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0: Introduction

About the Fluorolog®-3

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

e A personal computer

e 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 updated easily to the Fluorolog®-Tau-3.

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

0-1
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Chapter overview

1: Requirements &
Installation

2: System Description

3: System Operation

4: Data Acquisition

5: Optimizing Data

6: System Maintenance

7: Troubleshooting

8: Producing Correction
Factors

9: Automated Polarizers

10: Applications

11: Xenon Lamp
Information & Record of
Use Form

12: Using TRIAX with
the Fluorolog®-3

13: Introduction to
Lifetime Measurements

14: Technical
Specifications

15: Components &
Accessories

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.

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 a TRIAX imaging spectrometer

with the Fluorolog®-3 system, including with a CCD detector.

Methods of determining the lifetime of a sample using the
Fluorolog®-Tau-3. The Fluorolog®-Tau-3 is designed
specifically for fluorescence-lifetime applications, and does not
affect steady-state measurements.

Instrument specifications and computer requirements.

Description and application of the accessories available for the
Fluorolog®-3.
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16: Reassembly How to reassemble the Fluorolog®-3 after it has been moved.

Instructions

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

18: Bibliography Important sources of information.

19: Index
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Disclaimer

By setting up or starting to use any HORIBA Jobin Yvon 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 Jobin Yvon, 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 Jobin Yvon 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 Jobin Yvon’s
liability for the products.

HORIBA Jobin Yvon 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 Jobin Yvon’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 Jobin Yvon at an additional cost. HORIBA Jobin Yvon
cannot be held responsible for actions your employer or contractor may take without
proper training.

Due to HORIBA Jobin Yvon’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 Jobin Yvon 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 Jobin Yvon be held

0-4
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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
Jobin Yvon 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

Introduction

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 Jobin Yvon 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 ‘Wammg:
A ‘ca"m

% o...
/%\ ‘Caution:

‘ Caution:

A WARNING notice denotes a hazard. It calls
attention to an operating procedure, practice, or
similar that, if incorrectly performed or
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 Jobin Yvon Inc.
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
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 Jobin Yvon Inc.
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.

Intense ultraviolet, visible, or infrared light!
Wear light-protective goggles, full-face shield,
skin-protection clothing, and light-blocking
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.

0-6
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Explosion hazard! Wear explosion-proof
goggles, full-face shield, skin-protection

Warning:  c|othing, and protective gloves.

Risk of electric shock! This symbol warns the
user that uninsulated voltage within the unit

Warning:  may have sufficient magnitude to cause electric
shock.

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.

‘ Danger to fingers! This symbol warns the user

Warning:

Wear protective gloves.

Wear appropriate safety goggles to protect the
eyes.

0-7




Fluorolog-3 v. 3.2 (2 May 2008)

1

Introduction

Wear an appropriate face-shield to protect the
face.

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

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

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.

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 (320-400 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.
The lens can also be damaged, but because the cornea acts as a filter, the chances
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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!

‘Waming: 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




Fluorolog-3 v. 3.2 (2 May 2008) Introduction

Additional risks of xenon lamps

VAN

Among the dangers associated with xenon lamps

are:

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.

\f / ; ‘Wammy Xenon lamps

are dangerous.
Please read the
following precautions.

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 International de I’Eclairage or International Commission on Illumination)
as follows:

e [R-A (near IR) (780-1400 nm)

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

e |R-C (far IR) (3000 nm-1 mm)
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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 “glass-

blowers’ ” 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.
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1: Requirements & Installation

Surface requirements

e A sturdy 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.

‘Caution: 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 102 cm 102 cm 123 cm 123 cm 132 cm
Width 91 cm 112 cm 104 cm 124 cm 183 cm
Height 43 cm 43 cm 43 cm 43 cm 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.

@Note: 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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Requirements & Installation

Electrical requirements

e 115V,20 Aor220V, 20 A; factory-set.

e As an extra measure of
caution, plug the xenon lamp
into a circuit separate from
the other components. This
guarantees that the electrical
surge from the lamp never
will interfere with the
computer or system.

@Note: For the computer, HORIBA

Jobin Yvon Inc. recommends
using a surge suppressor or an
uninterruptible power supply
(UPS) with a surge suppressor.

Make sure enough AC outlets are available for the

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.

‘Warﬂing: A three-prong-to-two-prong adapter /s not
recommended.
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Installation

‘Cautiom Customer installation is not recommended.
Special tools and several critical alignment verification
procedures are required.

Schedule the initial installation of a Fluorolog®-3 by calling the Spex® Fluorescence
Service Department at (732) 494-8660 x 160. 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.jobinyvon.com/usadivisions/Fluorescence/fluorolog.htm
Subsequent assembly because of relocation either can be performed by a HORIBA

Jobin Yvon Inc. engineer for a specified fee, or by the user. Re-assembly instructions
and diagrams are provided in Reassembly Instructions.
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2: System Description
Overview

General operation

All Fluorolog®-3 spectrofluorometers have common features:

a A source of radiation
produces photons. —__|

*
b The beam of light is ﬁ

filtered by an

excitation Excitation Controller
monochromator that monochromator (SpectrAca)
allows a single

wavelength of light to

reach the sample.
De-
C In the sample tector
compartment, the K
_sample_: I'ESpOI:ld§ to the Sample.compartment _ Emission
incoming radiation. module monochromator

d The resulting radiation is filtered by an emission monochromatay 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.

Excitation
spectrometer

Sample compartment
module

Emission

Standard systems available:

>

spectrometer I

System Description

Sample
Model Source Excitation Compartment Emission Detector
Monochromator Module Monochromator
FL3-11 450-W Xe Single T-Box Single PMT
FL3-12 450-W Xe Single T-Box Double PMT
FL3-21 450-W Xe Double T-Box Single PMT
FL3-22 450-W Xe 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

4 é PMT
T-box sample Single-grating
compartment module emission spectrometer

The standard model FL3-11 comes equipped with:
e 450-W light source

e single-grating excitation monochromator

e single-grating emission monochromator

e automatic slits

e room-temperature R928P detector
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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.

Source

Double-grating
excitation monochormator

PMT

T-box sample-compartment
module

Double-grating emission monochromator

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. Features of the Model FL3-12 are:

e 450-W light source

single-grating excitation monochromator

double-grating emission monochromator

automatic slits

room-temperature R928P detector
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Fluorolog®-3 Model FL3-21

System Description

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

Features of the Model FL3-21 are:

Source

Double-grating

N—

— N/

excitation spectrometer

PMT

T-box sample
compartment
module

450-W light source

double-grating excitation monochromator
single-grating emission monochromator

automatic slits

room-temperature R928P detector

Single-grating
emission
spectrometer
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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 Module  Emission 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 Spex® Fluorescence Sales Representative.

Sources

e Pulsed lamp - .'
including our
TCSPC
upgrade .

e HgXe
e Your laser

Detectors (,‘aut/an 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 blocks
e CCD 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 a TRIAX imaging spectrometer are given in Chapter 13: TRIAX Operation
with the Fluorolog®-3. Some of the more popular 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.
Detector

Y

Spectrometer ’Eission

Spectrometer

Compartment
o Module
5 Emission
etector 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.

Source

Single-grating
excitation monochromator

Double-grating Double-grating
emission monochromator

emission monochromator

PMT PMT

T-box sample-compartment
module

Optical layout of the Fluorolog®-3 Model FL3-122.
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Fluorolog®-3 Model FL3-12-320M

The fully automated TRIAX 320M imaging spectrograph can be a part of a custom
Fluorolog®-3 configuration. The imaging spectrograph offers the latest advances in optical
design and automation.

Imaging
Spectrometer
Sample

Compartment

Module

Emission
Spectrometer

Fluorolog®-3 with a double-grating emission spectrometer and a TRIAX 320M
Imaging spectrograph

The optical configuration of this system is shown below.

|

Single-grating
excitation monochromator

i ret

T-box sample-companment module

Custom optical layout. By switching the TRIAX 320M and double-grating
monochromator, both right-angle and front-face collection are possible.

The unique optical layout of the TRIAX 320M eliminates rediffracted light. In addition,
with the single-grating excitation spectrometer in place, the TRIAX 320M imaging
spectrograph can be placed on either side of the sample-compartment module. When the
TRIAX 320M 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 newest options, contact a Spex®
Fluorescence Product Specialist.

sSources

e Pulsed lamp, - .'
including our
TCSPC
upgrade <

e HgXe
e Your laser

Detectors (,‘aut/an 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 blocks
e CCD the wavelengths that the source emits.

Refer to Components and Accessories to see accessories that will help you further tailor a
system to your needs.
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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.

turned on, a large voltage is
put across the lamp, during
which a spike can feed back
down the electrical line. This
spike can cause damage to
computer equipment if the
equipment is operating at the
time and on the same power
circuit as the Fluorolog®-3,
when the lamp is started.

I‘ c € A e ‘Waming: When the lamp is

Just above the POWER
switch, turn on the MAIN
LAMP switch.

7 Start the fluorometer accessories.

Turn on any automated accessories (e.g., Temperature Bath, MicroMax, etc.)
used with the Fluorolog®-3. :

3 Start the SpectrAcq. .

a For Fluorolog®s with serial numbers 1030 and i ‘
lower, make sure the boot disk is in the floppy m - ==

:J muA
‘L‘aufian: For Fluorolog®s with serial
numbers 1031 or higher, do NOT in- =

sert the 374" floppy disk into the Spec- —
trAcq. The floppy disk is ONLY for ——
backup purposes, NEVER for boot-up. g
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"

- a | ]
b On the rear of the SpectrAcq, = 3 -
switch on the power button to ! :

start.

: )
|_$Iﬁ'< RACD |

Immediately below the mpA
logo on the front of the Spec-
trAcq, the LED indicator lamp
should illuminate.

— _

@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 plotter (i.e., all devices other
than the computer).

5  Start the host computer.

a Switch on the host computer.

D Click on the FluorEssence™ icon in Windows"”. .

. o e . . [
The instrument initializes, then the FluorEssence window appears. LS
If there are any difficulties, see the chapter on troubleshooting. FluorEssence

#=1 Fluorkssence - C:\Program Files\Jobin Yvon\DatalSCohenWNTITLED

Graph Analysis Tools Format Window Help

=] B [ERa (k& |+|s8|| T[] o 4 e e e P .

SIGNAL T

%/ UNTITLED
«

| Type view [l
f

Graph Marma

I3
|

|Color Publication | lGraphl  [Radian A
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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 Jobin Yvon Inc. 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 through-

put.

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.

o 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 initial-
izes 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 spec-
tral 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 mono-
chromators contain gratings with groove densities other than 1200 grooves/mm, with differ-
ent wavelength sensitivity, or with a different emission detector, please consult the Perform-
ance Test Report for appropriate scan parameters.
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Excitation calibration check

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

6  Close the lid of the sample compartment.

[/ On the main FluorEssence toolbar, select the Ex-
periment Menu button:

r=s FluorkEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]
Eile Edit View Collect Graph Analysis Tools Format Window Help

=|W|8||e| = [E @3 NEVEI R ERY Bl P I Y

M Fluorescence Main Experiment Menu

[
[

= THEl =2 r|=

The Fluoresence Main

8 Experiment Menu appears: Main Experiment Menu
Choose Spectra.
P .

Spectra Kinetics 3D

Anisotropy Single Point Phos

The Experiment Type window appears:

O  Choose Excitation, —[Elaiuiiis X
then click Next >>.

Experiment Type
The xenon-lamp scan experime _
E mnizzion

automatically loads. Excitation
Synchronous

<¢ Back | |
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System Operation

10 Use the default parameters or adjust them.

Default monochromator parameters for the xenon-lamp scan

Monochromator  Initial wave-  Final wave-  Increment  Slits (bandpass)
(1200 length length

grooves/mm)

Excitation 200 nm 600 nm 1 nm 1 nm

Emission 350 nm - -- I nm

Default detector parameters for the xenon-lamp scan

Detector (Signal) Integration time Units
Signal (S1) 100 ms CPS
Reference (R1) 100 ms mA

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

Experiment Type Monos

Excitation 1

D - =

W Activate [~ (+ Set as Reference

Wavelength Start End Inc
nm 200 600 1
Slit

nm 1

&

Emission 1
W Activate

Wavelength Parkc

nm 350
Slit
nm 1

Status

| &

Full Disclosure
Spectral Acquisition[Excitation]

Triggers

Experiment General information
Experiment
File Directory
|DﬂtSpecﬂa\acitat\onml (23 Load & save & Save s .. |
Data Storage
Data Idertifier [ome«
Comment Spectral Acquistion[Excitation]

)|
N
e 2wl Cancal
Run Time Control

11 click Run.

The Intermediate Display opens. The xenon-lamp scan runs:
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&l pfitEx2 =13
®

calibration

structure ~ 450 nm
peak at 467

w
(=
g
g
£
=
i
g
E

"

broadband

— T
400

Wavelength {nnn)

This is an uncalibrated

FluoroMax® lamp @

scan. The main peak Note: Your lamp scan may appear differ-
ought to be at 467 nm, ent, depending on the instrument configu-
but here appears near ration. See your Performance Test Report
480 nm. for a factory-run scan of your lamp.

12 calibrate the
excitation monochromator, if required.

Expand the plot by clicking the Expand button.

a. Click the cursor button to start the Cursor function.

#=+ FluorEssence - C:\Program Files\Jobin Yvon\Data\calibi-ate - [DfltEx2]
File Edit Wiew Collect Graph Analysis Tools Format Windolw Help

= | g2 2 [EE ke + 8 T2l &l BRE M ==

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

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

d Read the x-value of this plot: this is the wavelength of the peak.
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&S

»=s FluorEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfttEx2]

[E] Ble Edit View Collect Graph Aralysis Tools Format Window Help

- | x
slulalele| B BEE| | hlall+ @ trl2l]] |l
1
—— R1_cyclet
0.012 —
Cursor
0.010 —
-
)
2 i
13
< 0008
i=
=
1= 1
=
T 0.006
=
© u
=
2z
= 0.004 —
Wave- ]
length in 1
nm
o T o T o T o T E T E T E T o T o T o 1
200 240 280 320 360 400 440 480 520 560 600
Wavelength (nm)
|3 calibrate | Name | Type | view size | Modified | created ES
& [Ddata Folder 1/31/2005 15:00 1/31/2005 14:55 4
= = Graph Maximized 11KB 1/31/2005 15:00 1/31/2005 15:00
< >
Data Reader: Click to read data value. Left/right keys to go from point to point. Shiftleft/right to go faster. Hit SPACE key Color Publication 1:DfitExd2_B(1-401) DfitEx2  Radian

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

e

Click the Previous Experiment button.

w=1 FluorkEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]

Eile Edit Wiew Collect Graph Analysis Tools Format Window Help

= H| &= = EZw NEVEE A ERAi BN Y = =

g B vl

The Experiment Setup window appears.

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

Experiment

General information
BExperiment
File Directory
| DAt Spectral Fxcitation i |

(23 Load & save

Data Storage
Data Identifier:

e

Spectral Acquistion[Excitation]

Comment:

Experiment Type Monos

Excitation 1

M
:
@
N

Triggers

W Activate [~

Wavelength Start

(+ Set as Reference

Inc

End
nm 200 600 L

Sit

nm 1

Emission 1
W Activate

Wavelength Park

nm 350

Slit

nm 1
Status

Spectral Acquisition[Excitation]

Ful Disclosuie Help
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f Click the RTC button on the lower right.
The Real Time Control window opens.

Real Time Control [ C:\Program Files\Jobin ¥von\Data\~DfltSpectralEmission.xml ]

AllSCDs Spectra I Diata View Intensity ]

150

Single Chanrel Data

100

50

i]
0.000 a 40.000 EO.000 1 100.000 0o
Default Axis { Undefined )

‘ ‘ Clear | t%i Autoscale

Emission 1 5

Stark; nm [ Slits Integration 01 :
'5_ nm B l_ - ‘wiidth '5_ nm

(13=3 ’_ nirn

1 nm =|+|]f[ Position:  |365 j 1 nm ﬁa"

T

Integration

tatus Shutter Mode T
- oo @) 8| B o
" Detailed = ’ALFJ:ItD
™ Mamal Clear - Closed Help Trarisfer Save Cancel
(* Critical 7

Click the Monos icon to view the monochromators’ index card, then

w/ click the excitation monochromator tab.
Emission 1 ] Emigsion 2 l

Position Cantral

— Grating
E
|
350 _'|1 i Off | ety j
| [1200..
Slits
Slit width

5 him

Calibrate Excitation 1
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h Enter the current, observed position of the peak in the Position Control
(here, 477 nm).

I Click the Calibrate Excitation 1 button.
The Calibrate window opens:

x]

Calibrate Excitation 1

Current Position: 477 rinm
[Center ‘Wavelength or Dbzerved
Peak Location]

Peak OF Interest 467

[Expected Peak Location]

Ok | CancX |

In Peak Of Intergst, enter the actual or expected position of the peak (it
ought to be 467nm).

Click OK.

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

3T x

In the Experiment window, click Run to confirm the correct peak
position. A correct scan is shown below (peak is at 467 nm).

+=+ FluorEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DiltEx3] [
Bl fle Edt Wew Colect Grooh Anelyss Toos Fomst Mindow e BEE

[ EENS e o] PR Y N R [ e Pl P Y SN 11 = =T

R1_cyclel
0012 —
o f Cursor
g \
E_ 4
< 0008 ‘J [}
5 4 A | A
= % \/
= 0006 — A b \\_,._,q_
= o™ - — ——
= | -~
"
Wave | P
1 gth . e
T T T T T T T T T 1
200 240 Z80 320 380 400 440 480 520 560 600
\ S Wewvelength (nm)
| wew | oze | Modfed Created El
: 32005 1ess |
Hormal ILZ005 14055
Hormal 1312005 15:00
Maxsromed 1/31/3005 15:06
£ »
Dinta Reader: Clok b nead data value. Lefticht kevs in oo fom point io point. Shiftdefiich tn oo faster. Hit SPACE key. Coler Publeabon 103 BL1-401) DftExl  Radan
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Emission calibration check

@ Note: 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 ele-
vated background levels as well as distorted spectra with (perhaps) some unwelcome peaks.

Use a 4-mL quartz cuvette.
Note: Avoid glass or

13 Insert the water sample el e

into the sample com- may exhibit UV fluores-
partm ent. cence or filtering effects.

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

14 Close the lid of the sample chamber.

15 In the main FluorEssence toolbar, choose the Ex-
periment Menu button.

#=s FluorEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]
File Edit View Collect Graph Analysis Tools Format Window Help

=S = @ EZ NEVEI R ER e R P P I

=58
L L |

EIE

= |
The Fluorescence  Main
Experiment Window opens.
16 Choose Spectra.\ Main Experiment Menu

Spectra Kinetics 3D

Anisotropy Single Point Phos

The Experiment Type window
appears:
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-
17 Choose Emission., then\ . s

H Experiment Type
click Next >> ™~
Emigsion
Excitation
Synchronous
<< Back
The water-Raman experiment

automatically loads.

=2 Fluorescence Division - Experiment Setup ({ Spectral Acquisition[ Emission] )

E xperiment I General information

E=periment
File:

Directory
|Df|t8pectraIE migzion, xml

2y Load n Save n Saveds .. |

Data Starage
Data ldentifier: |DAIEm

Diirectory: |E:\Program Files*Jobin ‘vomiD ata

Comment: S pectral Acquisition[E miszion]

Expetiment Type Monos

Excitation 1
v Activate

D8 ==

Wavelength Park

o -

Slit

nm 5

Emission 1

W Activate [ + Set as Reference

‘wiavelength  Start End Iz

i [265 [450 1

Slit

nm 5

Statuz
Full Disclosure Help RTC
Triggers | Spectral Acquisition[Emission]

18 Use the default parameters or adjust them.

Monochromator parameters for the water-Raman scan:

Monochromator Initial wave-  Final wave-  Incre- Slits (band-
(1200 grooves/mm)  length length ment pass)
Excitation 350 nm - - 5 nm
Emission 365 nm 450 nm 1 nm 5nm
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Detector parameters for the water-Raman scan:

Detector (Signal) Integration time Units

Signal (S1) 100 ms CPS

Reference (R1) 100 ms mA
19 Click Run.

20

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 .

@ Note: 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, cali-
brate 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 instru-
ments, if the experimental conditions used to compare the systems are the same. Unfortu-
nately, 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
At HORIBA Jobin Yvon, we define the S/N as the difference of peak and background sig-
nal, divided by the square root of the background signal.

S S,

peak - background

= Our method

S
N \ Sbackgraund

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

i _ S397nm - S450nm
N \, S450nm

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:

i _ Speak - Sbackgmund

N N,

rms,background

Other manufacturers’ method

Example
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 fol-

lows:

Excitation 350 nm with 5 nm bandpass @

Emission 360-450 nm with 5 nm bandpass Note: Make sure the

Increment 1 nm test is carried out with

Integration time 1 's the actual detector

No smoothing of data points you will be using. All

Standard room-temperature, red-sensitive detector Spex® systems’ pa-
rameters are speci-
fied 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
Shackgrouna  background noise at 450 nm 10 500 cps
Nop Peak-to-peak noise of background at 450 nm* 223 ¢

*Measured with a separate kinetic scan

N, gives an rms noise of the background signal of

223c
N rms,background = ?
— 446

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

S

peak - S background

W\ S background

~501500-10500

410500

=4790

S
N

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

i _ Speak - Sbackground

N N, rms, background
50150010500
- 44.6
=11000

HORIBA Jobin Yvon 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 electron-
ics. By using the background total intensity as a measure of noise, the HORIBA Jobin Yvon
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 fac-
tors influence the ability to measure a very low signal from a sample and should not be ig-
nored.
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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 Jobin Yvon Inc. 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 note the hours the xenon lamp has
been used.

3-15
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System Operation

Useful materials for characterizing system

and samples

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

Substance CAS Number  Purpose Emission Lifetime (ns)
Wavelength
Range (nm)
Anthracene (99+%, zone-refined) 120-12-7 Excitation and emission 380480 4.1 (in MeOH)
spectral characterization
9-CA (97%), or 9- 1210-12-4 Single-exponential life- 380-500 11.8 (in
Anthracenecarbonitrile time standard MeOH)
Europium(III) chloride hexahydrate 13759-92-7 Phosphorescence emis- 580-700 1.40 x 10°
(99.9%) sion and decay standard
Fluorescein (99%) 2321-07-5 Lifetime and sensitivity 490-630 4.02 (inpH >
standard 11)
D-glycogen 9005-79-2 Light-scattering standard 0
LDS 750, or Styryl 7 114720-33-1  Single-exponential life- 680-700 0.248 (in
time standard MeOH, Aey. =
568 nm)
Ludox®, or colloidal silica 7631-86-9 Light-scattering standard 0
(Me),POPOP, or 1,4-bis-2-(4-methyl-  3073-87-8 Single-exponential life- 390-560 1.45 (in
5-phenyloxazolyl)-benzene time standard EtOH)
B-NADH (B-nicotinamide adenine 606-68-8 or Single-exponential life- 390-600 0.38£0.05 (in
dinucleotide) 104809-32-7  time standard pH="7.5)
POPOP (99+%), or 1,4-bis(5- 1806-34-4 Single-exponential life- 370-540 1.32 (in
phenyloxazol-2-yl)] benzene time standard MeOH)
PPD (97%), or 2,5-diphenyl-1,3,4- 725-12-2 Single-exponential life- 310440 1.20 (in
oxadiazole time standard EtOH)
PPO (99%), or 2,5-diphenyloxazole 92-71-7 Single-exponential life- 330480 1.40 (in
time standard EtOH)
Rose Bengal (90%), or 4,5,6,7- 632-69-9 Single-exponential life- 560-680 0.98 £0.10
tetrachloro-2',4",5',7'- time standard
tetraiodofluorescein
p-Terphenyl (99+%) 92-94-4 Single-exponential life- 310410 1.05 (in
time standard EtOH)
Water (18-MQ, de-ionized, triple- 7732-18-5 water Raman sensitivity

distilled)

test

these substances before using them.

3-16
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4: Data Acquisition

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 FluorEs-
sence™’s main window, are:

Experiment  Previous Ex- Real 3D Scan  Launch Gemini
Menu periment Time to 3D Pro- DataStation Alpha

Setup \4 Contrg /e /
i 5| [is]m|w]E]u]20] zn Pl 1t+

Auto Run/ RunJY / Make/ Create/Use Cali- 2D In- Gemlni

Previous Batch Ex- Overlay  bration Curve tensity Alpha
Experi- periments File from CWA Data  Map Results
ment

For a detailed description of these nine FluorEssence™ routines, see the FluorEs-
sence™ 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.

4-1
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Experiment Menu button Hi

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 instru-
ment 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 Ex-
periment Menu button:

#=s FluorkEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]
Eile Edit wiew Collect Graph Analysis Tools Format Window Help

ECEE RN gl S VRS Rk F A VR

i
L L

=l | ®m|| =D
The Fluorescence Main Experiment Menu

appears: B Fluorescence Main Experiment Menu

é Main Experiment Menu
Note: Those scan types not al-

lowed with the instrument con- Spectra Kinetics 30

figuration are grayed out.

2 ChOOSG an experlment / Anisotropy Single Point Phos
type.

The Experiment Type menu appears.

Experiment Type g|
@ . Experiment Type
Nofe: The list of subtypes de- ——
pends upon the general type of /vsz_mnanm
. vz SinglePoint
expe“ment Chosen. vz Temperature

vz Time

3 Choose a subtype of experi-

ment.
4 Click the Next >> button.— |
The Experiment Setup window appears: R NP
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Efl Fluorescence Division - Experiment Setup ( Spectral Acquisition[Emission] )

Experiment
M File Directary
— |DfItSpectraIEmission.me | 3 Load | & save & savess .. |

D ataFile ta Directory Commen t:
' |DefauItData | Frogram FileshJobin Yvon\Syner Data Spectial Acquisition]E mission]
Praojec
|Flu|0r0tmax
Experiment Type Monos
180F(EX] [EX1)
W Activate
‘Wavelength Park
nm 350
w Slit Entrance  Exit Gratings
mm 119 113
0 180F[EM] [EM1)
W Activate [~ (+ Set as Reference
wiavelength Start End Inc
i 385 [450 [1
Slit Entrance  Exit Gratings
mm 119 113
Status
| o | @) 5|4l o
Full Dizclosure Help Preview, Bun Cancel
Triggers | Spectral Acquisition[Er\ission]
|}
Click the Experiment File field, and enter a new
file name or select a previously saved file.
Be sure to check all parameters under all icops’in the left-hand column.

Insert the sample into t
and close the sampl
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 Pro-
ject Name window appears:

sample compartment,

5
6  Verify that experimental paragreters are correct.
7

compartment’s cover.
3

»=x Project name

9 E nte r a n am e fo r th e Fleaze enter a project name

entire project, or oms |
browse for an exist- o x Concel_|

Ing project name via
the Browse button, then click the OK button.

All data are moved to Origin®s graph window for post-processing.
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Previous Experiment Setup button

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

Data Acquisition

@Note: 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.

#== FluorEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]

Eile Edit Wiew Colect Graph Analysis Tools Format Window Help

slolspe BERE kol @ siTll] el fe

i
L L

o e A =] o =)

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

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

- B
E »periment I Spectral Acquisition[E mission]

Experiment
M File Directary

|DfltSpectraIEm\ssion.kml | 2y Load | & save & savess .. |
[rata Storage

. D ata File D ata Directory Comment:
|DefaultData |C:vProgram Files\) obin rvon\Syner) D ata
Project
|F\u0r0max

Experiment Type Monos
180F(EX) [EX1)

W Activate

Spectral Acquisition[E mizzion)

ExP

‘wavelength Park.

hm 350
w Slit Entrance  Exit Gratings
mrn 1.19 119
180F(EM] [EM1]
W Activate [ (+ Set az Reference
wavelength Start End Ine
nim 365 [450 [1
Slit Entrance  Exit Gratings
mrn 1.19 119
Status
| FO | @ | A »
-
. ; ; Full Digclosure Help Preview Bun Cancel
Triggers | Spectral Acquisition[Emissionl

2 Modify the parameters as required.
3 Click the Run button to run the experiment.
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Auto Run Previous Experiment button

The Auto Run

Previous Experiment '@ . .
button reruns the last Note: The Auto Run Previous Experiment but-

experiment loaded ton is active only after an experiment has al-
without modifications. ready been loaded and run.

1 Click the Auto Run Previous Experiment button.

#=s FluorEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]

File Edit View Collect Graph Analysis Tools Format Window Help

= H g =@ @ ED NEVEI R ERd i P P I

i
L L

= H = b=

The Intermediate Display appears, and the experiment starts:

#=1 Intermediate Display

Fluoromax

1.50E+005

1.00E+005

Intensity { CPS )

5 O0E+004

O-I-b Autozcale

0.00E+000

- I = __r £ T & ¥ 27

400.0 420.0
Wavelength { nm )

A
-| General Info
Experiment: Integration time: 0.1 ¢ Cpcle: 1
- Detectors
5 4. 40E+004 CPS
-| Monos
Excitation 1 Poszition; 350 Entrance slit: 5 nm
Emission 1 Position: 407 nm Entrance slit: 5 nm 9

When the experiment  [ERSay
is complete, the data 1

:
are moved into a new 5e
Origin® graph win- )
dow.
124
@
5 10
H
.
06 -
o4 . . .
o o
Wavelangth (nm)
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Make Overlay File button

The Make Overlay

File button creates an @Note: The Make Overlay File button is active

* . SPC file for use as only with an active graph.
an overlay file.

1 Click the Auto Run Previous Experiment button
in the toolbar.

w=1 FluorEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]
Eile Edit Wiew Collect Graph Analysis Tools Format Window Help

= H S == @ EZ NEVEI RS ER Ak P P I Y2 ] 3 o=
The Save As window appears.
72 Entera [EE @
= Save in: |j Owerlay _'J I‘j ‘
flle name . =
in the File
name fod
. Origin Dbject
field.
3 Click the
Save
button.
The overlay file File ame: \} = Seve |
IS Saved Save az bupe: |SF'E Data ["SFC) 7/ Cancel
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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.

Z  Click the 3D Scan to 3D Profile button in the
toolbar.

@Note: The 3D Scan to 3D Profile button only
operates with excitation-emission matrix data.

#=a [luorEssence - C:\Program Files\Jobin Ywvon\Data\scohe mMUNTITLED |':__||E|E|

File Edit Yiew Collect Graph  Analysis Tools  Formatb  Window  Help

=42 3 B@la (k& |8 :]T[r ] & |y 2 ®
Profiles2 - |:||E|g|

" Cursor Type
6000 <) Crossed Lines
5000 X
4000 > Arbitrary Line
3000 =
50003 rintersection |
] 7369.72

10004 Z-¥alue

- I. 1 1 AW e h
Excitation wavelength, nm oooooaoo
aaaaaaaa

&00 5§50 ?W 750 800

1100 1100
£
-
=) ‘P

1172

o
L 1200 1200
[
=
[y
5
wn
B
&5

ey 1300 ]

The Profiles window appears. \ \

3 Grab and move the emission and excitation pro-
file 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 pro-
files intersect.
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4 Click the Arbitrary Line button to choose an arbi-
trary profile.

B Profiles2 -

2T

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.
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Run JY Batch Experiments &

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

1 Click the Run JY Batch Experiments button.

#=1 FluorEssence - C:\Program Files\Jobin Yvon\DatalscohenMINTITLED
&M Edit Wiew Collect Graph Analysis Tools Formab  Window Help

=|e|Sw|e| @ [EEfa [k [+ T|2]] & = D5 @8 =)0[BlE]c 5w 5]

The Setup batch experiments window appears.

Setup batch experiments @
E secution List Properties [Flog_dntiBleach. =ml]
Brawss for Flog_ 30 sml Dielete Erperiment |nfo:
! ; Flog_AntiBleach. sml :
experiment files to Comments:  Snti Photo Bleach - for Fluorolog
R Flog_ Chw!A2, sl Up
Full Dizclosure Info: View Full Disclosure Info
Comments: M
: Execution Indes: 2
|Thi$ iz my batch EELERDIBINEGE
File Management Tatal Repeats: 3
HakehiFle Delay before executing: ] B0
File Mame: Load | Save
Delay between each repeat: 0 Iec
QS:'\TD_EINDY\T exsting B atehhMyE ateh jub j
Batch outer loop info
Results-
Total Repeats: 2
tode: | - Run
Base Mame: | Delay before first: o 2BC
Farmat: | Delay between each: k| e 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 (. xml 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 OO

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

3 Setup

Setup batch experiments

Ewecution List

Flag 30 «ml

Browse for Flog AntiBleach. =ml

Delete

each experiment in the batch job.

Froperties [Flog_AntiBleach.xml]
Experirnent |nfo:

Comments:  &nti Photo Bleach - for Fluorolog

Data Acquisition

experiment files ta
e Flof Chfd2 sl
Comments:

Up
Dawn

Full Dizclogure Info;

Execution Index: 2

|This iz my batch

File b anagement
B atch Fil=

File: M ame:

Yiew Full Disclosure Info

Lofd

—

‘ Delay before executing:

Total Repeats:

5} =l

il SEC

Delay between each repeat;

SATO_CIMDYST esting'B atcl

Results

n\MyB atch.jvb

Batch outer loop info

Mode: |

J
P

Total Repeats:

Baze Mame: |

Run
lﬂi secW

Delay before first:

Format; |

Delay between each:

\.

D SEC) Cancel 1

f
9
h

\

Select agfexperiment from the Execution List.

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 sec-
onds to wait before repeating the experiment. /

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

J
K

In the Total Repeats: field, enter the number of times to run the batch
job.

In the Delay before first: field, enter the number of seconds to wait be-
fore starting the batch job.

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

5  Click the Run button to start the batch job.

The batch job executes.
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Real Time Control =

Data Acquisition

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 but-
ton.

#=1 Fluorkssence - C:\Program Files\Jobin Ywvon\DatalscohenMINTITLED

&GN Edit Wiew Colect Graph  Analysis Tools Format  Window  Help

sRepE FEDN [kl [+|s] [T & &

—
L

e I 0 e o o == PR

Spectra ] D ata View Intensity ]

The Real Time Control window appears:
#=1 Real Time Control [ C:\Program Files\ohin Yvon\Data\-DfltSpectralEmission.xml ]

Default Axis { Undefined )

Single Channel Data

‘ | Clear ‘ O%t Autoscale

Caommon Parameters

Excitation 1

Start: nm Slit.s
End: hi Rl
Inc: hi

Position: {350 j 1 nm ﬂaﬁ

5 nm

T

Integration

01 3

Statuz

Emission 1

Start; nm Slit.s
Etd: tir Ll
([ 13 tir

Pozition:  |365 j 1 nm ﬂaﬁ

5 nm

Shutter Mode

4 Dpen
€ Detaled &
— *Auta
" Mormal Clear + Closed
(% Critical

Help

S

Integration

01 ]

)

Transter

1"

Save

72 Adjust the desired instrumental parameters as

necessary.
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Create/Use Calibration Curve from CWA
Data &l

When the user is doing Single Point @Note' This button only op-
experiments (especially with the MicroMax or erates if CWA data exist

multiple-sample changers), the Create/Use
Calibration Curve from CWA Data button
creates a calibration curve for analytical measurements.

3 Click the Experiment Menu button:

#=1 Fluorkssence - C:\Program Files\Jobin Yvon\DatatscohenMJNTITLED
58 Edit Wiew Collect Graph Analysis Tools Format  Window Help

=|=|S|n @ B [EEf kAl |+]s|:]T]2]] & || 5 B =0 [m|E] 5] |5

The Fluorescence Main Experiment Menu
appears: B Fluorescence Main Experiment Menu

é Main Experiment Menu
Note: Certain scan types are

not allowed with the Fluoro- et Kinetics 30
Max®, and are grayed out.

4 ChOOSG Slngle POInt. Ansotropy >5ingle Point Phos

The Experiment Setup window appears.
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=+ Fluorescence Division - Experiment Setup ( Single Point Acquisition[Constant Wavelength Analysis] )

E xperiment I General information
Experiment
iai File Diirectary
— | DBl 23 Load & save B savess . |
[rata Storage
t Data |dentifier: Py
Comment: Single Point Acquisiion[Canstant W avelength Analysiz]
Monaos for Constant 'wavelength Analysis
ﬂ Experiment settings
b awirnurn trials |10 Target std. deviation |2 e
‘Wavelength Sets [nm] ’ Samples
" SCauto ©* SCManual Sample Changer - 4 Poszition
m Excitation 1 Emigsion 1 Inzert row
il Set 1 350.00 3ER.00 Enable | 5 ample Name Tupe Concentration #
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 Unknowin HAA
Slitz Setz [nm) J
Excitation 1 Enmission 1
Slit width 1.10 Slit width 110
Status
| & @ L -
-
Full Dizclosure Help RTC Bun Cancel
Triggers I Single Peint Acguisitien[Censtant Wavelength Anal is]

5 Setupthe standarés and unknown(s).

a If you have an automatic sample changer, you can 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 Fluorescence Division - Experiment Setup { Single Point Acquisition[Constant Wavelength Analysis] )

Experiment I General information

Experiment
File Directory

| DA 3 Load & save & savess . |

Data Storage
Data ldentifier: | DT

Comment: Single Point Acquigition][Constant \Wavelenath Analysis]

Monos for Constant ‘W avelength Analysis

Experiment zettings

M awimum trials |10 Target std. dewviation |2 %

D8 ==

r\:\u’avelength Sets (hm) Samples
" SChuts ™ SCManual Sample Changer - 4 Position
Excitation 1 Emigsion 1 Insert row
w Wil Set 1 350.00 365.00 Enable | Sample Mame Type Concentration|
Delete rows Sample 2 Sample 2 Standard 2
p— Sample 3 Sample 3 Standard 5
Clear al Sample 4 Sample 4 Mﬂ 10
Sample 5 Sample 5 Unknowin M o
> Slitz Sets [nm)

Excitation 1 Ermission 1
Slit width 110 Slit width 1.10

Status
| 160 W -
=
Full Dizclasure Help RTC Bun Cancel
Triggers Single Feint Acquisition[Censtant Wavelength Analysis]

~6  Set up the excitation and emission wav
length(s).

a Enter the appropriate excitation and emission wavglength set(s), one per
row, in the Wavelength Sets area.
b To add a wavelength set, click the Insert rgdv button.

C To delete a wavelength set, select the r
button.

s, and click the Delete rows

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

[ Enter the excitation and emission slit-width(s) in=
the Slit Sets area.
8  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.

9 Create the calibration curve.
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a Click the Create/Use Calibration Curve from CWA Data button in
the toolbar.

#=1 Fluorkssence - C:\Program Files\Jobin Ywvon\DatalscohenMINTITLED
&GN Edit Wiew Colect Graph  Analysis Tools Format  Window  Help

[=]o]

—
[N

=)

sRepE FEDN [kl [+|s] [T & &

B =0 &)

The Calibration Curve Parameters window appears. —[eeiSiasiusts )

" Linear
b Choose a Linear fit, or a Polynomial fit - —
with Order of the polynomial, and then
the OK button.
The Save Curve window asks if you wish to save
the curve.

Cancel |

C Answer yes or no.
The calibration curve appears.

=4 FluorEssence - C:\Program Files\Jobin Yvon\DataknghuilderMUNTITLED - [Graph1]
E]Fle Edt Yew Colect Graph Analysis Tools Format Window Help -8 x

=6 5|2 3 [EFy [k & +|afx|T]~]|] & SIS B @6 m]E]w )
1

Concentration Curve * Data
150 — Fit

R COD)0 4724
Folynomial Fit [Order] = 2

100

50 +

50 4

Intensity (I)

-100

-150

-200

Concentration (C)

C =-4.235e+001 + -9.741e+000(1) + 2.512e+000(°)

PET LT T Ton | siee | Modified [Geeed Dependerts Label x|
4 data Folder 12/5/2006 10...  12/8/2006 10:36 A
pataz Workshest  Hidden BKE 12/6/2006 10, 12/8(2006 10:37 1
fltCwadl  Workshest Mormal 17KB 12J8/2006 10...  12/8/2006 10:36 o Em1:365.01nm, Emz:365.nm, Ex1
Graph Masimized KB 12j5/2006 10...  12/8/2006 1037 ©

Color Pablication {:Data2 B(15)  (Grapht  [Radian

\ Stars indicate the standards. The unknowns are not plotted, but th\s{r calculated

concentrations are filled in on the dataset. The fit equation and correlation are
displayed on the plot.
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2D Intensity Map 2

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

@Note: This button only operates if data are displayed.

1 Be sure that data are open in FluorEssence™.

2 Ijthe toolbar, click the 2D Intensity Map button
Fa b

w=1 FluorEssence - C:\Program Files\Jobin Yvon\Data\a

File Edit Wew Collect Graph Analysis Tools Plob Format  ‘Window Help

s|ESla B ERa (&1 ] 2] 2| 8| 210 6|=|=|E]wleo| =) w)
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Gemini Alpha [

The Gemini Alpha button works with data taken via TCSPC with the MF? system,
transferring data from FluorEssence™ to Gemini Alpha. Gemini Alpha is a modeling
program from TCSPC lifetime data. Modeling is the process by which the lifetime ac-
quisition results are fitted, to predict the various lifetime components and fractional
contribution of each component. The fit is accompanied by an error-function value to
help validate the fit as an acceptable model. FluorEssence™ uses the Gemini . xls
spreadsheet in Excel® to fit the data.

1 Be sure you have TCSPC data open in FluorEs-
sence™,

2 In the toolbar, click the Gemini Alpha button [
to start the program.

w=s FluorEssence - C:\Program Files\Jobin Yvon\Data\a

File Edit Yew Colect Graph Analysis Tools Plab Format  Window  Help

I e e P e e 1 B v P e N T S = = I [ == S R P R
The Gemini splash
screen appears.

3 Click the Start mm““m Series Alpha
Gemini button e M2 voworsal Phase & Motluletion Analysis Modules

to start the

program.
Gemini’s spreadsheet
opens in Excel®. See
the MF? Operation
Manual for more in-
formation on this func-
tion.

Welcome to Gemini EJ

Copyright® 2007
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Gemini Alpha Results [=l

The Gemini Alpha Results button returns fits based on TCSPC lifetime data taken
with the MF? system from the Gemini Alpha program to FluorEssence™. Gemini Al-
pha is a modeling program from TCSPC lifetime data. Modeling is the process by
which the lifetime acquisition results are fitted, to predict the various lifetime compo-
nents and fractional contribution of each component. The fit is accompanied by an er-
ror-function value to help validate the fit as an acceptable model. FluorEssence™ uses
the Gemini . x1s spreadsheet in Excel® to fit the data.

@Nole: The Gemini spreadsheet only works if Excel®s security Level is
set to Low or Medium.
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Launch DataStation &

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

@Nole: This function only operates with TCSPC accessories.

DataStation software.

1 Inthe toolbar, click the Launch DataStation but-
ton.

#=1 Fluorkssence - C:\Program Files\Jobin Ywvon\DatalscohenMINTITLED
&GN Edit Wiew Colect Graph  Analysis Tools Format  Window  Help

sRepE FEDN [kl [+|s] [T & &

FluorEssence™ shuts down. DataStation starts.

e M o o =T g
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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 optimal excitation wavelength is the wavelength that creates the most intense emis-
sion spectrum for a given sample. For many samples, the optimum wavelengths are
known. For a sample whose wavelength positions are unknown, the user must deter-
mine these wavelengths to obtain the best possible results.

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 sam-
ples does not shift with excitation wavelength, the guessed excitation wave-
length 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 in-
terference.

C Click the Experiment Menu button:

#== FluorEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]
Eile Edit Wiew Colect Graph Analysis Tools Format Window Help

slolspe BERE kol @ siTll] el fe

i
L L

S ENE

The Fluorescence Main
Experiment Menu appears:

M Fluorescence Main Experiment Menu

Main Experiment Menu

d Choose Spectra.

—> Spectra Kinetics oD

Anisotropy Single Point Phos

The Experiment Type menu appears.
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Experiment Type E|
e Choose Emission.
f Experiment Type

Click the Next button. | —Emission

E =citation
Synchronous

<4 Back

The Experiment Setup window appears:

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

E=periment |
E xpeiiment
M File Directory
— |DfltSpectraIEmission.me | 23 Load | & save H savess ... |
i Diata File ta Directory Comment:
|DefauItData | Frogram FileshJobin Yvon\Syner Data Spectial Acquisition]E mission]
Froject
|Flu0r0max
Experiment Type Monos
180F(EX] [EX1)
IV Activate
ExR
wiavelength Park
nm 350
w 5lit Entrance  Exit Gratings
mm 119 113
A
180F(EM] [EM1]
W Activate [~ (+ Set as Reference
‘wavelength Start End Iz
nm 355 |450 [1
Slit Entrance  Exit Giratings
mm 119 113
Status
| FO | @ & &) o
Full Dizclozure Help Breview Bun Cancel
Triggers Spectral Acquisition[Er\issionl
1
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 accu-
rate result without excessive time spent. HORIBA Jobin Yvon suggests an in-
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crement 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.

@Note: 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.

J Insert the sample into the sample compartment, and close the sample-
compartment’s cover.

k Click the Run button.
The scan starts.

| With the spectrum on the screen, note the greatest intensity.

If the signal exceeds 12 YA, 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 withan 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 excita-
tion wavelength, and is similar to step 1.

a Click the Experiment Menu button:
w=1 FluorEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]

Eile Edit Wiew Collect Graph Analysis Tools Format Window Help

sHeRR B EDN| klalo|+[E2T[A] | alnjs

L

[y
(.

H =[p|=

The Fluorescence Main Experiment Menu appears:
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b

M Fluorescence

Choose Spectra.

™\ Spectra

Main Experiment Menu

Main Experiment Menu

Kinetics

Data Acquisition

3D

Anisotropy

Single Point

Phos

The Experiment Type menu appears.

C
d

Choose Excitation.

Click the Next bm

The Experiment Setup window appears:

Experiment Type

Experiment Type

x)

Ernigzion
PE wcitation
Synchronous

< Back

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

Enperiment

General infarmation
Expenment
File

Directory
[t Spectral Excitation semi

Data Storage

(3 Load u Save n Save fs

Data Identifier DfitEx

Spectral Acquisition[Excitation]

Comment:

Erperiment Type Monos
Excitation 1
W Activate [ {s Set as Refersnce

Wavelength Start

—

Inc

—

nm
Slit

nm

< 8 = =

End
600

Emission 1
W Activate

Wavelength Park

m [
Slit
nm 1

Status

Triggers

Spectral Acquisition[Excitation]

Ly

Full Dizclosure Help

[Run Time Control

X
Cancel
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Intensity (10° counts s™)

e

f

g
h

a

Data Acquisition

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 emis-
sion detector, and S/R ratioes the signal to the reference detector.

Set excitation and emission slits identical to the emission scan.
Be sure that the emission scan did not exceed 20 YA in the emission scan.

Enter the Experiment File name.

Click the Run button.
The scan starts.
The resulting spectrum shows maximum excitation wavelength. If the raw S-
channel signal > 20 pA, reduce photomultiplier-tube high voltage by at least
100 V, and rescan.

Note the excitation peak.
This is the optimum excitation peak position.

3 Find the optimal emission peak.

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 excita-
tion and emission scans, the data intensity had to be normalized. After normali-
zation, the excitation and emission scans are virtually mirror images of one an-

other.
4
. /\ Emission
3 Excitation ) \
Iy
I
1 I
2 VA
Vo
AR
17 v \
\ —
- AN
\“——_
0 300 350 400 450 500

Wavelength (nm)

Normalized excitation and emission spectra of a1 x 107%-M

anthracene solution.
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Using corrected signals in FluorEssence™

Introduction

Subtracting blanks, removing dark noise, and correcting for inhomogeneities in the in-
strument 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 “c” subscript) or algebraic use of corrected signals must
explicitly include all desired corrected signals in the Formulas list. Corrected signals
include:

e Dark Offset

¢ Blank Subtraction

e Correction-factor file

Example @
Nofe: Be sure all desired

Note how the corrected signal, S1c, and

corrected reference, R1c, along with their corrections are activated in
ratio, S1c/R1c, all must be included in the their  respective  check-
Formulas list in the Signal Algebra area. boxes.
=4 Fluo escence Division - Experiment Setup { 3D Acquisition[Excitation vs Emission vs Intensit )
Expefent General information
' ‘ EiTSEIiment Directory
D30 _vs_Excitation_ws_Emission_ 2y Load H 5ave E savess .. |
Data Storage
i Data |dentifier: |DAEDE «E mint /
Comment 3D Acquisition[Excitation v Emission vs Intensity]
o
Signals
Select
@ Integration Time: ’m— W Dark Offset
Enable Signal Detector Units I HY[W]| Corection| Blank Subtract I
51 Symphar CPS e ]
Rl R Miciodmfle | [5: O]
m [ T CPS |0 [ O
\ J
Signal Algebra r
Signal | Detalls Operations Formulas Accumulations
F signal 1 " Add Sighal [ units |
R signal 1 ) add >> e ﬁ
Symphany signal | = e
Symphery signal E << Removell | 516 /R1c Cpcles
IS Delay
| |

Status

| & @ A o
=
Eull Dizclosure Help RTC Bun Cancel
Triggers 3D Acquisition[Excitation vs Emission vs Intensity]
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5: Optimizing Data

Spectra can be enhanced by optimization of data-acquisition. This chapter lists some meth-
ods of optimizing sample preparation, spectrofluorometer setup, and data correction to get
higher-quality data.

Cuvette preparation

1
2

~N O O1

Empty all tents f Note: Clean the sample
Mpty all contents from cells thoroughly before

the cuvettes. use to minimize back-
ground contributions.

Fully immerse and soak
the cuvettes for 24 h
in 50% aqueous

A
nitric acid.
This cleans the cuvettes’ inner and

outer surfaces. v
‘Wamiﬂg: Nitric acid is a dangerous substance.
When using nitric acid, wear safety goggles, face
shield, and acid-resistant gloves. Certain com-
pounds, such as glycerol, can form explosive ma-

terials 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.

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

‘Waming: 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 cu-
vette. The cuvette itself may contain materials that fluoresce. To prevent interference, HO-
RIBA Jobin Yvon Inc. 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 Jobin Yvon recommends a capillary cell such
as our 50-puL or 250-pL optional micro-sample capillary cells, which are specifically de-
signed for a small volume. A 1-mL cell (5§ mm % 5 mm cross-section) is also available.

Solid samples

Solid samples usually are mounted in the Model 1933 Solid Sample Holder, with the fluo-
rescence 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 chips, because the excitation beam
phosphors, and similar samples usually may not hit the sample di-
are ground into a homogeneous powder. rectly with a thick coverslip.
The powder is packed into the Microscope coverslips are
depression of the Solid Sample Holder useful, except that they are
(see next page for diagram). For very not quartz, and do not
fine powder, or powder that resists transmit UV light.

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 A single 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 samples, such as crystals, sometimes are Solid
dissolved in a solvent and analyzed in solution. Sample
Solvents, however, may contain organic impu- Holder
rities that fluoresce and mask the signal of in-
terest. 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, pro-
teins, 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

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.

Use filters in the optical path.

Excitation monochromator

e
=]
7]
2.
2
B
8
=]
=3
o
o)
=T
©
=}
)
=
o

Stray light from the excitation beam can interfere with the emission from the sample. To re-
duce 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
filterson a

@ Note: Always remember that the focal point of the
excitation beam must be on the sample itself.

Emission scan of unknown inorganic white powder

FluoroMax®-3, using
an unknown white
powder as the
sample. A 347-nm
band-pass filter
allows only the
desired excitation to
reach the sample,
while a long-pass
filter in the emission
side lets only
fluorescence, and not
stray excitation, into
the detector. Notice
how the shape of the

m
1

w,
M

iy
M

1

(]
M

Fluorescence intensity (10° cps)
(%]

-
L

No filters
in optical path

Normalized spectra

Excitation at 350 nm

Increment = 1 nm

Integration time = 0.2 s

Excitation and emission slits = 6 nm bandpass

\

347 nm bandpass filter in excitation;
\ 370 nm longpass filter in emission

Yy

e

\q\‘

"

-\V\
o ““"'\.,.

\
.

spectrum changes
drastically when
filters are added.

400 450
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Highly opaque samples

Highly concentrated and opaque liquids often have problems with self-absorption or com-
plete 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 sur-
face of the sample, and fluorescence
emission is collected from this region at
an angle that minimizes reflected and
scattered light. With front-face detec-
tion, se the front face of the sample at
30° or 60° to the excitation beam.

Front-face detection

An example at right shows the differ-
ence between detection at right-angles
versus front-face.

Right-angle
detection

Fluorescence intensity (counts s™')

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 such as hemoglobin 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 Model 1933 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 ob-
serve 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
The grating factor, or G factor, ought to be included @ Note: Measure the G

anytime polarization measurements are taken. The G factor before a polari-
factor corrects for variations in polarization zation experiment.
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 ex-
perimental 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:

0 Using the appropriate integration time,

O Scanning a region several times and averaging the results,

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

0 Mathematically smoothing the data.

The sections that follow discuss the alternatives for improving the S/N and the advantages
and disadvantages for each.
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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 ap-
plied). 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 integra-
tion 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, i _ 12
N
— 11/2
For an integration time of 2 seconds, S _ {172
N
— 21/2
~ 1414

or an approximately 41% improvement. Because S/N determines the noise level in a spec-
trum, 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 Estimated integration
(counts per second) 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 integra-
tion times in real time. See the on-line FluorEssence™ help for more information about the
integration time.

57




Fluorolog-3 v. 3.2 (2 May 2008) Optimizing Data

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 Fluorescence Division - Experiment Setup { Spectral Acquisition[ Emission] )

Experiment I eneral information

Experiment
iai File Directory
(23 Load F Save u Save As ... |

|DfItSpectraIE migziot. xml

Data Storage
i Data | dentifier: |DfItEm
Commant: Spectral Acquisition[E mizsion]
Signals

ay

Select
Integration Time: (0.1 ¥ I™ Dark Offset

Enable| Signal Detector| Units HY[W]| Correction| Blank Subtract
105 CPS gEy O O

w 0O Rl R Micosmps IS O O

\4

Signal Algebra

o] Detals Operations Fommulas Accumulations

51 S signal 1 + Add s> Signal Urits | ’_2 Stacked Scans | v

" il Stacked Scans
F I Average Scanz Delay
ormula Units
| <<Clear 1
Status
| PO IRV N
=
Full Disclozure 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 ac-
quisition. 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 characterized with a 1-nm in-
crement 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 lumines-
cence of samples as the react or degrade. Time increments often range from 0.1-20 s.

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

K Fluorescence Divivion - Experiment Setup ( Spectral Acquisition[Emission] )

|Defau\tDal |C:\F’rogram Files\Jobin YvonsSynerY Data

Praject

Experniment Tyupe Manks

180F(EX] (EX1]
v Activate

Exp

Wavelength  Park

- M
m Siit Entrance  Ewl Gralings

i e [ia |

180F[EM] (EMT1]

I detivate [ * Set asQelerence

N

“Wavelength Start End Ine

nm 385 [450 [1

Slit Entrance  Ewit Gratings

mm W’T ’—4|

Status

Triggers

Spectral Acauisition[Emission]

Spectral Acquisition[Emission]

FD

Full Digclosure

Help

Esperiment
M Directary
— |DfIlSp tralE rmissicin xml | () Load ‘ H save H savess .. ‘
Data Storgge
i D ata File Data Directory Cormeit:

[y

Preview,

=
Run

')

Cancel

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 ex-
ample, 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 exci-
tation 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 dis-
persion 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 (grooves/mm) Monochromator’s 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”.

1  Select Analysis
from the main
FluorEssence™
menul.

w=s FluorEssence - C:\Program Files\Jobin Yvon\Data\scoh
File _Edit

=& @ _E Sirmple Math. ..

Baseline. ..

R EIFEES Tools  Formab  window

Calculus 4
Translate 4
Lverage

Interpolate/Extrapolate

A drop-down menu appears.

2  Choose Smooth....

Glue

30 Extract
Pick Peaks

Fit »

The Smoothing dialog box
opens.

3 Under the Settings tab, choose ‘E] ?|x
the appropriate parameters. ”ﬁ“ﬂ“”” Sl N

4 Under the Operations tab,/ W
choose FFT Filtering (fast-
Fourier transform), Adjacent
Averaging, or Savitsky-Golay
smoothing.

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

Eit Comparisan...

Adjacent Averaging |

FFT Filtering |

J

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:

0 Equipment specifications,

0 Sample characteristics, and

0 Timing considerations.

To ensure that the spectra collected indicate the actual properties of the sample and not ex-
ternal conditions, data often must be corrected. To correct data means to subtract informa-
tion not directly related to the properties of the sample. Gratings, detectors, and monochro-
mator or spectrometer components have response characteristics that vary as a function of
wavelength. These characteristics may be superimposed on spectra, thereby yielding a po-
tentially 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 char-
acteristics. These files (we ignore their 3-letter extensions), Xcorrect and mcorrect,
are included with the software; copy them to your hard disk.

ltems 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 range is

detector R, and using

the signal ratio S/R to 240-600 nm and the emis-
correct lamp-profile or sion range is 290-850 nm
temporal fluctuations for the reference detector.
Influence of the Running a blank scan (which is later subtracted from the sample
sample holder scan)
System hardware Using radiometric correction factors
(e.g., optics, detec-
tors)

To use radiometric correction factors, either:

0 Select the ones supplied with the software, or

0 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.

Blank Subtraction and Dark Offset functions are described in the on-line FluorEssence™
help files.
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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.

Caution: The mcorrect, xcorrect, and tcorrect
files are custom-generated at the factory for each par-
ticular instrument, and cannot be swapped.

1 Be sure the instrument configuration has a
layout that includes a correction file associated

with the appropriate detector.

da hoose Collect in the toolbar.

Experiment Setup H =] = @ [>

Run Experiment

Swstem NI Reset

N
b Choose Advanced Setup, then System Configuration.

==n System Configuration
The System 2 e
H H - Preferenct
Configuration Sy
Window Cumert Configuration Info
1D Flusroman
appears * Descriotion  FLMax
s [ Instrument Carrection Fil
Detectar | Mona | Grating | File | b
5 Emigsion 1 1200 CADATAMANMCALSCANSSMCC .L‘
Remove I
Setup I
— Common Area Statu:
Device: ! E citation 1 _:J Configure
Eonfiguration:  [F Max pply Cancel !
Clear Configuration Load From File l Save ToFie | Cancel i : (i)
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+=n System Configuration

Preferences Preferences
4\ . :
@ Current Configuration Info
a 1D: Fluoroman
Descriotion  FLMax

5 Ermiszion 1 | 1200 CADATAMEMNCALSCANS WD ]ﬂ
Remove
| 1| Setup I
Cofnmon Area Status
Dfvice: | Ewcitation 1 \ j Configure
Canfiguration:  |F| hay Apply Cancel

Clear| Configuration Laoad From | Save ToFile | Catcel | ........... ok |
AN

£
o

Instument Correction Files

C Choose Preferences, then the Instrument Correction Files icon.

The Instru

ment 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

2  Choos

file.

Detector  Correction-factor file name

S mcorrect
R xcorrect
T (ifused) tcorrect

e correction when setting up the

experiment.

a In the Experiment Setup window, choose the Detectors icon to —> t
display the detectors’ parameters.

b Cli

ck the Correction checkbox for the detector you want corrected.
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In the Signal Algebra area, a signal with appended “c” appears, denoting a
corrected signal:

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

Experiment I General information

Experiment
File Directory

|DfItSpectraIEmission.me (23 Load E save H savess ... |

Data Storage
Data ldentifier: |DAEm

Comment: S pectral Acquisition[E mizsion]

Signals

Select

Integration Time: {0.1 3z ‘ ™ Dok aset
Enable| Signal Detectar | Units )I[V] Correction B|1k Subtract

DB ==

105 CP3 I O

w O R_R Micratmps | 12 O

Signal Algebra ;

Signal | D etails Dpereliars Fomulas Accumulations

51 S signal 1 2 Signal | Units | 1 ’—_|

Sille) 5 signal 1 N 51

/
£ b3 . Cycles Delay
Formula |Llnlts ’_1 ’7
Statuz
—
Full Disclosure Help RTC Bun Cancel

Triggers | Spectral Acquisition[Emission]

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).

am Files\Jobin Yvon\Synerjy Data\s

1 Make sure the graph |S Graph EEGEREES Tools Format  Window
open and trace to be S|E|  smele path...
corrected is active in the :mlth
main FluorEssence window. . ,
Choose Analysis. Translate '

fverage
A drop-down menu appears. =verad

Interpolate/Extrapaolate

Select Simple Math.... e

This opens the Math Functions dialog box. 3D Extract
The chosen trace should appear in the Data
field. If not, browse for it with the down
arrow. Eit 4

Pick Peaks

Fit Comparison. ..

(@) F S

Select multiply. \Dw\ Datal 6 =
Choose the Data radio Funcion o =
button in the Operand area o

6  Browse for the appropriate
correction-factor file
(mcorrect or xcorrect). e

The proper formula should appear in the ————> Datal E +Datal_4
Result area.

[ Click OK.

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

> Hdd New " Replace Cument

Apply Ok Cancel
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6: System Maintenance

%
External case i
The Fluorolog®-3 spectro- Caution: Not removin_g
fluorometer requires very little dust from the exhaust fil-
N ters can cause the xenon

maintenance. The outside pan- :
els may be wiped with a damp cloth to remove dust lamp’s  power supply to
fail from overheating.

and fingerprints. Blow pressurized air onto the
exhaust filters periodically to clean away dust.

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 Jobin Yvon Inc. 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 Jobin Yvon Inc. 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 Warﬂmg. Do not remove the
manufacturer’s box and must protective cover from the
replacement xenon lamp

until instructed to do so.
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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.

‘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 pre-
sented below.

AN A

Hazards

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

000

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

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.

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.

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 Remove the 10 Phillips-head screws on top of

the lamp housing.

2 Lift off the cover.

This exposes the lamp assembly:

Upper
bracket

Lower
bracket

Mirror

Top view of the lamp housing with cover removed.
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To remove an existing lamp,

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

upper bracket
7/64" cap screw

5/32" cap screws

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

3 Remove the upper bracket.
4 Remove the lamp.

5  Place the protective cover —
around the xenon lamp.

6  Lock the cover into place.

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

1

Be sure the cover of the lamp housing is
removed.

@Note: HORIBA Jobin Yvon Inc. provides new bulbs with
leads and connectors of the proper length and size. Other
manufacturers’ lamps may require extra adjustment be-
fore installation.

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 ﬁ_

<«— Cathode
(positive end)

Nipple (near cathode,

the blunt electrode) Cathode

(blunt electrode)

Anode
(pointy electrode)

Anode
“ (negative end)
Lamp lead H_

Diagram of lamp emphasizing polarity.

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.

Place the square aluminum upper bracket over
the cathode terminal of the bulb.
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The positive end should be pointing upward.

5 Insert and tighten the 7/64" cap screw on the
upper bracket.

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

/[ Secure the lower lamp lead
and lower power cable to the
lower bracket, using a 5/32" —__

cap screw. ,

8 Tighten these two 5/32"cap | 3" {\ |
screws on the upper and lower | \-Lam load
brackets. :

‘Waming: 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.

Do not let

Do not let
® leads touch
the chassis.

Do not let
leads touch
the mirror.
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9  Pull the excess power cables away from the
lamp assembly beneath the baffle.

Pull excess cable beneath internal

housing away from lamp assembly
@ Nofe: Make sure

the cables do
not block the exit

) slit of the lamp
ﬁ housing.

Do not block exit slit Lower bracket

Diagram of lamp in place.

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

11 Plug the power cord from the lamp power supply
into an outlet with the proper line voltage.

‘Warﬂiﬂy: DO NOT operate this system from an un-
grounded AC power source.

@Note: 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 Jobin Yvon Inc. recom-
mends 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 water-filled cuvette in the sample

compartment.
2  Take a water Raman scan with the following

parameters:

Excitation wavelength 350 nm

Scan range 365 nm to 450 nm

Increment 0.5 nm

Integration time 1.0s

Slits 1.25 mm (single-grating monochromator)
2.50 mm (double-grating monochromator)

Acquisition mode S

The water Raman peak intensity for the Fluorolog®-3 spectrofluorometer
systems are as follows:

Model Intensity

FL3-11 >450 000 cps
FL3-12 >450 000 cps
FL3-21 >450 000 cps

FL3-22 >450 000 cps

Expected intensity for various systems.

Continue on the next page.
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v
Calibrate the emis-
sion monochroma- | No Is the water Ra>
tor. Go to System man peak at 397
Operation. +0.5 nm?
Lamp is : Continue
properly Yes Is the peak inten- with step
adjusted. sity as listed in the 3 below
above table? :

3 Enter the Real Time Control from the Experiment

Setup window.

Experiment I

General information

Experiment

File Directory

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

|D fitSpectralE mizsion kml

Data Storage

Data ldentifier: |DAEm

Directory:

(Z Load n Save n Save fs .. |

|C: “Program Filew ohin ‘YvonhD ata

Comment Spectral Acquisition[E mizsion]

Expetiment Type Monos

Excitation 1
IV Activate

DB = F

‘Wavelength Park

- -
w Slit
nm 5
Emission 1
v Activate [ * Set az Reference
‘Wavelength  Start End Inc
nm [265 450 1
Slit
nm 3
Status

Triggers I

Spectral Acquisition[Emission]

X

Full Disclozure Help RTC Cancel
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4 Set the excitation and emission
monochromators to 350 nm and 397 nm,
respectively.

L EX

#=4 Real Time Control [ C:\Program Files\Jobin Yvon\Dat A\~DfltSpectralEmission.xml |

AllSCD's Spectra l Data View Intensity]

Single Channel Data

Default Axis { Undefined )

‘ ‘ Clear ‘ t%b Autoscale ‘

Common Parameters

@citatiun 1 Emission 1
Start: i Slits Start: pirp [ Slits Intearation 0.1 3

g ,— - width [ nm
Inc: Firf
Positior: {350 j 1 i =+|][[

Bk ’— - width [ nm
Inc: Firf
Positior: {365 j 1 nm =E|[[

Integration 01 3

Status Shutter Mode

v QA e[@ -
C Detailed L AEtD
 Momal Clear - Closed Help Transfer Save Cancel
f* Critical v

The Raman band’s emission appears at 397 nm when water is excited using 350
nm.

5  Make sure HV1 is on and set to 950 V.

o

Open the programmable excitation shutter.

[/ View the incoming data in acquisition mode S

(signal detector). @
Nofte: If the lamp is not at

Watch the signal intensity as you adjust
the best vertical position,

the wvertical position of the lamp.
Therefore, position the monitor to see correctly positioning the
lamp will increase the sig-

nal significantly.
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the changes while standing by the lamp housing.

8 Insert a 5/64" Allen wrench inside the middle
port on the top of the lamp housing.

Horizontal
adjustment

Vertical
adjustment

@Note: To reach the

set screw, you may
have to fish around
with the Allen
wrench.

N 5
The Allen wrench is ready to adjust the vertical position of the lamp.

9  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.

10 Return to the Experiment Setup window.

11 Re-scan the water Raman spectrum.

This should result in a clean scan at maximum intensity.

&No[e: If there is a problem, you may have to adjust the horizontal
position of the lamp. This is rarely necessary, and should only be
performed as a last resort.
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12 Record the date that the new lamp was
installed, as well as its maximum intensity.

13 Save the protective cover of the new bulb, for
when the bulb must be replaced in the future.
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Lamp housing @
Clean the window in front of the lamp Nofe: Dust reduces the excitation

housing once a year, or more light transmission, resulting in lower
frequently if needed. system sensitivity.

1

Remove 10
Phillips-head
screws on the & Window is
lamp visible

hOUSing’S . @ ugh here
: ! | \ NE
Lift offthe | A

cover of the
lamp housing.

Remove the 2
screws that
hold the baffle
in place inside
the housing.

Carefully lift out the baffle from the housing.

If desired, remove
the 2 cap screws
holding the window in
place.

Clean the window
with lens tissue and
methanol.

Cap screws on interior wall of lamp housing.

£Caution.' Read the Materials Safety Data Sheet
_ (MSDS) before using methanol.
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[/ If the cap screws were removed, replace them.

o) Replace the baffle, and re-install the 2 screws
holding it in place.

9 Re-install the cover, and secure it with the 10
Phillips-head screws.
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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 compart-
ment), and you want to change the detector, this section is applicable. When the R928P pho-
tomultiplier is replaced with a different detector, the emission correction factors must be up-
dated (see Chapter 8: Producing Correction Factors).

‘Waming: Lethal high voltages are applied to the photomul-
tiplier cathode. Turn off all instrument power before in-

stalling or removing a photomultiplier. Never expose a

~N O O B~

photomultiplier tube to room light while the high voltage is
turned on.

Be sure that the instrument power is turned off.

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

Remove the cables and wires attached to the

.
Note: Fingerprints on the glass of the photomultiplier
increase the dark count of the tube. Immediately re-
move fingerprints from the photomultiplier by rinsing
with methanol and wiping with lens tissue.

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.

See the “Cable Connections” section in Chapter 17: Re-assembly Instructions.
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Reference signal detector

The reference signal detector is a state-of-the art silicon diode that requires no routine main-
tenance.
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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 proce-
dure.

Required tools

Tool Size Purpose

Phillips screwdriver =~ medium  Remove top cover.

Lid support -- Supports the lid in an open position.

Replacement

A ‘Caution: 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 neces-
sary, contact the Spex” Fluorescence Service Department. Typically, mirror realignment re-
quires special targets and fixtures, and a laser.

A ‘Caution: Do not loosen the mirror mounts.
‘Caution: HORIBA Jobin Yvon Inc. recommends that you
never attempt to clean off any dust on the gratings and

mirrors. The effect of cleaning may cause more prob-
lems than the dust. The surface is easily marred and
cannot be cleaned the way a mirror can.
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Remove the existing grating

1
2
3

Grating motor

Close the slits in the emission spectrometer.
Turn off all instrument power.

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 Caution: A circuit board and critical
attached to the connections are attached to the lid
lid. of the spectrometer. DO NOT at-

) tempt to lift the lid completely off.
Insert the lid
support at the rear of the monochromator.

Place the lid in the support.

Mounting pin

Thumbscrew

Grating stand

Overhead view of the grating assembly.
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/[ Release the grating from the stand.

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.
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To insert a new grating,

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

2 Tighten the thumbscrew on the back of the
grating stand.

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

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

6  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. Only the Model
1692M Selection Mirror (an option) can be adjusted easily to optimize the fluorescence sig-
nal from the sample. This mirror should be adjusted periodically if low signal is caused by
poor alignment at the slit position.

‘Caution: 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 will reduce resolution capabil-
ity and refocusing will be required. If the system becomes misaligned, contact the Spex”
Fluorescence 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 flu-
ids in the bath.

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

Troubleshooting

Problem Possible Cause Remedy
Light is not reaching Excitation shutter closed. Using the software, open the shutter.
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.

Slits are not open to the
proper width.

Lamp is not turned on

Excitation monochromator
is miscalibrated.

Sample turret is not in cor-
rect position.

Lamp is not aligned or
focused.

Slits are not open to proper
width.

Shutter(s) is(are) not com-
pletely 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.

[continued on next page]

71

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 monochro-
mator.

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 Spex® Fluorescence Service Depart-
ment. (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 lamp lifetime
1500-2000 h.)

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

Select appropriate wavelength based on exci-
tation 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.
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No signal.

Erratic signal.

Raman band super-
imposed on fluores-
cence 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 up-
ward ~240-270 nm.

Noisy spectrum with
magnetic stirrer.

Communication prob-
lems between com-
puter and instrument.

Hardware Init. error
appears.

“Data file does not
exist” or “file read
error’” message ap-
pears.

Sample turret is not
operating.

Lamp is not on.
Detectors are saturated.
High voltage is off.
Lamp unstable.

Light leaks.

Agueous solutions and
solvents have Raman
bands.

2"%-order effects from the

spectrometer.

Scattered light off the exci-

tation wavelength.

Dark count is divided by
low reference signal.

Stirring speed is too fast.

Cables are improperly con-

nected.

Computer’s or SpectrAcq’s

1/O-controller is failing.

Broken IR sensor in mono-

chromator.

User is not logged into

Windows® XP as adminis-

trator or power user.

Software is not enabled.

Cables are improperly con-

nected.

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.
Check communications cables’ connections.

Replace 1/0 controller: Call Spex® Fluores-
cence Service.

Replace IR sensor: Call Spex® Fluorescence
Service Department.

Log into Windows® XP as administrator and
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 prob-
lems leading to their appearance.

@Note: 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 per-
formance of the Fluorolog®-3.

Lamp scan

Running a lamp scan verifies system integrity and indicates whether the correct pa-
rameters 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

0-31 «— 467 nm

0.25 -

©
N
I

Intensity

0.15 -

0.1

0.05 -

0 T T T T T T
250 300 350 400 450 500 550 600

Wawvelength (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 -
(7]
%]
<
>
(@]

L 0.2236 -
2
i)
c
)

£ 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 re-
solve this problem, narrow the slit widths.

7-4




Fluorolog-3 v. 3.2 (2 May 2008) Troubleshooting

Water Raman spectra

Contaminated water

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

5

<—397 nm

Intensity (1(5’ counts/s)

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 [
(]
I
c
>
83 I
LnO
A
22 + Contaminated water
g (note high background)
=

1

Clean water
0 | | |
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 due to the cuvette surface. Clean 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 due to contaminated water.

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

scan.
5
4 Clean water
0 /
N
c
33
&)
=)
2
>
a 2 -
o
]
E
1 Kow signal
O T T T T T T I I
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 superim-
posed 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.

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

3 Verify that the detector is set to the proper volt-
age.
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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

N w Iy al [e2]
o (@) o o o
| | | | |

Intensity (1(5 counts/s)

=
o
!

T T

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.
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Further assistance...

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

1

If this is the first time the problem has occurred,
try turning off the system and accessories. After
a cool-down period, turn everything back on.

Make sure all accessories are properly config-
ured and turned on as needed.

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.

Check this chapter to see if the problem is dis-
cussed.

Visit our web site at
www.jobinyvon.com/fluor/fluor.htm to see if the
guestion is addressed in the Systems or FAQs
sections of the site.

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. De-
pending on the the problem, a service visit may
not be required.

If an error message appears in FluorEssence™,
write down the exact error displayed.
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8 Determine FluorEssence™'’s
version number.

a
b

Choose the Help menu.

Choose About FluorEssence....

The About FluorEssence
window opens. Near the
bottom are the FluorEs-
sence™ and Origin® ver?
sion numbers.

Click the View System —|

Info button.

Troublesh

ooting

Daka Acquisition
Analysis and Display

Prograrnming

Tutorials

1.7

—>»  About FluorEssence. ..

JOBIN YVO

About FluorEssence

N

FluorE szence Version:  2.5.0.0 Origin “ersion: 75878
[ "
| — Wiew System

Info

The Installed Components window appears, displaying all the software

required for FluorEs-
sence™.

Record the information
by clicking the:

Save To File... button,
which saves the informa-
tion to a file;

Zip Info button, which
compresses the informa-
tion while saving it;
Print Info button, which
prints out the software
information. |

Click the OK button to

close the Installed Com-

Installed Components

J¥ Companents

JYGeneralConfig dil
JYGeneralD ataPreview.dl
JYGenerallnit.dil

1%H serhurzra Al

Component Mare Wersion | Date ~
CommunicationsCorn.di 2200 Tuesday, November 08, 2005, 10:12:04
Configure. dil 2200 Tuesday, November 08, 2005, 10:12:08
D ataPreviewE ngine. dll 2200 Tuesday, November 08, 2005, 10:12:08
ExperimentEngine. dil 2200 Tuesday, November 08, 2005, 10:12:08
FLExpSetup.di 2200 Tuesday, November 08, 2005, 10:12:08
Initialization. dil 2200 Tuesday, November 08, 2005, 10:12:08
JYCCD dl 2200 Tuesday, November 08, 2005, 10:12:03
JYCommonO bjects.dll 2200 Tuesday, November 08, 2005, 10:12:04
JYConfigBrowserComponent.dil 2200 Tuesday, November 08, 2005, 10:12:04
JrDeviceConfig.dl 2200 Tuesday, November 08, 2005, 10:12:06
JFiltethesl di 2200 Tuesday, November 08, 2005, 10:12:07

Tuesday, November 08, 2005, 10:12:03
Tuesday, November 08, 2005, 10:12:09
Tuesday, November 08, 2005, 10:12:09

I Toasdsn Mewamher 17 900 101704
Third Party Components

Component Name Wersion | Date ”~
cwanalysis. ocx 1.1.00  Thursday, Movember 03, 2005, 10:41:29
cwdag.ocy 1.1.00  Thursday, November 03, 2005, 10:41:23
CHILLOCK 2000 Monday, July 12, 2005, 08.51.56
gspeiolib.dil 3009 Thursday, November 03, 2005, 10:41:28
HHActivel dil 11.0.2280  Thureday, Movember 03, 2005, 10:45:50
is&nalogLibran, ocx 3.0.4.467  Thursday, Movember 03, 2005, 10:41:23
isDigitallibrary. ocx 304346 Thursday, Novenber 03, 2005, 10:41:23
iStripCha<Control. ocx 30429 Thusday, Novenber 03, 2005, 10:41:23
[Pezush sys 12010 Thursday, Movemnber 03, 2005, 10:41:28
[pldr2 aps 1020 Thursday, Moverber 03, 2005, 10:41:28
iwsbloader.sys 12010 Thursday, November 03, 2005, 10:41:28
mszmi3.di 85021620 Friday, March 19, 2004, 16:40:16
mezmi3a.di 82087301 Thursday, November 03, 2005, 10:41:30
rzsmi3rdil B.20.87301 Friday, March 19, 2004, 16:40:16 3
sl Al ATNEAN N Thiwedan Mouarkar M 2008 10-41-90

ponents window.

SaveToFle..|  Zipinfo Pintinfo_ | ]

&

Click the OK button to

close the About FluorEssence window.

7-9




Fluorolog-3 v. 3.2 (2 May 2008) Troubleshooting

9 Determine the SpectrAcq firmware version.

a Open the Experiment Setup window:

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

Expetiment General information
Experiment
M File: Directary
— [ (23 Load H save E savess ‘

|Dflt5 pectralE mission.xml

Data Stoiags

Data |dentifier: DftEm Directary: |E:\Frogram Filest) obin YvontData

Spechral &cquistion]E mission]

Comment

Experiment Type Monos

Excitation 1
W activate

D@

w'awelength  Park

5
Emissign 1
W Activate\[ {+ Set as Aeference
wiavelength End Inc
nm 450 1
Slit
nm
Statug
| &0 | o
Eull Disclosure Help RTC Cancel
Triggers Spectral Acquisition[Emission]

\
b Click the Detectors icon.

C Move the mouse over the detectors’ table in the Select area.
The SpectrAcq firmware version appears in a small pop-up window:

=2 Fluorescence Division - Experiment Setup ( Spectral Acquisition[Excitation] )

M‘ General information
Experiment
MI File: Directary
— |DFItSpecl|aIEx itation. xml (Z Load E save E savess.. |
i DiltEx
B S pectral Acquisiion[E xcitation]
Signals
Select
@ Integratipn Time: (0.1 s I Dark Qffset
Enablgf Signal Detectar | Units HY[V)| Conection Blabk Subtract
B GRS 950 O [
= ——
il i) Miemps Detector Info: M
Single Channel Detectar
Firmware Version: Y515 Spectriog
Signal Algebra
Signal | Detals Operations Formulas Accumulations
51 S signal 1 & Add »» Signal Unis_| ? |Stacked Sears | v
. 51
< 3|7 << Remove Cyoleq Summed Scars
E I Average Scans Delay
omiula Units
| <¢Clear 1
Status
| 10w '”
Eull Disclazure Help RTC Cancel
Triggers Spectral Acquisition[Emission]
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10

11

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.

Call the Spex® Fluorescence Service Depart-
ment at (732) 494-8660 x 160.

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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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 charac-
teristics 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 240-600 nm, and the correction range for emission spectra is from 290-850 nm.

Emission correction factors should be updated periodically or whenever different grat-
ings or signal detectors are installed. The correction factors can be updated either at the
user’s location, or by a representative from the Spex® Fluorescence Service Depart-
ment. To arrange for a visit and a fee estimate, call Spex® Fluorescence Service De-
partment. To update the correction factors without a service visit, follow the instruc-
tions 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 fluo-
rescence 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, ap-
propriate holders, and a scatter assembly. HORIBA Jobin Yvon Inc. offers two meth-
ods:

1908 Accessory

The 1908 is a complete correction-factor kit, while the 1908MOD
Scatter Assembly is provided for users who already have a cali-
brated 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 new F-3026 Correction Factor Kit

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

12 V DC power supply

Special sample-compartment cover

Following are methods using both systems.
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Generating emission correction factors via
1908 accessory

Set up the accessory.

1

Set up the sample compartment.

a Remove the sample-holder from the compartment, leaving only the 4
posts of the sample drawer.

b Start FluorEssence™; initialize the instrument; open up the Experiment
Setup dialog box for an emission scan.

()

In the RTC, close all slits to O nm.

d Place the 1908MOD scatter block assembly in
the sample chamber, so that light is directed
toward the right angle.

Looking down, the scatter plate should be toward the
left.

e Place the mask over the sample
compartment.

The square hole should be vertically centered
over the white scatter plate. Secure the mask
with black tape.

Attach the two wire ends of
the standard lamp to the
lamp holder posts.

cl  The positive (+) lead
goes to the positive ‘

E]reld) side of the Caution: Do not

older. touch the lamp.

Use cotton gloves
or lens paper.
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b The negative () Nipple points upward
lead goes to the
negative (black)
side of the holder.

C The nipple of the
lamp should point
upward.

3 Fix the lamp holder to the top of the sample
compartment with double-sided tape.

Make sure the the
filament is vertically
centered over the
fixture.

View looking
downward from the
standard lamp to
the mask. Dotted
lines (in perspec-
tive) indicate how
the lamp should be
over the square
hole.

4 Connect the two wire leads from the constant-
current power supply to the lamp holder.

Attach the red wire to the red clip, and the black wire to the black clip, found on
the sides of the lamp holder.

5 Turn on the constant current ‘
power Supply_ Warning: Avoid look-
ing directly into the

Wait  until lamp’s radiation.Do

the current not touch the bare
reaches o lamp leads while
6.500 A: this the power supply is
_ on.
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may take up to 2 min. For valid irradiance values, the lamp current must be
maintained precisely at 6.500 A.

©  Turn off the room lights, set the emission
monochromator to 520 nm, and both emission
slits to a 5-nm bandpass.

[/ Observe the intensity of the signal detector.

~iReal Time Control [ C:\Program Files\Jobin Yvon\Data\~DfltSpectralEmi... |- |

Al 500 Spectra  Data View Intensitvl
5
T e -
Excitation 1 | Ell
Pasition Control Grating
=] )
520.0 — nm e | 20 |
ﬁ ' JP _Oﬁ |1an..
Slits
Slit width
’r nm
Status Shutter Mode =
E—(rrltmrce_sl'n 2nm ~ " Detailed :RPE” e & E @ ©
EFFIEISISC;S?'I.EI‘II'H " Nomal E _/(Crlﬂtged Heln Transfer S S Eancel
&+ Critical o
A good
emission @
correction Note: The signal level should not exceed 2 x 10°
factor file cps—the linear range of the R928P detector—in
depends photon-counting mode. If necessary, open or close
on ample the emission slits to adjust the signal intensity.
signal at

both high and low points of the lamp spectrum.

8  Set the emission monochromator to 290 nm.

This is the wavelength at which the standard lamp has its lowest light output.

9  There should be @
sufficient signal intensity Note: A typical R928P

above the dark counts. photomulltiplier tube
should have roughly

1000 £ 500 cps in dark
counts alone.
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Determine the dark counts via 1908.

1
light to the detector.

a

Place the sample lid over the mask to block all

Set up and run an emission scan.

Open the Experiment Setup dialog box for an emission scan.

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

E xperiment I General information
E=periment
File Directory

|Df|t8pectraIE migzion, xml

Data Starage

2y Load n Save n Saveds .. |

Data ldentifier: |DAIEm

Diirectory:

|E:\Program FilestJ obin v'won'D ata

Comment: S pectral Acquisition[E miszion]

Expetiment Type Monos

Excitation 1
v Activate

D8 ==

Wavelength Park

-

nm
Slit
i

4

Emission 1

v Activate [ + Set as Reference

‘wiavklength  Start
[265

End In
[450 1

nm
Slit
nm

—

Statuz

\ Spectral Acquisition[Emission]

Triggers I

&

Full Disclosure

Help

&

RTC

Cancel

b
C

Choose the Monos icon.

Emission Wavelength Start (nm)
Emission Wavelength End (nm)
Inc (nm)

Excitation Wavelength Park
Excitation Slit (nm)

Emission Slit (nm)
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290

850

5

350

0
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d Choose the Detectors icon .

e Enable the signal (S1) detector.

f Enter the following parameters in the Signals area:
Cycles 1
Integration Time (s) 1
Accumulations 1

g Run the standard lamp spectrum.

—
0
o
Q
=
w

£

o
-
=

31 ookt

ﬁ@ em test Name | Type fll
Odata Folder
Elpfitem1 Graph

>

For Help, press F1

|Color Publication  |1:DfitEmdi1_B(1-113) |DftEml |[Radian

h Name this file stdlamp.

3 Place the sample-compartment lid over the
mask to block the light entering the sample
chamber from the quartz-halogen lamp.
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4 Set up and run a blank scan, using the same
parameters as in step 2, and name this file
blank.

Set the excitation and emission slits to 0. The datg have very low intensity.
M (=]¢3

= FluorEssence - C:\Program Files\Jobin Yvon\Data\e... o |[O0|X
File Edit View Collect Graph Analysis Tools Format Window Help

=S |2 @ =l [l &+ Ea|+|T|2'|/| J

& DfItEm2

Intensity (CPS)

& em test Name | Type b
Odata Folder
ElDfitEm1 Graph
ElDfitEm2 Graph

Color Publication  |1:DfltEmd2_B(1-113) |DftEm2 |Radian

@Note:A typical R928P photomultiplier tube should have roughly
1000 £ 500 cps.

5 Turn off the quartz-halogen lamp, and turn on
the room lights.

O  Subtract the blank from the emission scan.
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a Choose Analysis from the toolbar.
A drop-down menu appears.

b Choose Simple Math....
The Simple Math Tool window appears.

am Files\Jobin Yvon\Synerjy Datals

/@&/) Sirmple Math. ..

Producing Correction Factors

Tools  Format  Window
Baseline. ..
Smooth...
Calculus ¥
Translate r
Average

Interpolate/Extrapolate
alue

3D Exkract
Pick Peaks

Fit ’

Fit Comparisan...

. Simple Math Tool ﬂ H
C In the upper Data field, choose \
stdlamp. Data Datal_E -]

fath
d Funrtinn_>! add j

For the Math Function, choose

subtract. Operand

% Data |Data1_.~’-‘-. j
e In the Operand area, choose the”/

" Constant |

Data button, and select blank for
the Data.

Result

f Click Apply to subtract the two files.

0  Name this file stdlamp2.

Datal_B + Datal_A

" Replace Current

Ok Cancel

Below is a screenshot of the blank and lamp spectra. Notice that the blank is
almost zero throughout. Because of the low intensity of the blank file, the
blank-subtracted file, std lamp2, will resemble the stdlamp file.
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= FluorEssence - C:\Program Files\Jobin Yvon\Data\em test - [DfItEm3] _
File Edit View Collect Graph Analysis Tools Format Window Help .8 x

=W S| @ = = & &+ (8|2 |T]|] | Bk B =0 |=
1

1400000 __ Std Iamp
1200000 ,_
1000000 ;
w 4
o
Q  sooooo
z i
£ eooooo ]
e
£ ]
400000 ] blan k
200000 __ /
o ]
T T T
200 400 00 500
Wavelength (nm)
ﬁ@ em test ‘ Name ‘ Type ‘ View Size | Modified
Odata Folder 7/25/2005
EIDfitEm3 Graph Maximized 10KB 7/25/2005
Elpfitem1 Graph Normal KB 7/25/2005
< ¥
For Help, press F1 Color Publication DftEm3 |Radian

Screenshot of blank and lamp spectra.

Your spectrum should appear similar to the one pictured above. Its actual
appearance, however, depends on the configuration of the Fluorolog®-3 system.
The lamp scan was acquired with gratings in the emission monochromator
blazed in the visible region and an R928P photomultiplier as the detector.
Different gratings or detectors may alter the shape of the lamp spectrum.

@Nm‘e: Obtaining emission correction factors for the region be-
tween 250 nm and 300 nm is possible. Because the gratings
are extremely inefficient in this range and the standard lamp
output is low, generating these factors is somewhat more in-
volved.
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Calculating emission correction factors via
the 1908 accessory

Introduction

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

Irradiance values for a standard lamp, packaged with the lamp, usually are expressed in
107° W-cm™-nm. With photon-counting systems like the Fluorolog®-3 spectrofluorome-
ter, however, data usually are collected in units of photons-s™-cm™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.

1 Load the irradiance values.

a Enter the irradiance values into a spreadsheet.
Use the Origin® project supplied by HORIBA Jobin Yvon.

b Save the file as IRR.

Intensity
w
1

0 T T T T T T T T T T T
300 400 500 600 700 800

Wavelength (nm)

Now you have the two files: IRR and stdlamp2. These files are required to
calculate the emission correction factors for the Fluorolog®-3 system.

7 Calculate the correction factors.
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cl  Using the Simple Math Tool window @
under the Analysis menu, divide Note: Naming the file

IRR by stdlamp2, and name the mcorrect over-
resulting file mcorrect. writes the mcor-
IRR rect file supplied
mcorrect=———— with the software.
stdlamp2

3 Normalize the new mcorrect file.

a Display the new mcorrect file and find the minimum signal intensity.

To find the minimum quickly, right-click on the column of data’s header,
choose Statistics on Columns, and find the Min(Y) value.

b Using the Simple Math Tool window under the Analysis menu, divide
the mcorrect file by this minimum signal intensity, a constant.

C Save this new file as mcorrect.

(That is, overwrite the existing mcorrect file.) This normalizes the correction
factor file so that the minimum intensity of mcorrect will be 1 count s™.
mcorrect contains the emission correction factors for the system. The
correction-factor file should look similar to this:

80 -

70 4
60 -
50

40 +

Intensity

30
20 1

10

--'-"-'--—__
I . I L I L 1 L 1 . I
300 400 500 600 700 800
Wavelength (nm)
mcorrect file.
Once the emission correction factors have been found, determination of the excitation
correction factors may be necessary. The following procedures describe how to obtain
excitation correction factors using the photomultiplier and the photodiode. Follow the
procedure that applies to your configuration.

0
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Generating emission correction factors via

F-3026 accessory

Set up the accessory.

1

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: The sourcel/integrating sphere module may arrive pre-
mounted atop the special gap-bed.

Plug the power cable
into the front of the gap-
bed.

Remove the standard
sample-compartment
gap-bed, and insert the
correction-factor kit gap-
bed into the sample
compartment.

Fix the gap-bed firmly to the sample compartment with screws through the front
panel.

"
Y
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Run the scan.

1

Start FluorEssence™ and

initialize the instrument.
Turn the xenon lamp OFF, and the lamp for

the correction-factor kit ON.

7 Put the raised lid on the sam-

ple compartment.

Make sure it fits securely, and there is no light

leak into the sample compartment.
N

Producing Correction Factors

‘Waming: 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.

Caution: Do not
operate the ac-
cessory  without
the lid completely

covering the
sample compart- S e
ment. e |

Collect an emission scan using the following scan

parameters:
Range: 290-850 nm; increment: 5 nm; integration time: 1 s
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Analyze the data.

1

Import the standard
iIrradiance file for the
calibrated lamp in
the correction-factor

Kit:

d

@Note: Choose the

f

In the File menu, click
Import, and choose SPC
Data....

The Open window ap-
pears.

Browse for and choose
the irradiance file on —
the CD-ROM

(included with this

Kit).

correct irradiance
file associated
with the desired
detector.

Producing Correction Factors

sma Fluorkssence - C:\Program Files\Jobin Yvon\Data\SCohe

FE8 Edit Wiew Collect Graph  Analysis Tools Formatb  Window
D Mew...
@@en...

Open Samples. ..

Append...

Close

u Save Project

Save Project As...

Save Daka As...

Save Template As...

Page Setup

\

& print...

Page Setup...

Chrl+N
Chr+O

Ctr+s

Ctrl+p

ASCII Data...

Export

Impart Image:

Expart Page...

Batch Expart

Look in:

Nizwelenath rnm?

‘ I'\‘.) Comection Facto [D:]

———'—) ﬂcaan_npt\cs_lrradlance

]

scohen
Qrigin Object

®

Comection Facto

0:)

File name: “

j * Open

Files of type:
-

‘Thsrmu Galactic SPC Data [*.spc) j

Cancel

Click the Open button.

The irradiance file opens.

|dentify the data-
label names for the
two graphs.

Right-click on the curve; the

data name appears at the bottom.

= ocean_optics_irradi

W Az Title

1400 —
|2III_-
|I:IIII—-
800

600

=13

T L T
200 00 ‘0o

T 1 T T T T T
S00 600 00 8OO 800
K Axis Title
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3

From the File menu, choose

Producing Correction Factors

#=1 FluorEssence - C:\Program Files\Job

New....

GIEN Edit  View Collect Graph  Analysis To

The New window appears.

Choose Graph, then the

OK button.

A new plot appears on the FluorEs-
sence™ main window.

In the Analysis menu,
choose Simple Math....

The Simple Math Tool window opens.

8-16

Chrl+1
= Open... Chr+o
Open Samples, ..
append. ..
Close
= Sawe Project Chrl+5

Save Project As...

Save Daka As...
Save Template s, ..

Page Setup

Mew

Froject
Wwharksheet
el

X
_ Coneel|

Cancel
Layout
hotes
GEN
Function

Template

Path |C:Program Files' obin rvontD atahs Coher J

ﬂ Set Defalt

Hame HYH

amooth...

Calculus 4
Translate 4
LOverage

Inkerpolate/Extrapolate

Glue

S0 Exkrack

Fit 3

Fit Comparison. ..

PostMCorrect
Pick Peaks

Y &z Title

Rayleigh Masking
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g
h

Producing Correction Factors

Choose the data Simple Ml 54 £
corresponding to the\;
PR . Dat -
irradiance file. ata |Datal_B |
Choose divide as the math ’;'uf'r:*;hm
function
Operand
For Operand, select the data~&)l
corresponding to the * Data |Datal_A |
emission spectrum obtained
using the correction-factor * Constant |
kit.
Select the Add New radio Fiesul
Eutton, and click the Apply Datal B / Datal_
utton.
f* Add Mew " Feplace Curent
Apply ‘ OF. ‘ Cancel ‘

6 The new graph now displays the correction factor.
Normalize the graph as follows:

>0 Q™ OO T D

Right-click on the correction-factor curve and click Go to Data....

Highlight the B(Y) column, right click and select Normalize.
Note down the Min. number.
Open a new graph from the file menu.

Again, choose Simple Math... from the Analysis menu and choose the
data name corresponding to the correction-factor data file.

Select the divide function.

For Operand, select constant and enter the Min. number noted
previously.

Select the Add New radio button and click the Apply button.
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w=a FluorEssence - C:\Program Files\Jobin Yvon\Data\SCohe

7 Export the norm al ized GIEN Edit Wiew Collect Graph  Analysis Tools  Format  Wwindow

correction-factor graph. = o c i al |+|o
In the File menu, click Export, and Opgn Samples...

Append. ..

select SPC Data....

Close

A Save Project Chrl+5

8  Apply the correction
factor into your system
configuration by follow- © ..
ing the instructions in e
your instrument man-

Export Page. ..

u al Batch Expart 4 r -

Page Setup

Chrl+F

ASCII Data. ..

Remove the accessory.

1 Remove the sample-compartment cover.

‘Wamiﬂy: Always wear appropriate
eye-protection against bright UV,
visible, and IR light when the tung-
sten-halogen lamp is on and the
sample-compartment is uncovered.

2 Turn OFF the accessory.

cessory may be
HOT. Let the
accessory cool
before removal!
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@Note: We recommend keeping a log of the amount of time the
source is on. Calibration is necessary after every 50 h of use.

-

3 Remove the accessory’s
sample-compartment
gap-bed, and return the
standard gap-bed to the
sample compartment.
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Calculating excitation correction factors

The photodiode reference detector handles the bulk of excitation correction from 240-
600 nm when a ratio-acquisition mode is selected (i.e., S/R). More accurate measure-
ments 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.

@Mﬂe,’ To calibrate the reference detector out to 800 nm, use HORIBA
Jobin Yvon’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

+=4 Fluorescence Division - Experiment Setup, | Spectral Acquisition[Emission] J

Triggers

Open the Experiment Setup window for an emission scan.

Fil Directory
|DHtSpecllalEmlsslon.xm\ | (o Load & 5ave & savess .. |
Duata Starage
Data Identifier DftEm Directory: |I: “Program Fileshobin vortData
Commen 1 Spectral Acquisiion[Emissian]
Experiment Type Monos
Excitation 1
W Activate
‘avelength Park
nm K0
Slit
nm 5

Emission 1

W Activate [~ (+ Set as Reference

W avelength Start End Ine:
nm 365 450 1
Slit

nm 5

Spectral Acquisition[Emission]

b

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

AISCD's Spectra ] DataYiew \ntensity]

5
L W Q) &) (|l EIE]
I
ik 0.000 20000 40,000 50,100 000 00.000 30,00 200.000
‘ | Clear | O-I-b Autoscale |
Comman Parameters
ﬁ Excitation 1 Emission 1 S
Start: [~ Slits Start: wm [~ Shits Integration 01 S
End.,_ m Width 5 nm End ,— nm Width [ nm
A

Pasition: {350 + 1 nm ﬁEllf Pasition:  |365 i nm ﬂa"

T
Intedratio 01 3

Status Shutter Mode

o @) B
¢ Detailed At
T Help
" Mormal Clear - Closed

Save

"

Transfer

7

Cancel

" Critical \

C Set the excitation and emission monochromators to 467 nm and 630 nm,
respectively.

The largest lamp peak ocaurs at 467 nm

d Set the slit on the excitation monochromator to 0.5 mm.

e Make sure the shutter is open.

f 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 dialog
box.

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

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

Espesiment

General information

Experiment
File Directory

[ DA Spectral Excitation xmi

Data Storage
Data Identifier:

e

(23 Load & save

Comment Spectral Acquistion[Excitation]

Experiment Type Monos

M

i
0
N

Excitation 1
W Activate [~ (+ Set as Reference
Wavelength Start End Inc
nm 200 600 1
Slit
nm 1
Emission 1
W Activate
Wavelength Park
nm 350
Slit
nm 1
Status

Triggers

Spectral Acquisition[Excitation]

Full Disclozsure

cl  Enter the scan parameters:

Excitation Wavelength Start (nm)
Excitation Wavelength End (nm)
Inc (nm)

Emission Wavelength Park
Excitation Slit (nm)

Emission Slit (nm)

b Click the Detectors icon i .

+=2 Fluorescence Division - Experiment Setup [ Spectral Acquisition[Excitation]|)

240

600

5

650

0.5

Use value determined in step 3.

MI General information
Experiment
MI ile Directary
— [DftSpeciralE scitation. sl (23 Load H save & savess.. ‘
Data Storage
i Data | dentifier. [S=
Comment Spectal Acquisition[E xcitation]
Select
@ Integrstion Time: [7 s B Bl
Enable Signal Detectar | Units HY(v]| Correction Blank Subtract
51§ CPs gl O O
w Fl R Microdmps (05 [ ]
Signal Algebra
Signal Detais Operations Formulas AamrliEns
R A signal 1 + Add 5> Signal | units | [ [Gackedseam =]
51 5 signal 1 N S1/R1
< 3 << Bemove Cycles
J Delay
Formula Units ,— ,—_l ’—
‘ ‘ <<{Clear 1
Status
| 1O A -
=
. B R Eull Disclosure Help RTC Bun Cancel
Triggers | Spectral Acquisition[Excitation]
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C Enable both S1 and R1 detectors.
The codes S1 and R1 appear in the Formulas table.

d Remove both S1 and R1 from the Formulas table.

e 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 Add >> to add this formula to the Formulas table.

g Enter an Integration Time of 1 second.

5  Click Run to execute the scan.

6 Save the @
file as Note: Doing so replaces the xcorrect file
xcorrect. that was shipped with the system.

[ Normalize the data in the same way as in the
previous section.

As with the corrected emission factors, find the minimum data point and divide
the file by that value.

8 Save the normalized file as xcorrect.

This overwrites the existing excitation correction-factor file.
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Using correction-factor files

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

window.

1

nce - C:\Program Files\Jobin Ywi
In the FluorEssence IZDIIE:I:t Graph  Analysis  Tools  Fi
tOOlbal’, ChOOSG CO”eCt E Experiment Setup

A drop-down menu appears.

Choose Advanced Setup.

A sub-menu appears. Syskem LI Reset

Click System Configuration.

[
™ Run Experiment
H Advanced Setup L4

Syskem Mew Experiment

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
Setup )
; Config Name
Config
Clear

Detectors ] Monos] Accessories] Light Sources] |Independent [floating]]

Available Devices R Locate
5 <« 5 s
F
i
Add Delete
[lezcriotion
Common Area Status
Device: | E Rc\ation 1 L] Configure
Configuration: |Flu0 mas Apply Cancel

Clear Configuration Load From File Save ToFile | Cancel ‘
|
Choose Preferences.
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The Preferences area appears.

5  Choose the Instrument Correction Files icon.

7

&=4 System Configuration
Preferences | Preferences

@ Current Copfiguration Info

1D: Fluoromaze

Pezcriotion  FLMax

Ingtrument Correction Files

[ 6 b |

Detectar fono | Grating File
l 5 E mizzion 1 1200 CADATAMANMNCALS CANS MO

Remove

Setup I

Common Area Status

Device: |E:-:citati0n'| j

Configuration: |FLM ax

Clear Configuration Load From File

The Instrument Correction Files area appears.

If there are no active fields in the/Instrument

Save To File

Correction Files area, click Insert.

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

b The Mono column, and 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.

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

The new correction-factor files are now ready to be activated in the Experiment
Setup dialog box, under the Detectors icon:

t=1 Fluorescence Division - Experiment Setup ( Spectral Acquisi ion[Excitation] )

E zperiment General information

Experiment
File

Directory
| DS pectalE seitation.aml [ (2 Load = save & savess ‘

Dats Storage

Data Identifier. DFE=

Spectral Acquisition[E rcitation]

Comment:

Signals

Select

Integration Time: ’17 3 r Dark ‘set

Enable Signal Detector| Units HIv)| Conection| Bl Subtiact
515 CP5 @ O O
R R Microtmps 5 O [

2 O 8 = =

Signal Algebra

r Operations Fomulas
Signal Details P Accumulations

R1 R signal 1 * Add 33 Signal | Units | ’_.‘ ,—_l
51 5 sighal 1 . S51/R1
>

¢ << Remave Cycles

J Delay
Farmula Units ’_
‘ | <<Clear 1

Status

| 1@ B o
=—
Eull Disclosure Help RTC Bun Cancel
Triggers Spectral Acquisition[Excitation]
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9: Automated Polarizers

Introduction
Theory

The measurement of polarized emission of fluorescence allows the observation of rota-
tional motions in fluorophores during the lifetime of the excited state. Because the rota-
tion of macromolecules depends on their size, shape, and local environment (i.e., sol-
vent), 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 microheteroge-
neity, and phase transitions).

The first step in these measurements is the excitation of a selected group of fluoropho-
res, a fraction of the total ensemble of molecules. This process is known as photoselec-
tion. Vertically polarized light typically is used to excite a population of molecules
whose absorption dipole is oriented in the vertical direction. For photoselection, verti-
cally 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 fluo-
rescence emission. Measurement of the polarized emission components allows calcula-
tion 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 po-
larization or anisotropy are derived from the intensities of the vertically and horizon-
tally 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 ani-
sotropy 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 in-
tensity divided by the total light intensity. Anisotropy is the preferred expression, be-
cause 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 calcu-
lations.

Ideally, polarization (P) and anisotropy ({r)) are measured using only the vertically po-
larized excitation with the horizontal and vertical emission components. These meas-
urements are designated Iyvy and Ivp, 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 ori-
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ented polarizers (H) are said to be at 90°. Polarization and anisotropy are expressed as

follows:
— IVV — IVH (1)
]VV +IVH
<r> = Rt Q)
IVV +2IVH

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

1s defined as: é
Note: In some literature, the G factor is

— _ ]HV
G=G(Aew) = Ly ) defined as the inverse of Equation 3.
Therefore, some equations derived in
this manual may differ from other

The G factor is primarily a
sources.

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 is im-
practical, such as in emission anisotropy spectra, the G factor must be measured by re-
cording Iy and Iy during the experiment at each emission wavelength.

Polarization in a spectrofluorometer is defined as:

IVV*IHH _
— IVV_G*IVH — ]VH*]HV (4)
Ty +G*1, Lyl 1

IVH*IHV

Anisotropy in a spectrofluorometer is defined as:

Ly * Ly _
<r>: Iyy = G*lyy — Lyy* Ly
Iy +2G*1,,  Lyw* Iy )

IVH*]HV

©)

Polarization and anisotropy can be interconverted using these two equations:

po ) 6)
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2P
=37 @

For single-photon excitation, the allowed values for the emission anisotropy are gov-
erned by:

<r> = O.4<P2(cos a)> (8)

3x? =1

where P (x)= is the second Legendre polynomial, and « is the angle between

the molecule’s absorption and emission dipoles. The angle a 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
) +04 02

Values outside of this range indicate scattered light is present in the measurement of (7).
If the sample is excited with depolarized light—a less common technique—the meas-
ured value of P ranges from —1/7 to +1/3 (and (r) from —1/11 to +1/4). The individual
intensity components (/un, luv, Iva, Ivy) 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 verti-
cal 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. The standard Fluorolog®-3 uses the L-format geometry.

e T-format uses one excitation and two emission polarizers. The excitation polarizer
is rotated between horizontal and vertical for measurements, while the emission po-
larizers are fixed—one horizontal and the other vertical. If the G factor is deter-
mined 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. The G factor is measured differently in the T-format
technique. Fluorolog®-3 spectrofluorometers with a third “T” detector can incorpo-
rate T-format polarizers.

A schematic diagram of both geometries is shown on the next page:

9-3




Fluorolog-3 v. 3.2 (2 May 2008) Automated Polarizers
Figure 1

Excitation
Polarizer N Excitation Light

Excitation and Emission Polarizers
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.

Detector

T-Format Polarization

Figure 2
Excitation
Polarizer

Detector H Emission
Polarizer \Y;
—
v 4
H

Excitation Polarizer is rotate
both components V and H.

Emission
Polarizer

Vv

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.

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,
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when the rotational correlation time of a fluorophore is similar to the fluorescence life-
time, 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 po-
larization angles are called magic-angle conditions.

The two magic-angle conditions are:

e Use a single 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°. 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 col- @
lection, set the excitation polarizers to V (0°), Nofe: Most samples do

and the emission polarizer to magic-angle V not exhibit an apprecia-
(55°) using the Accessories icon in the ble change in their
Experiment Setup window. Collect spectra in spectrum when meas-
the normal manner. To use magic-angle ured under magic-angle
conditions for corrected spectra, measure an conditions. Thus, magic
additional set of correction factors with the angles need not be
polarizers held at the chosen magic-angle used for most samples.
settings.
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Installation

Spex™ polarizers are made for easy installation and removal from the light path. All of
the 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.

‘Caution:When the polarizers are shipped inside an in-
strument, the polarizers are aligned and calibrated at
the factory. Do not remove polarizers from their col-
lars, or else the polarizer must be realigned.

Store the polarizer crystals in a dust-free environment, in a cabinet or drawer.

Proceed to “Alignment” in this chapter to verify alignment of the polarizers.
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Alignment
Checking polarizer alignment

Polarizer alignment is verified by measuring the anisotropy of a dilute scattering solu-
tion. 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 alignment test may be a meas-
urement 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 us-
ing the Real Time Control application. One measures the polarization, anisotropy, or
the polarization ratio of scattered light (typically, the excitation and emission mono-
chromators are both set to 400 nm for the measurement). To calculate the polarization
ratio, use the definition:

. . I, %1
polarization ratio = ~~—HH 9)
VH * IHV

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.

‘Caution:Always read the Material Safety Data Sheets
(MSDS) for Ludox® and glycogen before using these
materials.

/Vote The polarization ratio can be lowered by using concentrated
scatterer. Use only a slight amount of scatterer to align the system.

Go to the Real Time Control.

Place the scatterer in the sample-cuvette posi-
tion.

Cover the sample compartment.
Set all monochromators to 400 nm.
Set all slits to 0.5 mm.

bW N —
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6

14
3
9
10
11
12
13

14

Apply the proper voltage on S (950 V for an
R928P photomultiplier).

Open the excitation shutter (if applicable).
Click the Accessories icon.
Set both polarizers to VV (0°).

Check the signal on S. Set slits evenly for each

monochromator to result in 1-1.5 million cps on
S.

Record the four permutations of the polarizers:
VV, HV, VH, and HH.

Subtract the dark counts from each permutation.
For example, VV' = VV — dark counts.

Calculate the polarization ratio using the dark-
subtracted data (e.g., VV').

If the polarization ratio = 100, then the polarizers
are satisfactorily aligned. If not, then polarizers
should be re-aligned.

As an alternative, use an Anisotropy scan to acquire the polarization (P) or anisotropy
({r)) to verify alignment. To be aligned, P > 0.98 or (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 Experiment Setup.

Using Polarizer Alignment

This routine automatically calibrates
autopolarizers. Use a sample of Ludox® or
glycogen to run the alignment routine. The
software rotates the polarizers in 1° increments
and locates the optimal positions for each
autopolarizer. After completion, the anisotropy
for the scattering solution is measured and
displayed for user approval of the alignment. If approved, the new calibration positions
are saved in the sample-compartment initialization file, and 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 ™.

Automated Polarizers

Caution: Always read the
Material Safety Data
Sheets (MSDS) for Lu-
dox® and glycogen before
using these materials.

2 Open the Experiment Setup window.

3 Click the Accessories icon.

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

E=periment I Generglinformation
F wperiment
M File Diirectary
— |DfItSpectraIEmission.me 23 Load E save E savess ... |
D ata Storage
t Data ldentifier: |DiEm
Comment: Spectral AcquisitionE miszion]
FPol(Ex] l PoI[EM]] Sample Ehanger] Temperature Eontroller}
-
=" In © Out Az Value Pasition
Polarizer Positions
" Dynamic ‘wihen nm Add>>
m * Fixed 1 <<Remove
" Scan
Scan options
" Range
u
™ Pasition List J J
Down
Ma Polarizer

Advanced...

Status

Triggers |

Spectral Acquisition[Emission]

X

Cancel

R

=
Bun

&

Full Disclosure

Help

Ly

RTC
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4

Click the Advanced... button.

This opens the Polarizer Alignment dialog box:

5 Choose various options:

Polarizer Alipnment

Alignme

Slit

Eu

X]

s l Advanced ]

Coarze Excitation Palarizer Alignment Complete

Iv Subtract Dark [Recommendedf
\

Coarze 5 Polarizer Alignment Complete
- Remeasure Anizotropy Only

(Mo Alignment) Fine Excitation Polarizer Alignment Complete

I B B B

| Resetto Mechanical Zero Fine 5 Polarizer Alignment Complete

Falarizer Angle

= | |0 a1 Intenzity:

D -

w e

R ~ 180

| Continue |
A

/ ak ; | Cancel |

e Subtract Dark (recomnmended)

e Re

arc

previous calibration,

\\
definitely miscaljbrated. This deletes the @ Note: Do not

set to Mechanical Zero—only if the polarizers
check the Re-

measure Anisot-
Place the/Ludox® or e oo
glycogen|in the sample box.

holder.
Click Continue.

The system rotates through the polarizers as shown in the checklist on the win-
dow. As each phase is completed, the checkboxes are updated.

If the sample is too FLExpSetup

concentrated or dilute, the ——
software prompts you to
correct this.

> E
! Cannok measure sufficient Signal, Check Sample Concentration,
L
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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 resuilt.

9 To quit, hit Cancel any time during the proce-
dure.

Alignment

‘(,‘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.

‘L‘aution: Never attempt to realign the FL-1044 or FL-1045
polarizers manually.

Turn off power to the polarizers and 1976 Ac-
cessory Controller.

@Note: If the motor rotates during alignment of automated polar-
izers, 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.

Loosen the screws that hold the polarizers in-
side 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.

Set the tension on these set screws so that they
do not slip, but allow easy manual rotation.
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4 Set the polarizer crystals so that they protrude
from the mounts far enough (~1/4" or ~6 mm) to
allow rotation.

Start the polarizers and accessory controller.

Insert the Ludox® or glycogen sample into the
sample holder.

[/ Start the software (if not yet running) and go to
Real Time Control:

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

AllSCD's Spectra l Drata View Imlenswty]
5

o) O1

G &) [ e 4 &
100
l | Clear ‘ O-I-D Autoscale
ﬁ Grating
‘ +
+
I T m Log | 1200 El
r =] |wzuu,,
Slits
Slit width
[ nm
Lalibrate Excitation 1
Status Shutter Mode T T
¢ Detsled * Open e % =B » ol
etaile :
— " Auto
‘ © Mormal Clear + Closed Help Transfer Save | [ Run Cancel
&+ Critical [ Continuous

8  Set all monochromators to 400 nm under the
Monos icon.

9  Set polarizers to VV (0°, 0°) under the Accesso-
ries icon:
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+=1 Real Time Control [ C:\Program Files\Jobin ¥wvon\Data\~DfltSpectralEmission.xml |

Mave ta: P
" Out
Status Shutter Made " T
< Open e % m )
" Detaled ’AE’tD : D
> H
® [eme] Bl - Clnsad Help Trarster Save | [ Run : Cancel

& Critical [ Continuous

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 monochroma-
tors.

13 Set scatterer concentration to give 1-1.5 x 10°
cps on S.

14 Rotate the excitation polarizer to a rough maxi-
mum.

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.
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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 Spex” polarizers provides many choices for polarization
measurements. Depending on the accessories, the opportunity exists to remove polari-
zation effects from the sample, measure the polarization characteristics, or analyze the
decay of anisotropy using frequency-domain techniques. For further software informa-
tion, refer to the FluorEssence™ and Origin® on-line help.

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 ef-
fects on rotational motion of fluorophores (e.g., phase transition of phospholipid bi-
layers).

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 pro-
vides information about rotational sensitivity of the excitation spectrum by measur-
ing (r) versus Aexc (With Ae, 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

#=1 Real Time Control [ C:\Program Files\Jobin Yvon\Datal-DfltSpectralEmission.xml |

Automated Polarizers

AllSCD's Spectra l Diata View \ntensity]
5

100

0.000 10.000

O] [ & alal Ll

| =aa

20.000 30.000 40.000 50.000 G000

Channel 1

100.000

‘ | Clear | O-I-D Autoscale

(_ﬂ\mlﬁ'@ﬁ

-
FollEx<] 1 F'n\[EM]] Sample Ehangel] Temperature Enntln\lel] ‘
® In
Maove tor 1
 Out
Status / Shutter Mode T
7
€ Detsiled Oy 9 & E P
S i Help Transfer Save i Run Cancel
" Narmal Clear + Closed E
" 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, 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.

@Note: Real Time Control is only intended for real-time setup of a scan.
Use Experiment Setup to work at fixed wavelengths.
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Experiment Setup

Experiment Setup runs all scanning orescence Main Experiment Me %]
options for the autopolarizers. First

choose the type of scan using polar-

izers in the Fluorescence Main Ex-

periment Menu:
Spectra Kinetics 3D

Anisotropy Single Point Phos

The Experiment Setup window appears.
Adjust polarizer parameters under the Accessories icon. One index-card tab appears

General information

Experiment
File
DS pectralE mission. xml

12y Load u Save u Saveds.. |

Data Storage
Data |dentifier: |DﬂtEm

Comment: Spectral Acquisition[Emission] \

PallEx] 1 Pn\[EM]] Sample Ehangarl Temperature Enntrnl\er} \
@ “ In

£ 0w AsisValue | Poslion |

Polarizer Positions

" Diynamic: Wihen rim Addr>

N @ Fied i _<<gemore |
" Scan
Scan options
" Range | |

" Postion List 4 M
< _Down |

\ Mo Polarizer &I )

Status

| 5 9 (] __';E;E) s}
Full Disclosure Help RTC Bun Cancel
Triggers | Spectral Acquisition[Emission]
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To do a constant-wavelength analysis
experiment, that is, to take polariza-
tion acquisitions at fixed excita-
tion/emission wavelength-pairs,
choose Anisotropy from the Fluo-
rescence Main Experiment Menu.—___|

M Fluoresce

>

Automated Polarizers

nce Main Experiment Menu

Main Experiment Menu

Spectra Kinetics 3D

Anisotropy Single Point Phos

The Experiment Type window opens.

Choose vs SinglePoint, then click Next >>.\

The Experiment Setup window appears.

Experiment Type

E xperiment Type

wve Emission

v Excitation

vz SinglePoint
vz Temperature
ve Time

/

<< Back |

== Fluorescence Division - Experiment Setup { Anisotropy Acquisition[vs Single Point] )

Eperiment General information
Experiment
i [Dttewisatriopy_vs_SinglePaintml | (Zy Load H save H save s |
Data Storage
i Dataldentifier: DiltinSF
Comment Anisotropy Acquisition]+s Single Point]
. Signals
@ Select Polarization
Integration Time: [0.1 s I Dark Offset Famat
Enable| Signal Detector | Units HY([v]] Conection Blank Subtract | Format (5 Side) =
515 CPs 43
[J Rl R Micratmps | 18 [ ]
| M G Factor 0
I~ Htick Polarizatior
Sighal Algebra
BT T Operations Formulas Aceumulations
Anisohiopy Anlsnlrnm = Add > Wi o
Polarization Polarizatio
: annaH A4
< << Hamnva Cycles 0]
= slay
Formula Unlls el
<«<Clear il
Status
| & @ H o
=
Full Disclosuie | Help RTC | Bun | Cancel
Triggers Anisotropy Acquisition[vs Single Point]
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Make sure to use the appropriate Signal in the Signal Algebra area. Add >> it to the
Formulas table. Click the checkbox to measure G factor(s) during the scan, or specify
G-factor(s) beforehand in the field.

Click Run when ready.
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Measuring the G factor

Automated Polarizers

Include the grating factor, or G factor, whenever polarization measurements are taken.
The G factor corrects for variations in polarization wavelength-response for the emis-
sion optics and detectors. A pre-calculated G factor may be used when all other ex-
perimental parameters are constant. In other cases, the system can measure the G factor
automatically before an experimental run. G factors are incorporated into the Anisot-

ropy scan-type:

1 In the FluorEssence main window, click the Ex-

periment Menu button.

#=1 FluorEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]
Eile Edit wiew Collect Graph Analysis Tools Format Window Help

sdSRle B EDN k&l [+[s 2T &

—
(.

sles| H| =|>|=

The Fluorescence Main Experiment Menu appears.

2 CI ICk An ISOtrO py. M Fluorescence Main Experiment Menu
Main Experiment Menu

Spectra

Kinetics 3D

N\

Anisotropy

Single Point Phos

The Experiment Type window
appears.

3 Choose the type of - T——

Anisotropy experiment.

For example, to determine polarization at

particular excitation/emission wavelength- |

pairs, choose vs SinglePoint.

The Experiment Setup window opens.

E=periment Type

vz Emizzion

vz Excitation
vz SinglePoint
v Temperature
vz Time

¢ Back | |
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4 Inthe Experiment Setup window, click the Detec-
tors icon.

= Fluorescence Divisiun - Experiment Setup { Anisotropy Acquisition[vs Single Point] )

Experiment Gefieral information
Experiment
M File Diirectary
" |Dﬂmnisotropy_vs_singIePoint.me 23 Load & save H savess .. |
[rata Storage
i D ata |dentifier: |Df|LAnSF'
Comment: Anizotiopy Acquisition[vs Single Paint]
Signals
Select ’ Palarization \
Integration Time: (0.1 T [~ Dark Offset Format
Enable| Signal| Detector | Units HW[]| Correction| Blank Subtract | Format (S Sids -
w 1 5 CPS O O | (5 Side] =]

‘ R R Microsmps ] ] ™ G Factar ’D—

Quick Polarization

Signal Algebra
Signal Detale B Operations Fffnulas Accurnulations
Anizotropy Anizotropy Add > Signal I Units 1
Polarization Palarizatio
51 hh 5 sinnal 1
< » << Repgffre
Delay
Formula Units ’7
| “Clear 1
Status
| @ L -
Full Distlozure Help RTC Cancel
Triggers | Anisotropy Acqyjition[vs Single Point] \

This shows the parameters relafed to detectors, including the G factor, in the Polari-
zation area.

5 Click the G Factor checkbox to in¢lude a G fac-
tor in your measurements.

©  Enter a value for the G factor in the field, if you
want to use a pre-determined value. To auto-
matically measure the G factor, use the default

value of 0. @
Note: For weak signals, enter the G

factor, rather than measure it auto-
matically. 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 stor-
age, there is no routine maintenance necessary for a polarizer. Polarizers should be re-
moved and stored when not in use. Store the polarizers in their collars to maintain cali-
bration, 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 accesso-
ries should also be stored in a dust-free environment.

Should the polarizer windows need cleaning, apply a mild solution of methanol, and
blow it 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 crys-
tals) before any critical experiment. In addition to the standard xenon-lamp spectrum
and water Raman spectra, which serve to verify the wavelength calibration, measure-
ment 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 an-
swered here. Otherwise, reach Spex” Fluorescence Service at HORIBA Jobin Yvon by
phone, fax, or e-mail. Before contacting us, please follow the instructions below:

1
2

Note the problem and record any error mes-
sages.

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 man-
ual (and the software manuals, if necessary).

If the problem persists, or is not listed,

Call the Spex® Fluorescence Service Department by phone at (732) 494-8660,
or fax at (732) 549-5125. Outside the United States, call the local distributor.
You may also reach us by e-mail at info@JobinYvon.com

When you contact the Spex” Fluorescence Service Department, have the pur-
chase 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, po-
larization 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 initializa-
tion).

Software failure initial-
izing autopolarizers

Improper sample concen-
tration

Photomultiplier saturated;
slits improperly set

Dirty cuvette
Polarizer misaligned

System misaligned

Highly concentrated stan-

dard

Improperly set slits

System misaligned

Wrong instrument configu-

ration is loaded

Bad cable connections

Wrong instrument configu-

ration is loaded

Bad cable connections

Computer hang-up

Adjust sample concentration.

Check that sample signals are
in linear region (< 2 x 10° ¢ps
onSorT, <10 pA onR). Re-
set 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 concen-
trations can cause inner-filter
effect, lowering ratio.

Set slits for ~ 1 x 10° cps in
VV. Signals much less than
this give excessive contribu-
tion 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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10: Phosphorimeter Operation

Introduction

The FL-1040 phosphorimeter, used with the Fluorolog®-3 and Fluorolog®-Tau-3 spec-
trofluorometers, allows measurement of long-lived luminescence from samples, espe-
cially that caused by phosphorescence. The phosphorimeter includes a pulsed xenon
lamp, plus gating electronics to control the size and temporal displacement of the detec-
tion window. The full-width half-maximum of each pulse is 3 pus, so that lamp interfer-
ence 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 an R928P 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:

Integration time  Maximum signal (counts) per flash

100 ps 400
1 ms 4000
10 ms 40 000
100 ms 400 000
ls 4 000 000

With, for example, 100 flashes of integrated over 10 ms each, the maximum detectable
signal is:

100 flashes x 40 000 counts =4 000 000 counts total

A typical
sequence
of data-
acquisition

& L | s _
starts wit ime ; delay. sampling time delay—| sampling
t=0

To Computer/Software

-,

a flash L -
from the +— lamp pulse \—Iamp pulse

pulsed ---
lamp,
sensed by the control module as time t = 0. The light enters the excitation monochroma-
tor, 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 dur-
ing a specific period after the flash (the Initial Delay), for a pre-determined length of
time (the Sample Window). Any signal arriving before or after the gating is ignored.
This sequence of excitation, delay, and collection is repeated for each lamp pulse. The
total signal is accumulated for a pre-determined number of exciting pulses (flashes) and

time ——— t=0
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saved to disk. The data then can be manipulated using the Analysis menu.

A

Parameters involved in
phosphorimetry

Lamp Lamp
pulse pulse
Time per flash

Initial
delay

S STTTIEEEEE——

=

Sample window

N
>

This sequence of excitation, delay, and sampling, is repeated for each lamp flash. The
signal is accumulated for a predetermined number of excitation pulses, then FluorEs-
sence™ collects the total signal. After collection, FluorEssence™ 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 Excitation

e Emission

e Synchronous

e Phosphorescence delay

Phosphorimeter parameters

Four FluorEssence™ parameters govern the sequence in a phosphorimeter experiment.

These parameters automatically appear on the phosphorimeter experiment-acquisition

dialog box.

Initial Delay Sets the time, in ms, between the start of the lamp flash and the on-
set 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 ps. Set-
ting the delay to > 50 ps effectively removes any interference from
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the lamp.

Initial Delay can be varied with time to yield a decay curve. Spec-
tra can be scanned to isolate different phosphorescing components
based on the lifetime of the luminescent species in the sample. To-
gether, these two techniques can be used to create three-
dimensional plots. For example, successive scans with varying de-
lay times can be plotted.

To record fluorescence and phosphorescence emission, set Initial
Delay to zero.
Sample Win- Sets the duration of signal acquisition, in ms. The Sample Win-
dow dow opens when the Initial Delay ends. When the Sample Win-
dow 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 un-
known, make the Sample Window a small fraction of the antici-
pated lifetime, and then increase it until acceptable results are ob-
served.

If the Sample Window is too long, the detector will record spuri-
ous background signal. If the Sample Window is too short, com-
ponents of the lifetime decay may be missed. With two or more
species decaying simultaneously, try varying the Initial Delay and
the Sample Window.

Time per flash  Sets the total cycle length per flash, including on time, decay time,
and dead time between flashes. The Time per flash is the recipro-
cal of the repetition rate of the lamp pulses. The allowable repeti-
tion rate is 0.03—25 Hz. The Time per flash must be slow enough
to let the Sample Window close before another flash begins. Ac-
curacy of the repetition rate is = 1 ms. The Time per flash is gov-
erned by

Time per Flash > Initial Delay + Sample Window + 20 ms

Flash count Sets the number of lamp pulses that contribute to each data point.
The range for Flash count is 1 to 999. The signal collected per
flash is integrated over the total Flash counts before FluorEs-
sence™ stores it. The more flashes accumulated, the higher the sig-
nal-to-noise ratio becomes.

For more information about FluorEssence™ phosphorimeter commands, consult the
FluorEssence™ on-line help.
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Applications for the phosphorimeter

Phosphorescence decay curve

w4 FluorEssence \phospho 7-26-05 - [TbCl3graph] Ll
File Edit Wiew Collect Graph  Analysis Tools Format  window  Help - 8 x
HEIERE N = e PR R R L= B Pl P N Y &=l =]
1
s
1107 Data: DBDAZ_B
Model: ExpDect
Qwent - Equation: w= A1%expl-xit1)+ 0
Wireighting:
—— W Mo wmeighting
Chi*2/DoF = 8835923327
— Txin' o RAZ = 000085
o
=
g Bt - il 800556743 +421.11995
4] Al 107723 757654320 89873
t 0.42677 +0.0051
2 5et0*
Lip)
=
]
E=] +
T e’ A
310" - B
=« =« ExpDect fit of DBDJZ_B|
210 -
T T T T T T T T 1
0.2 0.4 0.6 0.8 10
Tirme {ms)
x| pha | Marne Type \ -~
JD Ddata Folder
Elofrem: Graph
L JEuCi3 Worksheet i
€3¢ >
Far Help, press FL1 Color Publication 1:DEDd2_B(1-19) TbClZarsph Radian

With the Phos experiment type in the Fluorescence Experiment Menu, create a\phospho-
rescence-decay curve, as in the screenshot from FluorEssence™ shown above. This is
an example using data from TbCl;(aq), fitted to a single-exponential curve-fit in\QOri-
gin®. All parameters are automatically displayed, including the fitted lifetime of 427 ps.
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Isolate components in a mixture based on lifetimes

To the right are three scans

of an aqueous mixture of
terbium and europium chlo-
rides that isolate different
phosphorescent compo-
nents based on their life-
times. For example, a sam-
ple containing two phos-
phorescent species with dif-
ferent lifetimes (Tb =421
us; Eu= 113 ps) can be re-
solved 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 wave-

Intensity (counts/s)
>

1000 1

Tb

S —

o

f
AWV

~

Tb + Eu

/

. Foeral. i
N A A" il WU RS ITC

length shift in the 593 nm
peak (marked with a gray
line) from initially mostly

500

550 600
Wavelength (nm)

650 700

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 sub-

type of Phos experiment.

Three-dimensional plots

Using the phosphorescence delay curve with the Initial Delay 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

10000

e
—
—
——

4L

:’\

Mg

.«‘

T T
400 500 600

wavelength {nm)
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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 TbCl;, whose different lifetimes have been extracted by FluorEssence™’s
dual-exponential fit. Curve-fitting merely involves choosing the analytical model.

#=s FluorEssence - \phospho 7-26-05 - | mix58 /m316xb2]

File Edit ‘iew Collect Graph Apalysis Tools Format  @indow  Help
HEIENE N =] TN R | =R e P N A i | ==
1
180° - Drata: mixad¥m3d2_B
Model: ExpDec2
1 Bx1n° Equation: v = A1*expl-x41) + A2*exp(-xA2) + v0
: Wigighting:
s Y Mo weeighting
14107 -
Chi*2iDoF =84289.3251
1.2x10° R"2 = 0.99995
z
5 ioao® yO 1182061122  *2236.60085
8 ] A1 131965 64001 +13349.86313
= . _— t 0.33855 +0.04219
& B0a0 82 10961225731 12417 00293
% . T t2 01131 +0.01282
E B0 —
4.0x10* -
20:10%
] S1_cyclel
o T T T T T T T 1
0.5 1.0 1.5 20
Time (ms)
| pho | Mame: | Type | Wie A
JD _'-_H-lLampscan Graph Hid
[ mixsarmatex1 Graph Hid
MixSE7 M3 16 3 B
[Elwixsarmatexz Graph M
42| >
JFor Help, press F1 Color Publicakion 1:mix587m3dz2_B{1-49) mix557m316xbE Radian
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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 Spex® Fluorescence 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
The Experiment Setup window, under the Detectors icon, includes a Phosphorimeter
area, indicating that the phosphorimeter is available.

==a Fluorescence Division - Experiment Setup [ Phos Acquisition[Emission] )

Esperiment General information
M E_Tperiment Dot
e reclory
— ‘DfllPhUsphUrEs:enceEmlss\un.xm\ 1y Load H save =] Saveds ..
Data Storage
i Data |dentifier: |Em
Comment: Phos Acquisition[Emiszion]
Signals
@ Select (F’husuhmimeler \
[~ Dark Dffset _
EbIE g;gnal gEtECtm g;::zls H\;[;g CU"EETHDH BDIank SR Time per flash ’W Delay after flash W Sample window W
»’ | O] R R Mioohmes N0 O O Fashoount  [100
Timne Units: ms
Signal Algebra k )
Signal [ Details Orpertans Formulas Accumulations
51 % signal 1 + Signal | Units |
o . Add >> Swg W
< 3|7 << Bemave Cycles T
|Furmu\a i_lmts . ’71 ,—_| ,7
Status
| & | @ I A o
Full Disclosure Help RTC Run Cancel
Trigaers | Phos Acquisition[Emission]
Experiment Type window Experiment Type X
After choosing the Phos experiment type
in the Fluorescence Main Experiment Experiment Type
Me|'1u, up to nine experlme?nt types are Decay by Delap
available for the phosphorimeter, Diecay by wWindaw
: : f - Ernizzion
depending on the instrument configuration: Emission{Avizotrapy]
Excitation
Ewcitation[Anizotropy)
SinglePointAnisatropy]
Temperature[dnizatropy)
Timel&nizotropy)

<< Back | |
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Excitation These are similar to the standard excitation, and emission synchronous
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.

Emission

Phozphorimeter

Time per flazh |40.000 Delay after flagh |0.050 S ample window 0100
Flazh count 100

Time Units: mg

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.

Decay by These produce a decay of phosphorescence over time. Decay by Delay
Delay varies the flash’s Delay after flash in order to construct the decay curve.

Decay by Window varies the length of the Sample window while taking
Decay by  4ata.
Window

Phozphorimeter

Parameters

Time per flash |50 [nitial delay 01 S ample window 2
Flazh count 200 hd & delay 0.6

Delay increment |0.05
Time Units: s

Above is a Phosphorimeter area showing typical parameters for the phosphorimeter
decay of EuCls. Set the emission monochromator to 590 nm and the excitation mono-
chromator to 393 nm.

Anisotropy phosphorimeter scans run the automated polarizers as well.
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Processing phosphorimeter data

1
2
3

(@) I S

Open the graph to be processed.
Click on the data points to be processed.

In the toolbar,
choose Analysis.

A drop-down menu appears.

Choose Fit.

From the sub-
menu, choose t
type of analytical

Tools  Format window Help

4 Pl Y B

Simnple Math. ..

Baseline. ..

Sroath...

Calculus 4
Translake 4
Average
Interpolate/Extrapolate

Glue

30 Extract

PostMCorrect

curve to use.

Pick Peaks

Follow the instruc-
tions for that type
of curve.

The fit plus parameters appear
on the graph.

Polynomial...

Bt Comparison. ..
Exponential Decay
Exponential @rowth
zaussian
Larentzian
Multi-Peak

Mon-Linear Curve Ejtter ...

1

110

D310+

gx10*

70t

B:10*

5x10*

Intensity (Counts)

ERT

310" B
=« =« FEypDecl fit of DBEDdZ_B

2x10*

Data: bBDdZ_B

todel: Explect

Equation: v = A7 expl-t1)+ w0
Mieighting:

o Mo weighting
Chi*2/DoF = 88350 23327
R"2 = 000085

i 2005.56743  +421.11995
A1 07723 TETE5£320.80873
1 0.942677 +0.0051

T L T
0.z 0.4

T
06 0s 1.0

Tirme (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. Fol-
low the procedure below for replacement and alignment.

‘Waming: High voltage exists within the FL-1040 chas-
sis. 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 capaci-
tors discharge. Never operate the lamp with the
cover removed!

‘(.‘autiaﬂ: 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.

sure that the power is off, and all AC (mains) power is
disconnected from the system. Read and follow all the
cautions below:

f/ ‘Waming: Xenon lamps are an explosion hazard. Be
¥
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AAAA
000

Hazards

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

I Disconnect the lamp power supply from the AC power line (mains) while han-
dling 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.

I Never look directly at the xenon arc or its reflection. Intense radiation can perma-
nently 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 In FluorEssence™, be sure the phosphorimeter
instrument configuration is loaded.

The flip-mirror automatically rotates to the flash lamp, giving you more room to
work.

‘Caution: Never rotate the flip mirror inside the lamp hous-

ing manually. This can strip the gears in the gearbox.

2 Switch off and prepare the lamp housing.
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a Be sure that the SpectrAcq controller itself, and the lamp-housing’s two
power switches, are all turned off.

‘Warning: High voltage exists within the lamp housing.
To avoid fatal shocks, follow these precautions: Be-
fore removing the lamp cover, unplug the power
cords, and wait at least 1 min while the internal ca-
pacitors 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 nine Phillips-
head screws.

Here is the internal
layout of the FL-1042
lamp housing:

i1
i e
ror 3

| .
e —
i N AV -
.=
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4 Remove the
flash lamp.

a Follow all safety
precautions on the
new lamp’s box.

b Pull the old flash
lamp out with a
steady motion.

‘Waming: Be sure not to hit the flip mirror with
the flash lamp.

Discard the old flash lamp in a safe and appropriate manner.

O Insert the new flash lamp.

‘Waming: 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.
6 Remove
the lamp-housing cover
at the rear of the in-
strument.

a Remove the two screws from the

lamp-housing cover. 4
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b Gently rotate the lamp-housing
cover with its cooling fans at-
tached.

C Rotate the cover backwards, and
set it behind the instrument so
that electrical connections are
not strained.

/ Remove the flash lamp.

a Follow all safety precautions on the new lamp’s
box.

b Pull the old flash lamp out with a steady motion.

C Discard the old flash lamp in a safe and appro-
priate manner.

8 Insert the new flash lamp.

‘Waming: 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 onIy.

/ 1

a Align the pins with the lamp socket. ;
The cathode and anode should be vertical, as shown here. ——> f‘

b Push the lamp in firmly until it is seated securely and
properly.

@Note: If the lamp tilts during insertion, check the pins—
they should be straight. If they are not straight, re-align
the pins before insertion.
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9 Replace the lamp-housing cover.
Re-attach the 9 Phillips-head screws.

10 Reconnect all cables.
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Troubleshooting

Troubleshooting chart

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 Trouble-
shooting chapter, in the “Further Assistance...” section.

Phosphorimeter Operation

Problem

Possible Cause

Remedy

No signal.

No single flash is
heard during initiali-
zation of a phos-
phorimeter layout,
followed by no signal

during an experiment.

An abnormal click

occurs with each flash.

Occasional missed
clicks.

Error during initiali-
zation appears: Num-

ber of flashes is out of

range.

Flash lamp is broken.

Cables are improperly con-
nected, or disconnected.

Communication problems
between computer and
accessory.

Bad flash lamp.
Faulty circuitry in phos-
phorimeter.

Flip-mirror is not rotated
toward flash lamp.

Replace flash lamp.

Check cable connections.

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 posi-
tion of the flip-mirror. Call Spex® Fluores-
cence Service.

Warning: High voltage exists within the lamp housing. To
avoid fatal shocks, follow these precautions: Before re-
moving 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!

Flash lamp is failing.

Flash lamp is failing.

Ignore this problem....

Replace flash lamp.

Replace flash lamp

Set number of flashes to desired number,
when running the experiment.
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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-us 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 tran-
sition. Any pulses received when the board is not ready for them are ignored. The time
between pulses should be at least 1 ps longer than the interval between pulses set in the
FluorEssence™ software.

Pin connections

Below is a table of connector pins and their use.

A ‘Caution: Do not connect pin 1 to pin 3.

Pin # Signal I/O

1 Output opto power 5V)
6 Disable CW xenon lamp (active LOW) 0]

2 Enable phosphorimeter-mirror position (active LOW) O

7 Valid phosphorimeter-mirror position (active LOW) I

3 Input opto power BV)
8 Status 1 (reserved for future use) I

4 Trigger phosphorimeter cycle (on HIGH—LOW transition) I

9 Status 2 (reserved for future use) I

5 Flash phosphorimeter lamp (on HIGH—LOW transition) O

@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/0 CONNECTOR
+5V (.user supplied) Input opto power
Pin 1 § 470 O
74HC or HCT logic _%Z P D@_
(or LS) .
Data inputy
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 Q % Pin 3

>

—%DQ VA 74FCT245

Data outputy

12 mA max
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11: Applications

Introduction

HORIBA Jobin Yvon Inc. 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 repro-
ducible 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 deter-
mined for each Fluorolog®-3 system and are supplied with the FluorEssence™ soft-
ware. 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 spectro-
fluorometers also monitor the excitation beam with a wavelength-independent refer-
ence detector. The raw emission data can then be automatically ratioed to intensity in-
formation 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 1

0.205 1

0.103 1

Applications

250 300 350 400
Wavelength (nm)

e ———

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 az-
ulene 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 spec-
trum of azulene, acquired on the same spectrofluorometer system. The corrected excita-
tion spectrum shows strong similarity and fine structure compared with the correspond-

ing absorption spectrum.

HORIBA Jobin Yvon spectrofluorometers have carved a niche in the scientific com-
munity by consistently demonstrating the capability to perform extraordinary tasks.
Some of the remarkable features of the system are outlined below.
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Detecting sub-picomolar concentrations of

fluorescein

Instrument sensitivity is often ex-
pressed in terms of the limit of detec-
tion of a standard substance. The supe-
rior sensitivity of Fluorolog®-3 systems
is demonstrated by their ability to de-
tect sub-picomolar concentrations of
standard substances such as fluo-
rescein. Often, other instruments per-
form this task by extrapolating from
much higher concentrations. The
Fluorolog®-3, however, not only de-
tects femtomolar concentrations of
fluorescein, but directly measures the
true emission spectrum of 50-
femtomolar fluorescein using an inte-
gration of only 10 seconds—a clear
demonstration of superior performance.

7000 ————r-+—+—++1r+—+—r—rr—r—rrrrr—rrr—r—rrrrr
W 6000
o
5
3_ 000 \ Corrected
2 signal
@ 4000F ™ giang
2 b
c kS
‘s 3000F k,
(%]
8
o Blank-
a 20001 subtracted,
§ corrected signal
i 1000

510
Wavelength (nm)

O PEEPEPE S
490 500
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.

Reduced-volume samples

Because the samples required to
produce spectral data may be ex-
pensive or obtained only in lim-
ited quantities, the precise imag-
ing quality and photon-counting
sensitivity of the Fluorolog®-3
spectrofluorometers are invalu-
able assets. The following dia-
gram compares the fluorescence
emission of 20-nM resorufin ac-
quired using the 20-uL and 4-mL
cells. Notice that the signal level
is maintained with either cell.

Intensity (x 10° counts s™")

<———— 20 nM resorufin in
20-pL flowcell

mL flowcell

650 700
Wavelength (nm)

600

Comparison of the fluorescence emissions
of 20-nM resorufin using a 20-uL cell and a
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Fluorescence detection of highly scattering
samples

Applications

Qualitative and quantitative determinations normally are difficult to ascertain from
highly scattering samples. Typically, fluorescence signals are dwarfed by stray or scat-
tered light from the sample. The flexibility of the Fluorolog®-3 systems, however, al-
lows 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 spec-
trometer, most stray light is stripped away as the band passes through the exit slit to the

emission detector.

Among the many features
unique to Fluorolog®-3 sys-
tems, is the capacity to
measure fluorescence-
related parameters required
to calculate the quantum
yield for samples in solu-
tion, using the integrating
sphere accessory F-3018.
This includes recording ex-
citation-source intensity and
calculating the area under
the corrected emission spec-
tra.

Results from HORIBA Jo-
bin Yvon’s exclusive quan-
tum-yield software include
absorption, quantum yield,
and CIE color values in both
1931 and 1976 coordinates.

Quantum-yield calculations

HORIBA Jobin Yvon Quantum Yield and Colour Calculator

HORIBA
Excitation

Solact an appropriate excitation range e

Data Limits are (510 - 530)
A3E-08
Fom(510 ||

To| 530 =

m 25E+08
™ Excitation Axis in Log Liniis E.‘cs-ae

[¥ Suttract Excitation Background

Data Summary
Using MO data
Using ND data.
Using NO data

Sphara Onty
it of Boam
Sample

Aron Background  Blgd %
9.32E+08

7 45E+08

5.24E+08

T
Sphare Oty (La)
(Cutt of Beam (Lb)
Sample (Lc)

1508

10E-D8

BDEST

Excitation

Emission

Select an appropriate emission range.
[Data Limits are (540 - 750)

From(540 <
To750 _|*]

[ Emission Axis in Log Units
= Subtract Emission Background

Data Summary

Out of Beam Using standard data

Sampla Using standard data
Totsl Aren Background  Bigd %
HATE+O7 1206407 155%
1.79E+08 102E+07  107%

{0t of Boam (Eb)
[Sample [Ec)

HORIBA

Color x = D803 y = 03988

[Absorption

Results

(Quantum Yield

x
¥

Color

0.6038 o'

0.3956 '

29.7%|
40.3%

0.3693]
0.5444]
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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 so-
lution to this problem.

1000 000 T

Perylene .
436 nm

Conventiona

Simultaneous scanning of the e
emission spectrum

excitation and emission spec- 800 000
trometers with a constant off-
set between them yields an in-
tensity proportional to the
product of the emission and
excitation intensities. This re-
sulting spectrum often can be
analyzed readily.

600 000

400 000

Intensity (counts/s)

Synchronous
scan

On the right are an emission 200000

scan and synchronous scan of

a mixture of polynuclear aro- h

matic hydrocarbons. 300 350 400 450 500
Wavelength (nm)

The solid line in the figure
above is the emission spec-
trum acquired on a Fluorolog®
system (single-grating mono-
chromators) 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.

Operating in the
IR region '

Emission (solid line) and synchronous (sepa-
rate peaks) scans of a mixture of polynuclear
aromatic hydrocarbons.

ity

0.015[ Emission scan
Excitation scan

With optional near-IR detectors
and arrays, the Fluorolog®-3
spectrofluorometer operates in
the infrared region of the spec-
trum, thereby opening up totally
new areas of applications for 1 L
fluorescence spectroscopy. o- — : : :

. 400 600 800 1000 1200 1400 1600
Typically, an IR spectrofluoro-

¢ ) Wavelength (nm)
meter requires components sig- L .
nificantly different from those Visible and near-IR spectra of erbium-

doped laser-glass acquired on a
Fluorolog®-3.

0.01F 7

Excitation intens

e
o
=}
W
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found in conventional instruments. Because the most widely used photomultiplier de-
tector 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 for time-resolved data

Both fluorescence and phospho- 55
rescence spectra are photon i
emissions that occur when
molecules return from an ex-
cited 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 phosphores- . i 5 1 ; 1
cence is associated with relaxa- Y S R Y
tion from a triplet excited state. Time (ns)

Fluorescence usually occurs
within a few nanoseconds af-
ter excitation. 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 charac-
teristics of macromolecular systems.

Intensity (counts)

Phosphorescence decay from (a) Th-peptide
complex, and (b) Tb-peptide + fluorescein.

In phosphorescence experiments using the Fluorolog®-3 and the FL-1042 Phos-
phorimeter 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 de-

cay curves and compute lifetimes of lanthanides such as europium and terbium, as well
as the biological probe eosin.
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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.

70000 . . : ; ’ 1400000

Room temperature T=TTK
1200 000F

1000 000F

800000F

600 000F

400 000}

Fluorescence intensity (counts/s)
Fluorescence intensity (counts/s)

200 000F

0 1 1 1 1 C 1 1 1 1
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 graph) and at liquid-nitrogen
temperature (right graph). 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 forma-
tion or breakdown of a fluorescing species. Reaction-rate determinations are highly se-
lective. 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 absor-
bent 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
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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.

Polarization to detect trace quantities of
biological probes T —

Used in conjunction with the 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.

1500 000
Cell membrane
labeled with DPH

500000

Fluorescence intensity (counts/s)
=
(=]
(=]
[==]
(=]
(=]

Blank cell membrane

Fluorescence polarization offers a

safe, sensitive immunoassay tech- 200 250 500 550 600
nique—fluoroimmunoassay (FIA). Wavelength (nm)

This method has none of the licens-
ing and waste-disposal problems as-
sociated with radioimmunoassay
(RIA). Immunoassay methods,
which are based on competitive antibody-binding reactions, require the ability to dis-
tinguish between bound and unbound species. This selectivity is inherent in fluores-
cence polarization techniques.

The cell membrane tagged with 1 uM
DPH is detected easily in this graph.

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 de-
pends on the rotation of the molecules between absorption and emission. Because the
measurement reflects changes in rotation, polarization can be used to distinguish be-
tween free molecules and the larger, slower antibody-bound molecules in immunoas-
says. 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 po-
larizers 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 ac-
cessories make the Fluorolog®-3 even more attractive to most industries.
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12: Xenon Lamp Information &
Record of Use Form

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 2000 hours.

‘Waminy: 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.

1241
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Xenon Lamp Record of Use

Page of
In Service Current Time Time Total Time
Date Operator Date On Off (Hours/Min.)

S~

e e e e e e e el el il el el el el el el el el i il i i i e e e el M il M S B N N
N I T e e e et et et e e e e e e e Y e e e e e e e e e e e e e e e e

e e e e el el Bl B T e e e e e e e e Bl el el e T el e e e B e B e e i Bl il B T i B )

Total Hours
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13: TRIAX operation with the
Fluorolog®-3

Introduction

The TRIAX series of imaging spectrometers is a standard building block in a
Fluorolog®-3 spectrofluorometer. Using a TRIAX imaging spectrometer on the emis-
sion 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 TRIAX users, espe-
cially with regard to CCD detectors.

Fluorolog®-3 TRIAX users should note these major differences between the TRIAX
and standard monochromators:

Four ports generally are available, rather than two on a standard monochromator. Most
TRIAX spectrometers used with the Fluorolog®-3 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.

Lateral entrance
port (with
= baseplate)

Axial exit port
with CCD

A FluorEssence™-controlled flip mirror is available to
choose between entrance ports and exit ports. Be sure the
flip mirror is set to the proper position before running an
experiment.

Three gratings can be mounted on the rotatable grating
turret. Choosing which grating to use is under
FluorEssence™’s control.

Flip mirror in g (O
axial position
Sl B . g

131
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Hardware

Electrical power

TRIAX operation with the Fluorolog-3

Have a free AC (mains) outlet available for the TRIAX. A 24-V adapter and power
supply plugs into the AC circuit, and connects to the back of the TRIAX. The power
supply contains a voltage converter that automatically adjusts to the input AC voltage.

‘ Caution: Some users may wish to remove the mono-
chromator and replace it with a TRIAX. Always switch
off the power to the monochromator and TRIAX before

removal of these accessories from or addition to a sys-
tem. Failure to shut off the power to the TRIAX and
monochromator can damage the SpectrAcq.

Internal workings

Multiple gratings

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
performed in Real Time Control. Both of these procedures
are described later in this section.

Top view of
grating "
turret. /7 N T

Turret removal side viw

1 Grasp turret by the thumbscrew e
on top. i,

2 Lift the turret up and out of the i
instrument. T N e

Leave one shim-washer on the shatft.

A ‘ Caution: Never touch the face of a grating!
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Turret installation

A

Reverse steps
1 to 3.

The turret is self-

TRIAX operation with the Fluorolog-3

‘ Caution: Leave clear-

indexing, so the initial position does not

matter.

Rotate turret until it rests

in a depression.

When switched on, the turret rotates to the

correct position.

Automated slits
The TRIAX has automated adjustable slits at the
entrance (2 mm maximum) and exit (7 mm maximum) ports. The slit width may be ad-
justed in steps of 0.0125 mm. For a 0.6-mm slit on the TRIAX 320, dispersion is 1.58

mm.

Connections to system

ance under the collar
when replacing the top
shim-washer. This en-
sures free rotation of
the turret. The turret
rises several mm when
it switches gratings. If
the collar is too tight, it
causes the motor to
grind. This may dam-
age the drive mecha-
nism.

Below is a sketch of the special cable connections required between a TRIAX spec-
trometer, the CCD detector, and the system. Details of these connections are given on
the following pages. Other Fluorolog®-3 connections are not shown.

Baseplate adap\t

BNC
cable
@
Detector
video cable
SpectrAcq

TRIAX

Detector

oling-L<cabl

v

o]

Sample com-
partment

— RS-Z3Zcable

lLANcabIe | ‘

Symphony®
Controller

Host
PC
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Attachment to sample compartment gy L eirance
Fluorolog®-3 users typically choose the lat- - . - Egs:e;g\ll\elllte)

eral entrance port as the path for lumines-
cence from the sample compartment into the
TRIAX. To attach the TRIAX to the sample
compartment, a baseplate adapter must be in-
serted between the sample compartment and
the TRIAX.

Note the baseplate attached to
lateral entrance port.

Cables to CCD detector

A coaxial cable runs from the terminal on the back of the
TRIAX to the CCD. This controls the CCD shutter. The
two large cables carry image and temperature data
between the Symphony® controller and the CCD chip
inside the detector.

Rear of Symphony® controller

A cable monitoring the detector’s temperature connects
from the DETECTOR COOLING jack to the detector.
The DETECTOR VIDEO cable controls the image
sensed by the detector. A LAN cable connects between
the Symphony® controller and the host computer.

Shutter BNC cable

DETECTOR
COOLING

DETECTOR
VIDEO

ol

AC power
(mains) : 3 . 1@y

LAN cable (hidden be-
neath detector cables)
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Software

TRIAX operation with the Fluorolog-3

Experiment Setup

To run a CCD acquisition with an instrument layout that includes a TRIAX,

1 On the main FluorEssence toolbar, select the Ex-
periment Menu button:

w=s FluorEssence - C:\Program Files\Jobin Yvon\Data\calibrate - [DfltEx2]

Eile Edit View Colect Graph Analysis Tools Format Window Help

zLeRE = ERD | k&l @ Tals] & s

i
L L |

= TH| ==

The Fluoresence Main Ex- ==4 Fluorescence Main Experiment Menu

periment Menu appears:
2  Choose Spectra.\\

@ Spectra Kinetics 3D
Note: Certain

types of experi-
ments are grayed single Point
out.

The Experiment Type window appears:

3 Choose the experi~_ [EElERLE X
ment type’ then Experiment Type
click Next >>. \@mim
The experiment automatic Ewcitatinn
loads with the Experiment Se FRERrEnaUs

window.

N

<< Back
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4 Use the default parameters or adjust them.

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

E xperiment

M
i

oy

General information

E speriment
File
|DfItS pectralEmiszion.sml

Diirectory

[y Load E save H savess .. |

[Drata Storage
D ata |dentifier:

|DHEm

Comment: Spectral Acguisition[E mizzion]

Experiment Type Monos

Excitation 1
v Activate

‘Wavelength  Park

nm 350

Slit

nm [

Emission 1 1 Emission 2

v Activate [ (+ Setas Reference  Coverage 2 Covers I Activate [ Pak Setas Reference

‘Wavelength  Start End Ihe Mirrars ‘wavelength Offset
nm |385 ‘450 1 Entr ’m nm | | 0
Slit Slit
nm ’5— Exxit nm ’5—
m) Options ralings
" Center Wavelengtht™ Range Detailz
Status 2 4

WARMNING ™ : Ma light path to Spmphony [CCD1)
WARMING ™ Mo signal from detector CCD1

&

Full Disclosure

Help

RTC

Triggers

Spectral Acquisition[Emission]

This is an example using an emission scan-type. Under the Mopos icon, func-
tions specific to the TRIAX are available, such as:

1 Mirrors

2 CCD Options

3 Coverage information

4 Gratings

These and other parameters are discusse

Complete all require

Include also det
the Detector

Click Run:

The experiment begins.

n the following pages.

arameters.

tor-related parameters under
r Multi Channel Detectors icons.

o U1
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Monos icon M

TRIAX operation with the Fluorolog-3

The Monos icon controls many TRIAX-related parameters for various scan-types.

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

E xperiment I

Yl

General information

E xperiment

File Directomy

|D [S pectralE mizzion. xml

[ ata Storage

Data |dentiier: |DHEm

2 Load

& save IH savests.. |

Spectral Acquizition[Emission
Comment: e . ! ]

E=periment Type Monos
Excitation 1
v Activate

‘wWavelength Park,

" Center Wavelength”™ Range BO0

Deetails |

nm 350

Slit

nim 3

Emission 1 Emission 2

v Activate [ (+ Setas Reference W Coverage 2 Covers I Activate [ Pak ¢ Set as Reference

‘Wavelength  Start End Ihc Mirars ‘Wavelength Offset
nm |385 |450 1 Entr |Amial ~ nm | ‘ 0
Slit Slit
hm 5 nm 5
CLCD Dptiong Talings

Triggers I

Status
“WARMNING ™ : Mo light path to Symphony [CCO) g e @ X
“WWARMNING ™ : No signal from detector CCD
Full Dizclosure Help RTC Cancel

Spectral Acquisition[Emission]

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 CCD Range Mode Info X]

radio buttons. With the Center
Wavelength option, the TRIAX
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.

Coverage

Pasition

| Stark | End |

403.2947

441.5257 364.6438

o]

Cancel |

Coverage shows how many wavelength ranges are used on the CCD detector.

1
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Gratings
The Gratings area allows
you to choose, from a @
drop-down menu, which Note: To choose a grating, the grat-
grating to use. ings must have been previously en-

tered 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] )

Experiment I General information

Experiment
M File Directory |

|DfItSpectraIEmission.me 23 Load H save H savess..
Data Storage
i Data ldentifier: |DAEm
Comment: S pectral Acquisition[E mizsion]
Symphony
ﬁ ﬂcquisitinn Parameters %3 Form Area l Table Edit ‘
W Active

. b ¥ b Y
Acquistion Mode

w % Specta 1000 Star
End ,— ,—

Expozure Time

750
0.1 F
Clear Bin
r~ 500
Gain T ==
250 Areas ,1_ |
ADC 14 Bit

Beformat

bdvanced 280 500 TS0 1000
\_ AL

Statuz
“WARMNING ™ : Mo light path to Symphony ([CCD) g e @ ﬂ_ "¢l
“WBRMING ™ Mo signal from detector CCOA i
Full Dizclasure Help RTC Bun Cancel

Triggers | Spectral Acquisition[Emission]

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 bUt' t=4 Multi Channel Detector Advanced Parameters
ton opens the

A Hardware Info Hardware Settings Multiple Acquisition Settings
Multi Channel Device Id Gain - Cleaning
Detector Ad- ;‘f Erfut'éting CCD-V1.0 we o — | Wodee [T
escription;

vanced Parame- Jobinsvon CCD Detector Chip Information Anin L
ters WlndOW, to % Giza | 1234 Delays

i i - 1234 ; n
adJUSt Galn, Paost Acquisition T B 0
Units Display, - Urits Display ™ oBetwesn 1
CosmIC Re' | * i W Shutter Mode;
moval, ADC, r ¥ s | Pinel ~|| | |Befors Each =
and Other pa' | Data  |CFS - [v Controller Based E speriments
rameters.

. .. Cosmic Removal
Pixel editing [ Enabled Percent % =T

There are two | Minimum | Counts i

thOdS Of Difference
me

13-9




Fluorolog-3 v. 3.2 (2 May 2008) TRIAX operation with the Fluorolog-3

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, many TRIAX parameters can be adjusted in real time. To gain
—— access to the TRIAX in the Real Time Control, click the Monos icon. The TRIAX,

when used as an emission spectrometer in L-format, is listed under the Emission 1 tab.

lime Control [ C:\Program, Files\Jobin Yvon\Data\~DfltSpectralEmission.xml ]

AllS
Symp

Spectra l Data View Intensity ]

100

Chaniel 1

‘ ‘ Clear | G-I-i Autozcale

Position Contral

Bl @ & S

Girating
| +
=
365 - nm —Off | 60 [
: |sun, 1000,
Slitz
Slit width
Mirrars 5 (i
Entrance Exit
Lateral Lateral
h
Axiat = Axial = |
Status Shutter Mode T
Mirror Entrance: Lateral ™ Detaied “ Open e & —m D x>
tirror Entrance: Axial —_ *Auto Hel Transfer Save Fun Cancel
" Maormal Clear s Closed E
(¢ Critical [~ Cantinuous

Grating
Rotate the turret in real
time by clicking on the
Grating area, and
choosing the desired

@Note: To choose a grating, the grat-

ings must have been previously en-
tered using System Configuration.

grating (listed as
grooves/mm) from the
drop-down menu.

Mirrors

The Turrets checkbox in System
Configuration also must be enabled
to allow the turret to rotate.

Switch the Entrance and Exit mirrors by clicking on the knob underneath each
label. The knob will automatically change between Lateral and Axial. The cur-

rent position is shown i

n bold type.

Use this function to re-align the TRIAX if the peaks’ wavelengths are correctly as-
signed near the center of the CCD, but are incorrect near the edges.
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Monitoring temperature of the detector

#=4 Real [ime Control [ C:\Program Files\Johin Yvon\Data\~DfltSpectralEmission.xml |

Spectra l

Click the Symphony button to access the functions for the Symphony® controller.

TRIAX operation with the Fluorolog-3

| ' |
10,000 20000

Chatinel 1

‘ ‘ Clear ‘ 'l%b Autoscale ‘

Symphonp l T ]

Acquisition Parameters

Acquistion Mode

Free Form &rea

M arual Edit

(™~ Image ¢ Specta

Expozure Time

b e ® Y

st | [
_Dsktorea |

0.1 3
] End
™ Dark Subtract Areas are too small to display! Cloar
Gain 1Ga& Hi Gain - Bin
Hreaz |1 3
ADC [iGazgokHz -
Temperature 0 ; : . Refarmat
Advanced 150 300 450
Status Shutter Mode = T =
o @] By B o
(" Detailed B D
- Auta Help Transfer Save Run Cancel
i NDlmal E'ea[ f CIDSEd ..................
(+ Critical [ Continuaus

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.

Hardware Info
Device |d:

s=4 Multichannel Detector Advanced Parameters

#1.90 CCD_4000

Description; Az Display
Jobin rvon CCD Detector
x W avelength -

Hardware Settings
Gain |GA HiGain

4DC IGA 280 kHz

iy PFixel -

Actual

Chip Information Cleaning

¥ Size: 512 ¥ Before 1

% Gz 1 W Between |4

Multiple Acquisition Settings Delays

Shutter Mode:

I First 0

|Eefore Each ﬂ

- [ Betwest [g
\Tfmpelature

Manitor
Target r

161.01733

Cancel
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System Configuration window

To set the cooled detector’s temperature, use the System Configuration window.
In the FluorEssence toolbar,

choose Collect.

A drop-down menu appears. £ Experiment Setup

1 Choose Advanced Setup.\E_) Run Experiment

nce - C:\Program Files\Jobin Ywi
e[S Graph  Analysis  Tools  Fr

A sub-menu appears. Advaniced Setup ’
. . . System Mew Experiment
72 Click System Configuration. System U Reset

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 |:| @ |E |
Preferences System Setup
Setup

Config Mame

& - B
= |

Clear .
Detectors l Monos] .&ccessones] nght80urces| Independent floatlng
Awvallable Devices Avalable Slots Locate
3 <« Syrmphaony 1
R
T I T 2
Add Delete
Descriotion

Cornmon Anea Status

Device: Enfigure
f A
Configuration: |Nano A pply Cancel

Clear Canfiguration Laad From File | Save TaoFile Cancel ‘ kK ‘

3 From the Device drop-down menu| choose

Symphony, then click the Configure button.
The Configure [Symphony] window appears.
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+=+ Configure [Symphony]

Communication Properties
" GPIB Fart: 4321 M arme: |5_I,Imphu:un_l,l
v |p DevName: |2¥mpho Uniqueld: ||:I:D1

- Temperature Set

Paint Override JED S

Suppart Files Location: |0\ Pragram FilestJobin v ...
b ode:
Logging

[ Enable =]

Ealidate| 0K | Canc | Help |
/' i

!
/4 Enter the desiped temperature for the detector,
then click OK:
The Configure [Symphony] window closes.
5  Click OK to confirm and close the System Con-
figuration window.

13-14




Fluorolog-3 v. 3.2 (2 May 2008) TRIAX operation with the Fluorolog-3

Correcting data with the TRIAX

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 TRIAX.

Correction-factor file names for multiple gratings
When the Fluorolog®-3 uses a TRIAX (which

contains multiple gratings) or multiple detectors, @
multiple correction-factor files are required. Each Note: Upper- or lower-

of these has a unique file name, which needs
deciphering. Following are rules to guide the
correct choice of correction-factor files.

1

ol b~

case characters are
not important.

The first two characters show the type of correc-

tion-factor file.
MC = emission correction-factor file
XC = excitation correction-factor file

After MC, the next several @
characters determine the Note: Ignore this rule
appropriate detector: for XC...files.

2658 = near-IR detector 928 = R928P photomultiplier tube
CD = CCD array DSS = InGaAs detector

The next one or two characters give the grat-

ing’s groove-density:
15 =150 grooves/mm

12 =1200 grooves/mm

6 = 600 grooves/mm

3 =300 grooves/mm

Then comes 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
etc.

Here are some examples of deciphering the emission correction-factor file:
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Mcorrect.spc The default emission correction-factor file for an instru-
ment, with no TRIAX, with only one emission grating and
detector.

MC9286x300.spc An emission correction-factor file for an R928P PMT, with
a grating of 600 grooves/mm and a blaze at 300 mm.

MCCD12x500.spc An emission correction-factor file for a CCD array, with a
grating of 1200 grooves/mm and a blaze at 500 nm.

MC26586x300.spc  An emission 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 instru-
ment, with no TRIAX, 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.

‘ Caution.: 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

the factory. The files may give invalid corrections

To determine when used at other central wavelengths on the CCD
the center array.

wavelength for
a 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.

‘ Caution: The TRIAX's mc..., Xc..,, and tc... files are
custom-generated at the factory for each particular
instrument, and cannot be swapped.

Be sure the instrument configuration has a lay-
out that includes a correction file associated with
the TRIAX.

a Choose Collect in the toolbar.

#=s FluorEssence - C:\WPiogram Files\Jobin Yvoni\Datalscohen\UNTITLED

File Edit View Be&llE"8 Graph  Analysis Tools Format  Window  Help
A drop-down menu appears.
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#=a [ luorEsse C:\Program Files\Jobin ¥Yvon\Data\scohe n\UNTITLED
File Edit

ﬁm%& Experiment Setup h|Q|+|E|X|T|)|/| H %% @l b

Run Experiment

Graph  Analysis Tools Format  Window  Help

Wiew

N\
b Choose Advanced Setup, then System Configuration.
The System Configuration window appears.

#=4 System Configuration

Preferences - Preference:

IC: MNanalog

Current Configuration [nfo
{ Descriotion  Manoloa

~\Instrument Correction File:

File

Inzert |

Remaove

Emisgion1 | GO0/1000

Symphony

J

Setp

\

i~ Comman firea Statu \

Device: I S_l,lmphony\ ;I Configure |
Configurgtion: INanoIog \ Apply | Cancel |

Clear ConfiLuration | \ Load From File | Save ToFile | Cancel | Qk, I
\ .
C Choose Preferences, then the Instrument Correction Files icon.
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TRIAX operation with the Fluorolog-3

#=1 System Configuration

Preferences | Preferences

Current Configuration [nfo

IC: MNanalog

Descriotion  Manoloa

Instrurnent Carrection Files

Grating
Emizzion 1 B00/1000

Setup |
Common Anea Status
Device: | Symphony / | Configue
Configuration: |N analog

Clear Configuration

Apply Cancel
Laoad From File ‘ Save To File ‘ Cancel I QK |

The Instrument Correctigh Files area should display a correction file for the
Detector (Symphony gt other special TRIAX-related controller and detector).

If not, click the Insert button, and browse for the desired correction file (mc...
generally, as discussed above).
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d Choose Setup.

#=4 System Configuration

Preferences 4 System Setup
Setup
— Config Mame
Y Caonfig

Clear i ! =

Detectors l Mu:unu:us] Accessuriesl Light Su:uuru:es] |Independent [fluating]]

ﬁvailable Devices Avalable Slots Lu:u:ate\

£ Surnphony L

R
T £ T I

Add Delete

Dezcription

Spex Single-thannel
Qetectur )

Commaon Area Status

Device: | Syrphony LJ Configure

Configiration: [N arolog Apply | Cancel |

Clear Corfiguration Load From File Save ToFile

e Choose the Detectors tab, S, from the Available Devices area, and
confirm that the Symphony or other special detector/controller combi-
nation is correct in the Available Slots area.

2 Be sure the instrument configuration has a lay-
out that includes an active turret within the
TRIAX.

— A In the Common Area Status area, choose Emission 1 (that is, the
TRIAX) from the Device drop down menu, then click the Configure
button.

Cancel | ] |
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The Configure [Emission 1] window appears.

Configure [Emission 1]

Device Class: |2
Device Humnber: |1

TRIAX operation with the Fluorolog-3

3

Ernizgion 1
kona?

| - AccezzomnConfig |

Communications Parameters Properties
" GPIE  Por COM1 - Name:
i+ SERlaL  DewMName: |Emission 1 UhiquelD:
BaudRate: (19200 -
DataBitz: |8 i
Parity: Mo Parity -]
StopBitz |1 i
“==E mlating
Logaging
[~ Enable |
Help | Apply |

b Click the AccessoryConfig button.

The Monochromator Accessories Configuration window opens. (FluorEs-
sence™ considers gratings within a TRIAX to be accessories.)

Monochromator Accessories Configuration

Contraller
Type

Shutters/Mirors

[ Frant Entrance Shutter
[ Side Entrance Shutter
[ Entrance Mirror

Controllable -

[ Exit Mirar

Controllable -

Gratin

&3

W iTume Total Pasitions |37 [ Use Software Offsets
L 600 [1000 | |
H2 150 [1200 | |
H3 11200 500 | |
Clear

Slits
v Front Entrance v Frant Exit

|2mm j |2rnrn ﬂ
Iv Side Entrance v Side Ewit

|2mm j |2rnrn ﬂ
B I

| B | K

- Cancel | /V ar.

Advanced

C Check the TurWox to activate the grating turret in the TRIAX,

then click OK:

The Monochromator Accessories Configuration window closes.

d Click OK to close the Configure [Emission 1] window.
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e Click OK to close the System Configuration window.

3 Choose correction when setting up the experi-
ment.

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 cor-
rected signal.

#=4 Flui rescence Division - Experiment Setup { Spectral Acquisition[ Emission] )

Expllirment General infarmatio
Experiment
E File Dirkctory
DftSpectralE mission. =ml | (23 Load E save H savess ... |
Data Stara
i Data |dertifier: |DAEm
Comment: S pectral Acquisition[E mizzidn]
Signals
Select
Integratign Time: {0.1 3z Diark, Offet
Enable [Signal Detectar | Units Blank Subtract
51 |5 CPS O
w O [m R Microdmps 11/ O
Sign#lAIgebra -
Sig}lal | Detals Operations Faormulaz Accumnulations
B30 Z 5 signal 1 + Signal | units | [ [Fackedsor
Slc 5 signal 1 ; 51
/
< > | Cycles Delay
Formula |Llnlts ’—1 ’—_| ’—
Statuz
| 1O WA -
—
Full Disclosure Help RTC Bun Cancel
Triggers | Spectral Acquisition[Emission]

C Click the Add >> button to add the corrected signal to the Formulas ta-
ble.

The corrected signal appears in the Formulas table.

4 Run the experiment with the corrected signal.
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TRIAX operation with the Fluorolog-3

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

am Files\Jobin Yvon\Synerjy Data\s

Graph BEGEIREEN Tools  Format  Window

open and trace to be cor-
rected Is active in the maw
FluorEssence window

Calculus 3
2 Choose AnalyS|S iranslate C
fwverage

A drop-down menu appears.

3 Select Simple Math.... Glue
This opens the Simple Math Tool dialog 3D Exbract
box. The chosen trace should appear in the ik Paks
Data field. If not, browse for it with the -
down arrow: Fit »

o1 b~

a radio

button in the Operand areax

Simple Math. ..
Baseline. ..

amooth, ..

Interpolate/Extrapaolate

Fit Comparison. ..

Select multiply. \DW\ Dol B -]
Choose the Dat :

Fuanctinn ’l add j

. * Data Datal_a |
6  Browse for the approprlaty t
. . " Constan

correction-factor file (mc.. .

or XcC..).

The proper formula should appear in the > Datal_B + Datal_A

Result area.
7 CIICk OK_ o dd Newt " Replace Curent

The trace that appears on the screen is a result of the
mathematical operation, giving a corrected spectrum.
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TRIAX operation with the Fluorolog-3

TRIAX 320 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

1.00

0-1500 nm (with 1200-grooves/mm grating)

79.2 nm over 30-mm array width (with 1200-
grooves/mm grating)

30 mm wide x 12 mm high
2.64 nm/mm nominal (with 1200-grooves/mm grating)

0.06 nm nominal (with 1200-grooves/mm grating),
when scanning as a monochromator

+0.3 nm
+0.06 nm
0.06 nm (with 1200-grooves/mm grating)

16.25" long % 15.25" wide x 7.5" high
41.3 cm long x 38.7 cm wide x 19.1 cm high

40.7 Ib (18.5 kg)
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Troubleshooting

TRIAX operation with the Fluorolog-3

Should there be a problem with the TRIAX spectrograph, check the following chart for
possible problems. Try the remedies listed on these pages before contacting Spex®
Fluorescence Service. See the Troubleshooting chapter for information on how to con-

tact Spex® Fluorescence Service.

Problem Possible Cause

Remedy

TRIAX does not respond  TRIAX is switched off.

to any commands
Cables are improperly con-
nected.

Internal cables are not con-
nected.
Software is inappropriate.

TRIAX responds to Improper parameters used with
some commands, but not  correct command.

all
Software is inappropriate.

Slit and wavelength Bad electrical connection.
drives and accessories
do not move

Background signal is too  Light leak.

high
@ Note: To pre-

vent damage
to the knife-
edges, the
slits never
close com-
pletely. There-
fore some light
always enters.

13-24

Check AC outlet (mains), power switch, and
fuse.

Check external cable connections.

Check internal ribbon cables, and jumpers on
circuit boards.

Check that system software matches the hard-
ware.

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 con-
figuration.

Test turret as follows:

1 Exit FluorEssence™.

2 Disconnect power.

3 Remove top cover of TRIAX.
4

Gently move turret partway through its
range of movement.

Reconnect power.

Turret should automatically return to home
position.

Check control-cable connections and inter-
face.

o 01

\‘

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 adark room, shine small flashlight at a
suspicious part or joint, and observe de-
tected signal levels.
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Signal is too noisy Signal is too weak.
Light leak.

Improper grounding.

@ Note: Ground

loops often are
difficult to di-
agnose and
cure. Experi-
ment patiently.
Keep ground
wires short,
make tight
connections,
and avoid
coated sur-
faces.

Electromagnetic interference
from lasers or other high-energy

apparatus
“Warning! Connect CCD-3000 or -3500 controller
Failed (7)” error mes- is off.

sage appears

TRIAX operation with the Fluorolog-3
Try to increase signal strength at the detector.

Follow directions above for detecting light
leaks.

1 Exit FluorEssence™.

2 Turn off TRIAX.

3 Rearrange power connections so that spec-
trograph, source, and detector are con-
nected 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 radi-
ating 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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14: Introduction to Lifetime
Measurements

Introduction

The standard Fluorolog®-3 spectroscopy system is designed to perform steady-state
measurements. HORIBA Jobin Yvon offers two methods of upgrading your
Fluorolog®-3 system to lifetime capability.

1) Fluorolog®-Tau-3, which uses the frequency domain for lifetime detection;

2) TCSPC on Fluorolog®, which uses the time domain for lifetime detection.

For more details on these options, see our Phase or Pulse: How to Select the Best Life-
time Spectrofluorometer brochure.

Fluorolog®-Tau-3 lifetime system

Operating within a lifetime range of 10 ps to 10 us and a frequency range of 0.2 to 310
MHz, the Fluorolog®-Tau-3 specifically addresses the needs of lifetime measurements.

To design and build the Fluorolog®-Tau-3, HORIBA Jobin Yvon Inc. started with the
proven performance of a Fluorolog®-3, the most sensitive, steady-state spectrofluoro-
meter in the world, and added unique optical and electronic components for frequency-
domain measurements. From picoseconds to microseconds, the Fluorolog®-Tau-3 per-
forms reliably and delivers reproducible results time after time.

The proven sensitivity and resolving power of the Fluorolog®-3 and the high-quality
optics provide the precise collimation to take maximum advantage of the system’s CW
source, thereby ensuring accurate results. In addition, the software is equipped with a
user-friendly interface, intuitive commands, a powerful post-acquisition module, and
comprehensive on-line help.

DataMax, the software included with the Fluorolog®-Tau-3, allows you to acquire
steady-state as well as lifetime measurements. DataMax controls the spectrometers,
programmable excitation shutter, automated four-position sample changer, slits, and
high voltage to the signal and reference detectors. The software acquires, processes,
and manages data.

Researchers who upgrade a Fluorolog®-3 to a Fluorolog®-Tau-3 will find the DataMax

lifetime software easy to use. Researchers using a Fluorolog®-Tau-3 instrument for the
first time will likewise find it easy to use.
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TCSPC on Fluorolog® lifetime system

The wide range of pulsed sources with the TCSPC on Fluorolog® system allow you to
measure slow decays of phosphorescence to rapid picosecond fluorescence lifetimes.
Our NanoLED laser-diode sources typically offer pulses shorter than 100 ps, and the
thyratron-gated spark lamp has a pulse-width of about 0.6 ns. Special DataStation soft-
ware gives fluorescence decay-curves built up in real time on your computer screen,
and easily fits them to a library of decay-types.

Switch back and forth between steady-state measurements and dynamic experiments
easily, from an economical pulsed-diode source to the full broadband spectrum of a
flashlamp. The TCSPC upgrade on the Fluorolog® makes this transition easy!

Lifetime measurements

Frequency domain

The Tau’s lifetime software is based on acquisition of frequency-domain lifetime
measurements. In this technique, the excitation light is sinusoidally modulated. The
emission from the sample is a forced response to the excitation, and therefore is modu-
lated at the same frequency as the excitation light. The excited state has a finite life-
time. This means that the modulated emission relative to the excitation is offset by a
phase angle, ¢, and is demodulated. The following figure shows various parameters
used within the frequency domain for lifetime measurements.

- Excitation
2 . “AC \
@ )
[ 0
= )
" Emission
1] DC;
DC,
| | |
0 180 360 540

Degrees

Parameters used in frequency-domain measurements.
The figure shown above illustrates a sinusoidal excitation with a circular frequency, w,

an amplitude, AC,, and offset by a DC voltage, DC,. The sample responds with an
identical circular frequency, @, damped amplitude, AC;, and offset by a DC voltage,
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DC;. In a fluorescence-lifetime measurement, the phase angle, ¢, and demodulation fac-
tor, m, are measured at each frequency and used to calculate the phase lifetime (z;) and
modulation lifetime (7). The above figure shows that the relative amplitude of the
emission (AC/ DC)) is smaller than that of the excitation (AC,/DC,). The demodulation
factor, m, is AC/ DCrdivided by AC,/DC..

The equations used to calculate the phase (z,) and modulation (z,,) of lifetime meas-
urements are:
tang = o7,

T, =0 tang
L AC, /DCf
AC./DC.

1 172
T,=w 1(? — 1)
Time domain
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 lu-
minescent 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 dura-
tion 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.

m= (1+a)27fn)

= Sample fluorescence
D
c
[0
E
k<
[a]
|
Pulsed source
- o
Time
Schematic of time-domain lifetime
measurements.
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Types of lifetime scans

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. The measurement re-
cords the phase shift and modulation at specified frequencies for an unknown sample
relative to a reference standard.

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 in-
dividual components prior to conducting a lifetime-resolved acquisition scan. Gener-
ally, this technique works best if a factor of at least 1.5 exists between the lifetimes be-
ing resolved spectrally.

Anisotropy-decay acquisition

An anisotropy-decay acquisition experiment choice allows the study of rotational prop-
erties 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 deter-
mining the frequency response of the sample over a specified emission range. Applica-
tions involve solvent relaxation of the excited state and excimer formation.
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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 spectro-
fluorometers follow.
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Technical Specifications

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) F1u0r010g®-3 spectrofluorometer system
consists of the following components:

Excitation Source

Monochromators

Sample Com-
partment

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 detec-
tor R and signal detector S. The T-format design allows a sec-
ond emission-detection channel T to be incorporated. The sam-
ple 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 (180-850 nm). Linearity to 2 x 10° cps;

<1000 dark counts/second

Other PMTs to 1100 nm, with thermoelectrically cooled option.
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Lifetime Options

High voltage

Technical Specifications

Solid-state detectors for higher wavelength emissions. CCD
multichannel detector for instant emission spectra and sample
spatial information.

Frequency domain:
Lifetime range: 10 picoseconds to 10 microseconds
Frequency range: 0.2 to 310 MHz.

Time domain:
Lifetime range: 200 picoseconds to 0.1 milliseconds
Minimum resolution: < 7 picoseconds/channel

S or T detectors, < 1200 V for R928P

Excitation shutter Computer-controlled

(standard)
Integration time
Sensitivity

1 msto 160 s

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 com-
partment)

Ambient tem-
perature range

Relative humidity
maximum

Power require-

ments

40" long x 36" wide x 13.5” high

102 cm long x 91 cm wide x 34.3 cm high

40" long x 44" wide % 13.5" high

102 cm long x 112 cm wide x 34.3 cm high
48" long x 41" wide x 13.5" high

123 cm long x 104 cm wide % 34.3 cm high
48" long x 49" wide x 13.5" high

123 cm long x 124 cm wide x 34.3 cm high
43" long x 54" wide % 13.5" high

109 cm long % 137 cm wide x 34.3 cm high
52" long x 72" wide % 13.5" high

132 cm long x 183 cm wide x 34.3 cm high
5.5" long x 7" wide x 7" high

14 cm long x 17.8 cm wide % 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 envi-
ronment

Floppy drive
Hard disk
CD-ROM drive
Memory

Video display
Keyboard

Available ports

Software

Pentium IV or higher recommended

Windows® 2000 or XP Pro

1.4 MB, 3’4" floppy-disk drive

At least 80 GB of free storage

Required

128 MB RAM (256 MB Recommended)
Video resolution of at least 1024 x 768

A 104-key keyboard, plus USB or PS/2 mouse
One available USB port

One available Ethernet Network Interface Card (NIC)
connection (no hubs)

One serial port capable of 115 kilobaud for the Spec-
trAcq

One serial port for optional plotter or mouse

FluorEssence™ software for data-acquisition and manipulation through the Windows®

XP environment.
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16: Components & Accessories

The Fluorolog®-3 can be configured to obtain optimum results for a variety of applica-

tions. 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 dif-

ferent ways to provide maximum benefits.

The following list represents all the accessories and components (including those men-
tioned 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 lo-
cal HORIBA Jobin Yvon Inc. Sales Representative.
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ltemized List

Item Model Page
Assembly, Liquid Nitrogen Dewar FL-1013 16-3
Cell, HPLC Flow 1955 16-4
Cell, Micro F-3011 16-4
Cell, Micro F-3012 16-4
Cell, Quartz 1925 16-4
Cell, Sample 1920 16-4
Cell, Sample (Reduced Volume) QC-SK 16-4
Correction Factor Kit F-3026 16-5
Coverslip, Monolayer CM-MH 16-6
Cryostat, Janis F-3023 16-7
Detector, Reference Photodiode 1967 16-8
Detector, Signal: CCD various 16-9
Detector, Signal: Room Temperature Photomultiplier 1911F 16-10
Detector, Signal: Thermoelectrically Cooled Housing 1914F 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 F-3000 16-13
Filter, Cut-On (1" x 2") 1938 16-14
Filter, Cut-On (2" x 2") 1939 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 1933 16-24
Housing, Xenon Lamp FL-1039 16-26
Housing, Dual Lamp FL-1040 16-26
Injector, Autotitration F-3005/6 16-27
Interface, Microscope 16-28
Lamp, Xenon 450-W 1907 16-29
Laser Input Optics accessories FC-OP-LIO1 16-30

FC-OP-L102
Peltier Drive, Sample Heater/Cooler F-3004 16-31
Phosphorimeter Accessory FL-1042 16-32
Plate Reader, 384-microwell MicroMax 384 16-33
Polarizer, L-Format FL-1044 16-34
Polarizer, T-Format FL-1045 16-34
Port, Injector FL-1015 16-35
Quantum-Yield accessory (integrating sphere) F-3018 16-36
Stopped-Flow Accessory SFA-20/SPEX 16-37
TCSPC upgrades FL-1054 16-38

FL-1057

FL-1065

FL-1066
Temperature Bath F-1000/1 16-39
Trigger Accessory, External TRIG-15/25 16-40
Windows, Sample-Compartment FL-1024 16-41
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FL-1013 Liquid Nitrogen Dewar Assembly

‘ Warning. Refer to your Material Safety Data Sheet
(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 Tef-
lon” 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.

@Note: If condensation appears on FL-1013 Liquid Nitrogen

the outside of the Dewar flask, it Dewar Assembly.
must be re-evacuated.
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Sample Cells

Fluorescent
y Radiation

1955 HPLC Flow Cell  fip—
With a sample capacity of 20 puL,
this non-fluorescing fused silica

cell is ideal for on-line monitoring +

of fluorescent samples. The cell —“r _Fh““

maintains high sensitivity because FTmm

it has a large aperture for l e

collecting the excitation light to S

the sample and fluorescence | l

emission from the sample. The flat jn ]

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

This non-fluorescing fused silica cylindrical cell holds 50 pL. This

cell will not accept a magnetic stirrer.

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.

QC-SK Reduced Volume Sample Cell

This non-fluorescing fused silica cell is selected for samples with a
maximum volume of 1 mL. 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 and a “flea” magnetic stirrer
are included.
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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® spec-
trofluorometers 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™ soft-
ware. The Correction Factor Kit
provides 50 hours of operation be-
fore recalibration is necessary.

‘Waminy: Tungsten-halogen lamps
_ can be dangerous. They pose a risk
of explosion, and are a source of po-

tentially hazardous bright light.
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CM-MH Monolayer coverslip

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.

CM-MH coverslip ——1
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F-3023 Janis cryostat

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 fea-
tures 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), provid-
ing excellent cooling power and temperature control.
Light-weight sample positioner/mount assembly, with multi-
pin electrical-feedthrough access to the window region, offer-
ing 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.

Jy)esc I HF—’I 0jtj
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1967 Photodiode Reference Detector

The Photodiode Reference Assembly monitors the xenon lamp up to 1 pm. This acces-
sory is standard in the Fluorolog®-3 package, but a photomultiplier can be substituted
instead (necessary for phosphorescence measurements).

1967 Photodiode Reference Assembly.
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CCD Detectors

For multichannel spectral acquisition, many charge-
coupled devices are available to suit the researcher’s
needs. Both air-cooled and liquid-nitrogen-cooled
CCDs can be inserted into the Fluorolog®-3. Available
options include extended-UV and near-IR detection,
various pixel sizes and arrays, and maximum-coverage
options. Contact a local Sales Representative for de-
tails and specific model numbers.

-
N v
\ v

Warning. Refer to your
Material Safety Data
Sheet (MSDS) for infor-
mation on the hazards of
cryogenic materials such
as liquid nitrogen.

Symphony InGaAs array
for detection in the near-IR.
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1911F 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 the photon-
counting mode.

1911F Room-Temperature Signal Detector.

The dark count is specified at <1000 cps, and the R928P delivers useful output from
190 nm to 860 nm.
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1914F Thermoelectrically Cooled Signal
Detector

As arule, cooling a detector improves the S/N ratio by reducing the inherent dark count
or noise. For the standard signal detector, 1911F (described above), cooling reduces the
dark count 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.

1914F Thermoelectrically Cooled Signal Detector R928P.
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FL-1030 Thermoelectrically Cooled Near-
IR Photomultiplier Tube

For spectral measurements extending into the near-infrared, the FL-1030 Thermoelec-
trically 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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F-3000 Fiber Optic Mount and 1950 Fiber
Optic Bundles

Now you can study marine envi-
ronments, skin and hair, or other
large samples in situ! For those us-
ers who want to examine samples
unable to be inserted into the sam-
ple compartment, the F-3000 Fiber
Optic Mount (plus fiber-optic bun-
dles) allows remote sensing of
fluorescence. The F-3000 couples
to the sample compartment; light is
focused from the excitation spec-
trometer onto the fiber-optic bun-
dle, and then directed to the sam-
ple. Fluorescence emission from
the sample is directed back through
the bundle and into the front-face
collection port in the sample com-
partment. Randomized fiber-optic
bundles (model 1950) ranging in
length from 1 meter to 5 meters are
available. Contact the local Sales
Representative for details.

F-3000 Fiber Optic Mount (above) and
1950 fiber-optic bundle (below).

% ‘L‘aulion: 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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1938 and 1939 Cut-On UV-Visible Filters

The 1938 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 exci-
tation 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 phosphores-
cence 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 posi-
tions. 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 Model 1939 Cut-On Filter set consists of five 2" x 2" (5 cm % 5 cm) filters with

cut-on wavelengths of 350 nm, 399 nm, 450 nm, 500 nm, and 550 nm. To properly po-
sition 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 1938 or 1939
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.
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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 col-
lection mode, the viewing angle is 22.5°. The FL-1001 is ideal for such samples as pel-
lets, powders, inks, monolayers, dyes, and various solids.

FL-1001 Front-Face Viewing Option.
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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

In addition, a number of different blazes can be purchased:

e 250nm
e 330nm
e 500nm
e 750 nm
e 1000 nm

All gratings are classically ruled, and measure 50 mm x 50 mm. For details and model
numbers, contact a HORIBA Jobin Yvon Inc. Sales Representative.

Grating.

16-17




Fluorolog-3 v. 3.2 (2 May 2008) Components & Accessories

FL-1011 Four-Position Thermostatted Cell
Holder

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.

‘ FL-1011 Four-Position

. , Thermostatted Cell Holder.
Caution. Refer to your Material

Safety Data Sheet (MSDS) for

information on the hazards of

an ethylene-glycol-water mix-

ture.

Installation

1 Remove the compartment gap-bed.

2 Position the FL-1011 gap-bed drawer.
3 Tighten with four screws.
4

Attach the %4" tubing to the brass inlets on the
bottom of the holder.

‘L‘aution: 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

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. Note: While the four-position

model maintains the tempera-

Allow the ture of all four samples, only
one sample is mixed at a

samples to reach time.

the desired

temperature.

Turn on the magnetic stirrer.

Select the @
appropriate mixing Note: Selecting too high a

speed may create a vortex,
Speed' which could affect the re-
The speed at which the sample producibility of the meas-
should be mixed depends on the urement.

viscosity of the sample.

Run your experiment as 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

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, enabling
mixing of turbid or viscous samples.

FL-1012 Dual-Position
Thermostatted Cell Holder.

‘ Caution. Refer to your Material Safety Data Sheet
(MSDS) for information on the hazards of an ethylene-
glycol-water mixture.

Installation
1 Remove the present holder from the posts.
2 Replace with the FL-1012.
3 Tighten the two thumbscrews
4

Attach the %4" tubing to the brass inlets on the
bottom of the holder.

‘L‘aulion: 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

Place your sample ina 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. Note: While the two-position

model maintains the tempera-

Allow the sample ture of both samples, only one
to reach the sample is mixed at a time.
desired

temperature.

Turn on the magnetic stirrer.

Select the @
apprOp”ate Speed' Nofe: Selecting too high a

The speed at which the sample speed may create a vortex,

should be mixed depends on the which could affect the re-

viscosity of the sample. producibility of the meas-
: urement.

Run your experiment

as usual.

Either right-angle or front-face detection can be used.
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FL-1027 Single-Position Thermostatted
Cell Holder

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, enabling mixing of turbid or
viscous samples.

FL-1027 Single-Position
Thermostatted Cell Holder.

‘ Warning. Refer to your

Material Safety Data
Sheet (MSDS) for in-
formation on the haz-
ards of an ethylene-

glycol-water mixture.

Installation

1

2
3
4

Remove the present holder from the posts.
Replace with the FL-1027.
Tighten the two thumbscrews

Attach the 4" 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

Place your sample ina 10 mm x 10 mm cuvette
and insert a magnetic stirring bar.
(The stirring bar is available from Bel-Art Products, Pequannock, NJ)

Place the cuvette in the holder.

Allow the sample to reach the desired
temperature.

Turn on the magnetic stirrer.

Select the @
appropriate Speed_ Note: Selecting too high a

, speed may create a vortex,
The speed at which the sample which could affect the repro-

should be mixed depends on the ducibility of the measurement.
viscosity of the sample.

Run your experiment as usual.
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1933 Solid Sample Holder

The 1933 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.

1933 Solid Sample Holder with sample block removed.

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 sam-
ple.

For pellets, crystals, creams, gels, powders, and
similar materials:

1 Fill the well of the block.

2 Place a quartz coverslip or Teflon® film over the
well.

This holds the sample in place when vertically positioned.

3 Carefully insert the block between the bracket
and spring clip, so that the sample is
perpendicular to the excitation light.
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@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 sur-
face of the sample.

For 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 Note: In the T-box sample com-

turning the knob partment, the 1692M Selection
Mirror is an option. If front-face
on the top panel measurements are to be ac-
of the sample quired, this mirror must be in-
stalled in the sample compart-
compartment to ot

FF (front-face).

@Note: Before scanning a solid sample, HORIBA Jobin Yvon Inc. rec-
ommends 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-1039 Xenon Lamp Housing

The FL-1039 is the standard lamp housing for the 450-W Xenon Lamp. The power
supply is included internally.

FL-1040 Dual Lamp Housing

The FL-1040 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 ex-
cites the sample. This housing with pulsed lamp is useful for studies of phosphores-
cence lifetimes and decay analysis. The power supply is internal to the housing.

FL-1040 Dual Lamp Housing.
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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 dis-
pensing 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 pL).
The syringes are interchangeable;
aliquot size is controllable to 0.1% of
total syringe volume.

e

F-3005/6 AutoTitrator Injector.

£ Warning. 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 e N ==,
use of the Fluorolog®-3 system for /-—ﬂ )
fluorescence-microscopy o . -
measurements. The accessory in- 1
cludes 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.

1 1

Microscope Interface

Fiber-optics in sample

compartment
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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1907 450-W Xenon Lamp

The 1907 450-W xenon lamp delivers light from 240 nm to 850 nm for sample excita-
tion. 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.

Caution: This lamp
emits intense light and
heat, and contains
xenon gas under
pressure. Understand
all safety precautions
before handling or us-
ing this xenon-arc
lamp.
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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-OP-
LIO1 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 discrimi-
nator for optical synchronization, and more. The anisotropy input accessory FC-OP-
LIO2 enables you to perform anisotropy and polarization measurements, with the FC-
OP-LIOL. It includes a Babinet-Soleil compensator, and two extra prism polarizers in
mounts. Contact your HORIBA Jobin Yvon Sales Representative for details. Note that
the laser itself is not included in these accessories.

RED = Internal Optics Assembly
o o r

<
O ° ° N Beam Steering Mirror

Fixing Screw =~ i

o
° / O ixing Screw,

/ Focusing Lens
| EC——

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 sam-
ple’s temperature in the
Fluorolog®-3’s sample com-
partment, choose the F-3004
Peltier Drive. Instead of
messy fluids, the Peltier de-
vice heats and cools the sam-
ple 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 in-
cluded, along with a controller
and stirring mechanism.

F-3004 Sample Heater/Cooler Peltier
Thermocouple Drive.

MODEL LFI-3751
STATUS

TEMP LIMIT T Lsar

OUTPUT my
o |

. 5 Amp - 40 Watt
‘- Temperature Controller

avelength Electronics

Peltier controller.
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Phosphorimeter Accessory

The phosphorimeter adds a programmable, pulsed excitation source and selectable sig-
nal gating from the signal photomultiplier tube. This provides time-discrimination ca-
pability to sort out the lifetimes of simultaneous, competing luminescence emissions.
Because the duration of each exciting pulse from the phosphorimeter is very short
(~3 ps), 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-1040 dual-lamp housing is required, as
well as the FL-1042 phosphorescence upgrade, which adds a controller and electronics.
To use the phosphorimeter, direct the FluorEssence™ software to run a phosphores-
cence experiment. This action rotates a mirror inside, directing light from the flash tube
to the sample:

‘L‘am‘ion: This lamp emits intense light and heat, and con-
- tains xenon gas under pressure. Understand all safety
precautions before handling or using this xenon-arc

lamp.
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MicroMax 384 Microwell Plate Reader

The MicroMax 384 Microwell Titer-Plate Reader allows multiple samples to be
scanned in one experiment. The MicroMax 384 is controlled through the FluorEs-
sence™ 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. Up to 384-well
plates may be inserted into the MicroMax 384, with a scan speed < 1 min for all plates.
Various scan types are possible:

e Single-Point Analysis e Excitation

e Emission e Time-Base

e Synchronous e Multigroup

Signals are transmitted between the Fluorolog®-3 and the MicroMax 384 via fiber-optic
bundles.

£ Caution. Always read the Material Safety Data Sheet
(MSDS) to understand the hazards of handling your
sample.

£Cautian: 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-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 spec-
troscopy, researchers should order the FL-1045 third polarization unit in addition to the
FL-1044.

Polarizer.
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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 injec-
tor in place, a lock-tight seal is achieved, prevented both light and air from reaching the
sample. The Injector Port is recommended for use with the TRIG-15/25 Trigger
Box/Event Marker.

FL-1015 Injection Port.

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.

‘ Caution. Always read the Material Safety Data Sheet
' (MSDS) to understand the hazards of handling your
sample.
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Quantum-Yield accessory

The integrating sphere is used in the Fluorolog®-3
spectrofluorometer to study fluorescence from
solid and liquid samples. The sphere has an inter-
nal diameter of 4” (10 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 in-
tegrated 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 Jobin Yvon
software is included for automatic calculation of
quantum yields, absorptions, and CIE (1931 and
1976) color values.

Quantum-yield accessory.

HORIBA Jebin Yvon Guantum Yield and Coloar Calculator
HORIBA

g - Quantum Yield and Color
' Calculator software.

HORIBA

‘ Warning. Always read the Material Safety Data Sheet
(MSDS) to understand the hazards of handling your
sample.
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SFA-20/SPEX Stopped-flow accessory

The SFA-20/SPEX series of
stopped-flow rapid-kinetics
accessories offers 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 SFA-series 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 instrument has been designed to suit the particular needs of Fluorolog® spectro-
fluorometers. 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 repro-
ducible time-zero registration for all traces, and allowing accurate overlay and averag-

ng.
£ Caution. 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 sin-
gle-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 Spec-
traLED 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-Illuminator 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

Fluorolog®-3 with FL-1054 Triple-
[lluminator TCSPC upgrade.

FL-1057 TCSPC upgrade for the
sample compartment.

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 SpectralL ED.

A CAUTION

VISIBLE AND INVISIBLE LAZSER RADIATION.
DO NOT STARE INTQ BEAM.

CLASS 2 LASER PRODUCT,
This product complies with 21 CFR 104010
aicept for deviations pureuant ko Lasar
Naotice £0 (July 26, 2001) and EN 80826-1:2001.

| SR e Gomriatos Sy, L0 STACWNT 2z Tabarsior Ha. BOORE TWCHE
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F-1000/1 Temperature Bath

For studies of samples whose properties are temperature-dependent, use the F-1000/1
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 ca-
bles are included with the F-1000/1. The Temperature Bath is available in a 110-V (F-
1000) and 220-V (F-1001) version.

30
@ °

T EECEED
-y 1

|

i

Sy ey
Po— —
Pt g
| P— —
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| P———
P —
Po————
e
— e ———

F-1000/1 Temperature Bath.

‘ Caution. Refer to your Material Safety Data Sheet
' (MSDS) for information on the hazards of an ethyl-
ene-glycol-water mixture

This instrument uses high-temperature fluids, which
can cause severe burns.
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TRIG-15/25 External Trigger Accessory

The TRIG-15/25 accessory permits the fluorescence system to be operated with almost
any external trigger stimulus. Data acquisition can be synchronized with external
events, either automatically following a voltage pulse (minimum 3 V above ground), or
manually by pushing a button on a trigger-release cable. Multiple trigger events are re-
corded and stored with the associated data file. A TTL trigger output also is provided,
for activating external devices, such as a stopped-flow unit. The front panel has four
sets of banana-jack inputs for two independent trigger inputs, Trigger 1 and Trigger 2.

TRIG-15/25 External Trigger Accessory.

There are two sets of jacks for each of these two trigger inputs: an upper set, for manual
switch inputs, and a lower set, for pulsed voltage inputs. These two input types can be
used simultaneously, but any one event is ignored while the interface is activated by
another.
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FL-1024 Windows on the Fluorolog®-3
sample compartment

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

Prepare the instrument.

‘Caution: Never touch any optical surfaces of the
gratings, mirrors, etc.

Remove the instrument cover.

b Remove baffles:
Remove 2 cap screws holding
each baffle in place.

@Nole: Remove the baf-

fles for easier access.

; Windows wiill

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

e

3 Insert window assembly.

d

O O T

Components & Accessories

Remove old beam-splitter assembly from
external wall of sample compartment.

Insert two 6-32 x 3" cap screws in the side holes of
the new beam-splitter assembly.

New beam-splitter assembly.

Mount new assembly on external
wall of sample compartment.

Add third 6-32 x %" cap screw to
mount assembly on sample
compartment.

Tighten all 3 cap screws.

Snap one window assembly onto an external
side-wall of sample compartment.

Insert a 6-32 x %" cap screw.

Tighten the cap screw.

Repeat steps (@) through (c) for the other
window assembly.
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4

New purge port.

Replace mirror and
baffles.

a Replace mirror on mount.

Replace cap screw on back of
mirror.
Tighten set screw on top of mirror:

b Center the excitation
beam’s image on
photodiode.

Loosen two cap screws. ™

Slide photodiode sideways in order to cente

image on it.

Tighten the two cap screws.

C Replace baffles using two cap screws for
each.

Install purge port.

a Remove plastic original plug, using
a 3/16" Allen key.
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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 pre-

vents light from entering the
sample compartment.

O  Close the instrument’s cover.
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17: Reassembly Instructions

The Fluorolog®-3 system
consists of four main ‘
components: Caution: HORIBA Jobin

Personal computer

Yvon Inc. does not rec-

e Color monitor ommend reassembly by
e Expanded keyboard the user. Contact the
e Fluorolog®-3 spectrofluorometer Spex® Fluorescent Ser-

vice Department for re-
An optional printer may also be included. A assembly. Moving the
Fluorolog®-3 spectrofluorometer is a com- Fluorolog®-3 system may
bination of discrete modules and components. degrade  performance,
These components include an excitation and invalidates all war-
monochromator, an emission spectrometer, ranties by HORIBA Jobin
sample compartment, xenon light source and a Yvon Inc.

System Controller (SpectrAcq).

Occasionally, because of relocating the instrument, reassembling the system is neces-
sary. 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 @
computer’s Note: The computer's COM1 port

will be connected to the System
Compo_nents Controller in a later step. Make
according to the sure this port is available.

instructions supplied with the computer.

Plug the power cables from the monitor, the
main unit (CPU), and the printer or plotter into
outlets with the proper line voltage.

‘Cautiom Do not turn on the computer or the
peripherals.
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Spectrofluorometer assembly

Once the 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 has alignment studs,
alignment receptacles, and D-connectors on the outside of the housing:

Stud receptacle Stud

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.

Excitation
monochromator

Sample compartment
module

@Note: See Chapter 2, Sys-

tem Description, for con-
figurations. Concerning

Emission ‘
the lamp housing, xenon

spectrometer I
sources, and cautions,

see Chapter 6, System Example of a Fluorolog®-3 configuration.
Maintenance.

17-2




Fluorolog-3 v. 3.2 (2 May 2008) Reassembly Instructions

Cable connections

These connectors
connect the
spectrofluorometer
components with the
SpectrAcq (SAC) and
the computer system.

D-shell Connector

4-Pin Circular Connector

The jacks on the rear of the SpectrAcq j BETER
are shown to the right: y

@Note: The actual layout of con-

nections on the rear of the
SpectrAcg may vary, depend-
ing on the system’s configura-
tion.

| Video || com1

To Optics

InputR ,- x5
__'

(HV4, HV3, HV2,) HV1

v
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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.

AC

mains AC.
mains
Lamp
housing System
controller
(SAC,
Mono drive SpectrAcq)
Excitation @ HV1O
monochromator out
inf  bM302 [>—F—5] Hv2O
module  [power ﬂ\
r
Emission
Sample spectrometer O\
compartment G
module
Signal
detector
@Note: May be a @Note: Use HV2 for the second
single- or double- emission spectrometer.
ended cable.
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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 ref-
erence 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
#33979A.

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.

D-shell connector

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 #34040
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 #30645 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 #33977.
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4 Take the end of the #33977 cable that has two
connectors.

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 #33977 cable into
the INPUT S connector on the back panel of the
SpectrAcqg. 7

25-pin—-9-pin cable

Sample compartment module

1 Insert the 25-pin—9-pin cable
#400108 between the
sample compartment and
the jack labeled “mono
drive” on the SpectrAcg.

@Note: With special options (e.g.,

trigger accessory), there may be
an additional cable connection.
See the accessory’s instructions.

Xenon-lamp power supply

The xenon lamp’s power supply is integrated into the lamp housing. No additional con-
nections are required.

Computer to SpectrAcq

The spectrofluorometer system is controlled via the SpectrAcq through the computer.

1 Connect the 9-pin—9-pin connector cable
between COM1 of the computer and COML1 of
the SpectrAcq.
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Connecting power cables

Several components in the system have AC power cables. These items include:
e 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.

BBE
-

E"‘I

e Calibrate the system before conducting an experiment. Refer to the appropriate chapter
for calibration instructions.

e To properly operate the equipment, have a complete understanding of the software.
Read the software manuals 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

18: Glossary

3D excitation/emission
display

3D synchronous/offset
scan
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 scan

This maps a specified emission-scan wavelength range using various
excitation wavelengths.

A scan that maps a specified synchronous scan using various offset
wavelengths between the spectrometers.

Transition, when a photon enters a molecule, from the ground state
to the excited singlet state. This process typically occurs in ~107™

The extent of absorption by a substance. Absorbance, 4, is —log 7,
where T is the transmittance of the sample. Absorbance is also syn-
onymous with optical density (OD). Absorbance can be calculated
using the Beer-Lambert Law:

OD=A=¢cl=—-log T

= 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 sig-
nal 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. Gener-
ally, the gratings are efficient to 2/3 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 ex-
citation monochromator. To obtain a corrected excitation scan, the
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Correction factors

Cut-on filter
Cut-off filter
Dark counts

Demodulation

Demodulation factor

Emission scan

Energy transfer

Excitation scan

Extrinsic fluorescence

Flash lamp

Fluorescence

Glossary

detector signal is ratioed to the reference signal, which provides 90%
of the correction. To obtain a completely correct scan, the excitation
scan acquired in the manner described above is multiplied by correc-
tion factors. An excitation correction-factor file, xcorrect.spt,
is included with the software.

Compensates for the wavelength-dependent components of the sys-
tem, 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 (tcor-
rect.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.

(less modulation) Usually refers to the demodulated emission rela-
tive to the excitation.

Can be calculated using the following equation:
AC,/DC,
e _
AC_/DC,

where AC; is the amplitude of the emission voltage, DCr is the exci-
tation offset voltage, AC, is the amplitude of the excitation voltage,
and DC, is the offset of the emission voltage.

Shows the spectral distribution of light emitted by the sample. Dur-
ing an emission scan, the excitation monochromator remains at a
fixed wavelength while the emission monochromator scans a se-
lected region.

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.

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 mole-
cules.

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 ~107 s,
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Fluorescence lifetime

Front-face detection

Grating

Intrinsic fluorescence

Laser

Mercury lamp

Mirror-image rule
Modulated light

Monochromator

Optical density
Optical-density effects

Phase-angle
Phase-modulation method

Phosphorescence

Pockels cell

Pulse-sampling method

Glossary

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.

The natural fluorescent properties of molecules.

A monochromatic light source that provides high excitation-
intensity.

Light source that emits discrete, narrow lines as opposed to a contin-
uum. A mercury lamp can be used to check the monochromator’s
calibration.

When the emission profile appears to be the mirror image of the ab-
sorption spectrum.

Light whose intensity varies in a sinusoidal manner, with a specified
frequency.

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 delay of the modulated emission relative to the excitation.

A technique for measuring fluorescence lifetimes, where a sample is
excited with light whose intensity is modulated sinusoidally. The
emission is a forced response to the excitation.

The emission of light or other electromagnetic radiation during the
transition of electrons from the triplet state to the ground state. Phos-
phorescence is generally red-shifted relative to fluorescence and oc-
curs within ~107° s to several seconds. To enhance phosphorescence
detection, samples are often chilled to liquid-nitrogen temperature
(77 K).

A light modulator that transmits ultraviolet and visible light, and can
be operated at variable frequencies. Highly collimated excitation
light is required.

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-
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Raman scattering

Rayleigh scattering

Rayleigh-Tyndall
scattering

Red-sensitive
photomultiplier

Reference photodiode
Resolution

Right-angle detection

Scatter

Signal photomultiplier

Singlet state

Stokes shift

Synchronous scan

TCSPC

Glossary

resolved emission spectra.

Scattering caused by vibrational and rotational transitions. Raman
bands generally appear red-shifted relative to the incident electro-
magnetic radiation. The primary characteristic of Raman scatter is
that the difference in energy between the Raman peak and the inci-
dent 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 energy as the incident light. Rayleigh scatter shows scatter ra-
diation intensity inversely proportional to the 4™ power of the wave-
length 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).

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 scatter-
ing, 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 the photon-counting mode to pro-
vide 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 fluores-
cence, 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 emis-
sion. The excitation and emission monochromators are scanned si-
multaneously, 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.
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Time-base scan

Time-resolved emission
scan

Triplet state (T+)

Tyndall scattering
Xenon lamp

Xenon-lamp scan

Glossary

Scan in which the sample signal is monitored while both the excita-
tion and the emission monochromators remain at fixed wavelengths.
Time-base data are used to monitor enzyme kinetics, dual wave-
length measurements, and determine the reaction rate constant.

Scan in which the emission spectra are acquired at various times af-
ter 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 exci-
tation spectrometer. The maximum xenon-lamp peak at 467 nm can
be used to determine proper calibration of the excitation spectrome-
ter.
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20: Index

Key to the entries:

Times New Roman font......... subject or
keyword
Arial font.......ccccovviviieec command,

menu choice,
or data-entry

field
Arial Condensed Bold font.....dialog box
Courier New font.............. file name or
extension

1
1,2-propanediol..........cccceveeviiiniiienins 8-20
1630 . 16-11
1692M ..., 6-21
1907 oo 16-29
1908 ..o 8-2-3, 8-6, 8-11
190BMOD .....coiiiiiieieiese e 8-2-3
LO1LF e 16-10
L91AF ..o 16-11
1920 i, 16-4
1925 Lo, 16-4
1933 5-2, 5-6, 16-24
1938 .o 16-14-15
1939 o 16-14-15
1950 .ot 16-13
1955 s 16-4
1967 .o, 16-8
1976 Accessory Controller ..........c...cc...... 9-11

2
2D Intensity Map button................. 4-1, 4-16

3
320M i 2-11
30645 ..o 17-5
33977 e, 17-5
33979A. ..o 17-5
3D Scan to 3D Profile button............. 4-1, 4-7

Index

4
400108 ... 17-6
9
O-C A e 3-16
A
About FluorEssence window ........ccccveee..... 7-9
About FluorEssence...........ccccoueeeveennn... 7-9
ACCESSONIBS c.veveeeeeeeeeeeeeeeeeeeeeee e eeeeees 7-11
450-W xenon lamp.......cccccevvevieenenn, 16-29
autotitration INjector .........c.cc.cvveneee. 16-27
CCD detector......ccooeeeeeeeeeeeeeeeeeeen 16-9
CUt-0ON FIlter..ovveeeeeeeeeeeeeeeeee 16-14
Cut-On Filter Holder ..........cccouvvee.... 16-15

dual-position thermostatted cell holder . 16-
20

external trigger accessory....... 16-35, 16-40

four-position thermostatted cell holder . 16-
18

front-face viewing option.................. 16-16
Grating....ccooeverieieese e 16-17
INJECLOr POIt ....cveivieciee e 16-35
lamp-housing, dual.................. 16-29, 16-32
Laser Input OptiCS .....cccevvevvverieiienen, 16-30
liquid nitrogen dewar assembly........... 16-3
MICrO Cell.....covviiiiiii e, 16-4
microscope interface...........cc.ccooveueee. 16-28
microwell plate reader....................... 16-33
Peltier thermocouple drive ................ 16-31
phosphorescence upgrade.................. 16-32
phosphorimeter..........cc.ccooveeene. 11-6, 16-32
photodiode reference detector ............. 16-8
POIArIZEr . ..o 16-34
quartz CUVette .......ccceevvieee e, 16-4
reduced volume sample cell ................ 16-4
sample cell........coovveiiii 16-4
scatter assembly.........cccooviiiiiiiiene, 8-2
solid sample holder...........c..cccvveneen. 16-24

20-1




Fluorolog-3 v. 3.2 (2 May 2008)

TCSPC upgrade ........cccceveenveeennnnne 16-38
temperature bath...........c.ccccoeveiennn 16-39
thermoelectrically cooled near-IR signal
AeteCtOr. ..o 16-12
Windows on the Fluorolog®-3 sample
compartment .........coccevveeviieennnnn. 16-41
xenon-lamp housing............... 16-26, 16-29
xenon-lamp housing, dual................. 16-26
Accessories icon. 9-5, 9-8-9, 9-12, 9-16-17
AccessoryConfig button ..................... 13-20
Accumulations field ..............cccue..e. 5-8, 8-7
ACCUTACY +.vvvierieieeeiree st 15-2
Acquisition Parameters area..... 13-9, 13-12
ADC ... 13-9
Add >> button .......... 5-15, 8-23, 9-19, 13-21
Add New radio button...........c.ccceoveuennee. 8-17
Adjacent Averaging........c.ccoceeeeverneenne. 5-11
Advanced... ... 9-7
Advanced... button............ 9-10, 13-9, 13-12
Advanced Setup ... 5-13, 8-24, 13-13, 13-17
AICONOX®......ooveeveeiereseeeesee e 5-1
alignment.........ccooeviiniienen 9-6, 9-9, 9-24
Allenwrench.......ccccoovieenn. 6-1, 6-11, 16-43
amplitude........ccoveiiiii 14-2
analog-to-digital conversion ................... 13-9
Analysis........... 5-11, 5-16, 8-9, 10-11, 13-22
Analysis menu................ 8-12, 8-16-17, 10-3
anisotropy 9-1-3, 9-5, 9-7-9, 9-11, 9-15, 9-22
ANISOrOPY...coverieiieiiee e 9-18, 9-20
anisotropy-decay SCan..........c.ccevververennn. 14-4
ANISOLrOPY SCAN ..cvvenveieieerierieeeeeeee e 9-8
Anisotropy scan-type ........c.ccceeeeeeen 9-7,9-20
Apply button ..., 8-9, 8-17
aNthracene .........occeeeevvcveee i 3-16, 4-24
Arbitrary Line button ............ccccooeviienn 4-8
Areas field.........c.ccooviiiiinii 13-10

Auto Run Previous Experiment button 4-1,
4-5-6

Autotitration INjector ...........ccccevvennenn 16-27
Available Devices area ..........cccceeeun... 13-19
Available Slots area..........ccoceeeveeenen.. 13-19
AXIAl e 13-1
AXIAL e 13-7,13-11
AZUIBNE ., 11-2
B
B(Y) column.......ccoooveiiiiiieeee 8-17
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baffle.................... 6-7, 6-13-14, 16-41, 16-43
bandpass ............... 5-6-7, 5-10, 8-5, 9-2, 9-13
baseplate adapter ..........cccooeveennene 13-4, 13-24
batch Job ..o, 4-9-10
benzophenone...........ccocceveiieiciieienns 10-6
DINAING @SSAYS...c.vvevverieeiesieir e cee e 9-15
biological samples.........ccccceviriiiiiiinienne 5-3
blank ... 8-8-9
Blank ..., 4-13
Blank Subtraction...........ccccceevviviiennns 5-12
blank-subtraction ...........cc.cceeevereieninnnns 4-25
0] V- T 13-2, 13-15-16
POOL diSK ....vvvvveiiiiee e 3-1
Browse button..........cccooeiiiiiiiiincn, 4-3
Browse for experiment files to >> Add
DULTON ..o 4-9
C
C ettt 5-15, 13-21

cables....6-1, 6-7, 6-15, 6-18, 7-2, 8-13, 9-24,
10-1, 10-17-18, 13-3-4, 13-24, 17-1, 17-
4-5

Calibrate Excitation 1 button.................. 3-9
Calibrate WindOW..........ccocvvveviieeiiiieeirieee, 3-9
calibration........cocceevvciieei e, 9-22, 13-2
calibration certificate...........oocevvvvvviiinenns 16-5
calibration curve.......ccccccoeuvee... 4-12, 4-14-15
Calibration Curve Parameters window ......4-15
Cancel button .........ccceeevveiiieecnen, 3-9,9-11
capillary cell ... 5-2
CAS NUMDBET ..o 3-16
cation measurements .........cccvveevevveeiiveeenns 16-6
CAUTION NOLICE ...ccvvvevvieeeriee e, 0-6
CCD.oovveeeeeeeee e 2-8, 2-12, 13-4, 15-3
CCD acquisition .........cceevveveeiieseeieenn, 13-5
CCD controller ........cooevveeiivinennnns 13-4, 13-25

CCD detector....13-1, 13-3-4, 13-7, 13-9-11,
13-15-16, 16-9

CCD OptiONS.....ccovveieiiesie e 13-6
CCD OptioNnS area........ccceervvereereeseaeens 13-7
CCD Range Mode Info window.................. 13-7
CCD shutter ..o 13-4
center wavelength

CCD it 13-16
Center Wavelength radio button ......... 13-7
CROPPEN ..t 11-6
CIE color values..........ccooeverenencieninnns 11-4
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circular freqUeNCY .......coovveevenienienieene, 14-2
CleaniNg.....cccovevieeiesiece e 9-22
Clear all button .........ccccovveevieeiciieecree, 4-14
(0] 1o} R 10-12, 10-18
CM-MH ..o 16-6
Collect.......coeeveeneen. 5-13, 8-24, 13-13, 13-16
colloidal Silica........covvrvvrererenen. See Ludox®
Comments: field.........cccceevevvciieiiiiieeee 4-9
Common Area Status area. ................. 13-19
Concentration column ...........ccceeeveeenne 4-13
Concentration field ..........ccccceeveeievieenee. 4-13
configurations

(031151 (0] 1 1 2-9

standard.........coceeecieeiiiee 2-3
Configure [Emission 1] window .............. 13-20
Configure [Symphony] window............... 13-13
Configure button..........c...c.e..... 13-13, 13-19
Constant Wavelength Analysis................ 9-18
contaminated water ..........coceeeeveveennn. 7-5, 7-6
Continue button .........ccceeevvieeiciec e, 9-10
(070011 (0] | 1 S 2-1,7-2
corrected reference.........cocevvveviieeicnienne, 4-25
corrected Signals .........cooveveveicnciininins 4-25
Correction checkbox.......... 5-14, 8-24, 13-21

correction factor5-16, 8-1-2, 8-5, 8-11-12, 8-
23-24, 8-26, 11-1, 13-22

correction-factor file........ccc........... 4-25, 8-26
multiple detectors..........cccccvevvevieenenne. 13-15
multiple gratings .........ccccoovveriiennnn 13-15

Correction-Factor Kits
EYPES oo 8-2

correction file......ccccovveiiieeinnnn. 13-16, 13-18

(o0] £ £=1 F= 110 ] [ 4-15

Cosmic Removal .........cccceevvvvvieeiiinnnnen. 13-9

COVerage ....ccccoocvveeiiie e 13-6-7

COVEISHIP.cviiiiieciecce s 5-2

Create/Use Calibration Curve from CWA
Data button...........cccceeeuveene 4-1, 4-12, 4-15

Crossed Lines button ..........ccceeeeevveeenneen. 4-8

cryogenic materials..........ccocoeevveiviieennnn, 0-6

CIYOSTAL......eevieecereeree e 16-7

CPS .. 3-5, 3-12

Cursor function ........ccceeeeeeee e, 3-6

CUNVe-fItting ..o.ooovveiiie e 10-7

Cut-On Filter.....coovvvveeicieeecieeee, 16-14-15

cuvette..3-10, 5-1-2, 5-6, 6-8, 7-5-7, 8-20, 9-
7,9-24, 16-19, 16-21, 16-23
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Czerny-TUIMEr ..o 15-2
D
AAMAGE. ... 0-6
danger to fingers.......cccoccevveveciccievecee, 0-7
dark counts .......... 7-2, 8-5-6, 15-2, 16-10-11
dark NOISE ......ocvvveviieiiciiee e, 4-25, 9-24
Dark OffSet.......ccccvevivviiiiiiciiiees 4-25, 5-12
Dark Offset checkboX ..........cccccovvveiinnnenns 7-2
Data button ......ccccceevvieeii e 8-9
data collection methods...........ccccceevveenneee. 5-6
data Correction .........cccceeveeeiveeeciiieecneenns 13-15
Data field ...........ccocevvvveennen. 5-16, 8-9, 13-22
Data file does not exist.........ccceeeeveveeeinnnnns 7-2
Data radio button............cc...c........ 5-16, 13-22
DataMaX .........coooeeii, 14-1
DataStation .........ccceeeevevieiiiiieciieeens 4-19, 14-2
D-CONNECLOr ..., 17-2
DMB302.....cviiiiieecee e 17-5
de-ionized Water ..........ccoceeveveeevvee e, 5-1
Decay by Delay .......ccccoocevvveniniennenns 10-10
Decay by WIiNdow............cccceeeeveiiennnnn 10-10
dECAY CUMVE ... 10-1
delay ...cocoveieeieee 10-2
Delay after Flash..........cccccevveiiiinnnn, 10-10
Delay before executing field................ 4-10
Delay before first: field ...........ccccocnee. 4-10
Delay between each repeat list: field.4-10
Delay between each: field ................... 4-10
Delete button .........ccccvveeeiiiiiiie e 4-9
Delete rows button..........ccccoeevvvivveeenen. 4-14
demodulation..........ccceeeveeiiiiiiiiiecciee, 14-3
depolarized light..........cccooviviiiiiiee, 9-3
Details button...........cccoevvveicieeicieee, 13-7

detector2-4-7, 2-10, 3-3, 4-22, 4-24, 5-4, 5-6,
5-12, 5-14, 6-10, 6-15-16, 7-1-2, 7-6, 7-
10, 8-1, 8-5-7, 8-10, 8-20, 8-25-26, 10-2,
10-4,11-1, 11-4, 11-6, 13-1, 13-4, 13-7,
13-14-16, 13-21, 13-24-25, 15-2 ,16-10-
12

Detector........ccoeeviiii 5-14,13-18
Detector column......cccceevvcveeeiiciieec e, 8-25
DETECTOR COOLING jack................ 13-4
DETECTOR VIDEO cable.................... 13-4

Detectors icon..5-7-8, 5-14, 7-10, 8-7, 8-22,
8-26, 9-21, 10-9, 13-6, 13-21
Detectorstab......ccccceeee 13-19
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Device drop-down menu........... 13-13, 13-19
dIMENSIONS ... 15-3
disclaimer.......ccocovvieiieiec e 0-4
diSPErsION ....c.ecveieeecc e 5-10
dissolved solids........cccocevvvevveiiiienicenn, 5-3
AIVIAE. .o 8-17
DMB30 ....oiiieieieeece e 16-12
Dual Lamp Housing................... 16-26, 16-29
dual-lamp housing.........c.ccooeveneninnnn. 16-32
double-sided tape .........c.coevvvevverieiiecieennn, 8-4
DOWN DULEON ... 4-9
dual-lamp housing...........cccocvvniiiiinnnnne 10-1

Dual-Position Thermostatted Cell Holder 16-
20

dynamic anisotropy.........ccceevevveivverrnenn. 16-38
dynamic depolarization scan................... 14-4
E
electric ShocK ........ccoevvvivicicc 0-7
electrical requirements...........cccccveeveivenen. 1-3
EMISSION ..o, 3-11, 4-21
Emission L.....ccccooviiieviiiiee e 13-19
Emission 1tab......c.ccccceevvveieeceiienenn, 13-11
emission correction factors
calculating .......ccooeveeeeiieiece e 8-11
geNErating.......cccoveverenirenieennnns 8-3, 8-13

emission scan ...4-20, 4-24, 5-6, 7-2, 8-3, 8-6,
8-8, 8-14, 8-20, 11-5

EMPLY .o 4-13
Enable checkboX..........ccccoveveiicinennnen, 4-13
End ..oooi, 8-6, 8-22, 13-7
Enter Key.....ocooovveieiiiicceceecee, 4-13
ENtranCe.......ccooocvviiiiiii e, 13-11
ENLrance POrt.......ccocveeviveerieennieenns 13-1, 13-4
environmental requirements...................... 1-2
erratic Signal.........ccooeviiiiiiinicccee, 7-2
EITOI MESSAQES .vvievreeeirreeerieeesreeesreeesnens 9-23
ethylene glycol ... 16-18, 16-20
europium chloride............ 3-16, 10-6-7, 10-10
EXCEI® ..o 4-17-18
excessive humidity..........ccoevevveieiiecnennn. 0-7
EXCitation ...........cceevevevvieieere e 3-4,4-23
excitation correction factors

calculating .......ccovevveveevieeiice e 8-20
excitation-emission Matrix...........c.cceeenee. 4-7
excitation scan............... 4-20, 5-6, 8-20, 8-21
Execution LiSt.......ccccccevvevviiniiennnne 4-9-10
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EXIT oo 13-11
EXIE POMt. e 13-1
Expand button .........ccccceevveeveeiececee, 3-6
Experiment File ..., 4-24
Experiment File field..................... 4-3,4-21

Experiment Menu button... 3-4, 3-10, 4-1-2,
4-12, 4-20, 4-22, 9-20, 13-5

Experiment Setup window3-7, 4-2, 4-4, 4-12,
4-21, 4-23, 5-7-9, 5-14, 6-9, 6-11, 7-10, 8-
3, 8-6, 8-20, 8-21, 8-24, 8-26, 9-5, 9-9, 9-
17-18, 9-21, 10-9, 13-5, 13-9, 13-21

Experiment Type menu ............ 4-2,4-20, 4-23

Experiment Type Monos area................ 8-6

Experiment Type window..3-4, 3-10, 9-18, 9-
20, 10-9, 13-5

Experiment Window...........ccocevenencicninnn. 3-9
explosion hazard............cccooveveiieiveincnnn, 0-7
EXPOIt. ..o 8-18
exposing

lamp, the ..o 6-3
Exposure TiMe .......ccoevivinininiicee, 13-9
External Trigger Accessory........ 16-35, 16-40

F

F-1000.......ciierireieeeseeeseeee e 16-39
F-L1001. ..o 16-39
F-3000.......cieiieiese e 16-13
F-3004......oiieienesee e 16-31
F-3005.. ..t 16-27
F-3006......cciiieiirienineniriseseeee e 16-27
F-3018. .. 11-4
F-3026.......ccciiiiiiiiieiese e 8-2, 8-13
face-shield notice..........ccccovveviiiiiinicne 0-8
failing flash lamp.........ccccoveee. 10-12, 10-18
faraday cage.........cccooceviveveiieiicii e, 13-25
FC-OP-LIOL.....ccov v 16-30
FC-OP-LIO2.......ccoveiiiieee e 16-30
FF e 16-25
FET Filtering ....ccooceveiiiiieeeeee, 5-11
Fiber Optic Mount..........cccccovevveieceennn. 16-13
fiber-optic bundle ...........c........... 16-13, 16-33
fiber-optic probe.........cccovvvviieiveec 4-20
FIDEr-optiCs.....coovvviii i, 16-28
Field Lens Adapter.......cccccevvvvervenenne. 16-11
File column........ccoooveeieiiee e 8-26
File menu.......ccccocovveinnnnn, 8-15, 8-16, 8-18
File name field .........cccocoovveiiniiiiiis 4-6
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File Name: field.........coooeeiiviiiieeee 4-9
file read error .......ccceevvveevie i, 7-2
Filter Holder.........coocvevvviiineiiiiinen 16-14-15
{11 5-4,7-2,8-2, 16-14
final wavelength..........ccccccovveinnne 3-5, 3-11
Fit e 10-11
fit equatioN .......cccoveeciece e 4-15
FL-1001 ... 16-16
FL-1010 oo, 16-14-15
I 0 16-18
FL-1012 oo 16-20
FL-1013 oo 16-3
FL-1015 oo 16-35
o I 0 16-41
I 0 A 16-22
o I 0 16-12
FL-1039 ..o, 16-26, 16-29
FL-1040 ............... 10-14, 16-26, 16-29, 16-32
I 0 11-6, 16-32
FL-1044 .......ooooeeeiieeeee e, 9-11, 16-34
FL-1045 ..., 9-11, 16-34
FL-1054 ... 16-38
I (01 Y A 16-38
I 01 T 16-38
FL-1066 .....cvveevveeeiiieecee e 16-38
FL3-11 oot 2-4
FL3-12 oot 2-5
FL3-21 oo 2-6
FL3-22 oot 2-7
FL3-XXX i 2-10
Flash count..........ccccccevvviiinennen. 10-4, 10-10

flash lamp.10-2, 10-12-13, 10-15-16, 10-18-
19

flash lamp hazards .........ccccccovveiiinnenn. 10-13
flip-mirror ................ 10-18, 13-1, 13-7, 13-11
Fluorescence Experiment Menu ................. 10-5
fluorescein.......cccocevvveieiciciceie, 3-16, 11-3

Fluorescence Main Experiment Menu. 3-4, 4-
2,4-12, 4-20, 4-22, 9-17-18, 9-20, 10-9,
13-5

Fluorescence Main Experiment Window.3-10

FluorEssence™0-1, 4-1, 4-17-18, 5-7-9, 7-9,
8-14, 8-16, 8-24, 10-1, 10-3-5, 10-7, 10-9,
10-13, 10-19, 11-1, 13-1, 16-5

FluorEssence™ icoN.......ccccoeveeevrveeeinnnn, 3-2
FluorEssence WindoW..........ccccoevvveiiveeeennen. 3-2
Fluoroimmunoassay.........ccocevvverveieiennen 11-8
Fluorolog®-Tau-3......c.coceveeeerrrrenn. 0-1, 14-1

Components & Accessories

fluorophore........cccc....... 9-1, 9-5, 9-15, 144
Formula boX .......ccoceevvvveiiiiiiiiee e, 8-23
Formulas list .......cccccccvveiviieiviieiceeee, 4-25
Formulas table.......... 5-15, 8-23, 9-19, 13-21
Four-Position Thermostatted Cell Holder . 16-
18
Free Form Areatab..........cccccccoevvennns 13-10
frequency domain..........ccccccevverivennenne. 14-1-2
front-face data collection........ 5-6, 11-7, 15-2
Front-Face Viewing Option.................. 16-16
full-width half-maximum ........................ 10-1
FUSE oo 13-24
fused SIliCa......ccceeeviiviiieiiiieee, 5-2, 16-3-4
G
Gfactor......occvveeiiivinnnn 5-6, 9-2-3, 9-19-21
G factor checkboX ........ccccccveeneen. 9-19, 9-21
(71 o TSR 13-9
gap-bed......ccooiviniiiinn, 8-13, 8-19, 15-2
Gemini Alpha.......cccoovevviiiiiee 4-17-18
Gemini Alpha button....................... 4-1, 4-17
Gemini Alpha Results button......... 4-1,4-18
Gemini.xXIsfile....coooviniiiiinnenn, 4-17-18
JEOMELIY ..o 9-3
glycogen ........... 3-16, 9-7, 9-9-10, 9-12, 9-24
GotoData......ccccvvvveeiiee e 8-17
Graph......cccooii 8-16

grating 5-10, 5-12, 6-8, 6-17-20, 8-1, 8-10, 8-
26,11-1, 11-5, 11-7, 13-1-2, 13-8, 13-11,
13-15-16, 13-23, 15-2, 16-14-15, 16-17

Grating area ........cccceeervereneneseeeeeenns 13-11
Grating column.........ccoccevviienicnienees 8-26
grating turret........ocevveve e 13-1
GratingS.....ccooevvveeieieiese e 13-6
Gratings area ........ccoeeveveeieeneenieeiesee s 13-8
grating factor .........ccccceeevvenenne. See G factor
groove density ..........cceeeereneennnnn, 13-2,13-15
H
help......... 0-1, 4-1, 5-7-9, 5-11-12, 7-8, 9-15
Help MeNnU......ccooiiii e, 7-9
hemoglobin..........cccoovvieiiei e 5-6
HH oo 9-8
highly scattering samples ...........c...c........ 11-4

20-5




Fluorolog-3 v. 3.2 (2 May 2008)

host computer...0-1, 1-3, 2-1, 3-2, 9-24, 13-4,
16-33-34, 17-1-3, 17-6

hot eqUIPMENt........oiieiiiieeee e 0-7
HPLC Flow Cell .......ccooiiiiiiiii 16-4
humidity level ... 1-2
HV o 9-8, 9-13
|

imaging spectrograph............cc........ 2-9, 2-11
IMPOIt ... 8-15
Lo 8-6, 8-22
INCTEMENt.......ccviireiece e 3-5, 3-11
INGAAS ..o 13-15, 16-12
INGAAS .....ooiiiiici e
Initial Delay...........cccccevvvevivennne. 10-2-4, 10-6
initial wavelength...........cccoceieene 3-5, 3-11
initialization ...........cccccveevenen. 9-9, 9-24, 10-18
initialization error...........cccccevvvv e, 10-18
INjector POrt .......cccevvevieciese e 16-35
inner-filter effect ..., 9-24
INPUT R connector.........cccccevvvveiiivnennne 17-5
INPUT S connector........cccoeevveveeiveninnne 17-6
Insert button ...........cccceeee. 5-14, 8-25, 13-18
Insert row button..........c.cccoeoveiieiicenen, 4-14
inserting

lamp, the.....cccooie e, 6-5
installation..........cccoecveveiivieee e, 1-4,10-8
Installed Components window ................... 7-9
instrument configuration....................... 13-19

Instrument Correction Files area5-14, 8-25,
13-18

Instrument Correction Files icon.... 5-14, 8-
25, 13-17

integrating sphere........ 8-2, 11-4, 16-5, 16-36

integration time .3-5, 3-12, 4-21, 5-7, 6-8, 10-
2,15-3

Integration Time................. 8-7, 8-23, 10-10
intense light.......ccooovveieee e, 0-6
Intermediate Display ........... 3-5, 3-12, 4-3, 4-5
IR e 2-8,2-12,11-5
IR detector........covvvviieieee e 13-16
IRR o, 8-11-12
irradiancCe.........ccvevevvveivereene. 8-1-2, 8-5, 8-11
irradiance file ..., 8-15, 8-17

Components & Accessories

J
Janis cryostat .........cccccevveieiieiicce e 16-7
JYbfile . 4-10
K
KINELICS...cuviiiicieee e 9-15
L
lamp
AdJUSTMENL......ccveieeieceece e 6-8
EXPOSING.c.eveiveeiieiesiee e 6-3
INSEITING c.vveveee e 6-5
FEMOVING ...eiiitiiieiiie e 6-4
lamp housing .......cccevvvieiieircee, 17-2, 17-6
lamp-housing COVer ..........ccocvvvevienenne 10-14
lamp scan.............. 3-10, 6-1, 7-3-4, 7-8, 8-10
lamp.eXpP ., 3-15
laser......cccoevvvnnnn. 2-8, 2-12, 9-1, 13-25, 16-30
laser diode........ccovevveieiieiiee e 14-2
Laser Input OpLiCS ....coevvvevevveieciecieenne, 16-30
lateral ........ooovvevviiiiiee e 13-1, 13-4
Lateral.......cccoovviiiiiiiieciie 13-7, 13-11
Launch DataStation button............ 4-1, 4-19
layout......ccccverveiennen, 9-24, 10-18, 13-5, 13-19
LDS 750....ciiiiiiiiiiieiese e, 3-16
LED indicator lamp .........cccoeveviiieniniinnnn, 3-2
Legendre polynomial...........ccccceevinnrinnen. 9-3
1€NS LISSUL.....coviiiiiciieieee e 6-13, 9-22
L-format.........ccoooveveiieiiee e 9-3
L-format Polarizer ...........cccooevvniennennn. 16-34
life of flash lamp.........ccccovivevvien. 10-12
lifetime........ 3-16, 4-17-18, 9-1, 14-1-2, 15-3
XeNnon lamp ......ccooeveeienie e 12-1
lifetime measurements.............cceeveveenns 14-2
lifetime-resolved scan..........cccoccevvereennnns 14-4
lifetime scan........cccovveieeiic i, 14-4
limit of detection...........ccccevevveveciieiienns 11-3
LINEAr..ccii i 4-15
linearity, detector..........cccccvvvevveienienenn, 15-2
liquid nitrogen .......cccccceeenenn 11-7, 16-3, 16-7
Liquid Nitrogen Dewar Assembly........... 16-3
Load button........ccccevveveiieiece e 4-9
lock-in amplifier ... 11-6
Lorentzian distribution ............ccccccoeinennee. 5-9
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low polarization ratio...........cc.ccevcveriennenne 9-24
low signal.........ccoooviieiieieceeee e 7-1
low-temperature SCans ..........c.cceeveeerienne 11-7
Ludox®............ 3-16, 9-7, 9-9-10, 9-12, 9-24
M

M 9-14
MA e 3-5, 3-12
MAacromOIeCUleS .........ccvvvveieeiesc e 9-1
MAagiC angle .......ccocvvvieieniieneeen 9-5, 9-15
magnetic stirrer ............... 7-2,16-4, 16-18-23
MAIN LAMP SWItCh.......ccooiiiiiiicieien, 3-1
MAINTENANCE ..o 6-1
detector, reference..........ccovvveverieinenn, 6-16
FIUOTOMaX®-P........oorvvrrrienriecriinns 10-12
GratingsS.....ccoovveveeieeieere e 6-17
AMP e 6-1
NOUSING.....ceiieieee e 6-13
replacement...........cccocvviiiiiicnnnnn 6-1-2
MITTOTS ..t 6-21
POIANIZENS. .. 9-22
Make Overlay File button................ 4-1, 4-6
MASK ...t 8-2-3, 8-7
Math Function ..........cccoovvnieiniiiienn, 8-9
Math Functions dialog box ...................... 5-16
maximum signal per flash............c...c...... 10-2

mcorrect 5-12, 5-14, 5-16, 8-1, 8-12, 8-24,
13-16

mechanical chopper ......c.ccccoovviviiieieens 10-1
MENISCUS....iievviieeecireie e e serre e e e eeibie e e e eebrae e 7-6
(Me)2POPOP........occeeeceee e, 3-16
methanol...........cccccoevviiiiiciiiec e, 6-13, 9-22
MF2 SYSEEM .o 4-17-18
MHY connector .......ccccccvvvvvvviiiiiiiiiiieeeee, 17-5
MicroMax .......ccoceeveveeeiveenne. 3-1, 4-12, 16-33
Microscope Interface ..........cccooevvenenen, 16-28
Microwell Titer-Plate Reader . See MicroMax
millipolarization..........c.ccoooviovieenenieien, 9-3
MINCY) e 8-12
MIN. 8-17
MIFTOIS Ar€a ....eeeevvveeeeieieiee e 13-7
T 0] £ 13-6
MOdeling ... 4-17-18
mode-locked 1aSer........coceevvveiciieeiinnnn, 16-30
models

Fluorolog-3.......cccoovevveiicece e, 2-3
MOAUIAtioN .......evveiiiiiie e 14-3-4

Components & Accessories

modulation lifetime ........ccccoeevvvviiiiiiinnenns 14-3
(£010] 211 (0] SOOI 1-3
Monitor checkboX .........ccceevvvveiiiiiinnen, 13-12
MONO COlUMN .....ocviiiiiiieiccee e 8-25
MOoNOo drive CONNECLOr .......ccceevveeeieveeenen. 17-6

monochromator ..2-1-7, 3-3-8, 3-10-12, 4-2,
5-4,5-10, 5-12, 6-8, 6-10, 6-17-18, 6-21,
7-1-2, 8-1, 8-5, 8-10, 8-21, 8-25, 9-7-8, 9-
12-13, 10-2, 10-10, 11-1, 11-5, 11-7, 13-1,
13-23, 15-2, 16-14, 16-28, 17-2

Monochromator Accessories Configuration

WINAOW ... 13-20
monolayer..........ccccevvvevennnns 5-2, 11-7, 16-16
monolayer coverslip ........cccooevviieneennne 16-6

Monos icon.. 3-8, 5-9, 8-6, 9-12, 13-7, 13-11
Multi Channel Detector Advanced Parameters

WINAOW ... 13-9
Multi Channel Detectors icon .....13-6, 13-9
Multichannel Detector Advanced Parameters

WINAOW ... 13-12
MUILIple SCANS......cveeecieceee e 5-8
MUItIPIY oo 5-16, 13-22

N
NADH ..o 3-16
NanoLED............cccccce. 14-2, 16-38
near-1R detector.........ccocevevveeicveeecveenne, 13-15
neutral-density filter ..........cccooviveiinnins 8-2
NEW WINAOW .....ooevvriiiiiiieiiiee e 8-16
NEW ..ottt 8-16
Next >> button. 3-4, 3-11, 4-2, 4-21, 4-23, 9-

18, 13-5
NIST s 16-5
NILFIC ACKIA ..vvveiciee e 5-1
NOrmalization...........ccoeeveveivvciie e 8-17
NOrmalize.......ccooveiiiiiiiiiiiee e 8-17
number of flashes ........cccccvevvviiiinennne 10-18

0]
(0] 1 11 R 11-5, 14-2

OK button.. 3-9, 4-3, 4-15, 5-16, 7-9, 8-16, 8-
26, 13-14, 13-20-22

Opaque SAMPIES........cocoverireriierireieeies 5-5
Operand ........ccocceveiieiiie e 8-17
Operand area............c.co.... 5-16, 8-9, 13-22

20-7




Fluorolog-3 v. 3.2 (2 May 2008)

Open button........cccveviiiie 8-15
Open WINAOW ........cccceeveriereenienieseeian, 8-15
Operations.........ccccceeevveveseece e, 8-23
Operations tab ..........ccccecevievveieniennnn, 5-11
optical filter........ocovvvieiiiiiien 7-2,16-15
optimum wavelengths

determining ......cccocceveevinin i, 5-6
OPLIONS....viiieieee e 2-8, 2-12

CUSTOM .. 2-12

standard.........ccooceveieninin 2-8
(O] (0 [ SRS 4-15

Origin®... 0-1, 4-3, 4-5, 5-11, 7-9, 8-11, 9-15,
10-5

overlay file ... 4-6
P
Park ..o 8-6, 8-22, 13-7
Peak Of Interest........ccccoevvvvnivnieniciiennnnn, 3-9
performance test report................... 3-3,13-16
phase angle..........cccooeveeveiiieieece e, 14-2-3
phase lifetime ... 14-3
phase Shift ... 14-4
phase transition ..., 9-15
Phos experiment ...........ccoccovveiennnnennn. 10-6
Phos experiment type.................... 10-5, 10-9
phospholipid bilayers..........c.cccccooenvnene. 9-15

phosphorescence 2-2, 3-16, 10-1-2, 11-6, 16-
3, 16-8, 16-14, 16-26, 16-32

phosphorescence decay curve........ 10-5, 10-7
phosphorescence upgrade ............c.cc..... 16-32
phosphorimeter 10-3-5, 10-9-10, 11-6, 16-32
Phosphorimeter ..........ccccoevveveivccieenen, 10-3
Phosphorimeter area ............c........ 10-9-10
phosphorimeter trigger.......c.c.ccoccvevenen. 10-19
photobleaching........ccccccoevvvnivenene. 5-9,11-8

photodiode....2-2, 3-4, 6-16, 8-12, 8-20, 15-2,
16-8, 16-43, 17-5

Photodiode Reference Assembly ............ 16-8
photomultiplier.........ccocoovveiinnne. See PMT
Photon Counting Module...................... 16-12
photoselection ..........ccoccevveieiieieennnn, 9-1,9-5
pinned collar...........cccoeveviieiiici e 9-6
pixel editing ......cccoeviviiiiii 13-9

PMT .2-3, 2-8, 2-12, 3-3, 4-22, 4-24, 6-15, 8-
10, 8-12, 9-8, 10-2, 11-6, 13-16, 15-2, 16-
12, 16-32

polar.ab ..o, 9-15

Components & Accessories

POLAR.LOG ....ooviieiiieie e 9-9

Poor polarization ..........ccceeeevveieeinenennn, 9-24

polarization2-2, 2-10, 9-1-5, 9-7-8, 9-14-15,
9-18, 9-20, 9-23, 11-8

Polarization area............cccceeveveiiveieannns 9-21

polarization ratio............ccecevvennenn 9-7-8,9-14

polarizer.7-1, 9-1-3, 9-5-6, 9-8-17, 9-22-24,
10-10, 11-8, 16-34

polarizer alignment............. 9-7-9,9-11, 9-14
Polarizer Alignment .........cccccoeeviininnnnns 9-9
Polarizer Alignment window ............... 9-7,9-10
polarizer mount..........cccocveeevieevverinsnenn, 16-30
POIArZErs .....cccooveeeeece e 9-1
Polynomial..........cccccoevveiiiicinccceen, 4-15
polynuclear aromatic hydrocarbons ........ 11-5
POOT resOlUtioN..........ccvveeciee e 7-4
POPOP......ooeeececece e, 3-16
Position Control..........cccccoveveieiiiiennn, 3-9
potassium bromide..........ccccevvevviieervennenn, 5-2
POWCET ...c.vveiieiieiienenn, 5-4,11-7,16-7, 16-24
POWETr DULTON .....cvviieiiee e 3-2
POWET CabIES .....ceveiiiiieiiee e 17-7

power supply ... 6-2, 6-7, 7-1, 8-2, 8-4, 10-13,
13-2, 16-5, 16-11, 16-26, 17-6

POWER SWItCh.......ccoeiiiiiiiniiiieeie, 3-1
PPD ..t 3-16
PPO .. 3-16
Preferences.........c.ccoeeee. 5-14, 8-24, 13-17
Preferences area .......cccccoecvvveviveieannnns 8-25
Previous Experiment button................... 3-7
Previous Experiment Setup button 4-1, 4-4
Print Info button..........cccooce e, 7-9
01141 €] SRS 1-3,2-1,3-2,17-1
PrOJECT....iiiieiieieie e 4-3, 8-11
Project Name Window ...........cccoccvvvrivenenne. 4-3
protective gloves Notice..........ccccevververnnene. 0-7
p-Terphenyl ..., 3-16
Q
QC-SK ittt 16-4
quantum yield...........cco........ 8-1, 11-4, 16-36
Quantum-Yield accessory ...........c......... 16-36
quantum-yield calculations...................... 11-4
quartz............. 3-10, 8-2, 8-7-8, 16-3-4, 16-24
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R
R oooeeeeeeeeeeeeeeeeseeneens 5-12, 5-14, 9-24, 15-2
5 O 9-1, 9-3, 9-7-8, 9-15
RL oo 3-5,3-12, 8-23
RL527 covvoooeeeveoeeeeeeeeeeeseeseesseeeeeeeeeseeees 9-13
RLC oo seesee 4-25

R928P .2-2, 2-4-7, 3-3, 6-15, 8-10, 9-8, 9-13,
10-2, 13-15-16, 15-2, 16-10-11

radiometric Correction.........ccccceevveeevneenne. 8-11

Raman 3-3, 3-10, 3-15-16, 6-1, 6-8, 6-10-11,
7-2,7-5-7, 12-1

Range radio button ............ccccccvveeiienenn, 13-7
raw polarization ..........ccceeevveiiicnieenienn 9-3
read this manual notice ............ccccevverinnnn. 0-8

Real Time Control5-7, 6-9, 7-1, 8-3, 8-20-21,
9-7,9-12, 9-16

right-angle data collection ............c.cc........ 5-6

Real Time Control button.............. 4-1, 4-11

Real Time Control window 3-8-9, 4-11, 13-2,
13-11

re-assembly .....coovvviienineeee, 1-4,17-1
recalibration ..........c.ccoovevieienencncie 16-5
red-sensitive photomultiplier ................... 11-6
reduced-volume samples..........c...cceeveennnne 11-3
referencCe.......cooovvvive i 3-5, 3-12

reference detector.. 2-2, 4-24, 5-12, 7-1, 8-20,
11-1-2, 14-1, 15-2, 17-5

reflectance plate ........cccccevvvvvviicce e, 8-2
Reformat button.........cccccceevviiiiennn, 13-10
Remeasure Anisotropy Only utility....... 9-7
remove

lamp, the.....cooei 6-4
REMOVE ..o 8-23
repeatability, wavelength.............c..cc...... 15-2
repetition rate .........ccooevvveveevv e 10-4
replacement

lamp procedure ........cccccvevveveiieieeieenn, 6-2
Reset to Mechanical Zero checkbox ...9-10
FESOIULION ..vviie e, 15-2
FESOMUTIN ..o 11-3
Resultarea .......cccocovevveiiiinnnnnn, 5-16, 13-22
rhodamine-B .........cccocvviviieviviie e 8-20
right-angle data-collection......................... 5-9
Room Temperature Signal Detector ......16-10
rose Bengal ..o 3-16
rotational behavior ............cccccovvveveiicinennn. 9-1
RTC DULtON.....ocveiieeee e 3-8

Components & Accessories

Run button 3-5, 3-9, 3-12, 4-3—-4, 4-10, 4-14,
4-22, 4-24, 8-23, 9-19, 13-6
Run JY Batch Experiments button.4-1, 4-9

S

S ...4-22, 4-24, 5-14, 6-8, 6-10, 9-8, 9-11, 9-
13-14, 9-24, 13-19, 13-22, 15-2

SIN o 5-6-8, 15-3, 16-11
SIR oot 4-24,5-12, 8-20
ST 3-5, 3-12, 8-7, 8-23
SLC i 4-25
SL/RL.ciie e 8-23
SIC/RIC coeiiie et 4-25
SATELY ..vvveiie e 0-6
safety goggles notice ..........cccocvvvrvnnnnnnn 0-7
safety precautions..........ccccccevveveceesieennn, 0-6
sample chamber.........ccccccovviieieenns 3-10,8-3
sample changer............... 3-10, 4-12-13, 14-1

sample compartment... 2-1-2, 2-11, 3-4, 3-10,
4-3, 4-22, 6-15, 8-2-4, 8-13-14, 8-19-20,
9-7,9-9, 13-1, 13-4, 15-2-3, 16-13, 16-15,
16-30, 16-36, 16-38, 17-5-6

sample-compartment cover .... 8-2, 8-14, 8-18

sample drawer.........cccccceveveeiecie e, 8-3
sample holder ........ccccccevvvivivenienne 9-10, 9-12
sample Mount ........ccccceeveeie e 13-1
sample preparation ...........cccoceeeieninennnn 5-2

solid samples ........ccoeeveieeiiciccecee, 5-2
Sample window...........c.ccoc..... 10-2-4, 10-10
Save As WINAOW .........cccvvverienenninenne. 4-6, 4-7
Save button.........cccceeveeiveieiiccees 4-6, 4-9
Save Curve WindoW...........cceevveveevieinnnnnn 4-15
Savitsky-Golay .........ccccoeeriieniiininnn 5-11
SC Manual radio button............c............ 4-13
scatter BIOCK........ccoovvevvieiieiiee e 8-2
scatter block assembly...........cccccevveinennn, 8-3
Scatter plate........coovvvvveeieee e 8-3
scattered light ...........cccoooveviiiiiiens 9-3, 11-4
0 L] (] (TR 9-13
SCALEIING veevvveveecieeie e 3-16
(o - 1011 0] [T G USRS 9-5
SCrEWIIVES ..o 6-1, 6-17
second-order effects .........cccoecvevvivennenn, 16-14
Selectarea......cccoceevieiieeieiiic e, 7-10
Selection Mirror.........cccceevveveieecieenenn, 6-21
self-absorption ... 7-1
SENSITIVILY ...ovviiececce e 15-3
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serial numbers...........cccoceeen 3-1, 7-11, 9-23
Service Department 1-4, 6-17, 6-21, 7-1-2, 7-
8, 7-11, 8-1, 9-23, 10-8, 10-18, 13-24

Settingstab .......ccoceeveeveic 5-11
SEIUP . 13-19
Setup batch experiments window............... 4-9
SFA-20/SPEX ... 16-37
shutter6-10, 7-1, 9-8, 9-13, 8-21, 13-24, 14-1,
15-3
SIgNAL...eeeeeceee 3-5, 3-12
Signal ..o, 9-19
Signal Algebra area. 4-25, 5-15, 9-19, 13-21
Signal column ... 8-23
Signals area.........ccceeveiienenieiieee e 8-7
signal-to-noise ratio ...... 3-13, 5-6, 5-10, 10-4
Simple Math Tool window.....8-9, 8-12, 8-16,
13-22
Simple Math........ 5-16, 8-9, 8-16-17, 13-22
Single PoiNt........cccoovveviiieceee e 4-12
Single-Position Thermostatted Cell Holder
........................................................... 16-22
SINGIEL ..o, 11-6
Slit Sets area .......cceevvvrevieiiee e, 4-14
SHEaeiee e 8-6, 8-22

slits2-4-7, 3-5, 3-11, 5-9, 6-8, 6-18, 7-1-2, 7-
4, 7-6-7, 8-3, 8-5, 8-21, 9-7-8, 9-13-14, 9-
24,11-4, 13-3, 13-24, 14-1

SHE-WIdEh .o 4-14
small-sample volume ..........cccceveiiiinen. 5-2
SMOOth... .o, 5-11
SMOOLNING....ccvviiiieiee e, 5-11
Smoothing dialog boX...........ccccvenrnnnn. 5-11
Solid Sample Holder 5-2, 5-4, 5-6, 5-9, 16-24
solid samples.........ccccoveveeveiiiciiennn, 5-2,11-7
spark 1amp ... 14-2, 16-38
SPC Data......cc.ccceviiiiiieiieeins 8-15, 8-18
SPCile. i 4-6
specifications
COMPULET i 15-4
SOTEWAIE....ccvveiece e 15-4
spectrofluorometer system.................. 15-2
TRIAX o 13-23
Spectra................ 3-4, 3-10, 4-20, 4-23, 13-5

SpectrAcq..2-1, 3-1-2, 10-14, 15-4, 17-3, 17-
56

SpectrAcq firmware ..........ccceevvvereennnnn, 7-10
spectral artifacts ........ccocvvveviiiiieniee 9-15
SpectraLED........ccccoviiii 16-38
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SPECralon®........c.oveeeeeeeeeeeeeeeeeee e, 16-5
standard.........ccocooeviiiiinnen, 4-13, 4-15
Standard........cccoccevieiiiiei 4-13
standard lamp................. 8-1-3, 8-5, 8-7, 8-11
StANAArdS ..o 3-16
St 13-7
Start button ..., 7-1, 8-6, 8-22
Start Gemini button..........c.ccoevvivinienn, 4-17
Statistics on Columns.........cccceevvvnnnee. 8-12
stdlamp ..o, 8-7, 8-9
stdlamp2......ccccccevvviiiienns 8-9, 8-11, 8-12
stopped-flow accessory ..........ccecveeenens 16-37
stray ght......oooeiieeeceee e, 7-7
SEYIYL 7 e 3-16
sub-picomolar concentrations.................. 11-3
SUBLIACT ..., 8-9
Subtract Dark checkboX ...........cccccovnie 9-10
surface requIremMentS........cocceveverererienienn 1-1
SYNChronous scan..........c.cecveeveenee. 10-10, 11-5
SYMDOIS ... 0-6
Symphony®................. 13-4, 13-13, 13-18-19
Symphony button..........ccccceeeiiieiienns 13-12
Symphony® controller .................. 13-4, 13-12
system configuration ..............c......... 1-1,7-11

System Configuration.5-13, 8-24, 13-2, 13-
13, 13-17

System Configuration window5-13, 8-24, 13-
13-14,13-17,13-21

system controller .........ccocvveiiiieiinienns 1-3
T
T o, 9-11, 9-24, 13-22, 15-2
ThCI3(aQ) ...ee e 10-5-7
T-DOX i 2-2-3
table Size ..o 1-1
Table Edit tab .......cccccooevvviiiiieieeen, 13-10
tcorrect.......cooiiiiiiinne 5-14, 5-16, 8-1
TCSPC......2-8, 2-12, 4-17-18, 14-1-3, 16-38
TCSPC upgrade.......cccceevvevvevecieesnannns 16-38
technical Support........ccovvviiiiiiiiiieiee 7-8
temperature..........cccoevveennee 1-2,13-12,13-14
Temperature area..........cccoceververveenn. 13-12

temperature bath.3-1, 6-22, 16-18, 16-20, 16-
22, 16-39

temperature effects ..........cccoevvvviiiiiiinnns 9-15
terbium chloride....................... See ThCls(aq)
T-format.......ccooeiiiiie e, 9-3
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T-Format Polarizer...........cccooovevernnnenn. 16-34
Thermoelectrically Cooled Near-IR
Photomultiplier Tube..........ccoove. 16-12
Thermoelectrically Cooled Signal Detector
........................................................... 16-11
thin Film...oo 16-24-25
time-based fluorescence.........cc.cccoovenneenne. 11-7

time-correlated single-photon counting.... See
TCSPC

time domain ........ccoceeveveevciiec e, 14-1, 14-3
Time per Flash..........ccccoovennne. 10-4, 10-10
time-resolved data............cccceeveeeivieeinnnn, 11-6
time-resolved SCan ........ccccoeevveeeiiiiieeees 14-4

toolbar .. 3-4, 3-10, 4-4, 4-6-7, 4-15-16, 5-13,
8-9, 8-24, 13-5, 13-13

TRIAX...2-11, 13-1-7, 13-11, 13-15-16, 13-
18-20, 13-23-25

TRIG-15/25.......cciiviiiieeeene, 16-35, 16-40
L4 [0 0[] OSSN 10-19
trigger CIrCUIL........ccocvvee e 10-20
Triple-lluminator ...........ccocveveieecnennnne 16-38
TrPIEL ..o 11-6
troubleshooting ........ccocvvvevveve i, 7-1

POIANIZENS. ... 9-23

TRIAX i 13-24
tryptophan ... 14-4
tungsten-halogen lamp..................... 8-2,8-14
turret....ccoooee 13-2-3, 13-19, 13-24
Turret checkbOoX .......ccccvvvvvieieieiiiinins 13-20
two-dimensional intensity map................ 4-16
Type column.......ccccoveviiiiiee e 4-13
TYFOSINE. ... 14-4

U

Ultraviolet ........cocoovvieiecec 0-6, 0-9
UNIES. e 3-5, 3-12
Units Display .......cccoeevveveiieieee e, 13-9
UNKNOWN ... 4-13
unknown sample............. 4-13, 4-15, 4-20, 5-4
Up BUtton .....ccveeiececece e, 4-9
USB POIt ... 15-4
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\Y,
Ventilation...........cccoveveeieie s, 1-2
VErsion NUMDEr ........ocovvvviiiiieeeeee, 7-9, 7-11
VH o, 9-3, 9-8, 9-13
View System Info button............c............ 7-9
voltage CONVErter ........ccovvevvevieieeieieee, 13-2
vs SinglePoint..........ccccccceeveiiennn 9-18, 9-20
AVAY 9-3, 9-8, 9-12, 9-14, 9-24
W
WARNING NOLICE......ccevvveieirerciecieen 0-6
WALET ..eiieiiiiie et 3-16
WATEE . €XP oo 3-15
water-Raman scan .... 3-11-12, 9-22-24, 15-3
Wavelength Sets area........cccccceeuveenee. 4-14
wavelengths
determining optimal ............c.cccevenn 5-6
WED SITE..oovieecee 7-8
WINAOW ... 10-2
Windows®........co.coovvevenncns 0-1,3-2, 7-2, 15-4
X
X s 9-14

xcorrect....5-12, 5-14, 5-16, 8-1, 8-23-24,
13-16

xenon lamp .. 0-11, 1-3, 2-2, 3-1, 3-3-4, 3-10,
3-15, 6-1-2, 6-4-5, 7-1-4, 8-14, 10-1, 10-
13, 10-19, 12-1, 15-2, 16-8, 16-26, 16-29,
17-6

Xenon Lamp Housing ................ 16-26, 16-29

xenon-lamp scan..................... 3-5,9-22, 9-23

XML FIle 4-9
Z

Z-Value field.........ccoooovoiiiii 4-7

Zip Info button ..o, 7-9
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HORIBA JOBN YVON

HORIBA JOBIN YVON INC.
3880 Park Ave., Edison, New Jersey 08820-3012, U.S.A.
http://www.jobinyvon.com

[Design Concept]

The HORIBA Group application images are collaged in the overall design.
Beginning from a nano size element, the scale of the story develops all the way to the Earth with a gentle flow of the water.



Explore the future HORIBA





