 550 nm. Use an
increment of 2 nm and an integration time of 0.1 s.
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J Insert the sample into the sample compartment, and close the sample
compartment’s COVer.

K Click the Run button LA |,
The scan starts.

| With the spectrum on the screen, note the greatest intensity.
If the signal exceeds 12 pA, then the emission detector is saturating.
Reduce the photomultiplier-tube bias by at least 100 V. If there is no
obvious peak, increase the excitation wavelength, starting, and ending
by 25 nm, and retry a scan.

M With an acceptable emission peak, record its wavelength.
This is the emission maximum.
Otherwise, repeat steps i through | until an obvious emission peak
appears.

72 Find the optimal excitation wavelength.
This procedure uses the emission maximum to determine the optimum
excitation wavelength, and is similar to step 1.

a In the toolbar, click the Experiment Menu button @

EE & @ aBF@e kAL +BH-I T ARKRE B EES
E - B0 s |t @ ovep % B e w0 By

J
[
N
)
2 &

The Fluorescence Main
Experiment Menu appears:

b Choose the Spectra
button. \

==+ Fluorescence Main Experiment Menu

Main Experiment Menu

S~

Spectra Kinetics 3D

Anisotropy Single Point Phos

X

Experiment Type

The Experiment Type menu appears:

C Choose Excitation,  _ Froinet Tvpe
. [~ Excitation
d Click the Next >> button. Synchronous
\
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The Experiment Setup window appears:

Data Acquisition

+=4 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Excitation] )

Experiment I General information

Experiment
File Directory
|DﬂtSpecﬂaIExc'rtationxml 2y Load IE save & save As .. |
Data Storage
Data Identifier: |DftEx
Commert Spectral Acquisition[Excitation]

E xperiment Typ 1M ohog

Excitationgl

v Activate

DB ==

{+ Set as Reference

Wavelengthf Start End Inc
nm |200 |600 1
Slit

nm 1

&

Emissign 1
IV Activ

Waveleng@h Park

- B0
Slit

nm ’1—

Statuz

| & | @ A o
Full Dizclozue Help Cancel
Spectral Acquisition[Excitation] Run Time Control

e Set the scan parameters.
Use the emission maximum determined above for the excitation, use 250
nm for starting, enter the emission maximum minus 15 nm for the end of
the scan, and select two acquisition modes, S and S/R. S collects raw
signal from the emission detector, and S/R ratioes the signal to the
reference detector.

Triggers |

f Set excitation and emission slits identical to the emission scan.
Be sure that the emission scan did not exceed 2 x 10° counts/s in the
emission scan.

Enter the Experiment File name.

h Click the Run button L8]
The scan starts.

The resulting spectrum shows maximum excitation wavelength. If the
raw S-channel signal > 2 x 10° counts/s, narrow the slits and rescan.

i Note the excitation peak.
This is the optimum excitation peak position.
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3 Find the optimal emission peak.

a Use the optimum excitation wavelength determined in step 2.

b When complete, both excitation and emission peaks are found.
Optimized excitation and emission spectra of a 1 x 10 M anthracene
solution are shown below. Because the acquisition modes were different
for the excitation and emission scans, the data intensity had to be
normalized. After normalization, the excitation and emission scans are
virtually mirror images of one another.

4
FI’—h . . fl E . .
(7)) mission
@ 3 Excitation 'l \
5 P!
3 J ‘\
o 2 VLA
= Vo I
> VAR
= 11 v \
E A
I= ~__ _
0 300 350 400 450 500

Wavelength (nm)

Normalized excitation and emission spectra of a 1 x 108-M
anthracene solution.
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Using corrected signals in FluorEssence ™

Introduction
Subtracting blanks, removing dark noise, and correcting for inhomogeneities in the
instrument or detector response give more accurate spectra. Take special precautions to
incorporate these functions properly into a FluorEssence™ experiment.

Method
Any corrected signal (with a lower-case “c”) or algebraic use of corrected signals must
explicitly include all desired corrected signals in the Formulas list. Corrected signals

include:

e Dark Offset

e Blank Subtraction

e Correction-factor file

Example @
Note: Be sure all desired

Note how the corrected signal, S1c, and corrections are activated

corrected reference, R1c, along with their - their respective

ratio, S1c/R1c, all must be included in the P
checkboxes.

Formulas list in the Signal Algebra area.

+=4 Fluorescence Division, \Experiment Setup ( 3D Acquisition[Excitation vs Emission vs Intensity] )

Ezperiment I General infdmation
E xperirmiiit
M File Diirectary
— 2y Load E save E savess .. |

|D fE30 _w Y E=citation_ws_Emission_

Data Stora
D ata |dentifg: |Dit3DEXE mint

Comment 3D Acquisition[Excitation vs Emission vs Intensity]
Signals
Select r

Integration Time: (R1 3 v Dark Offset

Enable| Signal| Detdtor | Units HY[%] Conection| Blank Subtract
51 Symor CPS Tl O
Rl R Microampll
w O T CPS
Signal Algebra N
Signal [ N Details Operations It e Accumulations
R1 Signal | Units |
e : 1 r
k
Slc Syrmiory signal il
i W S0l 51c /Rl Cycles
< Delay
Farmula 1
Status
| g | @ A -
-
Full Dizclozue Help RTC Bun Cancel

Triggers | 3D Acquisition[Excitation vs Emission vs Intensity]
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Chapter 5 : Optimizing Data

Spectra can be enhanced by optimization of data-acquisition. This chapter lists some
methods of optimizing sample preparation, spectrofluorometer setup, and data-

correction to get higher-quality data.
Cuvette preparation @Note: Clean the sample cells

1
2

> W

~ O O1

thoroughly before use to
Empty all contents minimize background

contributions.
from the cuvettes.
Fully immerse and
for 24 h in 50%
aqueous nitric acid.

soak the cuvettes
This cleans the cuvettes’ inner and outer surfaces.

Je
a

‘Waminy: Nitric acid is a dangerous substance.
When using nitric acid, wear safety goggles,
face shield, and acid-resistant gloves. Certain
compounds, such as glycerol, can form
explosive materials when mixed with nitric acid.
Refer to the Materials Safety Data Sheet
(MSDS) for detailed information on nitric acid.

Rinse with de-ionized water.

Clean the cuvettes in the cleaning solution with

a test-tube brush.
Use Alconox® or equivalent detergent as a cleaning solution.

Rinse the cuvettes with de-ionized water.
Soak the cuvettes in concentrated nitric acid.
Rinse them with de-ionized water before use.

fﬁ%
‘Caution: Soaking the cuvettes for a long period
causes etching of the cuvette surface, which
results in light-scattering from the cuvettes.
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Sample preparation

‘Caution: Always read the Materials Safety Data Sheet
before using a sample or reagent.

The typical fluorescence or phosphorescence sample is a solution analyzed in a
standard cuvette. The cuvette itself may contain materials that fluoresce. To prevent
interference, HORIBA Scientific recommends using non-fluorescing fused-silica
cuvettes that have been cleaned as described above.

Small-volume samples

If only a small sample-volume is available, and the intensity of the fluorescence signal
is sufficient, dilute the sample and analyze it in a 4-mL cuvette. If fluorescence is weak
or if trace elements are to be determined, HORIBA Scientific recommends a 1-mL cell
(5 mm x 5 mm cross-section), or our Microsense optical accessory for 1-5 pL
applications.

Solid samples

Solid samples usually are mounted in the J1933 Solid Sample Holder, with the
fluorescence collected from the front surface of the sample. The mounting method
depends on the form of the sample. See the section on “Highly opaque samples” for
more information on sample arrangement in the sample compartment.

e Thin films and cell monolayers on
coverslips can be placed in the holder @
directly. Note: Avoid thick coverslips,

e Minerals, crystals, vitamins, paint because the excitation beam
chips, phosphors, and similar samples may not hit the sample
usually are ground into a directly with a  thick
homogeneous powder. The powder is coverslip. Microscope
packed into the depression of the Solid coverslips are useful, except
Sample Holder (see next page for that they are not quartz, and
diagram). For very fine powder, or do not transmit UV light.

powder that resists packing (and

therefore falls out when the holder is put into its vertical position), the powder can
be held in place with a thin quartz coverslip, or blended with potassium bromide for
better cohesion.

e Asingle small crystal or odd-shaped solid sample (e.g., contact lens, paper) can be
mounted with tape along its edges to the Solid Sample Holder. Be sure that the
excitation beam directly hits the sample. To keep the excitation beam focused on
the sample, it may be necessary to remove or change the thickness of the metal
spacers separating the clip from the block.
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Dissolved solids Solid-
. i Sample
Solid samples, such as crystals, sometimes Holder

are dissolved in a solvent and analyzed in
solution. Solvents, however, may contain
organic impurities that fluoresce and mask
the signal of interest. Therefore, use high-
quality, HPLC-grade solvents. If
background fluorescence persists,
recrystallize the sample to eliminate
organic impurities, and then dissolve it in
an appropriate solvent for analysis.

Biological samples

For reproducible results, some samples
may require additional treatment. For example, proteins, cell membranes, and cells

in solution need constant stirring to prevent settling. Other samples are temperature-
sensitive and must be heated or cooled to ensure reproducibility in emission signals.

Remove or change these metal spacers
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Running a scan on a sample

Precautions with the Solid-
Sample Holder

Use filters in the optical path.

Avoid placing the front face of the
sample so that the excitation beam is
reflected directly into the emission
monochromator. If the sample is rotated
at 45° from excitation, this may occur,
increasing interference from stray light.
Instead, set up the sample with a 30° or
60°-angle to the excitation, preventing
the excitation beam from entering the
emission slits. The photograph at right
illustrates how a 60°-angle to the
excitation keeps the incoming excitation
light away from the emission
monochromator’s entrance.

@Nate: the focal point

of the excitation
beam must be on
the sample itself.

Stray light from the excitation beam can interfere
with the emission from the sample. To reduce the
deleterious effects of stray light, place a filter that
removes excitation wavelengths from the
emission beam

in the emission
optical path.
Here is an
example of
scans with and
without filters
ona
FluoroMax®-3,
using an
unknown
white powder
as the sample.
A 347-nm
band-pass
filter rejects
higher-order
wavelengths
from reaching

Normalized fluorescence intensity (arbitrary units)

Emission scan of unknown inorganic white powder

Normalized spectra
Excitation at 350 nm
/ﬂ\‘\ Increment = 1 nm
\ Integration time =02 s
\\ Excitation and emission slits = 6 nm bandpass
347 nm bandpass filter in excitation;
370 nm longpass filter in emission
\\ /
N\
S
N
.
t M“
\‘\
. "2 S \\-
No filters s e
in optical path M
Pt P m""\--\
400 450 500 550 600 650

Wavelength (nm)

the sample, while a long-pass filter in the emission side lets only fluorescence, and
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not stray excitation, into the detector. Notice how the shape of the spectrum
changes drastically when filters are added.

Highly opaque samples

Highly concentrated and opaque liquids often have problems with self-absorption or
complete attenuation of the beam. Intensity measurements with the excitation beam at
90° to the emission beam may not be reproducible or detectable, and the excitation or
emission spectra may appear distorted. Try front-face detection: the excitation light is
focused to the front surface of the sample, and fluorescence emission is collected from
this region at an angle that minimizes reflected and scattered light. With front-face
detection, set the front face of the sample at 30° or 60° to the excitation beam.

An example at right shows the o |
difference between detection at 2
right-angles versus front-face. §
E Front-face detection
2
o)
S
8
C
3 Right-angle
°§’ detection
- >

Wavelength (nm)

Comparison of fluorescence emission signal
from sickle-cell hemoglobin using right-angle
versus front-face detection. The (3-37 trypto-
phan is primarily responsible for this fluores-
cence.
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Data collection techniques
Select the collection method

The two basic collection methods are right-angle and front-face. In right-angle
detection, primarily for clear solutions, the fluorescence is collected at 90° to the
incident exciting beam. Front-face detection is used for optically dense solutions and
for solid samples. In front-face detection, fluorescence is collected off the front surface
of the cuvette or the solid sample. Inner-filter and re-absorption characteristics of
opaque samples preclude right-angle detection. The optional front-face accessory for
cuvettes is required for solutions. For front-face collection on solids, use the J1933
Solid Sample Holder.

Determine optimal wavelengths

The optimum excitation and emission wavelengths are known for many samples. If you
are running a sample whose wavelength positions are unknown, you must determine
these wavelengths to obtain the best possible results when you run the sample.

To determine the excitation and emission wavelengths, first run an emission scan and
observe the peak emission value. Once this value has been obtained, conduct an
excitation scan using the peak emission value determined by running an emission scan.
See the section entitled “Running an unknown sample”, in Chapter 4, for more details.

Measure the G factor @
Nofe: Measure the G

The grating factor, or G factor, ought to be

included anytime polarization measurements fa"tof : before. a
are taken. The G factor corrects for variations polarization experiment.
in polarization wavelength-response for the emission optics and detectors. A pre-
calculated G factor may be used when all other experimental parameters are constant.
In other cases, the system can measure the G factor automatically before an
experimental run. See Chapter 9 for more details.

Improve the signal-to-noise ratio

Because of various hardware or software conditions, occasionally it is necessary to
optimize the results of an experiment.

The quality of acquired data is largely determined by the signal-to-noise ratio (S/N).
This is true especially for weakly fluorescing samples with low quantum yields. The
signal-to-noise ratio can be improved by:

e Increasing the integration time,

e Scanning a region several times and averaging the results,

e Changing the bandpass by adjusting the slit-widths, and

e Mathematically smoothing the data.
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The sections that follow discuss the alternatives for improving the S/N and the
advantages and disadvantages for each.

Determine the optimum integration time

The length of time during which photons are counted and averaged for each data point
is called the integration time. An unwanted portion of the signal comes from noise and
dark counts (distortion inherent in the signal detector and its electronics when high-
voltage is applied). By increasing the integration time, the signal is averaged longer,
resulting in a better S/N. The ratio is enhanced by a factor of t*, where t is the
multiplicative increase in integration time. For example, doubling the integration time
from 1 s to 2 s increases the S/N by over 40%, as shown below:

For an integration time of 1 second, = = ¢
=1% ‘
=1

For an integration time of 2 seconds, = = *
=% ‘
#1414

or an approximately 41% improvement. Because S/N determines the noise level in a
spectrum, using the appropriate integration time is important for high-quality results.
To discover the appropriate integration time for your experiment:

a Find the maximum fluorescence intensity by acquiring a preliminary
scan, with an integration time of 0.1 s and a bandpass of 5 nm.

b From this preliminary scan, note the maximum intensity, and select the
appropriate integration time from the table below.

Signal intensity (counts per second) Estimated integration time (seconds)

1000 to 5000 2.0
5001 to 50 000 1.0
50 001 to 500 000 0.1
500 001 to 4 000 000 0.05

@Note: This table is only a guide. Optimum integration time for other
scans, e.g., time-base, polarization, phosphorescence, and
anisotropy, may be different.

Set the integration time either through the Experiment Setup window (under the
Detectors icon) for a specific experiment, or Real Time Control to view the effects of
different integration times in real time. See the on-line FluorEssence™ help for more
information about the integration time.
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Scan a sample multiple times
Scanning a sample more than once and averaging the scans together enhances the S/N.
In general, the S/N improves by n”, where n is the number of scans.

To scan a sample multiple times,
1 Open the Experiment Setup window.
72 Choose the Detectors icon.

3 Specify the number of scans, and how to handle
multiple scans, in the Accumulations field.

=4 Fluoresce.nce Division - Experiment Setup [ Spectral Acquisition[Emission] ) |._|@g|
E sperime: General information
Experment
q File Directary
] DS pectralE mizzion, <ml N3 Load | E save E savess .. |
D ata Storage
t Data |dentifier: |DHEm
Comment: Spectral Acquisition[E mission]
Signalz
Select
Integration Time: |0.1 s [~ Dark Offset

Enable| Signal| Detector | Units HW[W]| Conection| Blank Subtract
51 5 CPS I3 O O

w 0 R R Microdmps | [0 0[O

Signal Algebra

] Details Operations Formulas Accumnulations
51 Ssigral1 | * Al > Signal | Units | || 172 [stacked Soms | =
" all Stacked Scans
F I Average Scanz Delay
ormula Units
| <<Llear 1
Statug
| &1 O =D -
=
Full Dizclozure Help RTC Bun Cancel
Triggers Spectral Acquisition[Emission]

See FluorEssence™ on-line help for detailed instructions regarding the data-entry
fields.
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Use the appropriate wavelength increment

The increment in a wavelength scan is the spacing, in nm, between adjacent data points.
The spacing between the data points affects the resolution of the spectrum and total
time for acquisition. Consider the required resolution, time needed, and concerns about
photobleaching of the sample. Most samples under fluorescence analysis display
relatively broad-band emissions with a Lorentzian distribution, so they do not require a
tiny increment.

Common increments range from 0.05-10 nm, depending on the sample and slit-size. A
first try might be 0.5-1 nm increment. After acquiring the initial spectrum, examine the
results. If two adjacent peaks are not resolved (i.e., separated) satisfactorily, reduce the
increment. If the spectrum is described by an excessive number of data points, increase
the increment to save time and lamp exposure. A scan taken using an increment of 0.1
nm, with a peak at full-width at half-maximum (FWHM) of 20 nm, should be run with
a 1-nm increment instead.

For time-based scans, the increment is the spacing in s or ms between data points. Here,
the consideration is the necessary time resolution. The time-increment dictates the total
time per data point and for the scan in general. Set this value to resolve any changes in
the luminescence of samples as they react or degrade. Time increments often range
from 0.1-20 s.

Set increments in the Inc field under the Monos icon in the Experiment Setup window.

=1 Fluorescence Division - Experiment Setup [ Spectral Act visition[Excitation] )

Experiment General infarmation

Esperiment

File: Directiy

DftSpectialE citation. sml (23 Load | E save | E savess ... |
Drata Storage

[rata [ dentifier: DltEx

B Spectial Acquisition[E xcittion]

Ex=periment Type Monos

Excitation 1

@ Set as Referfrce

< & 8 = F

Wavelength  Start End [
nm 200 E00 1
Slie
nm 1
Advanced
Emission 1
[v] Activate
‘Wavelength Park
nm 350
Slit
nm 1
Advanced
Statuz
g @ R A -
=
Eull Disclosure Help RTC Bun Cancel
Triggers I Spectral Acquisition[E xcitation]

See the FluorEssence™ on-line help for more information.
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Select the appropriate bandpass

The bandpass (wavelength spread) affects the resolution of spectra. If the bandpass is
too broad, narrow peaks separated by a small change in wavelength may be unresolved.
For example, for two 2 nm peaks 5 nm apart, and a bandpass of 10 nm, one broad peak,
instead of two well-defined ones, is visible.

By adjusting the slit widths, you can control the intensity and bandpass of the light. The
slits of the excitation monochromator determine the amount of light that passes through
the excitation monochromator to the sample. The emission spectrometer’s slits control
the amount of luminescence recorded by the signal detector.

Calculate the bandpass using the following formula:
bandpass (nm) = slit-width (mm) x dispersion (nm/mm)

The dispersion of the Fluorolog®-3 spectrofluorometer system depends upon the type of
monochromator and spectrometer, and the groove-spacing of the gratings. For example,
a Fluorolog®-3 with a single-grating monochromator and 1200 groove/mm grating has
a dispersion of 4.0 nm/mm, while a Fluorolog®-3 with a double-grating monochromator
and 1200 groove/mm gratings has a dispersion of 2.0 nm/mm. Below is a table listing
various monochromators, installed gratings, and their respective dispersions.

Monochromator Grating groove-density Monochromator’s
(grooves/mm) dispersion
Double 1200 2.1
600 4.2
300 8.4
Single 1200 4.2
600 8.4
300 16.8
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Smooth the data
Smoothing the data improves the appearance of the spectrum. Smoothing, as are most
post-processing features, is handled by Origin® software.

1 Choose Analysis

t=s FluorEssence - C:\Program Files\Jobin Yvon)\Data\scoh

File Edit Wiew Cofled rapPt EOEEES Tools  Format  Window
from the main ==E B E s
— Baseling. ..
FIuorEssence TM Smoath...
menu. ot I
A drop-down menu appears. average
InterpolateExtrapolate
2 Choose Smooth.... e
3D Exfract
Pick Peaks
Fit 3
Fit Comparison, ..
The Smoothing dialog box opens: 4 HE

3 Under the Settings tab, choose 2t |Seting: |
the appropriate parameters.

4 Under the Operations tab’

choose the type of smoothing:
e FFT Filtering button (fast-Fourier transform)
e Adjacent Averaging button

e Savitsky-Golay button.

~
Savizky ey )

Adjacent Averaging |

FFT Filteting L

See the on-line Origin® help for additional information regarding smoothing data.

In general, start with a 9- or 11-point smooth for a time-base measurement. To select
the proper number of points for wavelength-scan types, first locate the area that
requires smoothing—usually this is a peak. Determine the number of data points used
to make up the peak, and then smooth the data using the number of points closest to this
number. To avoid artificially enhancing the data, use the appropriate number of points
to smooth the data. For example, selection of too large a number results in the
background being smoothed into the peak.
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Correcting data
Introduction

Collecting accurate information about the luminescent properties of a sample depends
upon several factors:

e Equipment specifications,

e Sample characteristics, and

e Timing considerations.

To ensure that the spectra collected indicate the actual properties of the sample and not
external conditions, data often must be corrected. To correct data means to subtract
information not directly related to the properties of the sample. Gratings, detectors, and
monochromator or spectrometer components have response characteristics that vary as
a function of wavelength. These characteristics may be superimposed on spectra,
thereby yielding a potentially misleading trace. For accurate intensity comparisons,
such as those required for quantum-yield calculations, response characteristics must be
eliminated. Supplied with the instrument are sets of excitation and emission correction
factors to eliminate response characteristics. These files (we ignore their 3-letter
extensions), xcorrect and mcorrect, are included with the software; copy them to
your hard disk.

Items that may be Ways to remove these artifacts
convoluted into a
spectrum

Fluctuations caused Monitoring lamp-output
by the light source using the reference
Note: The excitation

detector R, and using the

signal ratio S/R to correct range is 2.40.—600 nm
lamp-profile or temporal and the emission range
fluctuations is 290-850 nm for the
reference detector.
Influence of the Running a blank scan (which is later subtracted from the
sample holder sample scan)
System hardware Using radiometric correction factors
(e.g., optics,
detectors)

To use radiometric correction factors, either:

e Select the ones supplied with the software, or

e Select a set generated at your facility during or after data-acquisition, discussed in
the following section. Acquiring radiometric correction factors is explained in the
chapter Producing Correction Factors.
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Blank Subtraction and Dark Offset functions are described in the on-line

FluorEssence™ help files.

Correcting data during acquisition

Data can be acquired either as raw data or as corrected data. A spectrum composed of
raw data exhibits the effects of system parameters, while a corrected spectrum displays
only the properties related to the sample.

‘Calltion:The mcorrect, xcorrect, and tcorrect
files are custom-generated at the factory for each
particular instrument, and cannot be swapped.

Be sure the instrument configuration has a
layout that includes a correction file associated
with the appropriate detector.

a Choose Collect
in the toolbar.
A drop-down
menu appears.

b Choose
Advanced

D Expetinient Setup

Run Experiment

Graph1 Reeal Tirne Contral

Run Batch Experiments

Setup, then
System
Configuration.

fdvanced Setup

Systern UL Reset

(06288 Graph  Analysis  Tools Format  Window  Help

Optimizing Data

=4 EluorEssence - C:\Documents and Settings\All Users\Documents\Job
File Edit View

e & L+

If there is more than one hardware configuration available, the Select
Hardware Configuration menu appears. Choose the desired hardware
configuration for the correction-factor file.

The System Configuration window appears:

w=4 System Configuration

Preferences Preferences
@ Curent Configuration Info
D: Fluoromax
= Descriotion  FLMax
4
Instrument Correction Files
Detector Mono Grating File =
3 Emission 1 1200 C:ADATAMAX\CALSCANSMCL e |
Remove
Setup
Common Area Status
Device: [Excitation 1 ~| _Configue
Configuation:  [FLpax Apply Cancel
Luadﬁumﬁle‘ Save ToFie | Cancel ‘ ok
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C Choose Preferences, then the Instru

»=1 System Configuration

ment Correction Files icon.

Preferences Preferences
§ >
Current Configdration Info
: Fluoromax
AR Des€riotion  FLMax
4
Instrument Correction Files
Detector Mono Grating File
Insert
5 Emission 1 1200 C:ADATAMAX\CALSCANSIMEC st |
Remove
Setup |
Common Area Status
Device: |Excilation 1 I _v_l Configure
Configuration: IFLM ax Apply Cancel
Clear Configuration Load From File | Save ToFile | Cancel I ........... DK ........... |

The Instrument Correction Files area should display a correction file

for the Detector (S or R). If not, click the Insert button, and browse for
the desired correction file.

Detector Correction-factor file name

S mcorrect
R xcorrect
T (ifused) tcorrect

2 Choose correction when setting up the
experiment. k

a In the Experiment Setup window, choose the Detectors icon —7
to display the detectors’ parameters.

b Click the Correction checkbox for the detector you want corrected.
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Optimizing Data

In the Signal Algebra area, a signal with appended “C” appears,
denoting a corrected signal:

=4 Fluorescence Division - Experiment Setup [ Syectral Acquisition[Emission] )

E xperiment I

D8 = =

&

Triggers I

General information

Experiment
File:

Diirectary

|Df|t8pectlaIE migzion, sml

D ata Storage

Data |dentifier:

Comment:

Signalz

Select

Integration Time:

|DiEm

23 Load

n Save

n Save fz ..

Specirfl Acquisition[E mission]

fset

Enable| Signal
51
O Rt

Dftectar | Units Hug]
CPS i
Micradmps 15

20

Canection | Blk Sublract
O

Signal flgebra

Sigod

Dratais Operations Formulas

51V
Slc

<

Farmulza

5 zignal 1 e

| Units |

5 signal 1

Statug

| <<Llear

Spectral Acquisition[Jmission]

Accumlations
[ 1 [StackedScans <]

Cycles
et Drelay

[ 1[nepey <] 0

&

Full Dizclozure

Help

oy

RTC

gE )| o
=
Bun Cancel

C

|
Click the Add >> button to add the corrected signal to the Formulas

table.

The corrected signal appears in the Formulas table.

3 Run the experiment with the corrected signal.
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After acquisition

To apply the correction factors after the data have been acquired, multiply the data file
by the appropriate correction factor file (ncorrect for the S detector, xcorrect for

the R detector, or tcorrect for the T detector).

1

am Files\Jobin Yvon\Synerjy Data\s
Make sure the graph |S araph BENEREEN Tools  Format  Window

open and trace to be Simple Math..

. . . Baseline. ..
corrected is active in the ;mcu:uth...
main FluorEssence Calculus b
Wl N d OW. Translake r

. Average
ChOOSG AnaIyS|S Interpolate/Extrapolate
A drop-down menu appears. Glue
Select Simple Math.. ./ oD Eadract
Pick Peaks

This opens the Math Functions dialog box. Eit N
The chosen trace should appear in the ;it Comparison
Data field. If not, browse for it with the S ompArEen. -

down arrow.
54 E

Simple Math Tool
In the Math Function = =
drop.-down menu, select\Math.
m U Itl p Iy Function |add j

Choose the Data radio e

.  Data  |Datal_d ~|
button in the Operand
area.
Browse for the
appropriate correction- patel s el A
factor file (mcorrect or
+ #dd New ™ Replace Curent

xcorrect).

The proper formula should appear in the
Result area.

Click the OK button.

The trace that appears on the screen is a result of the mathematical operation,
giving a corrected spectrum.

Apply ,J/Y QK | Cancel
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Chapter 6 : System
Maintenance

External case

The Fluorolog®-3 spectrofluorometer requires very little maintenance. The outside
panels may be wiped with a damp cloth to remove dust and fingerprints. Blow
pressurized air onto the exhaust filters periodically to clean away dust.

Lamp-housing exhaust filters

To clean away dust:

1 Remove the filters.
2 Clean the filters under tap water.
Let the filters dry before reinstalling.

é(,‘auliwl: Not removing dust from the exhaust
filters can cause the xenon lamp’s power supply
to fail from overheating.
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Xenon lamp

The lamp is the only component that has to be replaced routinely. Regular examination
of lamp and water-Raman spectra serves as an early indicator of the system’s integrity.
(These two tests are described in Chapter 3, System Operation.)

Obtaining good spectral results depends upon the xenon lamp. After 1700-2000 hours
of use for the 450-W xenon lamp, the lamp output decreases significantly, indicating
that the lamp should be replaced. Replacing the lamp within the specified time may
prevent system failure. HORIBA Scientific advises to keep a laboratory notebook near
the Fluorolog®-3 to record lamp usage. Each time the lamp is turned on, it constitutes
one full hour of use; therefore, HORIBA Scientific suggests leaving the lamp on
between brief periods of inactivity. Record the hours of use on the form in Chapter 12:
Xenon Lamp Information and Record of Use Form.

Required tools

Tool Size Purpose

Allen wrench 5/32" Screws for lamp power cables

Allen wrench 5/64" Height adjustment; centering adjustment
Allen wrench 7/64" Lamp support arm

Phillips screwdriver Medium Screws for top cover of housing

Replacement

The replacement xenon lamp is packed in the manufacturer’s box and must be installed
in the lamp housing. Read all the packing material including instructions and
precautions before attempting to insert the lamp into the lamp housing.

‘L‘aution: Do not remove the protective cover from the
replacement xenon lamp until instructed to do so.

‘Waming: Xenon lamps are an explosion hazard. Make
sure the power is off and all AC power is disconnected
from the system. Read and follow the cautions
presented below.
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VIV VAVAVE

e Xenon-arc lamps are an explosion hazard. Wear explosion-proof face-shield and
protective clothing when opening the lamp housing and handling the lamp.

e Disconnect the lamp power supply from the AC power line (mains) while handling
lamp leads. Lethal high voltages may exist.

e The lamp remains extremely hot for approximately one-half hour after it has been
turned off. Do not touch the lamp or the metal unit until the lamp has cooled.

o Never look directly at the xenon arc or its reflection. Intense radiation can
permanently damage eyes.

e Do not touch the focusing lens, back-scatter mirror, or the surface of the lamp.
Fingerprints will be burned onto these surfaces when the lamp is ignited.

The following instructions are divided into three distinct procedures—each of which
may be performed as a stand-alone operation:

e Open the lamp housing

e Remove the existing xenon lamp

¢ Install a new xenon lamp
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To open the lamp housing:

1
2

Upper i
bracket
~

Lamp <

Lower-
bracket

Mirror

Remove the 13 Phillips-head screws on top of
the lamp housing.

Lift off the cover.
This exposes the lamp assembly:

@ s

fte lamp

Top view o housing with cover removed.
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To remove an existing lamp

1

o ok~ W N

e |
64" cap

.

Remove
the 5/32"
cap
SCrews
from the
upper and
lower
brackets,
freeing
the
positive
and
negative
power
leads.

Remove
the 7/64" cap screw from the upper bracket.

Remove the upper bracket.
Remove the lamp.

Place the protective cover around
the xenon lamp.

Lock the cover into place.

Dispose of the spent xenon lamp, following all safety
precautions and regulations.

| SCrew

5/32"
cap
screws
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To insert a xenon lamp

@Note: HORIBA Scientific provides new bulbs with leads and
connectors of the proper length and size. Other manufacturers’ lamps

may require extra adjustment before installation.

1 Be sure the cover of the lamp housing is
removed.

2 Pay attention to the polarity of the xenon lamp.
Orient the lamp as shown in this diagram, so that the cathode is above the
anode.

Lamp lead \)@:”L

<«—Anode
(positive end)

Nipple (near anode, - Anode
blunt electrode) (blunt electrode)
Cathode

(pointy electrode)

<« Cathode
(negative end)

Lamp lead ———(0 A

Diagram of lamp emphasizing polarity.

3 Note the correct location of the trigger wire.
If the wire is not correctly oriented, carefully rotate it around the bulb using a
small wooden dowel or cotton swab.

Cathode
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£ Warning: Never touch the bulb
with bare hands. Always wear
cotton gloves.

4 Seat the xenon lamp in the bottom bracket.

Make sure that the lamp is inserted all the way into the aluminum bracket. The
negative end should be downward.

@Nm‘e; Position the nipple and trigger wire so they are not in the
light path from the backscatter mirror to the turning mirror.

5  Place the square aluminum upper bracket over
the anode terminal of the bulb.

The positive end
should be
pointing upward.
6 Insert and
tighten the
7/64" cap
screw on
the upper

bracket.

[ Secure
the upper
lamp lead
and upper
power
cable to
the upper
bracket,
using a 5/32" cap screw.

6-7




Fluorolog-3 Operation Manual rev. G (2 May 2014) System Maintenance

8 Secure
the lower
lamp lead
and lower
power
cable to
the lower
bracket,
using a
5/32" cap
screw.

9 Tighten
these two
5/32" cap
SCrews on
the upper
and lower brackets.
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&L‘aution: Both lamp leads are at a potential with
respect to the ground (earth). Do not let bare
lamp leads touch any part of the chassis, which
is grounded (earthed). You can severely
damage the power supply if they do.

UL Sy, ST LT AT
2

leads
touch the
chassis.

1 Do not let
leads
touch the
mirror.

10 Replace the cover of the lamp housing and
secure with the 13 Phillips-head screws.

11 Plug the power cord from the lamp power-
supply into a grounded (earthed) outlet with the

proper line voltage.

&Waming: DO NOT operate this system from an
ungrounded AC power source.

/Vote After installation, the lamp should burn in for 24 hours.
After the burn-in, the lamp’s position may be adjusted to
optimize the signal intensity.
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Adjustment

Once the lamp is installed (and after a 24-hour burn-in period), it may need an
adjustment to maximize the sensitivity of the Fluorolog®-3. To do this, HORIBA
Scientific recommends running a water Raman scan to check wavelength accuracy, and
then monitoring the peak intensity while adjusting the vertical height of the lamp:

1 Insert a sealed water-filled cuvette in the sample
compartment.

72 Take a water-Raman scan with the following

param eters:
Emission wavelength 350 nm
Excitation scan range 365 nm to 450 nm

Increment 1nm
Integration time 0.1s
Slits 5 nm bandpass

Acquisition mode S1

The expected water Raman peak intensity for the Fluorolog®-3
spectrofluorometer systems is > 450 000 cps:

< Start )

Is the water
Raman peak at
397 + 0.5 nm?

Calibrate the emission No
monochromator. Go to
System Operation.

X Is the peak . )
Lamp is properly | Yes intensity as listed Continue with
adjusted. in the above step 3 below.

table?
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3 Click the RTC button to enter the Real Time
Control from the Experiment Setup window.

= Fluorescence Division - Experiment Setup ( Spectral Acquisition[Emission] )

Experiment General information

Experiment
File

Dt Spectral Emission xanl

Directory
C:\Users'\Public\Documents'uJobin Y}Qn"-.Data | 2y Load | H save |

& Save s .. |

Data Storage
Data Idertifier: DifttEm

Comment: Spectral Acquisition[Emission]

Experiment Type Monos

Excitation 1
Activate

Wavelength  Park
nm 350
Slit

nm 5

Emission 1 [S1) Emission 2 [T1)
[¥] Activate [ Activate

Wavelength Start End Inc
nm 365 450 1
Slit

nm 5

']
Cancel

Statug

| | &

Full Disclosure
TS Spectral Acquisition|Emission]

RTC

The Real Time Control opens.
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4 Click the Monos icon:

System Maintenance

,.
E Real Time Control [ C\Users\Public\DocumentsiJobin Yvon\Data'\~DfltSpectralEmission.xml ]

AlSCD's
51

Data View | Intensity

\Genelal

Detectors

ACCESSONES| Excitation 1 | Emission 1

Position Control

350

Status

Entrance slt: 4.5875 nm
Exit slit: 4.5875 nm

ST o] ala]

nm

Grating
+
1200
=0ff
1200,
i Detailed
S Nomal | Clear |
@ Critical

l. “ Clear | 1{-‘ Autoscale

Slits
Slit width
49875 nm
Calibrate Excitation 1
Shutter Mode =
e @ & |&|[>] o
-~ Auto
Help Transfer Save Fun Cancel
* Closed
LContinuos

In the Emission 1 tab, enter 397.00 in the

Position Control,/then slide the Shutter Mode
switch to Open.

E Real Time Control [ Cl\User‘s\Pub\lc\Do(’umentS\lnh'\n ‘Yvon\Data'\~DfltSpectralEmission.xml ]

I e

Data View | Intensity

AlSCD's
51

Display size

Momal Detector: 51

@ Large

0.000000

Detectors

ACCeSSONES | £ g 1| Emisson |
Fosition Control ot
B . ing
[+]
397,001 | m —Off 1200 -
J 1200,
Slits
St wic
4587 nm
Celibrate Emission 1
Status
Shutter Mode
Entrance siit. 45875 nm - < Open e % m 'e)
Ex slt- 43875 nm Detaied . Asm P
2 Nomal [ Clear | Closed  _HeP Transfer | Save Run Cancel
@ Crical
Lontinuous
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6

System Maintenance

Click the Detectors icon, and slow the

Integration Time to about 0.3-0.5 s.
This makes it easier to adjust the Iamp/wnhout missing the maximum signal.

E Real Time Control [ C:\Users\Public\Documents\Jobin Yvon\Data\~DfitSpectralEmisf:

xml |

G S|

AISCD's [ Data View | Intensty
51
Display size
Hornal

General

S|

s
e :

Detectors

Accessories 51

@ Large

High Votage 950
Time Units s
Integration Tme 0.3
Gain |Autogain ~|
Advanced HVOF |
Status
Shutter Mode T R N
Ext sit. 43875 nm a “ Open & ﬂ e
Intemediate sit: 4.3875 rm Detaied Toan b
= Nomal | Clear | Heln Transfer | Save Fun Cancel
—_— # Closed
@ Critical .
Continuaus

7

Click the Cagntinuous checkbox.

B9 Real Time Control [ C:\Users\Public\Docu

ents\Jobin Yvon\Data\~DfltSpectralEmission.xml ]

AllSCD's
51

General

M

Monos

by

Detectors

Accessories | 5o | Emission |

Data View | Intensity

Display size
Normal

Position Control

357.001

+

Status

Exdt sit: 4.9875 nm

L

Intermediate slit: 4 9875 nm

® Large Detector: $1
Greting
.
| 1200 -
1200, .
Sits
St width

49875

Shutter Mode

0.000000

Calibrate Emission 1

al »

¢

Cancel

i Detaied - gp‘?”
- “Auto
Normal ‘ Clear ‘ + Closed Transfer
@ Critical
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8  Click the Run button.

9  View the incoming data in acquisition mode S

(signal detector).

Watch the signal intensity as you adjust the vertical position of the lamp.
Therefore, position the monitor to see the changes while standing by the lamp
housing.

@Note: If the lamp is not at the best vertical position, correctly
positioning the lamp will increase the signal significantly.

10 Insert a 5/64" Allen wrench inside the middle

port on the top of the lamp housing.

You may have to press on the Allen wrench to seat it properly.
j > P R N/ ‘t" l. "

# . % :

' i Horizontal
w | adjustment

@Myte: To reach the set

screw, you may have Vertical
to fish around with the adjustment
Allen wrench. \

BF X

i | L
The Allen wrench is ready to adjust the vertical position of the lamp.

11 View the trace and make vertical adjustments by
rotating the wrench either left or right to increase
the signal.

To raise the lamp, rotate the vertical adjustment clockwise.
To lower the lamp, rotate the vertical adjustment counterclockwise, and give the
Allen wrench a light tap.
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172 Insert the Allen wrench into the right port.

This action adjusts the
horizontal position of the
lamp. Rotate the wrench left
and right to maximize the k
signal. = Horizontal

) adjustment

13 Insert the Allen
wrench into the
left port.

14 Return to the central
port and make a
final adjustment of
the vertical position
to maximize the
signal.

Vertical
adjustment |
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15

16

17
18

System Maintenance

Close the
Real Time
Control by
clicking the

B ||

Cancel
\~ o Conrel

button.

Record the
date that
the new
lamp was
installed,

as well as its maximum intensity.
Run another water-Raman spectrum, to

compare its quality with the previous lamp.

Save the protective cover of the new lamp, for
when the lamp must be replaced in the future.
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Installing an optional new photomultiplier
tube

If your Fluorolog®-3 has an optional R928P (usually on the T-side of the sample
compartment), and you want to change the detector, this section is applicable. When the
R928P photomultiplier is replaced with a different detector, the emission correction
factors must be updated (see Chapter 8: Producing Correction Factors).

‘Waming: Lethal high voltages are applied to the
photomultiplier cathode. Turn off all instrument power,
especially for the SpectrAcq, before installing or
removing a photomultiplier. Never expose a
photomultiplier tube to room light when the high voltage
is turned on.

Turn off power to the instrument and SpectrAcq.

Be sure that a liquid-N,-cooled PMT is warmed
to room temperature.

3 Remove cables and wires attached to the PMT.

N -

@Nm‘e.’ Fingerprints on the glass of the photomultiplier increase
the dark counts of the tube. Immediately remove fingerprints
from the photomultiplier by rinsing with methanol and wiping
with lens tissue.

‘c.aution: Read the Materials Safety Data Sheet
(MSDS) before using methanol.

Carefully lift the tube from its base socket.
Remove the protective cap from the new PMT.

Plug the photomultiplier into the base socket.
Make sure the photomultiplier is positioned all the way down on the socket.

Carefully slide the photomultiplier into the base
socket.

Connect the cables as per Chapter 17.

00 ~N OO b
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Reference signal detector

The reference signal detector is a state-of-the art silicon diode that requires no routine
maintenance.
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Gratings

The standard excitation and emission monochromator gratings are 1200 grooves/mm,
and are blazed at 330 nm and 500 nm, respectively. If an application requires that the
system be optimized for a particular region, the gratings can be changed by following a
simple procedure.

Required tools

Tool Size Purpose

Phillips screwdriver medium Remove top cover.
Lid support - Supports the lid in an open position.

Replacement

A ‘c"wtion: Never touch the diffraction surface of a grating.

Gratings require no routine maintenance. To use a grating with different specifications
than those installed in the system, replace the existing ones.

Mirrors in the spectrometers have been aligned at the factory. If mirror realignment is
necessary, contact the Service Department. Typically, mirror realignment requires
special targets and fixtures, and a laser.

A ‘L‘aution: Do not loosen the mirror mounts.

6Caution: HORIBA Scientific recommends that you never
attempt to clean off any dust on the gratings and
mirrors. The effect of cleaning may cause more
problems than the dust. The surface is easily marred
and cannot be cleaned the way a mirror can.

Remove the existing grating
1 Close the slits in the emission spectrometer.
2 Turn off all instrument power.
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3
4

Remove the Phillips-head screws holding the lid
on the monochromator.

Lift the lid slowly until you feel resistance.
This is the maximum

length of the cables ‘
attached to the lid.
Caution: A circuit board and
Insert the critical connections are attached
lid to the lid of the spectrometer.
DO NOT attempt to lift the lid
support at the rear completely off.
of the
monochromator.

Place the lid in the support.

Mounting screws for baffle

Grating
stand

Overhead view of the grating assembly.

Release the grating from the stand.
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a Loosen the thumbwheel screw securing the grating to the grating stand.

Back view of grating assembly.

b Pull the grating away from the stand.

To insert a new grating,

1

o 01 b~ w N

Place the 3 mounting pins on the back of the
grating into the matching mounting slots on the
grating stand.

Tighten the thumbscrew on the back of the
grating stand.

Lift the lid of the monochromator off of the lid
mount.

Remove the lid mount.
Place the lid on the monochromator.

Secure the lid with the Phillips screws.
No further adjustments or alignments are necessary.
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Mirrors

Mirrors are aligned at the factory and usually do not need realignment.

System Maintenance

‘L‘aution: Adjust the mirrors only if a laser is available
to check the alignment. Misalignment will destroy the
similarity of the right-angle and front-face light paths in
the single-beam sampling module. (Front-face
capability is an option in the sample compartment.)

Improperly moving any of the mirrors in the monochromator reduces resolution;

refocusing will be required. If the system becomes misaligned, contact the Service
Department to arrange for a service visit.
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Automated 4-position turret

If a circulating bath is used to regulate the turret’s temperature, periodically replace the
fluids in the bath.

@Note: Over time, bacteria can grow in the temperature bath, or the
water can become hard.
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Troubleshooting

Chapter 7 : Troubleshooting

The Fluorolog®-3 spectrofluorometer system has been designed to operate reliably and
predictably. Should a problem occur, examine the chart below, and try the steps listed

on the following pages.

Problem

Possible Cause

Remedy

Light is not reaching the
sample.

Signal intensity is low.

Signal intensity is at least
10 times lower than
normal.

No change in signal
intensity.

No change in signal
intensity.

Excitation shutter closed.

Slits are not open to the
proper width.

Lamp is not turned on

Excitation
monochromator is
miscalibrated.

Sample turret is not in
correct position.

Lamp is not aligned or
focused.

Slits are not open to
proper width.

Shutter(s) is(are) not
completely open.

Lamp power supply is set
to the wrong current
rating.

High voltage is
improperly set.

Polarizer is in the light
path.

Lamp is too old.

Polarizer is in the light
path.

Monochromators are set
to wrong wavelength.

Detectors are saturated.

Optical density effects
and self-absorption.

Shutter(s) closed.
Detectors are saturated.

Using the software, open the shutter.
Adjust the slits.

Turn on lamp by pressing lamp rocker
switch, and then the Start button on the
xenon-lamp power-supply front panel.

Check and recalibrate excitation
monochromator.

Using the software, set the position and
open the cover to verify the position.

Align and focus the lamp.
Adjust the slits.

Open the shutter(s).

Call the Service Department. (450 W Xe
lamp current =25 A)

Enter proper voltage: Default HV1 = 950 V
Move the polarizer out of the light path.

Replace lamp. (450 W lamp has lifetime
1500-2000 h.)

In Real Time Control, move the polarizer
out of the light path.

Select appropriate wavelength based on
excitation and emission of sample.

Adjust slits. (Signal detector is linear to 2 x
10° cps in photon-counting mode.
Reference detector saturates at 12 pA.)

Sample is too concentrated. Dilute sample
by a factor of 10 or 100 and retry
experiment.

Open all shutters.

[continued on next page]
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No signal.

Lamp unstable.

Raman band
superimposed on
fluorescence scan.

Large off-scale peak at
twice the excitation
wavelength.

Stray light in emission scan

(also see example in this
chapter).

Corrected excitation
spectrum curves upward
~240-270 nm.

Noisy spectrum with
magnetic stirrer.

Communication problems

between computer and
instrument.

Hardware Init.
Error appears.

Data file does not
existor file read
error Mmessage appears.

Sample turret is not
operating.

Lamp is not on.
Detectors are saturated.
High voltage is off.
Erratic signal.

Light leaks.

Aqueous solutions and
solvents have Raman
bands.

2" order effects from the
spectrometer.

Scattered light off the
excitation wavelength.

Dark count is divided by
low reference signal.

Stirring speed is too fast.

Software was initialized
before hardware

Cables are improperly
connected.

Computer’s or
SpectrAcq’s I/O-
controller is failing.

Broken IR sensor in
monochromator.

User is not logged into
Windows® as
administrator or power
user.

Software is not enabled.

Cables are improperly
connected.

Troubleshooting
Replace bad xenon lamp.
Reduce slit settings.

Turn on high voltage through the software.
Let lamp warm up 20 min before use.
Check dark value to determine.

Change excitation wavelength to move
Raman band away from fluorescence peak,
or run a blank scan of the solvent and
subtract it from the fluorescence spectrum.

Use cut-on filters to eliminate 2"°-order
peak.

Place bandpass filters in excitation light
path.

Decrease emission-monchromator slit
widths.

Use Dark Offset checkbox; retry scan.

Use slower stirring speed.

Wait for beeps from SpectrAcq before
initializing the software.

Check communications cables’ connections.

Replace 1/0O controller: Call Service
Department.

Replace IR sensor: Call Service
Department.

Log into Windows® as administrator or
power user, and restart FluorEssence™.

Check status.

Check cable connections
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Using diagnostic spectra

Often the spectrum reveals information regarding the hardware or software parameters
that should be adjusted. The following spectra occur with explanations regarding
problems leading to their appearance.

@Nm‘e.’ Not all spectra shown in this section were produced using the
Fluorolog®-3. The spectra are presented to show different possible

system or sample problems, and may not reflect the superior
performance of the Fluorolog®-3.

Lamp scan

Running a lamp scan verifies system integrity and indicates whether the correct
parameters for the best possible trace are being used. The following spectrum shows the
trace resulting from a lamp scan run with a known good lamp.

0.35
0.3 — 467 nm

0.25

Intensity
o
N

©
-
(8]

<
—

0.05

0
250 300 350 400 450 500 550 600

Wawelength (nm)

Scan of good quality 450 W xenon lamp in Fluorolog-3
with single excitation monochromator.
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The following lamp scan spectrum shows poor resolution in the area around the peak.

0.4473 -
«— Xenon-lamp peaks
are unresolved

< 0.3355 =
w
[22]
€
-}
Q

L 0.2236 -
_as
‘®
c
I

= 0.1118 4

0

300 400 500 600 700 800
Wavelength (nm)

Lamp scan of 150-W Xe lamp. Note poor resolution in the area near the
467-nm peak.

This lack of spectral resolution appears because the slit widths are set too wide. To
resolve this problem, narrow the slit widths.
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Water-Raman spectra

Contaminated water

Running a water-Raman scan helps identify abnormalities as a result of accessory
problems or miscalibration. The following spectrum is normal:

Troubleshooting

5
“——397 nm

4
©
w
=
§ 3
©
=
= 2
c
Q9
£

1

0 1

365 380 395 410 425 440 455

Wavelength (nm)
Clean water Raman scan.

Below is a normal water Raman spectrum superimposed on one that exhibits a problem.
In this instance, the water was contaminated, resulting in a high background.

5 —
__ 4
©
[2)
c
g 3
°
_:5 2 Contaminated water
% (note high background)
=
1
Clean water
0 o ~——
365 380 395 410 425 440 455

W avelength (nm)

Contaminated water in a water Raman scan.

If a spectrum similar to this is obtained after running a water Raman scan,

1 Rotate the cuvette 90° and rerun the scan.
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If the problem goes away, then the problem was caused by the cuvette surface.
Clean the cuvette, or use a different cuvette.

Or

1 Clean the cuvette.
2 Fill with fresh, double-distilled, deionized water.
If the problem goes away, then the problem was caused by contaminated water.

Light not striking cuvette
The following graph shows a normal water-Raman scan with a superimposed problem

scan.
5
4 Clean water
o /
2
c
23
o
o
>
c
)]
IS
1 Low signal
0
365 380 395 410 425 440 455

Wavelength (nm)
Low intensity during a Raman scan.

Here the problem is low intensity of the water signal when compared with the
superimposed typical water-Raman scan. To resolve this problem:

1 Make sure the cuvette is filled to the proper

level.

Light should fall on the sample, and the meniscus should not be in the light
path.

2 Make sure that the excitation and emission slits
are set to the proper widths.

3 Verify that the detector is set to the proper
voltage.
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Stray light

In the following diagram, notice the high level of stray-light below 380 nm in the
water-Raman spectrum.

Troubleshooting

60

N W P [8)]
o o o o

Intensity (1(? counts/s)

-
o

o

365 380 395 410 425 440 455
Wavelength (nm)

High stray light in a water Raman scan.

To correct this problem,

1 Inspect the cuvette surface for fingerprints and
scratches.

Clean the cuvette or use a new one.

2

3 Verify that the excitation and emission slits are
set correctly for a water-Raman scan.

4

Verify that the excitation monochromator is at
the correct position.

7-7




Fluorolog-3 Operation Manual rev. G (2 May 2014) Troubleshooting

Further assistance...

Read all software and accessory manuals before contacting the Service Department.
Often the manuals show the problem’s cause and a method of solution. Technical
support is available for both hardware and software troubleshooting. Before contacting
the service department, however, complete the following steps.

1 Ifthis is the first time the problem has occurred,

try turning off the system and accessories.
After a cool-down period, turn everything back on.

72 Make sure all accessories are properly
configured and turned on as needed.

3 Following the instructions in System Operation,
run a xenon-lamp scan to make sure the system

IS properly calibrated.
Print the spectrum and note the peak intensities.

/4 Check this chapter to see if the problem is
discussed.

5 Visit our web site at
http://www.horiba.com/scientific/products/fluorescence-spectroscopy/

to see if the question is addressed on the site.

6  Try to duplicate the problem and write down the

steps required to do so.
The service engineers will try to do the same with a test system. Depending on
the problem, a service visit may not be required.

[ If an error message appears in FluorEssence™,
write down the exact error displayed.

8 Determine FluorEssence™'’s version number.
a Choose the Help menu.

#=4 FluorEssence - C:\Users\Public\Documents\Jobin Yvoni22talscohe n\UNTITLED.
File Edit Wiew Collect Analysis Graph Data Gadgets Tools  Format :‘Help

D @EHE = @ -AJ% k@\ + Data Acquisition
M= e E £ B 0 Lz [t [3 ovep i

5] UNTITLED
El Graph1

HI%¥ Support

m% FluorEssence Yideo Tutorials ¥
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b

e
f

a

Choose About FluorEssence....

The About FluorEssence
window opens. Near the

bottom are the
FluorEssence™ and

Origin® version numbers.

Click the View System

Troubleshooting

About FluorEssence

A

meres @8 ORIGIN'8

i o

HORIBA OBIN YVON

l FluorEssence Version:  3.5.0.64

Origin Yersion: 8.1090 ]

)E View System Info

Info button.
The Installed
Components
window appears,
displaying all the
software required
for FluorEssence™.,

Record the
information by
clicking the:

e Save To File...
button, which
saves the
information to a
file;

e Zip Info button,
which
compresses the
information
while saving it;

e Print Info
button, which

Installed Components

JY¥ Components

3

istinalogLibrary. ocx 310668
isDigitalLibrary. ocx 310428
iStripChart=Contral. ocx 31034
pezush sys 1.020
wldr2 sps 1.020

iwshloader sps 1.020

Stepd dll E2058
w3 dll 810010520
<

Companent Name Version  Date s’
CommunicationsCom. dil 35064 Friday, Dctober 15, 2010, 00.0358
Configure.dl 35064 Friday, Dctober 15, 2010, 00,2518

D ataPreviewEngine.dll 35064 Friday, Dctober 15, 2010, 00.31:08
ExperimentE ngine.dll 35064 Friday, Dctober 15, 2010, 00,2720
FLExpSetup.di 36064 Friday, October 15, 2010, 004212
Initialization.dll 35064 Friday. October 15, 2010, 00:42:50

JYCCOuI 36064 Friday, October 15, 2010, 00:14:44
JvCommonObjects.dl 35064 Friday. October 15, 2010, 00:04:44
J¥ConfigBrowserComponent. di 35064 Friday. October 15, 2010, 00:05:04
JvDeviceConfig.dll 35064 Friday. October 15, 2010, 00:44:04

JYDSPI 36064 Friday, October 15, 2010, 00:15:22
JYFikerwheel.dll 35064 Friday. October 15, 2010, 00:16:08
JvGeneralConfig.dll 35064 Friday. October 15, 2010, 00:48:20
JvGeneralDataPreview.dl 35064 Friday. October 15, 2010, 01:0212 v
< >

Third Party Companents

Component Mame WVersion  Date A
ow3darph.ocy 8.6.00 ‘wednesday, August 04, 2010, 08:20:10
cwanalysis.ock E.0.0.0 ‘wednesday, August 04, 2010, 08:20:10
owdag ok 7.000 ‘wednesday, August 04, 2010, 081932
CWLLOCK 8.1.00 ‘wednesday, August 04, 2010, 08:20:12
gspeiofib.dil E.0.0.0 ‘wednesday, August 04, 2010, 08:20:10
HHactivek dil E.2058 ‘wWednesday, August 04, 2010, 08:20:14

Wwednesday, August 04, 2010, 08:20:32
Wwednesday, August 04, 2010, 08:20:32
Wwednesday, August 04, 2010, 08:20:32
Wwednesday, August 04, 2010, 08:20:38
Wednesday, August 04, 2010, 08:20:38
Wednesday, August 04, 2010, 08:20:38
Wednesday, August 04, 2010, 08:20:14
Monday, June 14, 2010, 03:41:45 v

Save To File. ZipInfa Print Infio

prints out the software information.

Click the OK button to close the Installed Components window.

Click the OK button to close the About FluorEssence window.

9 Determine the SpectrAcq firmware version.

Open the Experiment Setup window:




Fluorolog-3 Operation Manual rev. G (2 May 2014) Troubleshooting

b Click the Detectors icon.

#=1 Fluorescence Division - Experiment Setup ( Spectral Acquisition[ Excitation] )

Experiment Gengfal information
Experiment
M File Directary
— |DﬂtSpectraIExcitation.me 2y Load n Save n Save Az .. |
D ata Storage
t Data |dentifier: |DAE
Comment Spectral Acquisition[E xcitation)
Signalz
Select
@ Integration Time: |0.1 3 [~ Dark Oifset
Enable| Signal| Detector | Units HV[]| Comection| Blank. Subtiact
O [s1 ¢ CPS 950 O O
; =1 =1
il i) Microdmps Detector Info:
Single Channel Detectar
Firmmware Yersion: V5,15 Spectracg
Signal Algebra -
Signal | Detailsl Bp=rois Famulas Accumulations
51 5 signalf1 + Add s> Signal | Urits | ’_2 Stacked Scans | -
w §1 Stacked Scans
Average Scans
Farmula Urits
‘ | <<LClear
Status
| & | @ A o
-
Full Dizclasure Help RTC Bun Cancel
Triggers | Spectrall Acquisition[Emission]
/
N .
C Move the mouse over the detectors’ table in the Select area.

The SpectrAcq firmware version appears in a small pop-up window.

10 Write down the software’s version numbers,
along with the purchase dates, model numbers,
system configuration, and serial numbers of the
instrument and its accessories.

11 call the Service Department at (732) 494-8660
x 8160.

Be prepared to describe the malfunction and the attempts, if any, to correct it.
Have serial and version numbers of all software and equipment handy, along
with all relevant spectra (sample, polarization ratio, xenon-lamp scan, emission
calibration, etc.).
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Chapter 8 : Producing Correction
Factors

Introduction

Gratings, detectors and other monochromator components have response characteristics
that are functions of wavelength. These characteristics are superimposed on spectra,
and may yield a potentially misleading trace. For accurate intensity comparisons, such
as those required for quantum-yield determinations, monochromator-response
characteristics must be eliminated. Corrections are made for each of these potential
problems by using radiometric correction factors.

Supplied with the Fluorolog®-3 are sets of excitation and emission correction factors
designed to eliminate response characteristics. These files, xcorrect.spc and
mcorrect.spc (and tcorrect. spc for T-format instruments), are included with
the software and should be copied to the hard disk. The excitation correction range is
from 240-1000 nm, and the correction range for emission spectra is from 290-850 nm
(for an instrument with a R928P photomultiplier tube; the wavelength range varies for
different detectors).

Emission correction factors should be updated periodically or whenever different
gratings or signal detectors are installed. The correction factors can be updated either at
the user’s location, or by a representative from the Service Department. To arrange for
a visit and a fee estimate, call the Service Department. To update the correction factors
without a service visit, follow the instructions below.

One way to generate correction factors for the instrument is to scan the spectrum of a
standard lamp. Because the actual irradiance values of the standard lamp as a function
of wavelength are known, dividing the irradiance values by the lamp spectrum results
in a set of relative correction values. These values can then be applied to the raw
fluorescence data. The emission correction factor file mcorrect . spc was acquired
in this manner.

@Note: Generate a new correction-factor file only when the gratings or
detectors have been replaced with those of different specifications
than the original hardware.
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Types of Correction-Factor Kits

To generate emission correction factors, several items are needed: a standard lamp,
appropriate holders, and a scatter assembly. HORIBA Scientific offers two methods.
You may also use your own standard lamp.

1908 Accessory

@Nm‘e; Contact the Service Department for use of the 1908 correction-
factor Kit.

The 1908 is a complete correction-factor kit, while the 1908MOD
Scatter Assembly is provided for users who already have a
calibrated standard lamp and a constant-current source.

The 1908 Standard Lamp Assembly is a complete correction factor

kit, which includes the following items:

e 200-watt quartz tungsten-halogen filament lamp with irradiance
values

e Constant-current power supply with lamp holder

e 1908MOD scatter assembly

The 1908MOD scatter assembly includes:
e Lamp-mount assembly and mask with square center

e Scatter block with neutral-density filter and reflectance
plate

The F-3026 Correction Factor Kit

The F-3026 is a small module that sits within the
instrument’s sample compartment. It is composed of:
Tungsten-halogen source, combined with an
Integrating sphere

12 VV DC power supply

Special sample-compartment cover
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Generating emission correction factors
with the F-3026 Correction Factor Kit

@Nm‘e: You also may use your own kit, or contact the Service Department for

use of our 1908 calibrated-lamp Kit.

1 Set up the accessory.

a
b

Remove the standard sample drawer
from the sample compartment.

Attach the correction-factor light-
source to its gap-bed with the brass
thumbscrews.

Use this orientation. Be sure the
power cable doesn’t block optical
apertures.

@Note: This example (see image above) was set up for
measuring the S-channel side of a Fluorolog®-3. To set
up using the T-channel, the lamp faces the opposite
emission port (180° to the left).

@Nate:The sourcelintegrating sphere module may be pre-
mounted atop the special gap-bed.

Feed the wire through the hole on the
front of the sample compartment, and
seal with a black plastic plug.
Clip the wire into its clamp.

Insert the sample drawer for the
correction factor Kit.

Make sure all filter-holders are removed
from the sample compartment. Fix the
gap-bed firmly to the sample
compartment with screws through the
front panel.
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7 Run the emission scan.

Al Switch on the F-3026 and let it warm—

Producing Correction Factors

up for 15 min.

%

‘L‘aution: Wear appropriate eye-protection against UV,
visible, and IR when the tungsten-halogen lamp is on and
the sample-compartment is uncovered.

@Note: We recommend keeping a log of the amount of
time the source is on. Calibration is necessary after

every 50 h of use.

Place the special lid onto the sample AN
compartment.

Make sure it fits securely, and there is
no light leak into the sample
compartment.

‘Caution: Do not operatethe
accessory without the lid
completely covering the
sample compartment.

Start FluorEssence™ and initialize the
Fluorolog®-3.

The xenon lamp should be turned
OFF.
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d

Collect an emission scan of S1c only (or S2c, T1c, etc. depending on
the detector used) using the following scan parameters:

Range = 300 to 850 nm (depending on the range of the detector and the
standard lamp used)

Increment =5 nm

Emission slit =5 nm

Integration time =1s

Dark Offset on

HORIBA Scientific recommends detecting ~10° cps at 520 nm in the
Real Time Control. If not near this value, open or close the slit to obtain
this value. Your emission scan should look something like this, using an
R928P detector:

—) FEX
S
1400000 — — Tic
1200000 —
@\ 1000000 4
2.
E 800000 —
E
s00000 —
400000 —
Zooo0o00 —
o ]
T T T
400 G600 800
Wavelength (nm )
Double click graph to do analysis
|| _Experiment Comments: | ___Instrumentinfe: [ UserComments: | - |
Spectral Acguisition[Emission] MNanolog (Ex 1200x330)
HORIBA
4|k \Gmph ,(Data ,(Nme/ ||< >

3 Create the correction-factor file.

a
b

Insert the DVD with the correction factors into the host computer.

In the main FluorEssence window, click the Command Window button
[=¥]

The Command Window opens:
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&4 FluorEssence - C:\Documents and Settings\ALl Users\Documents\obin YvoniData\UNTITLED *
Fle Edt View Colect Analysis Plot Column Worksheet Statistics Image Tools Format indow Help

ek 2edBE & B aBRe

Iz + T

xl
23 UNTITLED.
1400000 —
— T1c
1zo0000 —
g 1000000 |
W= 200000 —
EBockt
Elamp t01) 7
EBockz = sooooo
Elsoo-a30 i
400000 —|
200000
o
T T T
400 a0o s00
wavelength (nm)
Double lick graph o do analysis
Experiment Comments: | Instrumentinfo: | [ ="
Spectral Acquisition [Emission] Nanolog (Ex 1200x330) HORIBA_
v
[ [+ ]\Graph /Data £ Mote I« E
3 = =l
= % [1/8/2013 15:32:54 ** (2456300)] -~
Alyarencorrect ionri1d i =
MakeMCorrectionFild
MakeNCorreot ionFild [1/8/2613 15:48:84 ™ (2456300)]
MakeMCorrectionFild >> impasc
>>MakelCorrectionFile Input @
< | & -

embeddinglamp1G ‘ y A AU ON 1: [lamp1]Graph!1[1:1] Radian

Type MakeMCorrectionFile, thenthe Enter key.
The Open window appears.

d Browse for the
appropriate Look jn: |&} Iradiance Files V| <) T e [~
irradiance data ) nee__ SESINEE =
file (in . SPC PR
format) on the
DVD.

Origin Object

>

Administrator

LSCI495.LMP 1KEB LMP File 32

PKCS #7 Certificates
AT

ZEKB PECS #7 Certificates 118121

Flann o 2KB PKCS #7 Certfficates  1/8/21
- Type: PKCS #7 Certificates IKB  PKCS #7 Certificat a2
’j Date Modified: 1/8/2013 4118 PM ericates faf2i
Size: 1.48 KB ZKB PKCS#7 Certificates  1/8/21
Jeremy

Text Document

’J (_m U, v e . ,.,.;.Z

Inadiance Files

File name: | 30050 v [ opn |
X

| Fiesof type: | AllFiles ) vl [canee |

Open as read-only

Impart and

Note: Be sure to choose the correct irradiance file
associated with the desired detector.

e Click the Open button.

The Save M-Correction File window appears:
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f Save M-Correction file @@

Browse to
Savein: | [ Caomection files for Manolog 092812 " o s il -
save the
- § Marne Size | Twpe Date
COI’I’ECtIOI’I '—J |2) Correction OFJ File Folder 10017
fi |e INn the Origin Object | EM1174_MIR_irradiance 4KE PKCS #7 Certficates  4/24f
des",ed Elm 174_UW_jrradiance ZKB PKCS #7 Certificates  4/24/,
. [EMcarr_Symph_100x300_121,.. SKE PKCS #7 Certficates  9/29[,
folder. ___J Elmcorr_synapse_100x800_6S... 9KE PKCS #7 Certficates  12/20
Adrministrator MCorr_Synapse_l 00x500_850... 9KE PKCS #7 Certificates 1zfz0
[EmMcorr_Synapse_150x500_65. .. 9KBE PKCS #7 Certificates 929
X MCorr_Synapse_l S0x500_75... 9KE PECS #7 Certificates 12120
'J EMCorr_Synapse_300x500_65... 9KBE PKCS #7 Certificates 929
Jeremy PUwCDrr_lZDDxSSD_D‘BHlZ 7KE PECS #7 Certificates aj14f:
PowCorr_12DDx5EID_1l30312 7KE PKCS #7 Certificates 10/5)
srmcorr-ctrSQl-lSDg S19p4cw SKE PKCS #7 Certificates 1218}
'—J :N'J!-rr..... RASe 4 SAnGEnn VB AT BT ki ke AlAL
Iradiance Files
. File name: MCarect hd
Give the ;
- ) Saveastpe” | SPC Datal"SPC) v
file a -
Import and
name
something
like / /
mcorrect.

g Click the Save button to save the file in . SPC format.
The mcorrect graph appears, with data normalized automatically.

Your graph, using an R928P detector, ought to look something like this:

1

200 4

150

100

[2a]
50 4
i
T T T T T T
200 400 600 800
A

4 Load the correction factors into the instrument
configuration as explained in “Using correction-
factor files” (p. 8-17).
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Calculating emission correction factors

For more information about the theory and application of radiometric correction,
consult Accuracy in Spectrophotometry and Luminescence Measurements,
Mavrodineau, Schultz, and Menis, NBS Spec. Publ. 378 (1973), especially p. 137,
“Absolute Spectrofluorometry,” by W.H. Melhuish.

Irradiance values for a standard lamp, packaged with the lamp, usually are expressed in
10°° W-cm 2nm. With photon-counting systems like the Fluorolog®-3
spectrofluorometer, however, data usually are collected in units of photons-s*-.cm2.nm.
To convert the units, multiply each irradiance value by the wavelength at which it is
valid. (The data will still be off by a factor of ¢, but normalizing the correction factors
compensates for this.) Such a mathematical procedure can be done in a spreadsheet
program.

The MakeMCorrectionFile macro used in the previous section does this
automatically, but the mathematics is the following: The irradiance (in W-cm™) is
divided by the lamp spectrum. This result is then normalized by the minimum value.
The resulting graph is the correction-factor curve, and this is exported in . SPC format.
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Calculating excitation correction factors

The photodiode reference detector handles the bulk of excitation correction from 240-
1000 nm when a ratio-acquisition mode is selected (i.e., S/R). More accurate
measurements require that compensation be applied for the difference in optical path
between the detector and the sample. This can be accomplished by a simple excitation
scan with rhodamine-B placed in the sample position.

@Note: To calibrate the reference detector out to 1000 nm, use HORIBA
Scientific’s calibrated photodiode accessory.

1 Fill a cuvette with a solution of rhodamine-B.
Use 8 g L of laser-grade rhodamine-B in 1,2-propanediol.

2 Place the cuvette in the sample compartment.

3 Check the hardware to be sure that you do not
over-range the detector.

a Open the Experiment Setup window for an emission scan.

+=4 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Emission] )

m‘ General information
Experiment
M File Directary
— |5 peciralf mission.<mi 1 [ (3 Load & save B savess ‘
Dats Storage
t Data Identifier DHEm Directory: |E “Program FilestJobin Yvor\Data
Comment Spectral Acquisition[E missian]
Experiment Type Monos
Excitation 1
@ W Adlivate
‘wavelength Park
nm 350
%‘ Slit
nm 5

Emission 1

W Activate [~ + Set as Reference

‘wiavelength  Start End Inc:

nm 365 450 1

Slit

nm 5

Status

Triggers Spectral Acquisition[Emission]

b Open the Real Time Control.
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#=1 Real Time Control [ C:\Program Files\Jobin Yvon\Data\-DfltSpectralEmission.xml |

All SED's Spectra I Data Yiew Intenslty]

Single Channel Data
.@ Default Axis { Undefined )
‘ ‘ Clear | "I" Autoscale
Common Parameters

m Excitation 1 Emission 1 5

Start nm -~ Slits Start i [ Slits Integration 01 3

End ’— m ‘width [ nm End ,— m Wwidth 5 nm

Inc: nim Inc: firn

Position: {380 j 1 rm ﬁr]" Pasition:  |365 j 1 nm ﬁﬁ"

T
Integration ,01— 3

Status Shutter Made "
QW o
" Detalled (AEtD H
anl Help Transfer Save | |i Stop Cancel
" Namal Clear + Closed
* Critical F

C Set the excitation and emission monochromators to 467 nm and 630 nm,
respectively.
The largest lamp peak occurs at 467 nm.

O

Set the slit on the excitation monochromator to 0.5 mm.

Make sure the shutter is open.

O

Adjust the slit on the emission monochromator to obtain a signal
intensity of (1 + 0.1) x 10° cps.

Note the slit-width: the slit-width discovered in this step will be used to
run the scan.

g Close the Real Time Control and revert to the Experiment Setup
window.

h Close the dialog box and open the Experiment Setup window for an
excitation scan instead.

4 Set up the excitation-correction scan.
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#=1 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Excitation] )

Producing Correction Factors

Experiment

2 D E = =

Triggers I

General information

Experiment
File: Directory
|Dﬂt5pemml&cnaﬂnnml 2y Load H save & save is . |
Data Storage
Data |dertifier: Dfft Exc
Comment: Spectral Acquisition[Excitation]

Experiment Type Monos
Excitation 1

I Activate [~ (+ Setas Reference

Wavelength Start Inc

End
nm 1200 600 1

Slit
nm 1
Emission 1
v Activate
Wavelength Paric
= o
Slit
nm 1
Status

Spectral Acquisition[Excitation]

Eull Disclasure Help

a

Enter the scan parameters:
Excitation Wavelength Start (nm) 240
Excitation Wavelength End (nm) 600
Inc (nm) 5

Emission Wavelength Park 650
Excitation Slit (nm) 0.5
Emission Slit (nm)

Click the Detectors icon .

8-11
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=4 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Excitation] )

E xperiment General information
Experiment
M Fie e
i [DtSpectiaExcitation. sl [ (2 Load M save M save i |
Data Storage
i Drata ldentifier. DIIEx
F— Spectral Acquistion[Excitation]
Selact
@ Integston Time: [1 s B Dt Bl
Enable Signal Detectar| Urits Hw7v]] Conection Blank Subtract
51 i CPs St a [m]
m R1 R Microdmps T a [m]
Signal Algebra
S Tetols Accurulations
A1 R signal 1 Bdd 3> [T [fasedsoms =]
s1 S signal 1 S1/R1
< < Hemuve Cycles
Delay
Formula Llnlls ’7 ,—_| ’7
| <<Clear 1
Status
| 10 L -
=
. . Full Disclosure | Help ATC | Aun | Cancel
Triggers Spectral Acauisition[Excitationl

Enable both S1 and R1 detectors.
The codes S1 and R1 appear in the Formulas table.

Remove both S1 and R1 from the Formulas table.

A O

In the Signal column, click S1. In the Operations column, click the
division sign, /. In the Signal column, click R1.
In the Formula box, S1/R1 appears.

f Click the Add >> button to add this formula to the Formulas table.
g Enter an Integration Time of 1 second.

5 Click the Run button to execute the scan.

6  Normalize the graph as follows:
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a Highlight the B(Y) column, right-click, and select Normalize....

EFIuorEssence-C:\Usem\PubliE\D eNg\Jobin Yvon\Datatkgall\UNTITLED Plot 3 l
File Edit View Collect Analysis Plot gumn  Worksheet  Statistics | % cu
u
LDk csEadBld & @3 uENT B3 Copy
E @ i) ﬁ “___2: y Copy (fJll precision)
Copy (igcluding label rows)
== Py g
=3 UNTITLED 1
] ookl g
E
Long Mame | MCorr_SMN .
Units | Arbitrary
Comments
1 250
2 251
3 252
4 253
5] 254
6 255
7 256 ! Sorf Worksheet
8 257 |l
- Meme I
Graphl 5 260 Frequency Count...
%Bookl 2 261 TH Statistics on Columns...
Elmcorr_sno1o4 13 262 Column Width...
14 263 Set Sampling I |
15 264 et Sampling Interval...
16 265 Mask Cells by Conditien...
17 266 Move Columns L4
18 267
19 568 Show X Column...
20 269 Slide Show of Dependent Graphs
21 270 Swap Columns...
22 27
23 979 Add Sparklines...
24 273
25 274 Go Io..
26 275 Mask 3
27 2 L 1
1|k \Slleeﬂ,l’ Set as Categorical
_ _ P rties...
= o D ropertes. I
Normalize selected columns Set Style b
The Mathematics rnormalize _ =
window opens: )
Dialog Theme | ast ysed:
. Description  Marmalize the input range column by column
b In the Normalize Methods drop-

down menu, choose Divided by

Recalculate
Min.

Input [Book] 5heat1l2

Nowaglize Methods [ Divided by Min -]

Divided by a specified value
Nomalize to [0, 1]
Tranzfer to MN[0, 1]
Divided by Max

Divided by Mean
Divided by Median
Divided by 50

Divided by Narmn

Divided by Mode

Divided by Sum

Usze Feference Column
Divided by Reference Cel

The normalized data appear as the third column in the spreadsheet.
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d

Producing Correction Factors

Copy the B(X) column [the wavelengths] and the A(Y) column [the

normalized intensiiy] into a new spreadsheet:
£ Booki = [ == ]

& ) A - ===
Long Mame XCorr_SM E ﬂ—]i
Units itrary Arbitrary
o — i Slo s
0.43372 1 A | BIY) | A
0.50686 o Nans
0.55317 o
0.58731 Comments
0.60891 - »30 ;
0.50517 2 231 1.16863
0.52427 3 232 | 12754
0.53792 1 233 1.35413
0.54818 5 234 1.40303
0.65578 B 235 | 1.39531
0.86178 7 235 1.43935
0.6683 8 237 14708
= 0.67379 9 233 1.40445
& 0.57866 10 233 151199
15 0.58306 11 240 152582
12 ggg:g; 12 241 1.54086 -
. 10
18 0.59645 L[> ]\ Sheett / |K .
10 0.70115 ——
20 0.70628
21 0.71165
22 0.71748
23 0.72356
24 0.72976
25 0.73627
26 0.74323
27 0.75047 -
[« [ ]\ Sheet || « o :

In the File menu, choose HJY Export:

The HJY_Export window appears:
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E FluorEssence - C:\Users\Public\Documents\Jabin
Edit View Collect Analysis Plot Colu
O New.. ctisN |
= Open... Ctrl+0
Q@' Open Excel... Ctrl+E |
Append... [

Close |

E save Project Crl+S |
Save Project As...
Save Window As... E
Save Template As...
Save Workbook As Analysis Template... 1
Save Project As Analysis Template..,

@ Print...

Print Preview

Ctrl+P |

Page Setup...
Print as PDF... 1

HIY Import 3

Import 4
Export Y i
Batch Processing..

Database Import L ]

Ctrl+4
Re-Import... 1

Re-Import Directly

Recent Imports 4
Recent Exports L 1
Recent Books 4
Recent Graphs L

Recent Projects 4

Exit 4
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e In the File

Dialog Theme |<Lasl Lgeds

Format

drop-down Diescription
menu,

choose

SPC Export Graphjz]

f Click the ...
button to
browse for
the graph.
The Graph

Browser window appears:
(1 Graph Browse:

I UNTITLED

Graphi -
MCon_SNOT04 - MCor_SNID4
SCon_SNOT04 - KCor_SNOT04

Show Embedded Graph [ List View

g Browse to select the graph, then click the OK button.
The Save As window appears:

E , . % JobinYvon » Data » Correction_factors - Search Correction_factors 0

Organize » Mew folder 5 0

=

@ Documents
| My Documents
.\ Public Documents
. Jobin Yven
| £] My Pictures
1 Public Pictures
Ji Music
[ Pictures
B Videos

Documents library

i Arrange by:  Folder +
Correction_factors

Mame

No items match your search.

1% Computer
£, Windows7_05 ()
e Removable Disk (D:)
¥ departments (\\snapserverl) (

Ll

F¥ 1 enovn Recovery (021

File name:  xcorrect.5PC

Save as type: | SPC Data (*.5PC)

(~! Hide Folders
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h Choose the desired file path in which to save the file, then click the
Save button.

T
500

A
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Using correction-factor files

To use the newly acquired xcorrect and mcorrect files, you must tell
FluorEssence™ use them when the Correction check box is activated in the
Experiment Setup window.

1 Inthe FluorEssence toolbar, choose Collect.
A drop-down menu appears.

7  Choose

File Edit View | Collect | Analysis Plot Column  Worksheet Statistics  Image

Advanced HD | E’i Experiment Setup i H|'
M= . = | Run Experimen R
Setup- JJE |>I [ﬁs Eeallifne Conttrol T m ov 2D %T/D ‘
A SUb-MeNU appears.  Syisoreesame U EetCh Bperiments
. L.[0] TCsPC Ad d Setup onfiguratio
3 Cl ICk Syste m System New Experiment System Relnitialization
System UT Reset

Configuration:

If the system has not been initialized, choose the instrument, and let the system
initialize. Then redo steps 1-3. The System Configuration window appears:

»=x System Configuration

Preferences | - System Setup

Config Name

Clear I

Detectars ]Monosl Accessoties] Light Sources] Independent [ﬂoating]]

-~ Available Slots-

Available Devices Locate |
S « |5 i
R

T

Add | DeIete'

Descriotion

|

i~ Common Area Status

| Excitation 1 | Configure |
Configuration: |Fluoromax Apply l Cancel |

Clear Configuration I Load From File I Save ToFile l Cancel I

Device:
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4 Choose Preferences.
The Preferences area appears.

5 Choose the Instrument Correction Files icon.

Preferences Preferences

Current Configupftion Info
10: Fluorolog311

Descption Fluorolog311

Inztrument Correction Files

Detectar : Insett
51 ‘kgall\Documentshnstn
S E wcitation 1 Wgall\D ocumentshl nstn
; '
Setup .
Common arga Status
Device: ’Excitation1 v] Canfigure
Configurgtion:  Fluorolog3tl

M lLoad From Filel [Save To File] [ Save As ] l Cancel ] l Ok l

The Instrument Correction Files area appears.

O If there are no active fields in the Instrument
Correction Files area, click the Insert button.

7 In sequence, @
a Choose the Detector Note: The signal detector, S,
column, and select the uses only the mcorrect file;
appropriate detector from the reference detector, _R,
the drop-down list, uses only the xcorrect file;
the optional T-side detector, T,
b The Mono column, and uses only the tcorrect file.

the correct
monochromator from the drop-down list,
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C The Grating column, the correct grating from the drop-down list,

d Then, in the File column, browse for the appropriate correction-factor
file in . SpPC format.

8  When all necessary detectors have an
associated correction-factor file, click the OK
button.

The System Configuration window closes.

Before the correction-factor files are loaded into the FluorEssence™ software
configuration, the software needs to be re-initialized.

9 Re-initialize FluorEssence™.
!FqurEssence ChlUsers\kga =sktophLSU_i ds TCSPC_2013\Mour

a Inthe —Hﬁt—urew)fm]hnalyms Plot Column  Worksheet Statistics  Image

tOOIbar, H Experiment Setup —g o H|_
choose 7,1_, Run Experiment A
CO”eCt Real Time Control T @ ov 2D %,D ‘
A drop -down 3 Moureen_Warne un Batch Experiments (01)
menu [0 TCSPC Advanced Setup System Configuration
appears System MNew Experiment Systern Relnitialization
! Systemn UI Reset
b Choose

Advanced Setup.
Another submenu appears.

C Choose System Relnitialization, and select the appropriate software
configuration to reinitialize.

The new correction-factor files are now ready to be activated in the Experiment

Setup Wlndow under the Detectors icon:

iment Setup

Experiment
Fie Directory
DftSpectral Emission ] C\Users \Public Documents Jobin Yvor\Data (D Lead | & save | & Save s |
Data Storage
Data Identfier: DitEm
Comment. ‘Spectral Acquistion[Emission]
Signals
Select
Integration Time: Q.1 s Dark Offset

Enable Signal | Detectar| Units HV{V]| Comrection] Blank Subiraction
s st cPs as0 VI O]
R Micramps [T/ ]

Signal Agebra Acsumdatons
Snal Detais ~ | OPerstion Fomuias 1|
A Rwaﬂ\j M o e
Rlc Risignal 1 @ oPs Cydles
51 Stsignal ~
] ; <<RE"‘ R1 Micro... 1 [No Delay
Slo/Rlc cPs
Fomua Unts Delay
0 s

\ & 10 A -
=
Ful Discloswre | Help RTC Fun Cancel
Spectral Acquisiion[Emission]
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Chapter 9 : Automated
Polarizers

Introduction
Theory

The measurement of polarized emission of fluorescence allows the observation of
rotational motions in fluorophores during the lifetime of the excited state. Because the
rotation of macromolecules depends on their size, shape, and local environment (i.e.,
solvent), several kinds of information may be extracted. Polarized-emission
measurements often are used to detect small changes in molecular size (viz.,
aggregation, binding, cleavage) as well as environmental changes (local viscosity,
membrane microheterogeneity, and phase transitions).

The first step in these measurements is the excitation of a selected group of
fluorophores, a fraction of the total ensemble of molecules. This process is known as
photoselection. Vertically polarized light typically is used to excite a population of
molecules whose absorption dipole is oriented in the vertical direction. For
photoselection, vertically polarized exciting light usually is produced using a polarizer
in the excitation path. A laser whose emission is V-oriented also may be used.

The second step is molecular rotation. The molecule, once excited, may rotate during
the lifetime of the excited state, typically ~10~° s. Such rotation will depolarize the
fluorescence emission. Measurement of the polarized emission components allows
calculation of the type and extent of rotational motions of the molecule.

The third step is measurement of emission. The polarized components of fluorescence
emission are measured using polarizer(s) in the emission path(s). Measurements of
polarization or anisotropy are derived from the intensities of the vertically and
horizontally polarized components of the fluorescence emission.

The last step is calculation. From the magnitude of the V and H emission components,
the extent and type of rotational behavior may be calculated. Both polarization and
anisotropy are used to express the rotational behavior. Polarization is a ratio, defined as
the linearly polarized component’s intensity divided by the natural-light component’s
intensity. Anisotropy is also a ratio, defined as the linearly polarized component’s
intensity divided by the total light intensity. Anisotropy is the preferred expression,
because it is additive. Polarization is not additive, but often appears in earlier literature.
The measurement is performed in exactly the same manner, differing only in the
calculations.

Ideally, polarization (P) and anisotropy ({r)) are measured using only the vertically
polarized excitation with the horizontal and vertical emission components. These
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measurements are designated I\ and lyy, respectively, where the first subscript
indicates the position of the excitation polarizer, and the second, the emission polarizer.
Vertically oriented polarizers (V) are said to be at 0° with respect to normal, and
horizontally oriented polarizers (H) are said to be at 90°. Polarization and anisotropy
are expressed as follows:

I..—1I,
p = VY VH (1)
*rw T IVH
' *rvv B 'EVH
(ry)=—77— (2)
fvv + E-IVH

In a real optical system, the G, or grating factor, must be included to correct for the
wavelength-response to polarization of the emission optics and detectors. The G factor
is defined as:

6 = G(gu) 12 3)

HH

@Note: In some literature, the G factor is defined as the inverse of
Equation 3. Therefore, some equations derived in this manual may
differ from other sources.

The G factor is primarily a function of the wavelength of the emission spectrometer.
The spectral bandpass of the emission also affects G. Thus, a pre-calculated G factor
can be applied to experiments in which instrumental factors (emission wavelength and
emission bandpass) are kept constant throughout the entire experiment. In experiments
where constant emission wavelength and bandpass are impractical, such as in emission
anisotropy spectra, the G factor must be measured by recording Iyy and Iy during the
experiment at each emission wavelength.

Polarization in a spectrofluorometer is defined as:

Ly = lyy 1

P — Ivv - G b IVH — ID”H kS IHV
Ly +G* Iyy MHH__ 1 (4)
Loy * Loy

Anisotropy in a spectrofluorometer is defined as:

Ly = lyy 1

()= v =G lw T < Ty
Ly +2G = Iy MHH_ ) (5)
Logr # Iy

Polarization and anisotropy can be interconverted using these two equations:
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_ 3{r)
P=o (6)
. 2P
(r) = 3—P (7)

For single-photon excitation, the allowed values for the emission anisotropy are
governed by:

(r) = 0.4(P,(cosa)) (8)

JxT—1

where P,(x) = is the second Legendre polynomial, and « is the angle between

the molecule’s abs_orption and emission dipoles. The angle o may vary from 0 to 90°.
Thus the allowed values for (r) and P are:

-

Parameter a=0° a=90°

P +0.5  0.333
(r) +04 02

Values of (r) > 0.4 indicate scattered light is present in the measurement of (r). Values
of (r) < 0.2 indicate the rotation correlation time to be faster than the luminescence
lifetime of the sample. If the sample is excited with depolarized light—a less common
technique—the measured value of P ranges from —1/7 to +% (and (r) from —1/11 to
+¥4). The individual intensity components (Inu, Inv, Iva, Ivv) are also referred to as raw
polarization.

Experimentalists often multiply polarization units by 1000 to yield millipolarization
units, mP, for very small changes in the polarization.

Polarization geometries

Polarization measurements are taken in two basic geometries:

e L-format uses two polarizers, which are both rotated between horizontal and
vertical positions for measurements. If the G factor is determined beforehand, only
two measurements are required: the VV and VH components, found by rotating
only the emission polarizer.

e T-format uses one excitation and two emission polarizers. The excitation polarizer
is rotated between horizontal and vertical for measurements, while the emission
polarizers are fixed—one horizontal and the other vertical. If the G factor is
determined beforehand, it is possible to obtain the anisotropy or polarization in one
measurement cycle, for the VV and VH components are available simultaneously
on the two emission detectors. Note that the G factor is measured differently in the
T-format technique.

Schematic diagrams of both polarizer geometries are shown on the following page:
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L-Format Polarization
Figure 1

Excitation
Polarizer v Excitation Light

l Excitation and Emission Polarizers are

> rotated to give both components V
and H.

H Emission

Polarizer

An L-format polarization measurement is illustrated
schematically in Figure 1. The excitation polarizer is
alternately oriented to transmit only vertical or only
horizontal components of the excitation radiation to the
sample. For each orientation of the excitation polarizer,
the emission polarizer (analyzer) is rotated to obtain
vertical and horizontal components of the emitted
luminescence.

PPN
e
|

Detector

T-Format Polarization

Figure 2
Excitation
Polarizer

Detector

H Emission

I‘ Polarizer
\"

<

i

A T-format polarization measurement is illustrated

schematically in Figure 2. The excitation polarizer is

alternately oriented to transmit only vertical or only Detector
horizontal components of the excitation radiation to the

sample. Dual emission paths, each with a polarizer,

permit simultaneous measurement of the vertical and

horizontal components of the emitted luminescence.

H

Excitation Polarizer is rotated to give
both components V and H.

Emission

‘ Polarizer
a
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Magic-angle conditions

Some fluorescent compounds exhibit molecular rotations on the same time-scale as
their fluorescent lifetimes. This can cause a spectral distortion if the excitation and
emission channels of a spectrofluorometer show some polarization bias. Specifically,
when the rotational correlation time of a fluorophore is similar to the fluorescence
lifetime, the effect can be significant. To record spectra that are free of rotational
artifacts, use polarized photoselection conditions that cause the anisotropy to be zero.
These polarization angles are called magic-angle conditions.

The two magic-angle conditions are:

e Use asingle polarizer oriented at 35° in the excitation path with a scrambler plate,
or

e Use two polarizers, with excitation at 0° and emission at 55°.

We recommend using the two-polarizer method, exciting with vertically polarized light,
and measuring spectra with the emission polarizer set to 55°. The reason for this is
scrambler plates do not offer complete depolarization of the light beam at all
wavelengths, and thus are not suitable for all experiments.

To use magic-angle conditions during data collection, set the excitation polarizers to V
(0°) and the emission polarizer to magic-angle V (55°) using the Accessories icon in
the Experiment Setup window. Collect spectra in the normal manner. To use magic-
angle conditions for corrected spectra, measure an additional set of correction factors
with the polarizers held at the chosen magic-angle settings.

@Nm‘e: The majority of samples do not exhibit an appreciable change in
their spectrum when they are measured under magic-angle
conditions. Thus, magic angles need not be used for most samples.

Installation

HORIBA Scientific polarizers are made for easy installation and removal of the crystals
from the light path. All HORIBA Scientific polarizers use pinned collars to hold the
polarizers in their mounts and maintain calibration when the polarizers are removed.

New instrument and complete-polarizer orders are shipped with pre-aligned polarizers
marked for excitation (“X”) or emission (“M”), and are locked in their collars.

e
(r’
‘L‘aution: Do not remove polarizers from their collars, or
else the polarizers must be realigned.

Store the polarizer crystals in a dust-free environment, in a cabinet or drawer.
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The Fluorolog®-3 autopolarizers are located within the sample compartment and cannot
be seen with the instrument cover on. The FL-1044 is the dual-autopolarizer for the
excitation and first emission optical paths. The FL-1045 is the third autopolarizer for
the optional T-side optical path. These autopolarizers have an automated mount that
automatically positions the polarizers in or out of the light path depending on the
instrument configuration loaded in FluorEssence™. Therefore, after proper unpacking
and setup by a HORIBA Scientific service engineer, these autopolarizers are
permanently installed within the system. Be sure that the SpectrAcq software is version
4.13 or higher, and that FluorEssence™ is installed.

To use the instrument with its autopolarizers, load the desired instrument configuration

with autopolarizers. Proceed to the Alignment chapter in this manual to verify
alignment of the polarizers.

9-6




Fluorolog-3 Operation Manual rev. G (2 May 2014) Automated Polarizers

Alignment

Introduction

Polarizer alignment is verified by measuring the anisotropy of a dilute scattering
solution. Scattered light is highly polarized, and this allows a simple check of the
crystal alignment in the instrument. We recommend using a very dilute solution of
glycogen or Ludox® (colloidal silica) as the scattering sample. The Ludox® we use as
the reference is Aldrich 420859-1L, Ludox® TMA Colloidal Silica, 34 wt. %
suspension in water, de-ionized.

‘(,‘aution: Refer to your Material Safety Data Sheets
(MSDS) for hazards regarding the use of glycogen,
colloidal silica, or other scatterers.

The alignment test may be a measurement of the polarization or anisotropy within the
software using the Anisotropy scan-type, or use of the Remeasure Anisotropy Only
utility (click Advanced..., and the Polarizer Alignment window opens). The test also
may be performed manually using the Real Time Control application. One measures the
polarization, anisotropy, or the polarization ratio of scattered light (typically, the
excitation and emission monochromators are both set to 370 nm for the measurement).
To calculate the polarization ratio, use the definition:

polarization ratio
9)

Alignment is satisfactory when the polarization ratio > 100, or P > 0.98, or (r) > 0.97.

The check below assumes a sample of Ludox® or glycogen is used.

@Note: The polarization ratio can be lowered by using concentrated
scatterer. Use only a slight amount of scatterer to align the system.

Checking polarizer alignment

1  Place the scatterer in the sample-cuvette
position.

2  Close the sample compartment’s cover.
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In the Fluorescence
Main Experiment
Menu, choose the
Anisotropy button.\

The Experiment Type window
appears:

S~

Automated Polarizers

+=1 Fluorescence Main Experiment Menu

Main Experiment Menu

Spectra Kinetics 3D

Anisotropy Single Point Fhos

Choose vs
SinglePoint, then
click the Next >>

v Emizsion
button . \ vz Exncitation

Experiment Type

E=periment Type

vz SinglePoint
vz Temperature
vz Time

<< Back

The Experiment Setup window opens:
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5  Set up the anisotropy experiment.

a Enter an Integration Time of 0.5 s.
b Enable the S1 detector.

s=4Fluorescence Division - Experiment Setup { Anisotropy Acquisition[¥s Single Pgint] }

_ (ol
E speriment — General iNformation /
Experifient
File Diirectary
IDfIL&nis tropy_vs_SinalePoint xml IE:\Program Filyﬂobin “PyorhData [y Load = save E saveas .. |
" Data Stor)is //
Dataldentifer: |DfknSP ‘
//
Comment: \ AnlsotropyAcqulsnylng\e Paint]
~Signal \ /
- Select \ / — Polarization
¢!
Inteqration Time: |0.5 3 ¥ Dark Dffset Format
Enable Signall Deleclurﬂlnils | HVN]l Currecliunl Blank Subtract |
= rs g O [0
[l R1 R Microtmps e [ O [~ G Factor 1
— Signal Algebra ‘ / A —Accumulations————————
Detals | Operations Fommulas / lﬁ
I Stacked 5 -
S1_hw 5 signal 1 + - - B
51_vh S signal 1 - Add > | Signal Units
S signal 1 " Arizotropy —Cpeles————————
¢ | S1_hh
<< Remove S‘I:hv I 1 INo Telay 'I
S1_vh
<<Clear | S1_w Delay
I 0 js
—Statu“ ! A
| g | @ i A »
—
. o . : Full Dizclozure Help RTC Bun Cancel
s Anisotropy Acquisition[vs Single Point]
| y A

7
C Choose the G factor.

If you leave the G Factor checkbox unchecked, the instrument measures

the G factor automatically. Or, enable the G Factor checkbox, and enter
a G factor in the field.

o

In the Signal Algebra area, choose the Anisotropy signal(s) to detect,
and click the Add >> button.

If you wish to view the individual raw values, you may also add the
S1 hh, S1 hv, S1 vv,and S1_vh signals.

The signal(s) appear(s) in the Formulas column.
e Click the Monos icon.
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f In the Wavelength Sets area, in the WI. Set 1 row, enter 370 under
Excitation 1, and 370 under Emission 1.
This sets both monochromators to 370 nm.

o g [=[ 3]
E speriment — General infarmation
Experment
File Diirectary
IDflmnisotlopy_vs_singleP it sl IC:\Plogram Files) abin wortD ata I Load E save E saveas .. |
D ata Storage .'
(Data\dentlher: | tAnSF ‘
Comment: Anl] opy Acquizition[vz Single Paint]
r— Monos for Constant ' avelihath Analysi
E zperiment setting:
Maximumn trials |5 Target std deviation |1 &
—Wavelength Sets [hm) S ampl
50 Auto (¢ 5C Manual
[ Excitation 1 Emiszion 1) Insert raw
‘wil Set 1 | A70.00 Enable | Sample Mame | Tupe |:oncentration| -
Units Delete raws Sample 1 Sample 1 Unknawn M4
Sample 2 Sample 2 Unknown Mda
Clear all Sample 3 Sample 3 Unknowvin MAA
Sample 4 Sample 4 Unknown N.-"A;I
[ Py al [ R P - [P P (YRrY
— Slitz Setz [nm]
Excitation 1 Ermission 1
Slit width Slit width
\ \
— Statu “
g || 2 -
—
: - : : Full Dizclozure Ip RTC Bun Cancel
T Anisotropy Acluisition[vs Single Point]
\
g In the Slits Sets area, set both Excitation 1 and Emigsion 1 slits to 3

nm.

If you wish to perform multiple measurements and keep all valyes on a
single final spreadsheet, then right-click on the N/A in the
Concentration column, hit the Enter key, and then hit the Tak key.
Another row appears.

@Nm‘e: If you don’t add the rows, then you will get mulple
spreadsheets with each sample on a separgte
spreadsheet.

i Click each Enable checkbox to enable all of these samples.

oy

6  Click the RTC button _"= | to go to the Real

Control.
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The Real Time Control activates. This may take ~1 min.

+=1 Real Time Control [ C:\Documents and Settings\All Users\Documents\Johin Yvon\Datal-DfltSpectralExcitation.xml ]

AllSCD's Diata Wiew | |ntensity

Channel 1

| ! ' ' | ' | ' ' |
0.000 10.000

‘ ‘ Clear G-I-b Autozcale ‘

Excitation 1 Emission 1 R
Slits Slits

Camrmon Parametars

nm@-@E|m

Integration time | 0.1 2
1 i

width 1 nm Wiidth

[+]
Pojitior | 200 = 1 rir Position | 350 1 rirmn

Status

Shutter Mode .
E st slit: \ nm . . ) < Oen e &
E ntranca slit: 1 nm O Detailed 1 AE
b O Hormal + Closad Tranzfer

(&) Critical

K

Cancel

Save

[ Continuous

Click the Accessories icon.

Choose the Pol(ex) tab for the excitation polarizer.
Click the In button to place the polarizer in the optical path.
Enter 0 for the rotational value (corresponds to vertical).
Choose the Pol(em) tab for the emission polarizer.

Click the In button to place the polarizer in the optical path.
Enter 0 for the rotational value (corresponds to vertical).

oQ PO QO T QD7

Click the Monos icon, and review all the monochromator and slit
settings.

Move the Shutter Mode slider to Open:
This opens the shutter.

j Click the View Intensity tab to see the numerical values of the data.
K Check the Continuous checkbox, and click the Run button.
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| Examine the data.

#=4Real Time Control [ C:\Program Files' Jobin Yvon',Data',~DfltAnisotropy_%= SinglePoint.xml ] _ 18] x|

Al SCD's - -
Data View Intensity |

Display size
’7  Mormal i Large

1040896.000 CPS

E LR E rission 1
r— Position Contral Grati
I . rating
=
270 1 b Lot I 1200 j
: TQ |1200,.
r— Slit
Slit width
IE nm

LCalibrate Excitation 1 |

Shatuy
Shutter Mode

d " Detailed ‘|—’(Open &

< Auto .
i e Cl |
N?r.mal ar - Closed Help ransfe
% Critical

W

Save

K

Cancel

@

Stop

¥ Eortinuous

The value should be ~1 x 10° cps. If the signal is > 2 x 10° cps, then
dilute your scatterer. If the signal is < 2.5 x 10° cps, add more scatterer
to increase its concentration. You may also adjust slits, but keep them
between 3-5 nm for best results.

m Click the Cancel button to leave the Real Time Control.

[ Click the Run button

The Intermediate Display appears. The Experiment Paused window may
appear.

If the sample is not in the sample chamber, insert it and close the lid, then click
the OK button.

When the automatic measurement is complete, the final spreadsheet appears.
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The Anisotropy value in the spreadsheet ought to be > 0.97. If the Anisotropy
<0.97, contact the Service Department, or re-align the polarizers as explained
below in “Re-alignment of Polarizers”.

8  With T-format polarizers, repeat the calibration
check for the T-polarizer versus the excitation

polarizer.
To be aligned, P > 0.98 or Anisotropy, (r) > 0.97.
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Re-alignment of polarizers
Fluorolog®-3 autopolarizers may be aligned using a software routine
called Polarizer Alignment in the Experiment Setup window.

Using Polarizer Alignment
This routine automatically calibrates
autopolarizers. Use a sample of Ludox® or ;

S
7 v

glycogen to run the alignment routine. The ‘ .

software rotates the polarizers in 1° increments Caution: Refer to your
and locates the optimal positions for each Material Safety Data
autopolarizer. After completion, the anisotropy Sheets (MSDS) for

for the scattering solution is measured and hazards regarding the
displayed for user approval of the alignment. If use of glycogen,
approved, the new calibration positions are saved colloidal silica, or other
in the sample-compartment initialization file, and scatterers.

a log file, POLAR. LOG, is saved with the results of the calibration procedure.
Otherwise, the previous calibration positions are still used.

1 Start FluorEssence™.
2 Open the Experiment Setup window.
3 Click the Accessories icon.

=4 Fluorescence Division - Experiment Setup [ Srectral Acquisition[Emission] )

Experiment General information

E=periment
File Diirectary |

|Df|t8pectra izzion, xml 3 Load E save E savess ..

Datg2forage
Ata |dentifier: |DHEm

Comment: Spectral Acquisition[E mission]

Pol(EX] l PoI[EM]] Sample Changer] Temperature Contmller]

D e ==

@ In " Out Az Value Pozition
Polarizer Positions
" Dynarnic: wihen nirm Add>>
w * Fized 1 <<Remove
" Scan
Scan options
" Range
u
" Position List J ﬁ
Drown

o Polarizer %

Statug

| &

Full Dizclozure
Triggers Spectral Acquisition[Emission]

=
Bun

']

Cancel

Help

ey

RTC
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4 Click the Advanced... @
Note: Do not check the
bl_,lttOn. . . Remeasure Anisotropy
This opens the Polarizer Alignment Only checkbox.
window:

5 Choose various options:

Polarizer Alignment

Alignment l Advanced l

Coarze Excitation Polarizer Alignment Complete

v Sublract Dtk [Fecommended]

lﬁﬁsure Anizotropy Only

[Mo Alignment]

Coarze 5 Polanizer Alignment Complete

-

Fine Excitation Polarizer Alignment Complete

[ Reset to Mechanical Zero <€

O 1 71 7

Fine 5 Polarizer Alignment Complete

Falarizer Angle

Shitz; |0 him Intensity: n

45 ol 135

w0t T

0 - -——em — 180

| Continue | |

/ / [ 0k | Conce

’ e Subtract Dark (recommended) /
e Reset to Mechanical Zero—only if the polarizers are definitely
miscalibrated. This deletes the previous calibration.

6  Place the Ludox® or glycogen in the sample
holder.

/  Click Continue.
The system rotates through the polarizers as shown in the checklist on the
window. As each phase is completed, the checkboxes are updated. If the sample
is too concentrated or dilute, the
software prompts you to correct this.

FLExpSetup

agnot measure sufficient Signal, Check Sample Concentration.
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When complete, the software routine displays the measured anisotropy for each
emission channel (S or T).

8  Approve or retry the measurement based on
satisfaction with the result.

9  To quit, hit Cancel any time during the
procedure.

Physical alignment

Y
k3
/

{

‘L‘aution: Adjust the polarizers with the room lights
off or the instrument covered with a tarpaulin.
Stray light can have a deleterious effect on the
photomultiplier tube, or make optimization of the
alignment more difficult.

‘Caution: Never attempt to realign the FL-1044 or
FL-1045 polarizers manually.

1 Turn off power to the polarizers and 1976
Accessory Controller.

@Nm‘e: If the motor rotates during alignment of automated
polarizers, immediately stop the procedure. Secure the
polarizers in their collars, then re-initialize the polarizers.
Otherwise, the alignment may not be performed at the
calibration position of the polarizers.

2 Loosen the screws that hold the polarizers

inside their collars.

Do not loosen the set screw holding the collar in the mount. FL-1044 and FL-
1045 autopolarizers have three set screws: two on one side of the collar, and one
on the other side of the collar.

3 Set the tension on these set screws so that they
do not slip, but allow easy manual rotation.

4 Set the polarizer crystals so that they protrude
from the mounts far enough (~1/4" or ~6 mm) to
allow rotation.
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5  Start the polarizers and accessory controller.

6 Insert the Ludox® or glycogen sample into the
sample holder.

‘(,‘aution: Read the Materials Safety Data Sheets
(MSDS) before using colloidal silica or glycogen.

[ Start the software (if not yet running) and go to
Real Time Control:

#=1 Real Time Control [ C:\Program Files\Jobin ¥von\Data\~-DfltSpectralEmission.xml |

AllSCD's Spectra l Diata Visw Intensity]

o

=0 S E

Position Control

Grating
. |
%0 = m log | 1200 -~
=T |1znn,,
Slits
Slit width
5 nm

Lalibrate Excitation 1

Statug \ Shutter Mode T
o @) | B o
£ Detaled 1 P>
 Nomal Clear + Closed Help Tranzfer Save i Fun Cancel
& Critical [ Cantinuous

8  Set all monochromators to 400 nm under the
Monos icon.
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9  Set polarizers to VV (0°, 0°) under the
Accessories icon:

#=1 Real Time Control [ C:\Program Files\Jobin Yvon\Datak-DfltSpactralEmission.xml |

Al SCD's Spectra l Data Yiew Intensity ]

Channel 1

* In
Move to: 1
" Out
Statug Shutter Mode T
o @) By B o

£ Detaied 1 P>
£ Nomal Clear - Closed Help Transfer Save i Fun Cancel
(¥ Critical [ Cantinuous

10 Open the excitation shutter (if applicable).

11 Turn on high voltage and set appropriately for S
channel (950 V for R928P; 1050 V for R1527).

12 Set slits to 5-nm bandpass for all
monochromators.

13 Set scatterer concentration to give 1-1.5 x 10°
cps on S.

14 Rotate the excitation polarizer to a rough
maximum.,
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15 Set the polarizers to HV (90°, 0°) and rotate the
excitation polarizer for the minimum signal on S.

16 Set the polarizers to VH (0°, 90°) and rotate the
emission polarizer for the minimum signal on S.

17 Set polarizers to VV. Reset slits for 1-1.5 x 10°
cps on S channel.

18 Measure polarization ratio (Equation 9). If the
polarization ratio > 100, then the alignment is
acceptable. Otherwise, repeat steps 15-18.

19 Secure the polarizers in their collars.

20 Verify that all polarizers are properly labeled for

their locations in the system:
X = excitation
M = S-side emission
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Using automated polarizers

FluorEssence™ software with HORIBA Scientific polarizers provides many choices
for polarization measurements. Depending on the accessories, the opportunity exists to
remove polarization effects from the sample, measure the polarization characteristics,
or analyze the decay of anisotropy using frequency-domain techniques. For further
software information, refer to the FluorEssence™ and Origin® on-line help.

@Note: HORIBA Scientific Polarizers are useful only at wavelengths
longer than 280 nm. Index-matching material between the crystals
absorbs at wavelengths shorter than 280 nm.

Applications for polarizers

e Measurement of emission anisotropy or polarization at fixed wavelengths. This is
used for binding assays, kinetics of molecular size- or shape-change, temperature
effects on rotational motion of fluorophores (e.g., phase transition of phospholipid
bilayers).

e Measurement of excitation and emission spectra using magic angles. This helps to
eliminate spectral artifacts.

e Measurement of a principal polarization or excitation anisotropy spectrum, using an
excitation scan with polarization or the POLAR . AB macro acquisition. This
provides information about rotational sensitivity of the excitation spectrum by
measuring (r) versus Jexc (With Aem constant). Examine relative molecular dipole-
angles at cryogenic temperatures in a viscous solvent.
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Using FluorEssence™

To use the autopolarizers, load an instrument configuration with autopolarizers.

Real Time Control

#=4 Real Time Control [ C:\Program,Files\Jobin Yvon\Data\-DfltSpectralEmission.xml ]

% Spectra l Data View \nlensily]
n| [ & alal L

100

Channel 1

0.000 10000 20000 30000 40000 @ BOOOO  BOOOD FOOOD 80000 80.000

‘ | Clear | 4{-0 Autascale

Pol[Ex) l FolEM) ] Sample Changer | Temperature Controller

& In
Move to: 1
= Out
Status Shutter Mode .
e @& w[F] -
" Detailed ’AEtD D
p— i
 Momal Clear - Closed Help Transfer Save i Aun Cancel
&+ Critical [~ Continuous

Real Time Control manipulates the polarizers and other instrument settings, to observe
and optimize the spectrofluorometer in real time. Under the Accessories icon in the
Experiment Setup window, each polarizer may be set independently into or out of the
optical path under its own index-card tab. A custom angle may be set from 0-180°, in
the field provided.

@Nﬂe: Real Time Control is only intended for real-time setup of a scan.
Use the Experiment Setup window to work at fixed wavelengths.
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Experiment Setup
The Experiment Setup window runs all
scanning options for the autopolarizers.
First choose the type of scan using
polarizers in the Fluorescence Main
Experiment Menu:

Spectra

Main Experiment Menu

Kinetics

Automated Polarizers

3D

Anisotropy

Single Point

Phos

The Experiment Setup window appears.

Adjust polarizer parameters under the Accessories icon. One index-card tab appears

for each polarizer.

=1 Fluorescence Division - Experiment Setup {5 zctral Acquisition[Emission] )

Esperiment General information

Experiment
M File

Directary

. B

\_

|Df|ISDECUa|Em\SSiUH il 1y Load H save & savess .. ‘
Drata Storage
t D ata Identifier: DFEm
Comment: Spectral Acquisition[E Mission]
ol[EX] ] F'DI[EM]I Sample Changerl Temperature CUmIrUIIEr] \
@ & In " Out Az Value Positian
Polarizer Positions
" Dynamic wihen nm Add>>
w (* Fized 1 <<Remove
" Scan
Scan oplians
" Range
i)
" Pasition List A g
Diovary
Mo Polarizer AevErEEE

J

Status

Triggers

Spectral Acquisition[Emission]

1O =2
Eull Disclasure Help RTC Bun

x>
Cancel
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+=1 Fluorescence Main Experiment Menu

Constant Wavelength Analysis
To do a constant-wavelength analysis
experiment, that is, to take polarization
acquisitions at fixed excitation/emission

Main Experiment Menu

wavelength-pairs, choose Anisotropy Spectra Kinetics 3D
from the Fluorescence Main Experiment N
Menu. N

Anisotropy Single Point Phos

The Experiment Type window opens.
Choose vs SinglePoint, then click the Next >> button.

\ E=periment Type
ws Emission
v Excitation
vz SinglePoint
vz Temperature
ws Time

Experiment Type

<< Back | |

The Experiment Setup window appears:

#=1 Fluorescence Division - Experiment Setup ({ Anisotropy Acquisition[vs Single Point] )

E wperiment General information
Expeniment
M File Directary
— ‘DfItAmisotlopy_vs_Sing\ePDiml.Hml £y Load & save E savess.. |
[rata Storage:
i Data |dentifier: |Dians P
Comment: Anisotropy Acquisition[vs Single Point]
Sighals
@ Select Polarization
Integration Time: |0.1 T ™ Dark Offset Fomat
Enable Signal Detectar Units HY[]| Correction| Blank Subtract | Format (5 Side] -
513§ CPS g O O
w | O R_FR Micwodmps (A 1 [ LT
[ fidlick Polanzafion
Signal Algebra
| Sional Detals » Operations Farmulag Accumulations
Anisobropy Anisotiopy o Add Signal Units | 1
Palarization Palarizatio M
51 bh & sinnal 1%
< > / << Bemove Cycles
Delay
Fomula Uriitg ,_ ’7
| ‘ <<Clear 1
Status
| & 10 I -
=
Eull Disclasure Help RTC Bun Cancel
Triggers Anisotropy Acquisition[vs Single Point]

9-23




Fluorolog-3 Operation Manual rev. G (2 May 2014) Automated Polarizers

Use the appropriate Signal in the Signal Algebra area. Add >> it to the Formulas
table. To cause the instrument to measure any G factor(s), disable the G factor
checkbox during the scan. To specify G factor(s) beforehand, enter the G factor in the
field.

Click the Run button when ready to run the experiment.
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Measuring the G factor

Include the grating factor, or G factor, whenever polarization measurements are taken.
The G factor corrects for variations in polarization wavelength-response for the
emission optics and detectors. A pre-calculated G factor may be used when all other
experimental parameters are constant. In other cases, the system can measure the G
factor automatically before an experimental run. G factors are incorporated into the
Anisotropy scan-type:

1 Inthe FluorEssence main window, click the
Experiment Menu button E,

#=4 FluorEssence - C:Vsers\Public\Documents\Jobin Yvon\Data\scohen\UNTITLED

Fil=  Edit Wiew Alect  Analysis Graph Data Gadgets Tools Format  Window  Help
Ond sl & B a8F@E || | h&AL+H-IT BRRE B
M e o E E r B 0 L |t B8 oveD 2 | ||E oo N FD B

The Fluorescence Main

+=1 Fluorescence Main Experiment Menu

Experiment Menu appears.
- -
7 Click the Anisotropy i
bUtton " Spectra Kinetics 3D
~S
Anisotropy Single Point Phos

The Experiment Type window
appears.

Experiment Type

3 Choose the type of
An ISotrO py Experiment Type
experiment. s Evotabon
For example, to determine vs SinglePaint
polarization at particular / :2 ﬁnrgperatum
excitation/emission /
wavelengthpairs, choose the vs
SinglePoint button, then click the
Next >> button.\
Back

The Experiment Setup window o
opens:
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4

Automated Polarizers

In the Experiment Setup window, click the
Detectors icon.

#=4 Fluorescence Division - Experiment Setup ( Anisotropy Acquisition[vs Single Point] )

E xperiment

GiengAl infarmation

E=periment
iai File Diirectary
— |DfIL&nisotlopy_vs_SingIePoint.me 3 Load E save E savess .. |
D ata Storage
t Data Identifier: |Ditans P
Comment: Anizatropy Acquizsition]vs Single Paint]
Signals
Select (Polarization N
Integration Time: (0.1 3 [~ Dark Offset Format
Enable| Signal| Detector | Units HW[W]| Conection| Blank Subtract LF tI5 Sidh -
s1 5 CPS O O L Fom 5 Side =l
[T "M R Micradmps ] ]
‘ [~ G Factor 0 \
I~ Quick Polarization

Signal Algebra

Statug

- - O perati Farmul
Signal | Dietailz # peraig ormuias
Anizotropy Anizotropy Add »> Signal | Units |
Folarization Polarizatio .
51 kh S sinnal 1
< / << Remave
Farmula
| <<Llear

ya

Triggers /nisotropy Acquisition[vs Single Point]

-

This shows the parameters related to detectors, including the G factor, in the
Polarization area.

Click the G Factor checkbox to include a G
factor in your measurements.

Enter a value for the G factor in the field, if you

want to use a pre-determined value.
To automatically measure the G factor, use the default value of 0.

@Note: For weak signals, enter the G factor, rather than measure
it automatically. This may improve the S/N.
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Maintenance

Like all optics, polarizers should be handled with care and stored properly. With proper
care, a polarizer should last for many years. Aside from installation, removal, and
storage, there is no routine maintenance necessary for a polarizer. Polarizers should be
removed and stored when not in use. (Fluorolog®-3 polarizers, however, remain within
the sample compartment.) Store the polarizers in their collars to maintain calibration, in
a drawer or cabinet. Wrap the polarizers in lens tissue—to keep them dust-free and for
protection—and then place them in a plastic bag. The automated accessories should
also be stored in a dust-free environment.

Should the polarizer windows need cleaning, apply a mild solution of methanol, and
blow them dry.

‘Caution: Always read the Materials Safety Data Sheets
(MSDS) before using methanol or any scatterers.

We recommend measuring the anisotropy of scatter (to verify the alignment of the
crystals) before any critical experiment. In addition to the standard xenon-lamp
spectrum and water Raman spectra, which serve to verify the wavelength calibration,
measurement of the anisotropy of scatter will provide a fast check that the instrument
system is ready to perform measurements.
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Troubleshooting

For difficulties with polarizers, consult the table below to see if your question is
answered here. Otherwise, reach the Service Department at HORIBA Scientific by
phone, fax, or e-mail. Before contacting us, please follow the instructions below:

1
2

Note the problem and record any error
messages.

See if the problem is listed on the following

pages.

If so, try the suggested solutions. Be sure to note carefully the steps taken to
remedy the problem and the result. Refer to the appropriate section of this
manual (and the software manuals, if necessary).

If the problem persists, or is not listed, call the
Service Department by phone at (732) 494-8660
x8160, or fax at (732) 494-8796.

Outside the United States, call the local distributor. You may also reach us by e-
mail at service.jyus@horiba.com.

When you contact the Service Department, have the purchase date, serial
number, system configuration, and software version available. Be prepared to
describe the malfunction and the attempts, if any, to correct it. Note any error
messages observed and have any relevant spectra (sample, polarization ratio,
xenon-lamp scan, water-Raman scan) ready for us to assist you.
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Automated Polarizers

Problem

Cause

Possible Remedy

Poor polarization data

Low polarization ratio

Autopolarizers do not
initialize (they do not
move during
initialization).

Software failure
initializing autopolarizers

Improper sample
concentration

Photomultiplier
saturated; slits
improperly set

Dirty cuvette
Polarizer misaligned

System misaligned

Highly concentrated
standard

Improperly set slits

System misaligned

Wrong instrument
configuration is
loaded

Bad cable
connections

Wrong instrument
configuration is
loaded

Bad cable
connections

Computer hang-up

Adjust sample concentration.

Check that sample signals are in linear
region (<2 x 10°cpson Sor T, < 10 pA
on R). Reset slits.

Clean the cuvette.
Check polarizer alignment.

Check system alignment in a generic
layout. Run lamp scan and water Raman
scan to check calibration.

Check Ludox® or glycogen concentration:
higher concentrations can cause inner-filter
effect, lowering ratio.

Set slits for ~ 1 x 10° cps in VV. Signals
much less than this give excessive
contribution from dark noise, while signals
> 2 x 10° cps are in non-linear region.

Check system alignment in generic layout.
Run lamp scan and water Raman scan to
check calibration.

Check that a configuration with
autopolarizers is loaded.

With the system power off, recheck cable
connections.

Check that a configuration with
autopolarizers is loaded.

With the system’s power off, recheck cable
connections.

Exit the software, and reboot the system
and host computer.
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Chapter 10 : Phosphorimeter

Introduction

The FL-1040A phosphorimeter, used with the Fluorolog®-3 and Nanolog®
spectrofluorometers, allows measurement of long-lived luminescence from samples,
especially that caused by phosphorescence. The phosphorimeter includes a pulsed
xenon lamp, plus gating electronics to control the size and temporal displacement of the
detection window. The full-width half-maximum of each pulse is 3 ps, so that lamp
interference during acquisition of decay curves is minimized. The tail of the pulse
extends to 45 us, allowing phosphorescence decay to be monitored an order of
magnitude faster than with systems that have mechanical choppers.

The phosphorimeter is a part of a dual-lamp housing FL-1042 that contains both pulsed

and continuous xenon lamps, plus all electronics and cables. Switching between pulsed
and continuous lamps is controlled entirely by FluorEssence™ software.
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Theory of operation

A second source of illumination, a pulsed xenon lamp, is used for phosphorescence
measurements. Samples are excited with pulsed light; the emitted phosphorescence is
measured using a photon-counting detector with a variable delay and open window
between pulse and detection.

Sequence of data-acquisition

The illuminator housing, or flash lamp, operates at up to 25 Hz. The control module
triggers each lamp pulse. When the start of the light output is detected, a signal is sent
to the control module for timing purposes. The control module houses the signal-gating
circuitry that intercepts the signal from the pulse-counting emission photomultiplier
tube, collects a selected, time-delimited portion of the signal, and later passes it to the
software. The maximum signal detectable per flash varies with the integration time (the
“sample window”):

Sample window Maximum signal (counts) per flash
R928P, TBX, R2658 H10330, H5509

100 ps 200 100
1ms 2000 1000

10 ms 20 000 10 000
100 ms 200 000 100 000
1s 2 000 000 1000 000

With, for example, an R928P detector and the counts integrated over 10 ms, the
maximum detectable signal for 50 flashes is:

Maximum linear count-rate x Sample Window x Flash Count = maximum detectable
linear signal in a
phosphorimeter
experiment

2 000 000 counts/flash x 0.01 s x 50 flashes = 1 000 000 counts

A typical sequence of data-acquisition starts with a flash from the pulsed lamp, sensed
by the control module as time t = 0. The light enters the excitation monochromator,
where it is dispersed. Monochromatic light from the monochromator excites the
sample. Luminescence emission from the sample then passes through the emission
monochromator to the photomultiplier-tube detector. The control module includes a
gate-and-delay generator, allowing the signal at the detector to be integrated only

during a To Computer/Software

specific

period i | =

after the - f’r A_ -
- delay—. . . delay— .
t_l sampling time elay—| sampling

flash (the ~ fime | P =

Initial

Delay) ¢ lamp pulse +—lamp pulse

time — {59 t=0
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for a pre-determined length of time (the Sample Window). Any signal arriving before
or after the gating is ignored. To increase or decrease the signal, you can adjust the time
per flash and the sample window.

” Parameters involved in
phosphorimetry

Lamp Lamp
pulse pulse

Time per flash

Initial J

e ———

A

delay Sample window N
=0

This sequence of excitation, delay, and sampling, is [ E———_.
repeated for each lamp flash. The signal is
accumulated for a predetermined number of BEENTEA I
excitation pulses, then FluorEssence™ collects the Decay by Delay

. ) Decay by Window
total signal. After collection, FluorEssence™ Emission
displays the intensity of the luminescence as a
function of time or wavelength. The x-axis is based
on one of the four scan options:
e Decay by Delay
e Decay by Window
* Emission
e Excitation

Phosphorimeter parameters

Four FluorEssence™ parameters govern the sequence in a phosphorimeter experiment.
These parameters automatically appear on the phosphorimeter experiment-acquisition
window.
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Initial
Delay

Sample
Window

Time per
flash

Sets the time, typically in ms, between the start of the lamp flash and the
onset of data-acquisition (opening of the Sample Window). Initial Delay
can range from 0-10 000 ms, in increments of 0.001 ms. Accuracy of
Initial Delay is better than + 0.001 ms.

Set Initial Delay long enough so that fluorescence emission and lamp
decay are complete, so that the resulting spectrum represents
phosphorescence only. The full-width at half-maximum lamp-pulse width
is 3 ps, but there is a long decay time for the light output. Lamp intensity
falls to less than 1% of peak output after 45 us. Setting the delay to > 0.05
ms effectively removes any interference from the lamp.

Initial Delay can be varied with time to yield a decay curve. Spectra can
be scanned to isolate different phosphorescing components based on the
lifetime of the luminescent species in the sample. Together, these two
techniques can be used to create three-dimensional plots. For example,
successive scans with varying delay times can be plotted.

To record both fluorescence and phosphorescence emission, set Initial
Delay to zero.

Sets the duration of signal acquisition, typically in ms. The Sample
Window opens when the Initial Delay ends. When the Sample Window
opens, the signal is counted and integrated. After the Sample Window
closes, any signal is ignored.

The Sample Window may be set from 0.01 to 10 000 ms. If the lifetime
of the phosphorescence is known, set the Sample Window to 5-10 times
the lifetime. If the phosphorescence lifetime is unknown, make the
Sample Window a small fraction of the anticipated lifetime, and then
increase it until acceptable results are observed.

If the Sample Window is too long, the detector will record spurious
background signal. If the Sample Window is too short, components of the
lifetime decay may be missed. With two or more species decaying
simultaneously, try varying the Initial Delay and the Sample Window.

Sets the total cycle length per flash, including on time, decay time, and
dead time between flashes. The Time per flash is the reciprocal of the
repetition rate of the lamp pulses. The allowable repetition rate is 0.03-25
Hz. The Time per flash must be slow enough to let the Sample Window
close before another flash begins. Accuracy of the repetition rate is + 1 ms.
In a Decay by Delay type of scan, the Time per flash is governed by
Time per Flash > Maximum Delay + Sample Window + 20 ms

In a Decay by Window type of scan, the Time per Flash is governed by
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Time per Flash > Initial Delay + Maximum Sample Window + 20 ms

Flash Sets the number of lamp pulses that contribute to each data point. The

count range for Flash count is 1 to 999. The signal collected per flash is
integrated over the total Flash counts before FluorEssence™ stores it.
The more flashes accumulated, the higher the signal-to-noise ratio
becomes.

For more information about FluorEssence™ phosphorimeter commands, consult the
FluorEssence™ on-line help and the Phosphorimeter manual.
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Applications for the phosphorimeter
Phosphorescence decay curve

#=1 FluorEssence - C:\Documents and Settings\All Users\Documents\Jobin Yvon\Data\SCohen\UNTITLED g@] E|

Eile Edit MWiew Collect Graph  Analysis Tools Formab  Mindow  Help
L, L, S T e
Dz ceEB & B aBfag kA +B-IT RRE B ]
1
5
1107 Data: DBOAZ_B
hdodel: ExpDecl
ax10* - Equation: v= A1%expl-t1]) + w0
Meighting:
No weightin
8x10"* -] v amina
Chi*2/DoF = 208250 23227
— 7o' RA2 = 0000985
]
=
E 10 ] 200556743 +421.11005
o] A1 107722 757654£220.00272
il 042677 H1.0051
£ sunt |
o
2 \
T}
= +
Z auo’ o
3x10* ] g
— - —~ExpDect fit of DBDdJZ_B|
2x10* -
T T T T T T T T 1
0z 0.4 06 0g 10
Tirne {ms)
x| ph0:| Mame | Type \ "~
J[:l [(Ddata Folder
Eofrem Graph

With the Phos experiment type in the Fluorescence Experiment Menu, creatg a
phosphorescence-decay curve, as in the screenshot from FluorEssence™ sho
This is an example using data from ThCls(aq), fitted to a single-exponential cur
Origin®. All parameters are automatically displayed, including the fitted lifetime of 427

us.
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Phosphorimeter

Isolate components in a mixture based on lifetimes

To the right are three scans
of an aqueous mixture of
terbium and europium
chlorides that isolate
different phosphorescent
components based on their
lifetimes. For example, a
sample containing two
phosphorescent species
with different lifetimes (Tb
=421 ps; Eu= 113 ps) can
be resolved into its
components by varying the
Initial Delay parameter,
here shown as bold italic
numerals, 0.1 ms, 1 ms,
and 2 ms initial delay.
Notice the wavelength shift
in the 593 nm peak
(marked with a gray line)

10" |

Intensity (counts/s)
=

Tb

T L]

Tb

M

AWV

\ A

1000
450

l"’ \.\\ -l."\.' - 1
o A T Lt ST,
Tb + Eu 1
L L L L
500 550 600 650 700

Wavelength (nm)

from initially mostly europium fluorescence (short lifetime) to a mixture of terbium
(longer lifetime) and europium fluorescence at later delays. Also notice the Eu peak
near 690 nm at 0.1 ms that vanishes at later times. This experiment was performed

using the Emission subtype of Phos experiment.

Three-dimensional plots

Varying the Initial Delay with the Phos vs Emission technique, a three-dimensional

graph can be created, as shown below. This graph shows successive scans of a mixture
of Tb-L and Eu-L (where L = benzophenone antenna chromophore) with varying time
delays, segregating species into contours representing a particular slice of time.

30000+
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Intensity (a

20000+

10000+
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Kinetic analysis of mixtures

Often a sample containing a mixture of components can be analyzed through fitting its
phosphorescence-decay curve. Here is a phosphorescence decay of an aqueous mixture
of EuCl; and ThCl3, whose different lifetimes have been extracted by FluorEssence™’s
dual-exponential fit. Curve-fitting merely involves choosing the analytical model. From
Analysis/Fit command, this model is a two-exponential decay.

#=1 FluorEssence - \phospho 7-26-05 - [mix587m316xb2] 9(=)(E3
=

File Edit Wiew Collect Graph Analysis Tools Formak  Window  Help
=W S B2 B B [k &8 ]T| 27 &) i} D =&
1 y A
18x10% - Diata: mixS87m3d2_B
Model: ExpDec?
1 Extn® Equation: y = A1*expl-x41) + A2%xpl-xA g + v0
: Wiighting:
5 ¥ Mo weighting
14107
Chi*2DaF = 842893251
1.2x10° R'2 = 099935
i r
5 4oo® yO0 1192061122  +2236 GO0GG
8 ] A1 13196564001 +13549.55313
— . 11 0.35555 +0.04219
& B0a0 A2 1096122573 +12417.00293
% . T 12 011321 +0.01292
E Eox10" —
4.0x10*
20x10*
] S1_cyclel
o T T T T T T T 1
05 10 15 20
Time (ms)
ﬂ pha |.Name | Tvpe | i A
@ ilLampscan G&raph Hid
= mixsarmatex1 araph Hid
E]mixsam3texbe Graph Ma v
L3 |£ >
| Far Help, press F1 Color Publication 1:mixS87m3d2_B(1-49) mixS87m316xbZ R adian
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Installation

‘Waming: Untrained personnel should not attempt to
install or calibrate this accessory. High voltage exists
inside the lamp housing.

The phosphorimeter must be installed and calibrated by a HORIBA Scientific Service
Engineer.
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Operation of the phosphorimeter
Start-up

Load an appropriate instrument configuration that includes the phosphorimeter.

FluorEssence™ features

Experiment Setup window

Phosphorimeter

The Experiment Setup window, under the Detectors icon, includes a Phosphorimeter
area, indicating that the phosphorimeter is available.

#=1 Fluorescence Division - Experiment Setup ( Phos Acquisition[Emission] )

E zperiment I

Yl
ik
@
N

Triggers |

General information

E xperiment

File Directary

|DﬂtPhosphorescenceE mizgion, sml

D ata Storage

2y Load & save |

J

[rata Identifier: |Em
Camment: Phios Acquisition[E mission] l
Signalz
Select ' Phospharimeter
[~ Dark Offset
Enable| Signal| Detector | Units HV[%]| Correction| Blank Subtiact I_ .
3] S Counts =2 0 0 Time per flazh |40.000 Delay after flazh {0,050 Sample window 0,100
[T R R Microdmps s [ ] Flash count  [100{
Time Urits: ms
Signal Algebra -
Signal | D etailz Dimepetins Fomulzs Accumulations
51 5 signal 1 2 Add s> Signal | Units | 1 ]
g 51
¢ s |/ << Remove Cycles
Delay
Faormula Urits ’_ ’7
‘ | <<LClear 1
Statuz

Phos Acquisition[Emission]

g @ A
Full Dizclosure Help RTC Bun

K

Cancel

Experiment Type window

After choosing the Phos experiment type in
the Fluorescence Main Experiment Menu, up
to nine experiment types are available for the
phosphorimeter, depending on the instrument
configuration:

Experiment Type

Experiment Type

Decay by Delay
Drecay by window
Emizzion
Excitation

X)
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Excitation

Emission

Decay by
Delay

Decay by
Window

These are similar to the standard excitation, and emission scans. Among
the changes are that the Integration Time field is removed, and instead
are data-entry fields for Sample window, Delay after flash, Time per
flash, and Flash count. These four fields are described above, in the
Theory of Operation section, and shown below (extracted from the
Experiment Setup window).

Phaozpharimeter

Time per flash 41 Time Units: e

Flash count

Delay after flash |0.05 Sample window 01

Above is a Phosphorimeter area with a typical set of parameters for the
emission of EuCls. Use an excitation monochromator set to 393 nm; the

emission monochromator should start at 570 nm, end at 750 nm, with an
increment of 1 nm.

These produce a decay of phosphorescence over time. Decay by Delay
varies the Delay after flash in order to construct the decay curve:

Phiozspharimeter

Time per flazh |50 Time Units: e

Flazh count 200

Initial delay 01 Sample window 2
M ax delay 06

Delay increment | 0.05

Decay by Window varies the length of the Window increment with
constant Delay after flash while taking data, to construct the decay
curve:

Phospharimeter

Tire per flash E1 Tirne Uritg: i

Flazh count 100

Delay after flazh |0.05 Initial window 0z
M ax window A0

Window incrernent |10

Above is a Phosphorimeter area showing typical parameters for the phosphorimeter
decay of EuCls. Set the emission monochromator to 590 nm and the excitation
monochromator to 393 nm.

Anisotropy phosphorimeter scans run the automated polarizers as well.
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Processing phosphorimeter data

o WDNPE

Open the graph to be processed.
Click on the data points to be processed.
In the toolbar, choose Analysis.

A drop-down menu appears. ents and Settings\All Users\Documents\Jobin Yvon\Data\SC

Choose Fit S Tock Format widow ek

Simple Math... &L +BE~T
From the Boselne. |
submenu,
choose the type
of analytical
curve to use.

Smooth. .,

Calculus

Follow the Lnear..
. . Fit Compatison. .. Polynomial...
I n Stru Ctl O n S fO r PostMcorrect Exponential Decay
th at type Of Pick Peaks Exponential Growth
Ravleigh Masking agussian
Cu rve . Qulick Polarization Larentzian
The fit plus parameters . Multi-Peak
th h Universalizer 4 NorvLi c Eitt
on-Linear Curve Fitker. ..
appear on the grapn. \\ 1 TH TTTTTR ceceemrerremmerearresrommeoe e
1
1310° Data: DBDd2_B
hlodel: Explect
g1t - Equation: v = Al explt1) + 40
ieighting:
T w Mo weighting
10t
Chi*2/DaF = 8235023327
= Tan* Re2 = 000938
§ 810" w0 8005.56743  +421.11995
] Al 107723 767654320 80873
E n t1 042677 H1.0051
2 san' -
=
1]
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— - —-ExpDec fit of DBDd2_B|
210"
T
0z 0.4 oG 0sg 1.0
Time {ms)
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Lamp replacement

The xenon flash lamp (part # FL-1035) typically has a half-intensity life of at least 10
million flashes. If you hear an abnormal click with each flash or missed flash, this is an
indication that the flash lamp is failing. Replace the flash lamp as soon as possible.
Follow the procedure below for replacement and alignment.

‘Waming: High voltage exists within the FL-1040
chassis. To avoid fatal shocks, follow these
precautions: Before removing the lamp cover, unplug
the power cords, and wait at least 1 min while the
internal capacitors discharge. Never operate the lamp
with the cover removed!

‘Warﬂing: Intense ultraviolet, visible, or infrared light may
be present when the instrument is open, so wear eye
and skin-protection, such as light-protective goggles
and light-blocking clothing.

w
A

‘Waming: Xenon lamps are an explosion hazard. Be
sure that the power is off, and all AC (mains) power is
disconnected from the system. Read and follow all the
cautions below:
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Hazards
e Xenon-arc lamps are an explosion hazard. Wear explosion-proof face-shield and
protective clothing when opening the lamp housing and handling the lamp.

Disconnect the lamp power supply from the AC power line (mains) while handling
lamp leads. Lethal high voltages may exist.

The CW lamp remains extremely hot for approximately one-half hour after it has
been turned off. Do not touch the lamp or the metal unit until the lamp has cooled.

Never look directly at the xenon arc or its reflection. Intense radiation can
permanently damage eyes.

Do not touch the focusing lens, back-scatter mirror, or the surface of the lamp.

Fingerprints will be burned onto these surfaces when the lamp is ignited.

1 InFluorEssence™, be sure the phosphorimeter

instrument configuration is loaded.
The flip-mirror automatically rotates to the flash lamp, giving you more room to
work.

‘c.aution: Never rotate the flip mirror inside the
lamp housing manually. This can strip the gears
in the gearbox.

2 Switch off and prepare the lamp housing.

a Be sure that the SpectrAcq controller itself, and the lamp-housing’s two
power switches, are all turned off.
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&Waminy: High voltage exists within the
lamp housing. To avoid fatal shocks,
follow these precautions: Before
removing the lamp cover, unplug the
power cords, and wait at least 1 min
while the internal capacitors discharge.
Never operate the lamp with the
cover removed!

b Remove the AC (mains) power cord from the SpectrAcq controller and
the lamp housing.

3  Remove the
cover of the

lamp housing.
Remove the 13
Phillips-head screws.

Here is the internal layout of the FL-1042 lamp housing:

flashlamp

Ls
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4 Remove the
flash lamp.

a Follow all
safety
precautions [
on the new
lamp’s box.

D Pull the old
flash lamp
out with a
steady
motion.

éCaution: Be sure not to hit the flip mirror
with the flash lamp.

C Discard the old flash lamp in a safe and appropriate manner.

5 Insert the new flash lamp.

AQ

Align the pins with the lamp socket.
The cathode and anode should be vertical, as
shown here.

‘Warﬂing: Never touch the flash
lamp’s glass bulb with bare hands.
The oils from your hands can
weaken the bulb and cause
catastrophic failure. Handle the
flash lamp with tissues, cloth
gloves, or soft cloths only.
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b Push the lamp in firmly until it is seated securely and properly.

@Nate: If the lamp tilts during insertion, check the pins—
they should be straight. If they are not straight, re-align
the pins before insertion.

6 Replace the lamp-housing cover.
Re-attach the 9 Phillips-head screws.

[/ Reconnect all cables.
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Troubleshooting

Phosphorimeter

The phosphorimeter accessory has been designed to operate reliably and predictably. If
there is a problem, examine the chart below. If all else fails try the steps in the
Troubleshooting chapter, in the “Further Assistance...” section.

‘Waming: High voltage exists within the lamp housing.
To avoid fatal shocks, follow these precautions: Before
removing the lamp cover, unplug the power cords, and
wait at least 1 min while the internal capacitors
discharge. Never operate the lamp with the cover

removed!
Problem Possible Cause Remedy
No signal. Flash lamp is Replace flash lamp.
broken.
Cables are Check cable connections.
improperly

No single flash is heard
during initialization of a
phosphorimeter layout,
followed by no signal
during an experiment.

An abnormal click occurs
with each flash.

Occasional missed clicks.

connected, or
disconnected.

Communication
problems between
computer and
accessory.

Bad flash lamp.
Faulty circuitry in
phosphorimeter.

Flip-mirror is not
rotated toward flash
lamp.

Flash lamp is
failing.

Flash lamp is
failing.

Shut down entire system, let sit
for 1 min., then restart and re-
initialize the system.

Shut off phosphorimeter “power”
switch and disconnect power
cable to phosphorimeter. Remove
phosphorimeter lid, and inspect
position of the flip-mirror. Call
the Service Department.

Replace flash lamp.

Replace flash lamp
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Phosphorimeter trigger
Introduction

There are two important pins to consider: Pin 5 is for the flash lamp, which provides a
12.8-pus pulse, active LOW. The acquisition delay starts on the HIGH—LOW transition
(< 10 ns jitter). Pin 4 is the phosphorimeter trigger input, which requires a minimum
pulse-width of 200 ns. Acquisition begins at 250 to 350 ns after the HIGH—-LOW
transition. Any pulses received when the board is not ready for them are ignored. The
time between pulses should be at least 1 us longer than the interval between pulses set
in the FluorEssence™ software.

Pin connections

Below is a table of connector pins and their use.

A &L‘aution: Do not connect pin 1 to pin 3.

Pin # Signal 110

1 Output opto power 5V)
6 Disable CW xenon lamp (active LOW) @)

2 Enable phosphorimeter-mirror position (active LOW) @)

7 Valid phosphorimeter-mirror position (active LOW) I

3 Input opto power 5V)
8 Status 1 (reserved for future use) I

4 Trigger phosphorimeter cycle (on HIGH—LOW transition) |

9 Status 2 (reserved for future use) I

5 Flash phosphorimeter lamp (on HIGH—LOW transition) @)

@Note: All inputs are active low; all digital outputs are active low.
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Typical circuitry

Input
A typical input circuit to the user trigger might look like this:

USER SPECTRACQ USER I/O CONNECTOR
+5V (:SGF supplied) Input opto power
Pin 1 470 Q

74HC or HCT logic ﬁ . DQ,_

(or LS) ) F T
Data inputy P
7 mA

Output

A typical output circuit to the user trigger might look like this:

USER SPECTRACQ I/O USER CONNECTOR

Output opto power +5V

270-470 O % Pin 3

—AOQ o 74FCT245

Data outputy

12 mA max
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Chapter 11 : Applications

Introduction

HORIBA Scientific realizes the importance of accurate and reproducible data.
Therefore, all systems are calibrated and tested prior to shipment to a customer site and
then again after installation. Performance spectra indicate the operational parameters
and ensure that the system is operating within specifications. Fluorolog®-3 systems
employ the most sophisticated data-correction techniques to yield accurate and
reproducible fluorescence spectra.

For example, fluorescence emission spectra are affected by the response characteristics
of the monochromators and optical components such as gratings and detectors. To
compensate for these responses, radiometric correction factors are individually
determined for each Fluorolog®-3 system and are supplied with the FluorEssence™
software. The user can update these correction factors periodically if necessary. Simple
point-and-click operations or user-controllable default system parameters allow real-
time or post-processing correction of spectral data.

To correct for variations in the intensity of the excitation source, Fluorolog®-3
spectrofluorometers also monitor the excitation beam with a wavelength-independent
reference detector. The raw emission data can then be automatically ratioed to intensity
information generated by the reference detector. The effect of this correction can be
seen in the upper plot on the next page.
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Intensity

Intensity

0.3

0.225 1

0.150 1

0.075 1

0.308

o
()
o
o
1

0.103 1

Applications

250 300 350 400
Wavelength (nm)

L] ] —
250 300 350 400
Wavelength (nm)

Spectra of azulene. Upper plot: corrected (solid line) and uncorrected (broken line)

excitation spectra. Lower plot: an absorption spectrum.
The broken line in the upper plot traces the uncorrected excitation spectrum of an
azulene sample acquired on a Fluorolog® system without reference-detector ratioing.
The solid line represents the same spectrum automatically corrected for the
wavelength-dependence of excitation-source intensity. The lower plot shows the
absorption spectrum of azulene, acquired on the same spectrofluorometer system. The
corrected excitation spectrum shows strong similarity and fine structure compared with
the corresponding absorption spectrum.

HORIBA Scientific spectrofluorometers have carved a niche in the scientific

community by consistently demonstrating the capability to perform extraordinary tasks.
Some of the remarkable features of the system are outlined below.
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Applications

Detecting sub-picomolar concentrations of

fluorescein

Instrument sensitivity is often
expressed in terms of the limit of
detection of a standard substance. The
superior sensitivity of Fluorolog®-3
systems is demonstrated by their ability
to detect sub-picomolar concentrations
of standard substances such as
fluorescein. Often, other instruments
perform this task by extrapolating from
much higher concentrations. The
Fluorolog®-3, however, not only
detects femtomolar concentrations of
fluorescein, but directly measures the

true emission spectrum of 50-
femtomolar fluorescein using an
integration time of only 10 seconds—a
clear demonstration of superior
performance.

[o2]
o
o
(=]

Raw 1
signal

5000R

Corrected
signal

-~

4000F ™

3000
Blank-
subtracted,
corrected signal

2000f

Fluorescence intensity (counts/s)

-
o
o
(=]

m—

5110 ’ 550 550 520 55;0
Wavelength (nm)
Single-scan emission (no smoothing)
from 50 fM fluorescein in 0.01 N NaOH.
Note the H-O-H Raman bending mode at

521 nm in both blank and sample.

0 1
490 500 560

Reduced-volume samples

Because the samples required to
produce spectral data may be
expensive or obtained only in
limited quantities, the precise
imaging quality and photon-
counting sensitivity of the
Fluorolog®-3
spectrofluorometers are
invaluable assets. The
following diagram compares
the fluorescence emission of
20-nM resorufin acquired using
the 20-uL and 4-mL cells.

6 -

Intensity (108 counts/s)

20 nM resorufin
in a 20 uL flowcell
L M

\

20 nM
resorufin
ina4 mL
flowcell

Notice that the signal-level is
maintained with either cell.

620 640 660

Wavelength (nm)

580 600

Comparison of the fluorescence emissions of
20-nM resorufin using a 20 yL cell and a 4
mL cell.
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Fluorescence detection of highly scattering
samples

Qualitative and quantitative determinations normally are difficult to ascertain from
highly scattering samples. Typically, fluorescence signals are dwarfed by stray or
scattered light from the sample. The flexibility of the Fluorolog®-3 systems, however,
allows the introduction of a double-grating emission spectrometer, thereby improving
the system’s stray-light rejection. With a single-grating emission spectrometer,
scattered light from the sample often finds its way through the exit along with the
selected band of emitted light. However, when the band is re-dispersed by the double-
grating spectrometer, most stray light is stripped away as the band passes through the
exit slit to the emission detector.

Quantum-yield calculations

tAnl]:?ng trlle r(gagy fetature_s l‘::?]lque HORIBA Jobin Yvon Quantum Yield and Colour Calculator
0 Fluorolog™-3 systems is the HORIBA
capacity to measure fluorescence- T
related parameters required to St g arctt e ——
calculate the quantum yield for FonB510 1]
samples in solution, using the F- /530 ||
3029 integrating sphere I Excheton A g e
accessory, the Quanta-¢. This R b e S
includes recording excitation- ooy i
source intensity and calculating A e s R
the area under the corrected BITnoly e e om o m mosu s om o om o ow o m
emission spectra.
Emission

Solect an appropriate emission range

Results from HORIBA “”“:"”5_:"(’)_ >
- - . rom’ =3 |
Spmnufm’sexghhnvequannnp- To/750 2] Mm
yield software include absorption, i 5 g U :
quantum yield, and CIE color e i
R Data Summary 1 0€+08
values in both 1931 and 1976 0 & Bnam S Vi ot e S
Coordlnates' lOut of Beam (Eb) reuu;.:m’w 1.206+07 Bu‘;::“ i /// nx\"’».,
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Characterizing complex mixtures via
synchronous scanning

The fluorescence spectrum of a complex mixture often contains overlapping spectral
features representative of the mixture and revealing no indications of the contents of the
sample. A spectrum of this nature is all but useless. Synchronous scanning offers a
solution to this problem.

1000 000 T T

Perylene '
436 nm

Conventional
emission spectrum

Simultaneous scanning of
the excitation and emission
spectrometers with a
constant offset between
them yields an intensity
proportional to the product
of the emission and
excitation intensities. This
resulting spectrum often can
be analyzed readily.

800 000

T

600 000

Anthracene
382 nm

T

400 000

Intensity (counts/s)

Synchronous

2,3-Benzoflugrene scan

342nm

cenaphtheh/
1 1

300 350 400 450 500
Wavelength (nm)

200 000

On the right are an emission

scan and synchronous scan

of a mixture of polynuclear 0
aromatic hydrocarbons.

The solid line in the figure above is
the emission spectrum acquired on a
Fluorolog® system (single-grating

Emission (solid line) and synchronous
(separate peaks) scans of a mixture of
polynuclear aromatic hydrocarbons.

monochromators) with constant

wavelength excitation. As shown by the broken line, when the sample is scanned
synchronously, five individual components are resolved into unique, sharp peaks
indicative of the individual compounds.

0.02r T T T T T T

Operating Iin
the IR region |

With optional near-IR
detectors and arrays, the
Fluorolog®-3
spectrofluorometer
operates in the infrared I ]
region of the spectrum, j\j e k
thereby opening up totally 0 - '

1 1
s 400 600 800 1000 1200 1400 1600
new areas of applications Wavelength (nm)
for fluorescence

spectroscopy. Typically, an IR Visible and near-IR spectra of erbium-
doped laser-glass acquired on a
Fluorolog®-3.

ity

0.015[ Emission scan
Excitation scan

0.01 ]

Excitation intens

o
o
o
5

1
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spectrofluorometer requires components significantly different from those found in
conventional instruments. Because the most widely used photomultiplier detector is
insensitive above 860 nm, an IR spectrofluorometer must be equipped with a red-
sensitive photomultiplier, or a solid-state detector whose response is effective far into
the IR region. With a photomultiplier sensitive to 1 um, only minimal system
modification is necessary. A phase-sensitive lock-in amplifier and a light chopper are

required.
Phosphorescence from time-resolved data

Both fluorescence and 55 L
phosphorescence spectra are I ; ; 1
photon emissions that occur
when molecules return from an
excited electronic state to the
ground state. The nature of the
excited state distinguishes the
two: fluorescence is associated
with relaxation from a singlet
excited state, while , ,

phosphorescence is associated A o5 1 15 2 25 3 as
with relaxation from a triplet Time (ns)

excited state. Fluorescence
usually occurs within a few Phosphorescence decay from (a) Th-peptide

nanoseconds after excitation. complex, and (b) Th-peptide + fluorescein.

Because triplet transitions are “forbidden” quantum-mechanically, the average
phosphorescence decay times are generally longer, ranging from a few microseconds to
several seconds. Thus, phosphorescence offers a longer observation period for
monitoring reactions, looking at environmental effects on a sample, or following
changes in the hydrodynamic characteristics of macromolecular systems.

(¢)]

_a(r=3.8ms)

b(r=3.0ms

Intensity (counts)
B
(8]

In phosphorescence experiments using the Fluorolog®-3 and the FL-1040
Phosphorimeter Assembly, the sample is excited by a pulsed light source. Acquisition
of the emission signal is synchronized to the pulse, with user-specified delay and
sampling times, to produce time-resolved spectral data. With an appropriate choice of
delay time, the user may select only the luminescence of interest.

Time-resolved data-acquisition also makes it possible to acquire phosphorescence
decay curves and compute lifetimes of lanthanides such as europium and terbium, as
well as the biological probe eosin.

Low-temperature scans

One way to protect a sample from molecular collisions that can quench luminescence is
by isolating the sample in a rigid matrix. Thus, cooling with liquid nitrogen enhances
the phenomenon of fluorescence, even for seemingly dormant samples. In addition, the
superior resolution of a Fluorolog®-3 double-grating-monochromator system optimizes
measurements under these conditions.
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1400000

70000

Room temperature T=TTK

60000} 1200000 1

50000k 1000000 1

40000+ 800000F 4

30000} 600 000F b

20000F 400000 4

Fluorescence intensity (counts/s)
Fluorescence intensity (counts/s)

10000 200000F -

0 1 1 1 1 C 1 1 1 L
360 380 400 420 440 460 480 360 380 400 420 440 460 480
Wavelength (nm) Wavelength (nm)

A sample of pyrene at room temperature (left) and at liquid-nitrogen
temperature (right). Note the sharper peaks at lower temperature.

Monitoring kinetic reactions using time-
based fluorescence

By setting the wavelengths at the excitation and emission peaks of a sample, the
Fluorolog®-3 systems can monitor fluorescence as a function of time. This permits the
use of Fluorolog®-3 systems in reaction-rate determinations, which monitor the
formation or breakdown of a fluorescing species. Reaction-rate determinations are
highly selective. Because only changes in intensity are considered, the method is not
affected by interference from continuous background signals or steady-state scatter.

Front-face detection to enhance data
collection for absorbent or solid samples

Fluorescence typically is collected at right angles (90°) from transmitted or scattered
light. Yet right-angle viewing is inappropriate for some samples. Imprinted paper, for
example, reflects light, which interferes with accurate data collection. In highly
absorbent samples like hemoglobin or milk, most of the emitted light is reabsorbed
before the fluorescence can be measured. A significant design feature of the
Fluorolog®-3 spectrofluorometers is that they offer a choice between conventional
right-angle or front-face fluorescence detection. Front-face viewing is ideal for solid,
turbid, or highly absorbent samples such as pellets, powders, and monolayers on
microscope slides. A swing-away mirror is positioned to allow collection of sample
luminescence at 90° to the excitation beam, or front-face at 22.5°. In front-face
viewing, the fluorescence is collected from the sample’s surface.
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Polarization to detect rotation correlation
times of biological molecules

Used in conjunction with the 2000 000
large number of fluorescent dyes
suitable for biological research,
fluorescence spectroscopy has
greatly expanded our
understanding of metabolic
processes on the molecular level.
The Fluorolog®-3’s design offers
unparalleled sensitivity for such
work. The cell membrane tagged
with 1 uM DPH is detected easily
in this graph.

1500 000
Cell membrane
labeled with DPH

500 000

Fluorescence intensity (counts/s)
=
o
o
o
o
(=]

Blank cell membrane

Fluorescence polarization offers a 5 . - .

safe, sensitive immunoassay 400 450 500 550 600
technique—fluoroimmunoassay Wavelength (nm)

(FIA). This method has none of the The cell membrane tagged with 1 uM

licensing and waste-disposal problems ~ DPH is detected easily in this graph.
associated with radioimmunoassay

(RIA). Immunoassay methods, which are based on competitive antibody-binding
reactions, require the ability to distinguish between bound and unbound species. This
selectivity is inherent in fluorescence polarization techniques.

In fluorescence polarization, the excitation beam is passed through a polarizing prism,
and the emitted luminescence is analyzed with another polarizer alternately oriented
parallel and perpendicular to the excitation polarization. The measured polarization
depends on the rotation of the molecules between absorption and emission. Because the
measurement reflects changes in rotation, polarization can be used to distinguish
between free molecules and the larger, slower antibody-bound molecules in
immunoassays. The use of polarizer prisms instead of film polarizers ensures that the
researcher is guaranteed full spectral coverage from the ultraviolet to the visible. Over
time, film polarizers tend to become photobleached, especially if exposed to UV light.

The applications for the Fluorolog®-3 spectrofluorometer are almost endless. By simply
changing accessories, adding or removing a hardware component, or accessing the
proper software controls, the user can ensure that the system continues to grow or
change as application needs change. The modular construction and interchangeable
accessories make the Fluorolog®-3 even more attractive to most industries.
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Chapter 12 : Xenon Lamp
Information & Record of Use
Form

Introduction

Xenon lamps typically are used in fluorescence instruments because they provide a
continuous output from 240 nm to 600 nm. In the Fluorolog®-3 spectrofluorometers,
the standard xenon lamp is ozone-free. The xenon-lamp spectrum exhibits a
characteristic peak around 467 nm, which can be used to indicate whether the excitation
spectrometer is properly calibrated.

As the xenon lamp ages, water Raman spectra have a progressively lower peak
intensity. During its lifetime, the lamp stabilizes at approximately 60% of its original
intensity. Keep a record of the time the lamp is in use on the form provided on the
following page. From this record, you will be able to determine when the lamp is near
the end of its lifetime. The maximum lifetime of the 450 W lamp is 1500 hours.

‘Wamiﬂy: To avoid explosion from lamp
failure, do not allow xenon lamp to
exceed rated lifetime. One clue to
imminent failure may be extremely low
water-Raman intensity. Please note the
hours the xenon lamp has been used.

@Note: Each time the lamp is ignited counts for 1 hour of lamp usage.

12-1




Fluorolog-3 Operation Manual rev. G (2 May 2014) Xenon Lamp Information & Record of Use Form

12-2




Fluorolog-3 Operation Manual rev. G (2 May 2014)

Xenon Lamp Record of Use

Xenon Lamp Information & Record of Use Form

Page of
. Current . . Total Time
In-Service Date | Operator Date Time On | Time Off (Hours/Minutes)
/1 /
/1 /
/1 /
/1 /
/1 /
/1 /
/1 /
/1 /
/| /
/| /
/| /
/| /
/| /
/A /
/| /
/A /
/A /
/| /
/| /
/| /
/| /
/| /
/| /
/| /
/| /
/| /
/| /
/| /
/1 /
/1 /
/1 /
/1 /
/1 /
Total Hours /
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Chapter 13 : iHR operation with
the Fluorolog®-3

Introduction

Using an iHR imaging spectrometer on the emission side of the sample mount offers
the option of detection with a CCD, to create an image of the dispersed fluorescence for
subsequent analysis. This chapter discusses special hardware connections and software
operation specific to iHR users, especially with regard to CCD detectors. On most iHR
spectrometers, there are movable grating-turrets and multiple ports with mirrors to
choose; therefore extra information is necessary for operation.

Differences between the iIHR and standard monochromators

e Four ports generally are )
. Lateral entrance ]
available, rather than two on a port (with et
standard monochromator. Most  p _®®'®

iHR spectrometers for the
Fluorolog® have two entrance
ports (“lateral”, i.e., on the
side, and “axial”, i.e., on the
back) and two exit ports
(lateral and axial). Usually the
lateral entrance port is attached
to the sample compartment.

e A FluorEssence™-controlled
flip mirror is used to choose
between entrance ports and
exit ports. Be sure the flip
mirror is set to the proper
position before running an
experiment.

e Three gratings can be mounted
on the rotatable grating turret.
FluorEssence™ controls which

I (- —
Lateral exit port =
with Synapse
detector

Unused axial
entrance port

Axial exit port
with Symphony®
detector

A / &) Rotatable
grating to use. ] grating turret

Fluorolog® users typically choose
the lateral entrance port as the path
for luminescence from the sample
compartment into the iHR. To
attach the iHR to the sample
compartment, you must insert a baseplate adapter between the sample compartment and
the iHR. This baseplate is automatically included with all Fluorolog® instruments
factory-built with an iHR spectrometer.
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Hardware

Electrical power

Have a free AC (mains) outlet available for the iIHR. A 24 V adapter and power supply
plugs into the AC circuit, and connects to the back of the iHR. The power supply
contains a voltage converter that automatically adjusts to the input AC voltage.

‘(,‘aution: Some users may wish to remove the
monochromator and replace it with a iIHR. Always
switch off the power to the monochromator and iHR
before removal of these accessories from or addition to
a system. Failure to shut off the power to the iHR and
monochromator can damage the SpectrAcq.

I Top view of i
Internal workings A e
Multiple gratings turret /- &N

Generally, gratings with different groove-densities
are installed, but gratings with different blaze-angles
are also possible for custom applications. Rotation to
a new grating is discussed in Real Time Control
below. After installing a new grating on the turret, its
groove density must be entered in System
Configuration, and its calibration must be

: . _| Side view
performed in Real Time Control. Both of these ' | of grating
procedures are described later in this section. 1 turret
Turret removal =
1 Grasp turret by the | i

thumbscrew on top. = Et——N.
2K 7
2 Lift the turret up and out of ke L

the instrument.

3 Leave one shim-washer on
the shaft.

A ‘Caution: Never touch the face of a grating!
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Turret installation

4 Reverse steps 1 to 3.
The turret is self-indexing, so the initial position does not matter.

5 Rotate turret until it rests in a depression.
When switched on, the turret rotates to the correct position.

Automated slits
The iHR has automated adjustable slits at the entrance (2 mm maximum) and exit (7

mm maximum) ports. The slit width may be adjusted in steps of 0.0125 mm. For a 0.6
mm slit on the iIHR320, dispersion is 1.58 mm.

Connections to system

Below is a sketch of the special cable connections required between an iHR
spectrometer, the CCD detector, and the system. Details of these connections are given
on the following pages. Other Fluorolog®-3 connections are not shown. An optional
second photomultiplier tube detector with its connections is shown in dotted lines.

B — Host PC

[J,)
=)
D
(x]
=
>
[x]
n..

.
e e o
£
25 pin D- USB 8
she" ................. ’ ................................ =
DM302 <
connector BNCHV . i F Sn— =
: BNC signal
: i | Symphony®
Dptiondl: | controller
T ol o
spectkogra S
=] (=2
= =
| = =
s |2
| o = o H
. I
Sample compartment NC cable ‘ e ©
for shutter CD detector

@Note: Check your custom configuration with supplied documents.
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Attachment to sample compartment
Fluorolog®-3 users typically choose the lateral entrance port as
the path for luminescence from the sample compartment into
the iHR. To attach the iHR to the sample compartment, a
baseplate adapter must be inserted between the sample

Lateral entrance

compartment and the iHR. port (with
baseplate)

Note the baseplate attached to the
lateral entrance port.

Cables to CCD detector

A coaxial cable runs from the terminal on the
back of the iHR to the CCD. This controls the
CCD shutter. The two large cables carry
power and information between the
Symphony® 11 and the host computer.

Power (from
Symphony 11
power
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Software
Experiment Setup

To run a CCD acquisition with an instrument layout that includes an iHR,

1 On the main FluorEssence toolbar, select the
Experiment Menu button:

=4 FluorEssence - C:iUsers\Public\DocumentsiJobin Yvon\Data\scohe n\UNTITLED

Eile Edit Wiew AColect Analysis Graph Data Gadgets Tools Format  Window  Help

Dt sedE & B B k&  +B-IT ARRKRE B EEES
[ i B E ¢ B 0 L |t @8 oveD ¥ | B e N oFD By
The Fluoresence Main Experiment Menu appears:

2 C hoose the Spectra\ +=1 Fluorescence Main Experiment Menu
button.

@ Spectra Kinetics 3D
Note: Certain types of

experiments are
grayed out. Anisotropy Single Point Phos

The Experiment Type window
appears:

3 Choose the

experiment type, .
then click the T~ [En

Synchronous
Next >> button.
The experiment automaticm
loads with the Experiment Setup

window: \

Experiment Type g|

Experniment Type

<< Back
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#=4 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Emission]|)

E xperiment

Triggers I

/l Use the default parameters or adjust them.

General information

Experiment

il Diirectory
DS pectralE mission. xml [y Load | & save | E savess .. ‘
[rata Storage
D ata ldentifier: DfltEm
BT S pectral Acquisition[E mizsion]

Experiment Type Monos

Excitation 1
[#] &ctivate
‘wavelength Park
nm 350
Sli
nm 5
3 Advanced
IHR 320 [Sygnature] Emission 2 (T1]
[ ctivate Coverage 20543 672232 J [activate
ratings
‘wavelength Park 4
nm 350
Sl nors
nm 5 Entr | fwial
CCD Options Exit | fwial w0 1
() Center Wavelength (O Rangs ey

Status 2

&

Full Digclosure

Help

Uy

RTC

Spectral Acquisition[E mizzion]

Bun Cancel

[ Click the Run button.

This is an example using an emission scan-type. Under the Monos icon,
functions specific to the iHR are available, such as:

1 Mirrors

2 CCD Options

3 Coverage information

4 Gratings

These and other parameters are discussed on the following pages.

Complete all required parameters.

Include also detector-related parameters under
the Detectors or Multi Channel Detectors icons.

O O1

The experiment begins.
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Monos icon
The Monos icon controls many iHR-related parameters for various scan-types.

#=4 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Emission]|)

E xperiment I

M
k

!

&

General information

Experiment .
File Directory

DFltS pectralE mission. sml [ Load | & save | & savess .. |

[rata Storage
Data Identifier: DfltEm

Comment: S pectral Acquisition[E mizsion]

Experiment Type Monos
Excitation 1
Activate

‘wavelength Park
nm 350
Slit

him 5

IHR 320 [Sygnature)

Emission 2 [T1)

Activate Coverage [ &sctivate
wavelength Park
] 350 Mi
St imors
s 5 Entr | Awial

CCD Options At | Axial v
() Center 'Wavelength (O Range
Status
& O K A o
-
Full Digclosure Help RTC Bun Cancel
Triggers I Spectral Acquisition[E mizzion]
Mirrors

The Mirrors area controls the entrance and exit flip mirrors’ positions. Choose Axial or
Lateral positions for each mirror, from drop-down menus.

CCD Options

In the CCD Options area, choose a Range
of wavelengths to detect, or pick a Center
Wavelength, with the radio buttons. With Loster atat__ cnd
the Center Wavelength option, the iHR 03 2347
shows a wavelength to Park the detector,
instead of Start and End wavelengths.
Click the Details button to reveal the CCD
Range Mode Info window. This shows the
exact range of wavelengths the detector will

deteCt. (] 4 | Cancel |

Coverage
Coverage shows how many wavelength ranges are used on the CCD detector.

CCDRange Mode Info @|

441 5257
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Gratings

The Gratings area allows you to @

choose from a drop-down menu Note: To choose a grating, the

which grating to use. gratings must have been previously
entered using System Configuration.
The Turrets checkbox in System

Configuration also must be enabled
to allow the turret to rotate.
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=
Multi Channel Detectors icon
To adjust parameters related to the CCD detector, click on the Multi Channel
Detectors icon in the Experiment Setup window.

#=4 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Emission] )

E xperiment I General information

E zperiment
File Directory

DIIES pectralE mission, =ml 2y Load | & save | & Savess .. |

Diata Storage
Data ldentifier: DfltEm

- S

Spectral Acquisition[E mission]

Comment:

W]

S Synapse

(Acquisition Parameters v Free Form Area | Table Edit

L] Active

Acquizsition kode
(®) Spectra Star

S e

Exposure Time End

&

om| s )
Areas are too small to display! Bin

Bl 1G4 Hi Gain

Areas:
ADC 1GA 280 kHz

@ Feformat
1% s &

Status
& @ ™A o
=
Full Digclosure Help RTC Bun Cancel
Triggers I Spectral Acquisition[E miszion]

Acquisition Parameters
Under Acquisition Parameters, change the Exposure Time, and view the Gain, and
the precision of Analog-to-Digital Conversion (ADC). Clicking the Advanced button
opens the Multi Channel

Detector Advanced #=4 Multi Channel Detector Advanced Parameters
Parameters window, to [:'ar_dwalrde Info :e_-rdware Seitings M;mp@mquismon Selltieg

i i i mviee s an [ - leaning
adJUSt Gam' Units Jv Emulating CCD -4 1.0 L
Display, C i . soC  [14ER S

|Sp ay1 osmic Description: : . ¥ Betwsen '1—
Removal1 ADC, and Jaobinryon CCD Detector Chl-plnformatmn
other parameters e Delays

p . ¥ Size 1234 ™ First ’U—

Pozt Acquisition

T Unitz Dizplay [~ Betwesn |0
| ®axiz |'wavelength - Shutter Mode:
r v avig | Fisel hd |Before Each j

| Data |CPS - ¥ Controller Based Experiments

Cozmic Remaoval

[ Enabled Percent %
. Cancel | oK |
Minirmurm | Counts

| Difference
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Below is the window for a Synapse with CCD detector:

==x [ luorescence Division - Experiment Setup ( Spectral Acquisition[Emission] )

iHR operation with the Fluorolog-3

Experiment General information

Esperiment
File Directory
DiflkS pectralE mission. xml | |C:\Documents and Settingstall U zers\D ocumentz') obin vvon' | [y Load | & save | & savess... |
[rata Storage
Data |dentifier: DiftEm
R Spectral Acquisition[E mission]
Acquisition Parameters Free Form Area | Table Edit| '
Ll active
e b i * i
Acquizsition kode I
1 1
(3) Spectra Star I—I I—I
- End
Exposure Time 7 1024
.‘- Delete Area
), e / |
Uits ([ oear ] B[t [0 |
Dark Subtract /
o Best Dynamic
Gain = ~
Areas:
ADC 20kHz
o
Advanced
J
Status
| | g @ | o
-
Full Disclasure Help RTC Bun Cancel

Triggers

Spectral Acquisition[E mizzion]

Pixel editing

There are two methods of choosing which pixels are used on the CCD: graphically or
tabular. To choose the active pixel areas graphically, click the Free Form Area tab,
and draw with the cursor or enter the coordinates under the X and Y columns. Choose
the number of active areas with the Areas field. To enter the active areas as a table,
choose the Table Edit tab. In both methods, click the Reformat button to clear the
existing description and start over.
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Real Time Control

In Real Time Control, some iHR parameters can be adjusted in real time. To gain

—— access to the iHR in the Real Time Control, click the Monos icon. The iHR, when used
as an emission spectrometer in L-format, is listed under the Emission 1 tab.

+=1 Real Time Control

&

AllECD's

R

Syghature

DataView | Intensity

Chaninel 1

‘ | Clear !-I-D Autozcale |

IHR 320 | Excitation 1 | Emission 2

Poszition Contral

- Grating
0
30 1 O 15 4
=) 150, 1200,
Slits
Slit width
tirrars 5 nm
Entrance E it
Lalibrate IHR 320
Lateral Lateral
P
Axial — Axial = |
Statuz
Shutter Mode
y ; + Dpen ﬂ "®]
irror Entrance: Lateral O Detailed —e AEtD D
Mirrar Entrance: Auxial b ? E?tr.ma: + Closed ek save Aun Cancel
*) Critical
s [ Continuous

Grating @
Rotate the tgrret in real time by_cllcklng Note: To choose a grating, the
on the Grating area, and choosing the :

gratings must have been

desired grating (listed as grooves/mm) iousl q i
from the drop-down menu AEMRLEY  SIEE using
' System Configuration. The

Mirrors Turrets checkbox in System
Switch the Entrance and Exit mirrors by Configuration also must be
clicking on the knob underneath each enabled to allow the turret to
label. The knob will automatically rotate.

change between Lateral and Axial. The
current position is shown in bold type.

Use this function to re-align the iHR if the peaks’ wavelengths are correctly assigned
near the center of the CCD, but are incorrect near the edges.
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Monitoring temperature of the detector
Click the Synapse or Symphony button to access the functions for the multichannel-
detector controller.

=1 Rea ' Time Control

| S
AISCD's

iHR operation with the Fluorolog-3

L& |
Sygnature

Sygnature | T1 =1 2

Acquisition Parameters Free Form Area | Manual Edit

Channel 1

B8 s S B

Acquisition Mode W v 0 v
O Imane (%) Spectra
Start |1 1
Expozure Time oy
L 8 750 End [1234 [1234
] Dark Subtract Clear
-
Gain |1 v Bin |1
250 Areas; |1
ADC |14 Bit w
Temperature R e an s S Refarmat
260 500 750 1000
Statuz
Shutter Mode
M . = Cpen e m ")
Miror Entrapice: Lateral O Detailed Lo o AEtD D
Mirrar Entratize: Axial v 8 E?t[.mall + Closed Help Save Fun Cancel
ritical

[ Continuous

In the Acquisition Parameters area,
click the Advanced button to open the
Multichannel Detector Advanced
Parameters window.

Click the Monitor checkbox in the
Temperature area to monitor the
detector’s temperature.

=4 Multichannel Detector Advanced Parameters

Hardware Settings
|G& Hi Gain

Hardware Infa
Device 1d:

#{1.90 CCD_a000

Gain
ADC |GA 280 kHz
D escription:

Jobin rvon CCD Detector

Az Dizplay

# wavelength -
Y Pixel -

Chip Infarmation Cleaning
* Size: 512 v Before 1
Y Cize: i W Between |4
Multiple Acquizition Settings Delayz
Shutter Mode:
[ First 0
| Before Each ﬂ
- [ Betweer [
\4 T ernperature
k anitor
Target C
Actual [161.01733

Cancel

X

13-12




Fluorolog-3 Operation Manual rev. G (2 May 2014) iHR operation with the Fluorolog-3

System Configuration window

To set the cooled detector’s temperature, use the System Configuration window.

1

In the FluorEssence toolbar, choose Collect.

A drOp-dOWﬂ menu =4 FluorEssence - C:\Dncuments and Settings\All Users\Documents\Job
appears. File Edit View

s C Graph  Analvsis Tools Format  Window Help

0 Experiment Setup . 3 [ & +
C h Oose Run Experiment

= Graphi Real Time Contral
Ad Van Ce d Run Batch Experiments
S etu p . Advanced Setup Syskemn Configuration

System Mew Experirre Swstem Relnitialization

A sub-menu appears.

Click System

Configuration.

If the system has not been initialized, choose the instrument, and let the system
initialize. Then redo steps 1-3.

[

The System Configuration window appears.

#=4 System Configuration

Prefersnces System Setup
Setup

Config Mame

g - _B
s

Clear . . ! .

Detectors I Monos] Accessories] Light Sources] Independent [ﬂoating]]

Avaiable Slots

Available Devices Locate
5 << Syrphony 1
R

T 4« T 2
Add Delete

Drescrintion

Common Area Statuz

Device l%_ -

Configuration: |Nan0 Cancel
Clear Configuration Load From File | Save ToFil | Cancel | kK |
L

\
From the Device drop-dowp(menu, choose

Symphony, then click the Configure button.
The Configure [Symphony] window appears:
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#=+ Configure [Symphony]

Communication Froperties
" GPIB Part: 4321 Marme: |S_I,Imphu:un_l,l
v P DevMame: |=¥mpho Uniqueld: ||:I:D1
Temperature Set
r Faint Owverride 180 K

Suppart Files Location: | C:4Program Filesh obin v ...

M ode:
Logging

[ Enable =]

alidate | 0K | To— | Help |
N

\
5  Enter the desired/temperature for the detector,
then click the OK button.

The Configure [Symphony] window closes.

6  Click the OK button to confirm and close the
System Configuration window.
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Correcting data with the IHR

Introduction

General comments about data correction are found in Chapter 5: Optimizing Data. This
section deals with the procedures that are different when using the iHR.

Correction-factor file names for multiple gratings

When the Fluorolog®-3 uses an iHR (which
contains multiple gratings) or multiple @
detectors, multiple correction-factor files are Note: Upper- or lowercase
required. Each of these has a unique file characters are not
name, which needs deciphering. Following important.

are rules to guide the correct choice of

correction-factor files.

1 The first two characters show the type of

correction-factor file.
MC = emission correction-factor file
XC = excitation correction-factor file

2 After MC, the next several @
characters determine the Note: gnore this

appropriate detector:

2658 = near-IR detector CD = CCD array
928 = R928P photomultiplier tube DSS = InGaAs detector
IGA = InGaAs array

3 The next set of characters gives the grating’s

groove-density:
100 =100 grooves/mm
15 =150 grooves/mm
12 = 1200 grooves/mm
6 = 600 grooves/mm

3 = 300 grooves/mm

Then may come a separator, x.

Finally, the last characters show the blaze of the

grating:

300 =300 nm
330 =330 nm
500 =500 nm
750 =750 nm

rule for xc... files.

ol bh

13-15




Fluorolog-3 Operation Manual rev. G (2 May 2014) iHR operation with the Fluorolog-3

etc.
Here are some examples of deciphering the emission correction-factor file:
Mcorrect.spc The default emission correction-factor file for an instrument,

with no iHR, with only one emission grating and detector.
MC9286x300.spc  Anemission correction-factor file for an R928P PMT, with a
grating of 600 grooves/mm and a blaze at 300 mm.
MCCD12x500.spc  Anemission correction-factor file for a CCD array, with a
grating of 1200 grooves/mm and a blaze at 500 nm.
MC26586x300.spc Anemission correction-factor file for an IR detector, with a
grating of 600 grooves/mm and a blaze at 300 nm.

Xcorrect.spc The default excitation correction-factor file for an instrument,
with no iHR, with only one excitation grating.
XC12x330.spc An excitation correction-factor file for a grating with 1200

grooves/mm and a blaze at 330 nm.

‘L‘aution: For CCD arrays, these correction-factor files
are only valid under the same conditions, i.e., when
used at the same central wavelength as performed in

To determine the the factory. The files may give invalid corrections

center when used at other central wavelengths on the CCD
wavelength for a .

) y.
particular

correction-factor file when used with a CCD array, see the Performance Test Report
that accompanies the instrument.

Correcting data during acquisition

Data can be acquired either as raw data or as corrected data. A spectrum composed of
raw data exhibits the effects of system parameters, while a corrected spectrum displays
only the properties related to the sample.

‘(,‘autioﬂ: The iIHR’s mc..., xc..., and tc... files are
custom-generated at the factory for each particular

instrument, and cannot be swapped.

1 Be sure the instrument configuration has a
layout that includes a correction file associated

with the iHR.

a Choose Collect
in the toolbar.

24 FluprEssence - C:\Documents and Settings\All Users\DocumentsiJob

Eile  Edit ! (o [C9N Graph  Analysis Tools Format  wWindow Help

b Choose Oy Experiment Setup =N PR P
Run Experiment
Advanced Grapht Real Time Control
Setup, then Run Batch Experiments

Advanced Setup Syskem Configuration

System Mew Experinent Swstem Relnitialization

Syskem UI Reset
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System Configuration.

If the system has not been initialized, choose the instrument, and let the
system initialize. Then redo steps 1-3.The System Configuration
window appears.

Preferences Preferences

Cument Configuration Info
1D: Fluorolog311
Description  Fluorolog311

Instrurnent Comection Files

Grating

ommon Area Status

[ evice: E xcitation 1 \ \] Configure
N \

Configuration:  Fluonalog3td [ Apply ][ Cancel ]

ar Configuration [Lu:uau:l From File] [ Save Tmb\]\[ Save fz [ Cancel ] l 0k ]

C Choose Preferences, then the Instrumenty\Correction Files icon.
The Instrument Correction Files area should display a correction file
for the Detector (Symphony or other special iHR-related controller ang
detector).

If there are no active fields in the Instrument Correction Files area,
click the Insert button, and browse for the desired correction file (mc...
generally, as discussed above).
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d

=1 System Configuration

Choose Setup.

System Setup

Setup

_ Config Name
Ay Config

Clear -

’ Detectors ]Monosl Accessories] LightSourcesl Independent [floating]]

Available Slots

Available Devices Locate
<< Symphony 1L

R

T << T 20

Add I Delete

Descrition
Spex Single-Channel

Detector

Common Area Status

Device: | Symphony LI Configure I)

Conffpuration:  Nanolog Apply I Cancel

Clear C@nfiguration Load From File | Save ToFile | Cancel | 0K |

e Choose the Detectors tab, S, from the Available Devices area, and
confirm that the Symphony® or other special detector/controller
combination is correct in the Available Slots area.

72 Be sure the instrument configuration has a
layout that includes an active turret within the

IHR.
— O In the Common Area Status area, choose Emission 1 (that is, the
iHR) from the Device drop-down menu, then click the Configure
button.

The Configure [Emission 1] window appears:
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Configure [Emission 1] E|
Communications Parameters Properties
" GFIB Fort: COk A1 - M ame: IW
s SpplaL  DevMame: |Emission 1 UriquelD: W
BaudRate: | 13200 - )
] — Device Clazz: |2
DataBits: |8 hd
Parity: Mo Paity = | Device Mumber: |1
StopBits |1 hd
**E mulating
| 4 AccessoryConfig |
Logaging
[ Enable |
Help | Apply |

b Click the AccessoryConfig button./
The Monochromator Accessories Configuration window opens.
(FluorEssence™ considers gratings within an iHR to be accessories.)

Monochromator Accessories Configuration @

Gratings
Controller T ctal Positions |37 [ Use Software Offsets
Tupe 500 [1000 [ |
e [150 [1200 | |
Shutters/Mirrors u3 |1ZDD |EDD | |
[ Front Entrance Shutter Clear
I Side Entrance Shutter Siits
[ Enance Mirior [¥ Front Entrance ¥ Fraont Exit
Controllable - - - I -
[ Esit Minor ¥ Side Entrance v Side Exit
Contrallable - mm - 2rim -
B r

I 7] I A

Cancel P 4 [0]4 ‘ Adwvanced

e

C Check the Turret checkb0x to activate the grating turret in the iHR, then
click the OK button.
The Monochromator Accessories Configuration window closes.

d Click the OK button to close the Configure [Emission 1] window.

e Click the OK button to close the System Configuration window.
Before the correction-factor files are loaded into the FluorEssence™
software configuration, the software needs to be re-initialized.

f Reinitialize the instrument and software.
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In the FluorEssence™ toolbar, choose Collect.
e In the drop-down menu, choose Advanced Setup.

k=4 Fluorkssence, - C:\Documents and Settings\All Users\DocumentsiJob

File Edit Wwiew NesEE® Graph  Analysis  Jools Format  Window  Help

D Experiment Setup ' i [% Q 4
Fun Experiment

Real Time Control

Fun Batch Experiments

Swskem Mew Experiment Swskemn Relnitialization

Swstem LI Reset [

=l Graphi
1

e Inthe drop-down menu, choose System Relnitialization.
The new correction-factor files are now ready to be activated in the Experiment
Setup window, under the Detectors icon:

#=4 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Excitation] ) |;||-E|rg|
E xperiment I General information
E zperiment
File Diirectory
|DfItSpectraIExcitation.me | | I | 2y Load | & save | & Savess .. ‘

Diata Storage
D ata | dentifier: DftEx |
Bomment] Spectral Acquisition[E xcitation] /

Signals

Select

Integration Time: 2

Enable| Signal| Detector| Units
51 S CPS
A1 R Micradmps

2 & 8 =» =

Signal Algebra Accumnulations
Signal D etails Operations Formulas
R1 Fi signal 1 + = =
51 S signal 1 - Add > Signal Unitz
: 51/R1 Cycles
<< Hemave
< - T o]
Forrnula Units Delay
<<Clear
Statuz
| | g @ & A o
-
Full Digclosure Help RTC Bun Cancel

Tiees | Spectral Acquisition[E =citation]

3 Choose correction when setting up the
experiment.
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a In the Experiment Setup window, choose the Detectors icon to display
the detectors’ parameters.

b Click the Correction checkbox for the detector you want corrected.

In the Signal Algebra area, a signal with appended “C” appears,
denoting a corrected signal.
#=4 Fluoi escence Division - Experiment Setup //Spectral Acquisition[Emission] )
General information
Experiment
File Directary
DALS pectralE rmiszion. xml | 3 Load & save & savess . |
D ata Storage
t Data |dentifier: |pEm
Comment Spefetral Acquisition[E mission]
Signals
- Select
Integration Time: 0.1 3 [~ Dark Offset
Enable| Signal Detector | Units i
51 5 CPS
w O a1 /n MicroAmps [T
Signalfslgebra
Signfl Details OpeeiiEns Fomulas Accumulations
S‘I% 5 signal 1 2 Signgl | Units | [
Slc S zignal 1 N 51 % . —
< > | / Cycles Delay
Fomils |lets <<Clear ’_1 ’—_l ’—
Status
| 10 A -
Full Dizclosure Help RTC Bun Cancl
Triggers | Spectral AcquisitionfEmission]
. / .
C Click the Add >> button to add the corrected signal to the Formulas
table.

The corrected signal appears in the Formulas table.

4 Run the experiment with the corrected signal.
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Correcting data after acquisition

To apply the correction factors after the data have been acquired, multiply the data file
by the appropriate correction factor file (mc... for the S detector, xc... for the R detector,
or tc... for the T detector).

1

Make sure the graph is open, and the trace to
be corrected is active in the main FluorEssence
window.

Choose Analysis.

#=a [ luorkssence - C:\Documents and Settings\All Users\)ocuments\Jobin Yvon\Data\scohen\

Tools Format  ‘Window  Help

File Edit View Collect Graph BEGERES

JJB | EEEE Baseline. ..
Smooth, ..

- Calculus 3

= Grpin Translate b

1 Average

SIGHAL_I

Interpaolate/Extrapalate

25000 | 3D Exkract
Fit ’
< Campare Datasets...
& Campare Madels...
% 15000 |
o Transpose. ..
=
1:;_57 10000 Convert bo Matrix 4
T . Pick Peaks
E am]
]Universalizer b Extract Experiment file From Motes
 — : - : Overlay Graphis)

‘m B . Blank Subkract

iavelength (nm
i (o) PastMCarrect

Maormalize
Simple Math,..

Ravleigh Masking

Quick Polarization
absorbance | Transmission

w'aker Raman 5/

A drop-down menu app

Select HJY Tools.

Another drop-down menu appears.

Select Simple Math!...

The HJY_simple_math window opens:
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B HJY: HJY_simple_math

—aIGNAL_1

2000 o

1000 o

Intensity (Microvolts

T T T T T T T T
400 500 o0 oo 200

Wavelength (nm)

6 Browse for the appropriate correction-factor file
in the Operand tield (mcorrect or xcorrect).
You may al§o enter a numerical constant if you choose.

/ If you want to créate a new graph, activate the

Keep Source Graphs checkbox.
If the Keep Source Graphs\checkbox is inactive, the data in the current graph
are overwritten.

8  Click the OK button.

The trace that appears on the screen is a result of the mathematical operation,
giving a corrected spectrum.
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IHR320 Specifications

Focal length

Entrance-aperture
ratio

Grating size

Image magnification
at exit

Scanning range

Multichannel
coverage

Focal plane
Spectral dispersion

Spectral resolution

Wavelength accuracy

Wavelength
repeatability

Step size

Dimensions

Weight

0.32m
fl4.1

68 mm x 68 mm

11

0-1500 nm (with 1200-grooves/mm grating)

62 nm over 26.7-mm array width (with 1200-grooves/mm
grating)

30 mm wide x 12 mm high

2.31 nm/mm nominal (with 1200-grooves/mm grating)

0.06 nm nominal (with 1200-grooves/mm grating), when
scanning as a monochromator with 10 pum slit and single-
channel detector

+0.20 nm
+0.075 nm

0.002 nm (with 1200-grooves/mm grating)

16.4" long x 16.6"” wide x 7.56" high
41.7 cm long x 42.2 cm wide x 19.2 cm high

45 Ibs. (20 kg)

@Note: For more information on the iIHR spectrometer, see the System
Performance chapter in the IHR Operation Manual.
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Troubleshooting

Should there be a problem with the iHR spectrograph, check the following chart for
possible problems. Try the remedies listed on these pages before contacting the Service
Department. See the Troubleshooting chapter for information on how to contact the
Service Department.

iHR operation with the Fluorolog-3

Problem Possible Cause Remedy

iHR does not iHR is switched off. Check AC outlet (mains), power
respond to any switch, and fuse.

commands Cables are improperly connected. Check external cable connections.

iIHR responds to
some commands,
but not all

iIHR wavelength-
drive or
accessories do
not move

Slit and
wavelength
drives and
accessories do
not move

Software is inappropriate.

Problem with USB port
Software is inappropriate.

Improper parameters used with correct
command.

Software is inappropriate.

Grating may not be working properly.

Unconnected cables
Improper software or parameters

Bad electrical connection.

13-25

Check that system hardware matches
the software

Check USB cable and ports.

Check that system software matches
the hardware.

Check that the failing command is
valid, and that parameters are within
correct limits for that function.

Exit FluorEssence™. Check that the
software matches the hardware,
especially device configuration.

With the power off, remove the
turret cover of the iHR and gently
move the turret partially through its
range of motion. When the system is
powered, the device should return to
its home position.

Be sure that all cables are connected.

Check that the failing command is
valid, and that parameters are within
correct limits for that function.

Test turret as follows:

1 Exit FluorEssence™.

2 Disconnect power.

3 Remove top cover of iHR.

4 Gently move turret partway
through its range of movement.

5 Reconnect power.

6 Turret should automatically return
to home position.

7 Check control-cable connections
and interface.
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Background
signal is too high

Signal is too
noisy

“Warning!
Connect Failed
(7)” error
message appears

Light leak.

Note: To  prevent
damage to the knife-
edges, the slits never
close completely.
Therefore some light
always enters.

Signal is too weak.
Light leak.

Improper grounding.

@ Note: Ground

loops often are difficult
to diagnose and cure.
Experiment patiently.
Keep ground wires
short, make tight
connections, and avoid
coated surfaces.

Electromagnetic interference from
lasers or other high-energy apparatus

CCD-3000 or -3500 controller is off.
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Make sure all covers are in place.

Be sure that the area between the
sample and the entrance slit is
enclosed and light-tight. Test by
blocking the entrance slit.

Check detector mounting and

housing for light-leaks.

Test for stray light:

1 Start at detector, close exit and
entrance slits and shutters in order.

2 Be sure all openings and screw
holes are plugged.

3 Check that the cover, side, and
baseplate fit tightly.

4 In a dark room, shine small
flashlight at a suspicious part or
joint, and observe detected signal
levels.

Try to increase signal strength at the
detector.

Follow directions above for
detecting light-leaks.

1 Exit FluorEssence™.

2 Turn off iHR.

3 Rearrange power connections so
that spectrograph, source, and
detector are connected to the same
ground (earth), and if possible, the
same power circuits.

4 Add redundant grounds (earths) to
various points in the system.

Consider a “star” ground (earth) of
wires radiating from a single central
location, e.g., a grounded metal table
surface under the system.

Construct a faraday cage or shield.

Exit FluorEssence™, turn on CCD
controller, and restart
FluorEssence™,
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Chapter 14 : Introduction to
Lifetime Measurements

Introduction

The standard Fluorolog®-3 spectroscopy system is designed to perform steady-state
measurements. HORIBA Scientific offers you a method of upgrading your Fluorolog®-
3 system to lifetime capability, the TCSPC on Fluorolog® accessory, which uses the
time domain for lifetime detection.

Lifetime measurements

The TCSPC on Fluorolog®’s software is based on acquisition of time-domain lifetime
measurements, known as time-correlated single-photon counting, or TCSPC. In this
technique, the excitation light is pulsed, ideally with a pulse-width shorter than the
luminescent lifetime. The emission from the sample is collected from a series of
repeated pulses, with the time of arrival of these photons binned into channels. The
fluorescence from the series of excitation pulses builds up a decay curve, from which
the lifetimes of all sample components are calculated. Reconvolution techniques handle
the finite duration of the excitation pulse. Note that the entire decay curve is examined
at once, giving a super-fast experimental method. The following figure shows how the
time domain for lifetime measurements works.

A

Sample fluorescence

Log(intensity)

Pulsed source

o

Time
Schematic of time-domain lifetime measurements.
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Types of lifetime scans
Introduction

The type of scan defines which measurement will be acquired. In lifetime operation,
four scan types are available:

e Lifetime

e Lifetime-resolved

e Dynamic depolarization or anisotropy-decay

e Time-resolved.

Recalling an experiment allows the user to retrieve the experimental parameters. Each
scan type is defined below.

Lifetime acquisition

The lifetime acquisition type of scan determines accurate lifetimes from simple single-
component systems as well as complex heterogeneous systems.

Lifetime-resolved acquisition

A lifetime-resolved acquisition scan resolves up to three components of overlapping
spectra based on differences in the fluorescence lifetimes. More complex systems can
result in improved resolution of one or more spectra but complete resolution requires
additional manipulation of data-acquisition parameters such as excitation wavelength.
An application using lifetime-resolved-acquisition scans can spectrally resolve tyrosine
and tryptophan emission spectra from a protein containing both residues. To improve
resolution, simply measure the lifetime and obtain the spectral characteristics of the
individual components prior to conducting a lifetime-resolved acquisition scan.
Generally, this technique works best if a factor of at least 1.5 exists between the
lifetimes being resolved spectrally.

Anisotropy-decay acquisition

An anisotropy-decay acquisition experiment choice allows the study of rotational
properties of fluorescent molecules and probes. As the fluorophore rotates, a change in
the polarization occurs. Monitoring this change provides information about the excited
state properties of the sample. The anisotropy is affected by Brownian rotation, energy-
transfer, re-absorption, re-emission and light scattering. Applications involve studying
asymmetric complex molecules, environmental perturbations, binding, hindered-
rotation phase-transitions, and internal viscosities of bilayers.

Time-resolved acquisition

Time-resolved acquisition scans measure the change in the spectral characteristics of
the sample during the lifetime of the excited state. The measurement consists of
determining the frequency response of the sample over a specified emission range.
Applications involve solvent relaxation of the excited state and excimer formation.
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Chapter 15 : Technical
Specifications

Each Fluorolog®-3 system consists of:

e An excitation source

An excitation monochromator

A sample compartment with reference detector
At least one emission monochromator

At least one emission detector.

Each system is controlled by an IBM-PC-compatible computer, and may include a
printer for hard-copy documentation.

The details and specifications for each component of the Fluorolog®-3 series of
spectrofluorometers follow.
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Spectrofluorometer system

The Fluorolog®-3 spectrofluorometer consists of modules and components controlled
by the specialized software. Although the system can be configured in various ways for
a variety of applications, the basic (standard) Fluorolog®-3 spectrofluorometer system
consists of the following components:

Excitation source

Monochromators

Sample
compartment

Detectors

450 W xenon short arc, mounted vertically in an air-cooled
housing. Light collection and focusing by an off-axis mirror for
maximum efficiency at all wavelengths.

Optional pulsed lamp or laser port interface available.

Single-grating monochromators (standard). Monochromators are
f/3.6 Czerny-Turner design with kinematic classically-ruled
gratings and all-reflective optics. Optional double-grating units are
available for highest stray-light rejection and sensitivity.

The following specifications are based on 1200-grooves/mm
gratings:

Resolution 0.3 nm

Accuracy 0.5 nm

Step size 0.0625 nm min. to 100 nm max.

Wavelength repeatability 0.3 nm

Slit settings 0—-30 nm continuously adjustable via computer
Speed 150 nm/s

Range 0-950 nm (physical)

Gratings*

Excitation 330-nm blaze (220-600 nm range)

Emission 500-nm blaze (290-850 nm range)

*Qther gratings available for wavelengths > 1000 nm.

T-format sample compartment with excitation reference detector R
and signal detector S. The T-format design allows a second
emission-detection channel T to be incorporated. The sample
compartment also has a removable gap-bed assembly for sampling
accessory replacement.

Optional front-face collection assembly available.

Reference photodiode for excitation correction from 200-980 nm,
selected for stability.

Emission detector is a side-on R928P for high sensitivity in
photon-counting mode (180850 nm). Linearity to 2 x 10° cps; <
1000 dark counts/second

Other PMTs to 1100 nm, with thermoelectrically cooled option.

Solid-state detectors for higher wavelength emissions. CCD
multichannel detector for instant emission spectra and sample
spatial information.
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Time-domain
lifetime option

High voltage

Excitation shutter
(standard)

Integration time

Sensitivity

Lifetime range: 200 picoseconds to 0.1 milliseconds
Minimum resolution: < 7 picoseconds/channel

S or T detectors, < 1200 V for R928P

Computer-controlled

1 msto 160s

Double-distilled deionized ICP-grade water Raman scan 4000:1
S/N minimum at 397 nm, 5-nm bandpass, 1 s integration time,
background noise 1°* standard deviation at 450 nm.

Spectrofluorometer dimensions (not including computers or electronics)

3-11
3-12
3-21
3-22
3-111

3-222

Dimensions (sample
compartment)

Ambient
temperature range

Relative humidity
maximum

Power requirements

40" long % 36" wide x 13.5" high

102 cm long x 91 cm wide x 34.3 cm high

40" long x 44" wide x 13.5" high

102 cm long % 112 cm wide x 34.3 cm high
48" long x 41" wide x 13.5” high

123 cm long % 104 cm wide x 34.3 cm high
48" long % 49" wide x 13.5" high

123 cm long x 124 cm wide x 34.3 cm high
43" long x 54" wide x 13.5" high

109 cm long x 137 cm wide x 34.3 cm high
52" long x 72" wide x 13.5" high

132 cm long x 183 cm wide x 34.3 cm high
5.5" long x 7" wide % 7" high

14 cm long x 17.8 cm wide x 17.8 cm high

15-30°C

75%

1500 W
50/60 Hz single-phase
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Technical Specifications

Minimum computer requirements

Microprocessor

Operating system and
environment

Hard disk
DVD-ROM drive
Memory

Video display
Other ports

Software

Pentium 1V or higher recommended

Windows® 2000, XP Pro, Windows® 7 (in compatibility
mode), or Windows® Vista

1 GB minimum
Required
1 GB RAM

Video resolution of at least 1024 x 768

One USB port available

One serial port capable of 115 kilobaud for the
SpectrAcq

One serial port for optional plotter or mouse

One available Ethernet Network Interface Card (NIC)
connection (no hubs)

FluorEssence™ software for data-acquisition and manipulation through the Windows®

environment.
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Chapter 16 : Components &
Accessories

The Fluorolog®-3 can be configured to obtain optimum results for a variety of
applications. The basic system, regardless of configuration, consists of slits, detectors, a
xenon lamp with power supply, and a sampling module. These items can be combined
in different ways to provide maximum benefits.

The following list represents all the accessories and components (including those
mentioned above), in alphabetical order, available for the Fluorolog®-3
spectrofluorometers. A brief description of each is included in the following sections.
Like the list presented below, the descriptions that follow are alphabetized, except
where logical order dictates otherwise.

For additional information or product literature on any of these items, contact your
local HORIBA Scientific Sales Representative.
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ltemized list

Item Model Page
Assembly, Liquid Nitrogen Dewar FL-1013 16-3
Cell, HPLC Flow J1955 16-4
Cell, Micro, Adapter F-3011 16-4
Cell, Micro F-3012 16-4
Cell, Quartz 1925 16-4
Cell, Sample 1920 16-4
Cell, Sample (Reduced Volume) J650518 16-5
Cell, Sample (Microliter Sample Cell) Microsense 16-5
Correction Factor Kit F-3026 16-6
Coverslip, Monolayer CM-MH 16-7
Cryostat, Janis F-3023 16-8
Detector, Signal: CCD various 16-9
Detector, Signal: Room Temperature Photomultiplier FL-1073 16-10
Detector, Signal: Thermoelectrically Cooled Housing FL-1048 16-11
Detector, Signal: Thermoelectrically Cooled Near-IR PMT FL-1030 16-12
Dewar, Liquid Nitrogen (See Assembly, Liquid Nitrogen Dewar) FL-1013
Fiber Optic Bundles 1950 16-13
Fiber Optic Mount and Fiber Optic Bundles FL-3000 16-13
Filter, Cut-On (1" x 2") J1938 16-14
Filter, Cut-On (2" x 2") J1939 16-14
Filter Holder FL-1010 16-15
Front-Face Viewing Option FL-1001 16-16
Gratings various 16-17
Holder, Four-Position Variable Temp. Control w/ Magnetic Stirrer FL-1011 16-18
Holder, Dual-Position Variable Temp. Control w/ Magnetic Stirrer ~ FL-1012 16-20
Holder, Single-Position Variable Temp. Control w/ Magnetic Stirrer FL-1027 16-22
Holder, Solid Sample J1933 16-24
Housing, Xenon Lamp FL-1039A 16-26
Housing, Dual Lamp FL-1040A 16-27
Injector, Autotitration F-3005/6 16-28
Interface, Microscope 16-29
Lamp, Xenon 450-W FL-450X0OFR 16-30
Laser Fluorometer, Supercontinuum Fluorolog® EXTREME  16-31
Laser Input Optics accessories FC-OP-LIO1 16-32

FC-OP-LIO2 16-32
Peltier Drive, Sample Heater/Cooler F-3004 16-33
Plate Reader, 384-microwell MicroMax 384 16-34
Polarizer, L-Format FL-1044 16-35
Polarizer, T-Format FL-1045 16-35
Port, Injector FL-1015 16-36
Quantum-Yield accessory (integrating sphere) F-3018 16-37
Stopped-Flow Accessory F-3025 16-38

F-3025M
TCSPC upgrades FL-1054 16-39

FL-1057

FL-1065

FL-1066
Temperature Bath F-3030 16-40

F-3030-220
Transmission Accessory F-3031 16-41
Windows, Sample-Compartment FL-1024 16-42
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FL-1013 Liquid Nitrogen Dewar Assembly

\ &
\‘x\‘ Caution: Refer to your Material Safety Data Sheet
3 (MSDS) for information on the hazards of cryogenic
. materials such as liquid nitrogen.

For phosphorescence or delayed fluorescence
measurements, samples are often frozen at liquid-
nitrogen temperature (77 K) to preserve the fragile triplet
state. The sample is placed in the quartz cell and slowly
immersed in the liquid-nitrogen-filled Dewar flask. The
white Teflon® cone in the bottom of the Dewar flask
keeps the quartz sample-tube centered in the Dewar
flask. The Teflon® cover on the top of the Dewar flask
holds any excess liquid nitrogen that bubbled out of the
assembly. A pedestal holds the Dewar flask in the
sampling module. A special stove-pipe sample cover
replaces the standard sample lid, so that liquid nitrogen
can be added to the Dewar flask as needed. The Dewar
flask holds liquid nitrogen for at least 30 min with
minimal outside condensation and bubbling.

Included in the FL-1013 Liquid Nitrogen Dewar
Assembly, the Dewar flask can be purchased as a spare.
The bottom portion, which sits directly in the light path,
is constructed of fused silica.

@Mn‘e: If condensation appears on the
outside of the Dewar flask, it must be re-
evacuated.
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Sample Cells

‘L‘aution: Always read the Material Safety Data Sheet
(MSDS) to understand the hazards of handling your
sample.

31955 HPLC Flow Cell p—

With a sample capacity of 20 uL, this
non-fluorescing fused silica cell is
ideal for on-line monitoring of ‘H’ - !

fluorescent samples. The cell ‘25 mm T
maintains high sensitivity because it ’“‘ 21 mm ST q2.5mm

/

Incident
radiation

45 mm l_

has a large aperture for collecting the
excitation light to the sample and 20mm
fluorescence emission from the
sample. The flat sides allow maximum
throughput while keeping the scattering of the incident radiation to a minimum. The
cell fits in a standard cell holder.

F-3011 Micro Cell Adapter

This is the adapter to hold the F-3012 Micro Cell in the Sample Holder.

F-3012 Micro Cell

This non-fluorescing fused silica cylindrical cell holds 250 puL. A magnetic stirrer
cannot be used with this cell.

1925 Quartz Cuvette

With a 4-mL volume, this cell measures 10 mm x 10 mm in
cross-section, and comes with a Teflon® stopper to contain
volatile liquids.

1920 Sample Cell

This 2-mL to 4-mL non-fluorescing fused silica cell, capable of
accepting a magnetic stirrer, has a 10-mm path length and includes
a white Teflon® cap that prevents sample evaporation.

7.5 mm Luminescence
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J650518 Reduced-Volume Sample Cell

This non-fluorescing fused silica cell is selected for samples with a
maximum volume of 500 pL. The square cross-section of the sample
cavity is 5 mm. The precise imaging capability of the excitation light
focused onto the sample allows for high sensitivity. The adapter
(J650519) and a “flea” magnetic stirrer are included.

Microsense microliter sample cell

To measure fluorescence of ultra-small samples with

volumes less than 10 uL, HORIBA Scientific offers

the Microsense. This microliter sample cell allows

you to add your sample via a pipette, without

dilution for easy recovery. The Microsense provides [
accurate, repeatable fluorescence measurements.
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F-3026 Correction Factor Kit

The F-3026 Correction Factor Kit is
an NIST-traceable accessory for the
FluoroMax® and Fluorolog®
spectrofluorometers for calibrating the
relative spectral response of the
spectrofluorometer, and includes a
Spectralon® integrating sphere as a
sampling optic. Each Correction
Factor Kit includes a regulated 12
VDC power supply, a calibration
certificate, and a CD with data files
for use with FluorEssence™ software.
The Correction Factor Kit provides 50
hours of operation before
recalibration is necessary.

VAN

£Caution: Tungsten-halogen lamps can be dangerous.
They pose a risk of explosion, and are a source of
potentially hazardous bright light.
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CM-MH Monolayer coverslip =y

The CM-MH system is designed to assist researchers in recording <
cation measurements of live cells grown on the special CM-MH ™
monolayer coverslip, or other multiple-wavelength applications. A
diagram of the CM-MH accessory is shown here. The coverslip is
approximately 5 mm x 15 mm, and affixed with silicone grease to a
polished stainless-steel jig within the CM-MH.

coverslip ——
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F-3023 Janis cryostat

y

A
Y

£Caution: Refer to your Material Safety Data Sheet
(MSDS) for information on the hazards of cryogenic
. materials such as liquid nitrogen.

The F-3023 Janis cryostat is a liquid-nitrogen variable-
temperature cryostat with the sample located in flowing vapor.
Ideal for experiments with samples that are difficult to thermally
anchor, e.g., liquids or powders, the F-3023 features a top-loading
sample chamber for rapid sample-exchange, and four-way f = 1.0
optical access to the sample chamber. Among the cryostats
features are:

Quick refill with included funnel assembly.

High-quality bellows-sealed evacuation valve and a built-in
cryopump for maintaining high vacuum.

Safety pressure-relief valves protecting all independent
spaces.

Variable cooling system which places the sample in flowing
N, vapor (ideal for low thermal conduction samples),
providing excellent cooling power and temperature control. ‘.
Light-weight sample positioner/mount assembly, with multi- e ERYN =1 00
pin electrical-feed-through access to the window region, offering rotation and
translation around the cryostat’s axis.

Two silicon diodes installed on the vaporizer (heat exchanger) and sample mount,
for controlling and monitoring the system temperature.
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CCD Detectors

For multichannel spectral acquisition, many
charge-coupled devices are available to suit the o \\\\:
researcher’s needs. Both air-cooled and liquid- e
nitrogen-cooled CCDs can be inserted into the
Fluorolog®-3. Available choices include
extended-UV and near-IR detection, various
pixel sizes and arrays, and maximum-coverage
options. Contact a local Sales Representative for
details and specific model number.

‘Caution: Refer to

your Material
Safety Data Sheet
(MSDS) for
information on the
hazards of
cryogenic
materials such as
liquid nitrogen.

P o N

Symphony® Il array for
detection in the near-IR
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FL-1073 Room-Temperature Signal
Detector

The Fluorolog®-3 includes a room temperature R928P emission signal detector. This
detector is mounted to the emission monochromator and operated in photon-counting
mode. The dark count is specified at <1000 counts/second, and the R928P delivers
useful output from 190 nm to 860 nm.
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FL-1048 Thermoelectrically Cooled Signal
Detector

As arule, cooling a detector improves the S/N by reducing the inherent dark counts or
noise. For the standard signal detector, FL-1048 (described above), cooling reduces the

dark counts from 1000 cps to 20 cps; the useful wavelength band (190-860 nm)
remains the same.

The Thermoelectrically Cooled Signal Detector consists of the housing, power supply,
Model 1630 Field Lens Adapter, a black flange, and a silver adapter plate. To cool, a
water line and drain are attached to the tubing extending from the housing, and room-
temperature water is circulated through the housing.
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FL-1030 Thermoelectrically Cooled Near-
IR Photomultiplier Tube

For spectral measurements extending into the
near-infrared, the FL-1030
Thermoelectrically Cooled PMT is perfect.
Included in the FL-1030 is the
thermoelectrically cooled housing. The
InGaAs detector has a spectral range from
250 nm all the way to 1050 nm. Required for
this item is the DM302 Photon Counting
Module.
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FL-3000 Fiber-Optic Mount and 1950
Fiber-Optic Bundles

Now you can study marine
environments, skin and hair, or other
large samples in situ! For those users
who want to examine samples unable
to be inserted into the sample
compartment, the FL-3000 Fiber-Optic
Mount (plus fiber-optic bundles)
allows remote sensing of fluorescence.
The FL-3000 couples to the sample
compartment; light is focused from the
excitation spectrometer onto the fiber-
optic bundle, and then directed to the
sample. Fluorescence emission from
the sample is directed back through the
bundle and into the front-face
collection port in the sample
compartment. Randomized fiber-optic
bundles (model 1950) ranging in
length from 1 meter to 5 meters are
available. Contact the local Sales
Representative for details.

‘Cautian: Intense ultraviolet, visible, or infrared light may be present when
the sample compartment is open. Do not aim fiber-optic bundles onto
the skin or eyes. Use extreme caution with the fiber-optic probes.
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J1938 and J1939 Cut-On UV-Visible
Filters

The J1938 Cut-On Filter Set consists of 5 filters with dimensions of 1" x 2" (2.5 cm x 5
cm). To properly position the filter, the FL-1010 Filter Holder is required.

Cut-on filters are used to eliminate second-order effects of the gratings. For example, if
sample excitation is at 300 nm, a second-order peak occurs at 600 nm. If the emission
spectrum extends from 400 nm to 650 nm, a sharp spike occurs at 600 nm. This peak is
the second-order peak of the excitation monochromator. To remove this unwanted peak
in the emission spectrum, place a 350-nm filter in the emission slot. Cut-on filters
typically are used for phosphorescence measurements, where second-order effects are
likely to be found.

The sample compartment has three slots that can hold the FL-1010 filter holder. One
slot is in the excitation light path and the other two are the emission light-path
positions. To eliminate second-order effects from an excitation spectrum, install the
filter-holder and the appropriate cut-on filter in the excitation light path.

The J1939 Cut-On Filter set consists of five 2" x 2" (5 cm x 5 c¢m) filters with cut-on
wavelengths of 350 nm, 399 nm, 450 nm, 500 nm, and 550 nm. To properly position
the filter, the FL-1010 Filter Holder is required.
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FL-1010 Cut-On Filter Holder

Cut-on filters are used to eliminate second-order effects of the gratings. The sample
compartment has three slots that can hold the FL-1010 Filter Holder. Refer to J1938 or
J1939 Cut-On Filters for a detailed description of the placement of the filter holder and
the interaction of the cut-on filters and the holder.

16-15




Fluorolog-3 Operation Manual rev. G (2 May 2014) Components & Accessories

FL-1001 Front-Face Viewing Option

Designed to examine fluorescence from the
surface of solid samples, the FL-1001 Front-Face
Viewing Option includes a swing-away mirror.
This allows the researcher to change from front-
face and right-angle data collection instantly. In
the front-face collection mode, the viewing angle
IS 22.5°. The FL-1001 is ideal for such samples as
pellets, powders, inks, monolayers, dyes, turbid
materials, highly concentrated solutions, and
various solids.
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Gratings

Many gratings are available to
replace the standard model in the
Fluorolog®-3. Rulings with the
following specifications are
available:

e 300 grooves/mm

e 600 grooves/mm

e 1200 grooves/mm

fa-N

In addition, a number of different
blazes can be purchased:

e 250 nm

330 nm

500 nm

750 nm

1000 nm

All gratings are classically ruled, and measure 50 mm x 50 mm. For details and model
numbers, contact a HORIBA Scientific Sales Representative.
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FL-1011 Four-Position Thermostatted Cell
Holder

Introduction

The FL-1011 Four-Position Thermostatted
Cell Holder keeps a sample at a constant
temperature from —20°C to +80°C. The
temperature is maintained by an ethylene-
glycol-water mixture pumped through
from an external circulating temperature
bath (not included). The holder also
includes a magnetic stirrer, for mixing
turbid or viscous samples.

‘Caution: Refer to your Material Safety Data Sheet (MSDS) for
information on the hazards of an ethylene-glycol-water mixture.

Installation

Remove the compartment gap-bed.
Position the FL-1011 gap-bed drawer.
Tighten with four screws.

Attach the 74" tubing to the brass inlets on the
bottom of the holder.

‘L‘auﬁon: Failure to clamp these hoses securely
may result in flooding and damage to the optics
and electronics of the instrument.

16-18

> OWDN B




Fluorolog-3 Operation Manual rev. G (2 May 2014) Components & Accessories

Use

1

WM

Place the sample in a 10 mm x 10 mm cuvette

and insert a magnetic stirring bar.
The stirring bar is available from Bel-Art Products, Pequannock, NJ

Place a cuvette in each holder.

Allow the samples to @
reach the desired Note: While the four-

position model maintains

temperature. the temperature of all four
. samples, only one sample
Tl_.ll’l"l on the magnetlc IS mixed at a time.
stirrer.
Select the appropriate @
mixing Sp_eed- Note: Selecting too
The speed at which the sample should be high a speed may
mixed depends on the viscosity of the create a vortex,
sample. which could affect
. the reproducibility of
Run your experiment as the measurement.
usual.

Either right-angle or front-face detection can be used.

Place the next cuvette in the sample position by
lifting up the knob and rotating the holder.

Be sure to press down, to lock the cuvette into the proper position.
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FL-1012 Dual-Position Thermostatted Cell
Holder

Introduction

The FL-1012 Dual-Position Thermostatted
Cell Holder keeps a sample at a constant
temperature from —20°C to +80°C. The
temperature is maintained by an ethylene-
glycol-water mixture pumped through
from an external circulating temperature
bath (not included). The holder also
includes a magnetic stirrer, for mixing
turbid or viscous samples.

‘Caution: Refer to your Material Safety Data Sheet (MSDS) for
information on the hazards of an ethylene-glycol-water mixture.

Installation

Remove the compartment gap-bed.
Position the FL-1012 gap-bed drawer.
Tighten with four screws.

Attach the V4" tubing to the brass inlets on the
bottom of the holder.

‘Caution: Failure to clamp these hoses securely
may result in flooding and damage to the optics
and electronics of the instrument.
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Use

1

WM

Place the sample in a 10 mm x 10 mm cuvette

and insert a magnetic stirring bar.
The stirring bar is available from Bel-Art Products, Pequannock, NJ

Place a cuvette in each holder.

Allow the samples to @
reach the desired Note: While the two-

position model maintains

temperature. the temperature of both
. samples, only one sample
Tl_.ll’l"l on the magnetlc IS mixed at a time.
stirrer.
Select the appropriate @
mixing Speed- Note: Selecting too
The speed at which the sample should be high a speed may
mixed depends on the viscosity of the create a vortex,
sample. which could affect
. the reproducibility of
Run your experiment as the measurement.
usual.

Either right-angle or front-face detection can be used.
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FL-1027 Single-Position Thermostatted
Cell Holder

Introduction

The FL-1027 Single-Position
Thermostatted Cell Holder keeps
a sample at a constant
temperature from —20°C to
+80°C. The temperature is
maintained by an ethylene-
glycol-water mixture pumped
through from an external
circulating temperature bath (not
included). The holder also
includes a magnetic stirrer, for
mixing turbid or viscous samples.

&L‘aution: Refer to your Material Safety Data Sheet (MSDS) for
information on the hazards of an ethylene-glycol-water mixture.

Installation

Remove the existing holder from the posts.
Replace with the FL-1027.
Tighten the two thumbscrews.

Attach the V4" tubing to the brass inlets on the
bottom of the holder.

‘Caution: Failure to clamp these hoses securely
may result in flooding and damage to the optics
and electronics of the instrument.
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Use

1

(@) RS- w N

Place the sample in a 10 mm x 10 mm cuvette

and insert a magnetic stirring bar.
The stirring bar is available from Bel-Art Products, Pequannock, NJ

Place a cuvette in the holder.

Allow the sample to reach the desired
temperature.

Turn on the magnetic stirrer.

Select the appropriate @

mixing speed. Note: Selecting too

The speed at which the sample should be high a speed may

mixed depends on the viscosity of the create a vortex,

sample. which could affect
. th ducibility of

Run your experiment as e Y

usual.
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J1933 Solid Sample Holder

Introduction

The J1933 Solid Sample Holder is designed for
samples such as thin films, powders, pellets,
microscope slides, and fibers. The holder consists of
a base with graduated dial, upon which a bracket, a
spring clip, and a sample block rest.

Installation

1 Remove the present holder.
2 Position the base on the posts.
3 Tighten the two thumbscrews.

‘Caution: Always read the Material Safety Data Sheet
(MSDS) to understand the hazards of handling your
sample.

Use with pellets, crystals, creams, gels, powders, and
similar materials:

1 Fill the well of the block.

72 Place a quartz coverslip or Teflon® film over the

well.
This holds the sample in place when vertically positioned.

3 cCarefully insert the block between the bracket
and spring clip, so that the sample is
perpendicular to the excitation light.

@Note: When the sample is perpendicular the light is collected at
an angle of 22.5°. This orientation minimizes stray and
reflected light off the surface of the sample.
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Use with samples such as thin films, microscope
slides, fibers, or other materials:

1 Place the material on the block on the side
opposite that of the well.

2 Insert the block between the bracket and spring
clip.

The sample should be perpendicular to the excitation light and fluorescence
collected using front-face detection.

3 Select front-face detection by turning the knob
on the top panel of the sample compartment to
FF (front-face).

@Note: In the sample compartment, the 1692M Selection Mirror
is an option. If front-face measurements are to be acquired,
this mirror must be installed in the sample compartment.

@Note: Before scanning a solid sample, HORIBA Scientific
recommends running a water-Raman scan in a cuvette with
front-face detection. This ensures accurate alignment of the
1692M Selection Mirror.
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FL-1039A Xenon Lamp Housing

The FL-1039A is the standard lamp housing for the 450-W xenon lamp. The power
supply is included internally.

FL-1039A Lamp Housing.

‘L‘aution:This lamp emits intense light
and heat, and contains xenon gas
under pressure. Understand all

safety precautions before handling
or using this xenon-arc lamp.
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FL-1040A Dual Lamp Housing

The FL-1040A Dual Lamp Housing contains both the standard continuous 450-W
xenon lamp and a UV xenon flash tube. A swing mirror selects which of the two
sources excites the sample. This housing with pulsed lamp is useful for studies of
phosphorescence lifetimes and decay analysis. The power supply is internal to the
housing.

The phosphorimeter adds a programmable, pulsed excitation source and selectable
signal gating from the signal photomultiplier tube. This provides time-discrimination
capability to sort out the lifetimes of simultaneous, competing luminescence emissions.
Because the duration of each exciting pulse from the phosphorimeter is very short (~3
us), lamp interference during acquisition of decay curves is minimized. This allows the
researcher to follow the decay of samples an order-of-magnitude faster than can be
achieved with conventional systems that depend on mechanical choppers.

To run phosphorescence experiments, the FL-1040A dual-lamp housing is required. To
use the phosphorimeter, direct the FluorEssence™ software to run a phosphorescence
experiment. This action rotates a mirror inside, directing light from the flash tube to the
sample:

Mirror

Caution: This lamp emits intense light
and heat, and contains xenon gas
under pressure. Understand all
safety precautions before handling or
using this xenon-arc lamp.
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F-3005/6 Autotitration Injector

For controlled, automatic injection of
aliquots into the sample of your choice,
the F-3005/6 Autotitration Injector is
just the thing, available in both 110 V
(F-3005) and 220 V (F-3006) models.
The F-3005/6 comes with dual
syringes, for complete control over
dispensing and aspirating volumes of
liquids into and out of the sample cell.
A mix function is included. With the
injector come 18-gauge Teflon® tubing
and two syringes (1 mL and 250 uL).
The syringes are interchangeable;
aliquot size is controllable to 0.1% of
total syringe volume.

£Caution: Always read the Material Safety Data Sheet (MSDS) to
understand the hazards of handling your sample.
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Microscope Interface

The Microscope Interface eases the
use of the Fluorolog®-3 system for
fluorescence-microscopy
measurements. The accessory
includes fiber-optics to bring
excitation light to the microscope’s
stage and emission light to the
emission monochromator, plus a
sample-compartment adapter to direct
light in and out of the Fluorolog®-3.

S AW

A

i

T2

Y

Microscope Interface.

Fiber-optics in
sample compartment

‘L‘autioﬂ: Intense ultraviolet, visible, or infrared light may be present when
the sample compartment is open, so avoid looking at the beam or its
reflections. Do not aim fiber-optic bundles onto the skin or eyes. Use
extreme caution with the fiber-optic probes.
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FL-450XOFR 450-W Xenon Lamp

The FL-450XOFR 450-W xenon lamp delivers light from 240 nm to 850 nm for sample
excitation. The lamp has an approximate life of 2000 hours, and is ozone-free. The
lamp is designed to fit into the FL-1039 Xenon Lamp Housing and the FL-1040 Dual
Lamp Housing.

450-W xenon lamp, removed from the protective case.

contains xenon gas
under pressure.
Understand all
safety precautions
before handling or
using this xenon-arc
lamp.

/A
Y

, £6‘aution: This lamp
) emits intense light
and heat, and
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Fluorolog® EXTREME Supercontinuum
Laser Fluorometer

lll||l||II|I|I||lIlIlIII||I

The Fluorolog® EXTREME is the world’s first fully integrated supercontinuum laser-
powered spectrofluorometer.

Optimized optomechanical coupling and complete software integration mean plug-and-
play simplicity. The Fluorolog® EXTREME offers exceptional excitation power for
steady-state measurements, especially in the near-IR. This solution represents the first
time the high intensity and broad wavelength-range of a supercontinuum laser have
been seamlessly integrated into a commercial spectrofluorometer.
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FC-OP-LIO1 and FC-OP-LIO2 Laser Input
Optics accessories

For research and analysis using your own external mode-locked laser, such as a
Ti:sapphire, add the Laser Input Optics to your Fluorolog®-3. The standard FC-PLIO1
accessory includes input iris and tube to the Sample Compartment to exclude ambient
light, a beam-steering mirror, a polarizer mount (polarizer not included), filter and lens
mount for 1” (2.5 cm) optics, beam-sampling plate, photodiator and discriminator for
optical synchronization, and more. The anisotropy input accessory FC-OPLIO2 enables
you to perform anisotropy and polarization measurements, with the FCOP-LIOL. It
includes a Babinet-Soleil compensator, and two extra prism polarizers in mounts.
Contact your HORIBA Scientific Sales Representative for details. Note that the laser
itself is not included in these accessories.

RED = Internal Optics Assembly
o o I—

Fixing Screw g=- i
ra

O . o ftemmass I Beam Steering Mirror

o
° / O ixing Screw|

/ Focusing Lens
——

BLACK = FL3 Sample Holder Gap-bedL
Sample Holder

BLUE = External Optics Assembly

Input Iris
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F-3004 Sample Heater/Cooler Peltier
Thermocouple Drive

For rapid control of the
sample’s temperature in the
Fluorolog®-3’s sample
compartment, choose the F-
3004 Peltier Drive. Instead of
messy fluids, the Peltier
device heats and cools the
sample thermoelectrically and
fast! The temperature range is
—10°C to +120°C. To prevent
condensation of moisture on
chilled cuvettes, an injection
port for dry nitrogen gas is
provided. All software is
included, along with a
controller and stirring
mechanism.

F-3004 Sample Heater/Cooler Peltier Thermocouple Drive.

STATUS

TEMP LIM

OUTPUT

Peltier controller.

5 Amp - 40 Watt
Temperature Controller

avelength Electronics
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MicroMax 384 Microwell Plate Reader

I [MicroWejy
y PLATE READER HORIBA

The MicroMax 384 Microwell Titer-Plate Reader allows multiple samples to be
scanned in one experiment. The MicroMax 384 is controlled through FluorEssence™
software via a serial port to the host computer. The titer plate moves beneath a
stationary optical beam, and fluorescence measurements are collected with top-reading
geometry. Thus, any titer plates—even disposable ones—may be used. Plates with 96
and 384 wells may be inserted into the MicroMax 384, with a scan speed < 1 min for
all plates.

Various scan types are possible:

» Single-Point Analysis < Excitation
* Emission » Time-Base
* Synchronous * Multigroup

Signals are transmitted between the Fluorolog®-3 and the MicroMax 384 via fiber-optic
bundles.

‘L‘aution: Always read the Material Safety Data Sheet
(MSDS) to understand the hazards of handling your
sample.
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FL-1044 L-Format Polarizer & FL-1045 T-
Format Polarizer

For L-format
spectrofluorometers, the FL-1044
dual polarizer is ideal. The kit
includes two polarizers, to be
placed at the entrance and the
exit of the sample compartment.
The polarizers are fully
automated, and are adjustable to
within 1° rotation. Insertion and
removal from the optical path is
controlled by the computer. For
T-format spectroscopy,
researchers should order the FL-
1045 third polarization unit in
addition to then FL-1044.

£Caution: Intense ultraviolet, visible, or infrared light may
be present when the sample compartment is open, so
avoid looking at the beam or its reflections. Do not aim
fiber-optic bundles onto the skin or eyes. Use extreme
caution with the fiber-optic probes.
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FL-1015 Injector Port

For the study of reaction kinetics, such as Ca®* measurements, the FL-1015 Injector
Port is ideal. This accessory allows additions of small volumes via a syringe or pipette
to the sample cell without removing the lid of the sample compartment. With the
injector in place, a lock-tight seal is achieved, prevented both light and air from
reaching the sample. The Injector Port will accommodate most pipettes and syringes,
with an injection hole diameter of 0.125” (3.2 mm). A cap is included to cover the port

when not in use.

&L‘aution: Always read the Material Safety Data Sheet
(MSDS) to understand the hazards of handling your

sample.
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Quanta-¢ Quantum-Yield accessory

The F-3018 Quanta ¢ integrating sphere is used
in the Fluorolog®-3 spectrofluorometer to study
fluorescence from solid and liquid samples.
The sphere has an internal diameter of 6” (15
cm). Of special interest is the measurement of
photoluminescence quantum yields of such
materials, especially for thin solid films.
Measurement of quantum yields of solids
requires more complicated apparatus when an
integrated sphere is unavailable. The
integrating sphere’s base mounts directly on the
gap-bed, and is inserted into the
spectrofluorometer’s sample compartment.
Exclusive HORIBA Scientific software is
included for automatic calculation of quantum
yields, absorptions, and CIE (1931 and 1976)
color values.

Quantum-yield accessory.

HORIBA Jobin Yvon Quantum Yield and Colour Calcutator
HORIBA

Cachuson

Results.

Absorption 29.7%|
Quantum Yield 40.3%)|

Color
06038 o 0.360)]
03956 v 0.5444]

e Quantum Yield and Color Calculator

( : V software.
‘Caution: Always read the Material Safety Data Sheet
(MSDS) to understand the hazards of handling your
sample.
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Stopped-flow accessory F-3025

The stopped-flow rapid-
kinetics accessories F-3025
and F-3025M offer versatility
for spectroscopic monitoring
of fast reactions in solution.

In addition to the conventional
two-syringe mixing system,
there is also a three-syringe
version with two sequential
mixers in the cell, giving you
an option to do double-mixing.
Further choices include a
micro-volume version,
reducing the volumes of
reagents required to load the
instrument, and thus improve
sample economy.

The stopped-flow accessory permits observation of the reaction rate of two reactants
forced through a mixing chamber, and into an observation cell. The reactant solutions
are contained in drive syringes whose pistons simultaneously are driven. After leaving
the observation cell, the reactants advance a stop syringe, triggering data-acquisition by
the spectrofluorometer.

This accessory has been designed to suit the particular needs of Fluorolog®
spectrofluorometers. The optical cell matches the beam geometry of this instrument. A
cable is supplied so data-acquisition can be externally triggered at stopping, providing a
reproducible time-zero registration for all traces, and allowing accurate overlay and
averaging.

Model F-3025 includes 600 mm of tubing, while F-3025M has 300 mm of tubing.

él}autioﬂ: Always read the Material Safety Data Sheet
(MSDS) to understand the hazards of handling your

sample.
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TCSPC upgrades FL-1054, FL-1057, FL-
1065, and FL-1066

Now you can have The World’s
Most Sensitive Spectrofluorometer
you’ve come to expect in the
Fluorolog®-3, with the bonus of
pico- and nanosecond lifetime
capability. Time-correlated single-
photon counting, or TCSPC, is
perfect for dynamic anisotropy,
TRES, and virtually any
application requiring time-
resolution, all with the ultimate,
unrivaled sensitivity of digital
photon-counting that strips away
the noise, rather than adding noise to your signal the way an analog system does.

The pulsed sources used in the TCSPC upgrades are our NanoLED and SpectraLED
solid-state pulsed diodes—which can be ordered from a full spectrum of wavelengths
ranging from deep-UV to near-IR—our broad-band coaxial nanosecond flashlamp, and
submicrosecond xenon spark-lamp. The Triple-
[lluminator version (FL-1054) includes all steady-
state or pulsed sources, switchable with the turn of
a knob, attached to a special module. The
economical NanoLED version (FL-1057) is a
sample-drawer with pulsed NanoLED mounted on
the sample compartment itself.

The FL-1065 is a new FL-1057 with a
thermostatted sampling module, while the FL-
1066 is the thermostatted upgrade to an existing
FL-1057.

The TCSPC upgrades for the Fluorolog®-3 include all electronics, a special sample
compartment (for the FL-1057), and your choice of NanoLED or SpectraLED.

A CAUTION

VISIBLE AND INVISIBLE LASER RADIATION.
DO NOT STARE INTO BEAM.
(CLASS 2 LASER PRODUCT.

This product comples wih 21 CFR 1040.10
wxoept for deviations pureuant ko Laser
Notios 80 (July 26, 2001) and EN 60826-1:2001.

e

T N

‘Cautian: Intense ultraviolet, visible, or infrared light may
be present when the sample compartment is open. Do
not aim fiber-optic bundles onto the skin or eyes. Use
extreme caution with the fiber-optic probes.
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F-3030 Temperature Bath

For studies of samples whose properties are
temperature-dependent, use the F-3030
Temperature Bath. The controller circulates
fluids externally, with tubes leading to the
sample chamber. The temperature range is
from —25°C to +150°C. Sensor and all
cables are included with the F-3030. The
Temperature Bath is available ina 110 V
(F-3030) and 220 V (F-3030-220) version.

‘Waming: Refer to your Material Safety Data Sheet (MSDS) for
information on the hazards of an ethylene-glycol-water mixture.

This instrument uses high-temperature fluids, which can cause severe
burns.
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F-3031 Transmission Accessory

The F-3031 Transmission Accessory
allows you to collect absorbance
(transmittance) spectra of fluorescence
samples. Such spectra can be used to
verify that sample concentrations are
appropriate, or even to correct for inner-
filter effects. It comes assembled as a
complete gap-bed, ready to insert into the
Fluorolog®’s sample compartment.

The spectral range is 220-1000 nm. The
F-3031 includes a DM303 electronics
module and required cables. When used, it is configured as an “A” (auxiliary) detector
in the instrument configuration.
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FL-1024 Windows on the Fluorolog®-3
sample compartment
Introduction

The FL-1024 windows are useful when the sample compartment contains a sample
chilled with liquid-nitrogen, in order to prevent condensation on the optics. With the
windows installed, the sample compartment can be purged with dry nitrogen gas.

Installing the windows

1 Prepare the instrument.

‘Caution: Never touch any optical surfaces of the
gratings, mirrors, etc.

. Remove the instrument cover.

D Remove baffles.
Remove 2 cap screws
holding each baffle in
place.

@Note:

Remove the
baffles for
easier
access.

Windows will be
§ mounted here.

New beam-splitter will be
mounted here.

C Remove mirror from its
mount.
Loosen set screw on top
of mirror.
Remove cap screw from
back of mirror.

@Note: Remove the

mirror temporarily
because it is close to
the beam-splitter.
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2  Replace the beam-splitter
assembly.

a

Remove old beam-splitter assembly
from external wall of sample
compartment.

b Insert two 6-32 x 3" cap screws in the
side holes of the new beam-splitter
assembly.

C Mount new assembly on
external wall of sample
compartment.

d  Add third 6-32 x %" cap
screw to mount assembly
on sample compartment.

e Tighten all 3 cap screws.

3 Insert window

assembly.

a Snap one window
assembly onto an external side-wall ~— #
of sample compartment.

b Insert a 6-32 x 3&" cap screw.

C Tighten the cap screw.

d Repeat steps (a) through (c) for the

other window assembly.
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4

Replace mirror and
baffles.

a

C

Install purge port.

a

Replace mirror on
mount.

Replace cap screw on
back of mirror.
Tighten set screw on
top of mirror.

Center the excitation
beam’s image on
photodiode.

Loosen two cap screws:
Slide photodiode
sideways in order to
center image on it.
Tighten the two cap
SCrews.

Replace baffles using two
cap screws for each.

Remove plastic original
plug, using a 3/16" Allen
key.

New purge port.
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b Screw in manually the
new metal purge port.

C Tighten with a 7/16”
wrench.

d Remove the plastic cap
whenever a hose is to be
attached to the new
purge port.

@Note: The

plastic cap
also prevents
light from
entering the
sample
compartment.

6 Close the
instrument’s cover.
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Chapter 17 : Reassembly
Instructions é 6.
Introduction recommend reassermby

by the user. Contact the

The Fluorolog®-3 system consists of four main Service Department for

components: reassembly. Moving the
e Personal computer Fluorolog®-3 system may
e Color monitor degrade performance, and
e Expanded keyboard invalidates all warranties
e Fluorolog®-3 spectrofluorometer by HORIBA Instruments

Incorporated.
An optional printer may also be included. A
Fluorolog®-3 spectrofluorometer is a combination of discrete modules and components.
These components include an excitation monochromator, an emission spectrometer,
sample compartment, xenon light source and a System Controller (SpectrAcq).

Occasionally, because of relocating the instrument, reassembling the system is
necessary. The following instructions are provided solely as a guide.

Host computer

The host computer must be set-up and operating before the spectrofluorometer system
can be connected.

1 Connect the host @

, Notfe: The computer’s
computer’'s components COM1 port wil be
according to the connected to the
. . . System Controller in a
instructions supplied later step. Make sure
with the Computer. this port is available.

2 Plug the power cables
from the monitor, the main unit (CPU), and the
printer or plotter into outlets with the proper line
voltage.

‘Caution: Do not turn on the computer or the
peripherals.
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Spectrofluorometer assembly

After the host computer has been assembled, the external components of the
Fluorolog®-3 spectrofluorometer must be connected. The modules of the Fluorolog®-3
fit together in a seamless configuration. Each module and the lamp housing have
alignment studs, alignment receptacles, and D-connectors on the outside of the housing:

Stud receptacle Stud

Reassembly Instructions

Male D-connector Female D-connector

1 Assemble the spectrofluorometer system’s

modules into the proper configuration.
That is, attach the monochromators to the sample compartment, and the lamp

housing to the excitation monochromator.

Emission .

spectrometer

Example of a Fluorolog®-3 configuration.

Excitation
monochromator

Sample compartment
module

@Note: See Chapter 2, System Description, for configurations.

Concerning the lamp housing, xenon sources, and cautions,
see Chapter 6, System Maintenance.
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Cable connections

These cables connect the ”Lm T
spectrofluorometer demsadecnanaa )
components with the e —

SpectrAcqg (SAC) and the
computer system.

D-shell Connector

The jacks on the rear of the
SpectrAcq are shown to the right:

@Note: The actual layout of

connections on the rear of
the SpectrAcg may vary,
depending on the system’s
configuration.

(HV4, HV3, HV2,) HV1
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The cable diagram below shows the path of each cable. During installation, refer to the
schematic to ensure proper system interconnections.

Reassembly Instructions

AC
mains AC_ AC_
mains mains
Lamp
housing System
Vg TRy controller
) (SAC,
Mono drive SpectrAcq)
Excitation @ HV]O
monochromator Out
In DM302 >— 20
module  [power A
r
Emission
Sample spectrometer @
compartment
module G
Signal
detector

@M){e: May be a

single- or double-
ended cable.

@Mn‘e: Use HV2 for the
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Connecting the reference detector to the SpectrAcq

The Fluorolog®-3 spectrofluorometer system comes standard with a silicon-photodiode
reference detector inside the sample-compartment module. The connections to the
reference detector are on the outside front of the sample-compartment module. The
sample-compartment module (reference detector) is joined with the SpectrAcq via a
split cable; that is, a cable with three ends.

1

Find the double-headed BNC '

; connector
end of the split cable
J33979A.

Plug the end with the 7-
pin D-shell connector into
the D-shell jack on the
front of the sample
compartment module.

Plug the BNC plug into the
BNC jack next to the D-
shell jack.

‘
Plug the remaining D-shell

end of the cable into the INPUT R connector on
the back panel of the SpectrAcq.

DM302 PC module and signal-detector connections

1
2

Plug the end of the high-voltage cable J34040
with the MHV connector into the signal detector.

Connect the other end to the HV1 SHV
connector on the SpectrAcg.

The DM302 PC module has three plugs labeled
SIGNAL OUT, POWER and IN. Plug the short
cable J30645 with the BNC connector from the
signal detector to the IN connector on the
DM302.

The DM302 is joined to the SpectrAcq via the split cable J33977.
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4 Take the bifurcated end of the J33977 split
cable.

5 Plug the end with the 4-pin circular connector
into the POWER jack of the DM302, and the
BNC plug into the OUT jack of the DM302.

6  Plug the remaining end of the J33977 cable into
the INPUT S connector on the back panel of the
SpectrAcqg. 1

25-pin—9-pin cabie
Sample compartment module

1 Insert the 25-pin—9-pin cable
J400108 between the
sample compartment and
the Mono Drive jack on the
SpectrAcqg.

Xenon-lamp power supply

The xenon lamp’s power supply is integrated
into the lamp housing. No additional
connections are required.

Host computer to SpectrAcq

The spectrofluorometer system is controlled via the SpectrAcq through the host
computer.

1  Connect the 9-pin—9-pin connector cable
between COM1 of the host computer and COM1
of the SpectrAcqg.
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Connecting power cables

Several components in the system have AC power cables. These items include:
SpectrAcq

CCD-detector power supply

Host computer (and peripherals)

Xenon lamp -~
Accessories (such as MicroMax, temperature bath, etc.) @

1 Plug the AC components into a @
properly rated receptacle or power @
strip.

Calibrate the system before conducting an
experiment.

Refer to the appropriate chapter for calibration instructions.

@Note: To properly operate the equipment, have a complete
understanding of the software. Read the FluorEssence User’s Guide
to gain an understanding of the system interaction, and to discover
the best methods to unleash the power of FluorEssence™.
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Glossary

Chapter 18 : Glossary

3D excitation/emission
display

Absorption

Absorbance

Bandpass

Bandpass filter

Bioluminescence

Blaze wavelength

Chemiluminescence

Color effect for pulse
technique

Color effect for phase-
modulation technique

Corrected emission
scan

Corrected excitation

This maps a specified emission-scan wavelength range using various
excitation wavelengths.

Transition, when a photon enters a molecule, from the ground state to
the excited singlet state. This process typically occurs in ~10 7 s.

The extent of absorption by a substance. Absorbance, A, is —log T,
where T is the transmittance of the sample. Absorbance is also
synonymous with optical density (OD). Absorbance can be calculated
using the Beer-Lambert Law:

OD=A=¢cl=—logT

where ¢ = the extinction coefficient (M~ cm™); ¢ = sample
concentration (M); | = path length (cm)

The wavelength range of light passing through the excitation and
emission spectrometers. The wider the bandpass, the higher the signal
intensity.

Optical element that selectively transmits a narrow range of optical
wavelengths.

Emission of light originating from a chemical reaction in a living
organism.

Wavelength at which a grating is optimized for efficiency. Generally
the gratings are efficient to % before the blaze wavelength to twice the
blaze wavelength. The excitation and emission gratings are blazed in
the UV and visible respectively.

Emission of light originating from a chemical reaction.

Time-dependent wavelength distribution of the lamp pulse.
Phase of the excitation and the degree to which it is modulated.

An emission scan corrected for the wavelength characteristics of the
emission monochromator and the response of the signal detector. To
obtain a corrected emission scan, an emission spectrum is multiplied by
the emission correction factors. An emission correction-factor file is
supplied with the instrument and stored as mcorrect . spt on the
software disks. (Use tcorrect. spt for the T-side detector.)

An excitation scan corrected for the wavelength characteristics of the
xenon lamp, the aging of the xenon lamp, and the gratings in the
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scan

Correction factors

Cut-on filter
Cut-off filter

Dark counts

Emission scan

Excitation scan

Extrinsic fluorescence

Flash lamp

Fluorescence

Fluorescence lifetime

Front-face detection

Grating

Glossary

excitation monochromator. To obtain a corrected excitation scan, the
detector signal is ratioed to the reference signal (e.g., S1/R1), which
provides 90% of the correction. To obtain a completely correct scan,
the excitation scan acquired in the manner described above is
multiplied by correction factors. An excitation correction-factor file,
xcorrect.spt, is included with the software.

Compensates for the wavelength-dependent components of the system,
like the xenon lamp, gratings, and signal detector. Emission and
excitation correction-factor files are included with the software and are
titled xcorrect.spt and mcorrect.spt (tcorrect.spt for
the T-side detector).

Optical component that passes light of a higher wavelength.
Optical component that passes light of a lower wavelength.

Inherent background signal of the photomultiplier when high voltage is
applied. Cooling the detector decreases the dark counts.

Shows the spectral distribution of light emitted by the sample. During
an emission scan, the excitation monochromator remains at a fixed
wavelength while the emission monochromator scans a selected region.

Shows the spectral distribution of light absorbed by the sample. To
acquire an excitation scan, the excitation monochromator scans a
selected spectral region while the emission monochromator remains at
a fixed wavelength.

Inherent fluorescence of probes used to study non-fluorescent
molecules.

A lamp that provides pulsed-light output to excite a sample. Can be
either “free running” or “gated.”

The emission of light or other electromagnetic radiation during the
transition of electrons from the excited singlet state to the ground state.
Fluorescence typically occurs within about ~10 7 s.

The average length of time that a molecule remains in the excited state
before returning to the ground state.

A mode of detection in which fluorescence is collected off the front
surface of the sample. Front-face detection usually is selected for
samples such as powders, thin films, pellets, cells on a cover-slip, and
solids.

Optical element in the monochromator, consisting of finely scribed
grooves that disperse white light into a spectrum.
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Inner-filter effect

Intrinsic fluorescence

Laser

Mercury lamp

Mirror-image rule

Monochromator

Optical density
Optical-density effects

Phosphorescence

Pulse-sampling method

Raman scattering

Rayleigh scattering

Glossary

The absorption of the excitation beam or fluorescence emission from a
concentrated sample by components in the sample. Note there are
Primary and Secondary inner-filter-effects (IFEs). IFEs reduce the
signal intensity from the sample creating artifacts in the spectra. For
this reason, we recommend using concentrations of <0.05 OD ina 1-
cm-pathlength cell. The Aqualog IFE tool can automatically correct
most samples for IFE. IFE correction requires the sample concentration
be in the linear Beer-Lambert region.

The natural fluorescent properties of molecules.

A monochromatic light source that provides high intensity of
excitation.

Light source that emits discrete, narrow lines as opposed to a
continuum. A mercury lamp can be used to check the monochromator’s
calibration.

When the emission profile appears to be the mirror image of the
absorption spectrum.

The component in a spectrofluorometer that is scanned to provide the
excitation and emission spectra. Monochromators are chosen for stray-
light rejection, resolution, and throughput.

A synonym of Absorbance. See Absorbance.

Fluorescence intensities are proportional to the concentration over a
limited range of optical densities. High optical densities can distort the
emission spectra as well as the apparent intensities.

The emission of light or other electromagnetic radiation during the
transition of electrons from the triplet state to the ground state.
Phosphorescence is generally red-shifted relative to fluorescence and
occurs within ~10° s to several seconds. To enhance phosphorescence
detection, samples are often chilled to liquid-nitrogen temperature (77
K).

A technique for measuring fluorescence lifetimes, in which an initial
population of fluorophores is excited by infinitely short pulses of light.
An advantage of this technique is the direct recording of time-resolved
emission spectra.

Scattering caused by vibrational and rotational transitions. Raman
bands generally appear red-shifted relative to the incident
electromagnetic radiation. The primary characteristic of Raman scatter
is that the difference in energy between the Raman peak and the
incident radiation is constant in energy units (cm ™).

Light scattering from particles whose dimensions are much smaller
than the wavelength of incident light. The scattered light is of the same
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Rayleigh-Tyndall
scattering

Red-sensitive
photomultiplier
Reference photodiode

Resolution

Resonance energy
transfer

Right-angle detection

Scatter

Signal photomultiplier

Singlet state

Stokes shift

Synchronous scan

TCSPC

Time-based scan

Glossary

energy as the incident light. Rayleigh scatter shows scatter radiation
intensity inversely proportional to the 4™ power of the wavelength of
incident radiation.

Combination of Rayleigh and Tyndall scatter. These two scattering
phenomena cannot be separated. If the molecule’s Stokes shift is small,
Rayleigh-Tyndall scatter will limit the ultimate resolution.

A photomultiplier-tube detector that extends fluorescence detection to
850 nm.

Solid-state detector used to monitor the output of the xenon lamp.

The ability to separate two closely spaced peaks. Resolution can be
improved by decreasing the bandpass and the increment (step size).

The transfer of the excited energy from a donor to an acceptor. The
transfer occurs without the appearance of a photon and is primarily a
result of dipole-dipole interactions between the donor and acceptor.

Collection of fluorescence at 90° to the incident radiation. Right-angle
detection typically is selected for dilute and clear solutions.

A combination of Raman, Rayleigh, and Rayleigh-Tyndall scattering,
which can distort fluorescence spectra with respect to intensities and
wavelengths.

Detector commonly used to measure excitation and fluorescence from
the sample. It is operated in photon-counting mode to provide high
sensitivity. Different detectors cover different wavelength regions.

The spin-paired ground or excited state. The process of absorption
generally produces the first excited singlet state that emits fluorescence,
or undergoes intersystem crossing to form a triplet state.

Generally, the energy-difference between the absorption peak of lowest
energy and the fluorescence peak of maximum energy.

Scan that characterizes the overlap between the excitation and
emission. The excitation and emission monochromators are scanned
simultaneously, with a constant offset specified as either nanometers
(wavelength units) or in cm™ (energy units).

Time-correlated single-photon counting. Technique in which the
sample is excited by a pulsed source, and the sample’s fluorescence is
collected over the course of many pulses. The arriving photons are
timed after the excitation. Gradually a decay curve is built up and the
sample’s fluorescent lifetime is calculated.

Scan in which the sample signal is monitored while both the excitation
and the emission monochromators remain at fixed wavelengths. Time-
based data are used to monitor enzyme kinetics, dual wavelength
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Time-resolved emission
scan

Triplet state (T1)

Tyndall scattering

Xenon lamp

Xenon-lamp scan

measurements, and determine the reaction rate constant.

Scan in which the emission spectra are acquired at various times after
the excitation pulse. Provides insight into excited-state reactions,
charge-transfer-complex formation, solvent dipolar relaxation and other
experiments.

The spin-paired ground or excited state formed from the excited singlet
state when paired electrons become unpaired. The triplet state emits
phosphorescence.

Scatter that occurs from small particles in colloidal suspensions.

Lamp that produces a continuum of light from the ultraviolet to the
near-infrared for sample excitation.

A profile of the lamp output as a function of wavelength. The lamp
scan is acquired with the reference detector while scanning the
excitation spectrometer. The maximum xenon-lamp peak at 467 nm can
be used to determine proper calibration of the excitation spectrometer.
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Chapter 20 : (¢ Compliance
Information

Declaration of Conformity

Manufacturer: HORIBA Instruments Incorporated
Address: 3880 Park Avenue

Edison, NJ 08820

USA
Product Name: Fluorolog-3

Product Model Numbers: FL3-11, FL3-12, FL3-21, FL3-22
FL3C-11, FL3C-12, FL3C-21, FL3C-22

Consisting of Combinations FL-1016 SpectrAcq Controller
of the Following: FL-1039A / FL-1040A Illuminator Box
FL-1005 Double Monochromator
FL-1004 Single Monochromator
FL-1073 Uncooled PMT Assembly
FL-1048 / FL-1030 Cooled PMT Assemblies
FL-1000 Sample Compartment
FL-1011, FL-1012, FL-1041, 400313 Sample Drawers
FL-1014 Sample Compartment Electronics
DM302 Photon-Counting Module
DM303 / DM303M Current & Voltage-Input Modules
FL-1083-XXX, FL-1081, FL-1092 NIR PMTs
FL-1096 / 220ASH Shutter Assemblies
FL-1044 / FL-1045 Auto Polarizers
DSS-IGAXXXX DSS Detectors
DSS-15V-TEP DSS Controller

Conforms to the following Standards:

Safety: EN 61010-1: 2001
EN 61010-1: 2001/AC: 2002
EMC: EN 61326-1: 2006 (Emissions & Immunity)

Supplementary Information

The product herewith complies with the requirements of the Low Voltage Directive
2006/95/EEC and the EMC Directive 2004/108/EC.

The CE marking has been affixed on the device according to Article 8 of the EMC
Directive 2004/108/EC.
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The technical file and documentation are on file with HORIBA Instruments
Incorporated.

Orfelintec /5
Sal Atzeni
Vice-President, Retail Engineering, and CTO

HORIBA Scientific
Edison, NJ 08820
USA

April 20, 2012

Applicable CE Compliance Tests and Standards

Test Standards
Emissions, Radiated/Conducted EN 55011: 2006
Radiated Immunity IEC 61000-4-3: 2006
Conducted Immunity IEC 61000-4-6: 2008
Electrical Fast Transients IEC 61000-4-4: 2004
Electrostatic Discharge IEC 61000-4-2: 2008
Voltage Interruptions IEC 61000-4-11: 2004
Surge Immunity IEC 61000-4-5: 2005
Magnetic Field Immunity IEC 61000-4-8: 2009
Harmonics IEC 61000-3-2: 2006
Flicker IEC 61000-3-3: 2008
Safety EN 61010-1: 2001

EN 61010-1: 2001/AC: 2002
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