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O INTRODUCTION

0.1 About the FluoroMax® Plus and FluoroMax® Plus-P

Stateof-the-art optical components Both the FluoroMaus
and FluoroMaX PlusP are sekcontained, fully automatec
spectrofluorometer systems. Data output is viewed on a
while printouts may be obtained via an optional plotter
printer. The FluoroMaX¥ Plus series includesnaoptional
second detector to extend working wavelength range or sp
Aside from this difference in hardware, the operation of
FluoroMaX Plus is identical to the FluoroM&d. All
FluoroMax¥®’ Plus and FluoroM&PlusP functions are undel
the control of FluorEssenEe spectroscopy software.

The main parts of the FluoroM&®lus and FluoroM&kPlus
P spectrofluorometer systems are:

i Stateof-the-art optical components
A personatomputer
i FluorEssendé for Windows, the driving software.

The difference between the FluoroMaRlus and FluoroM&PlusP is that the FluoroM&xPlusP contains a
phosphorimetefor phosphorescence measurements. This manual explains how to operate and maintain a
FluoroMaX® Plus series spectrofluorometer. The manual also describes measurements and tests essential to
obtain accurate data. For a complete discussion of the almost limitless power provided by FludtEsséeice

to theFluorEssence Us e r 6 s(esguiallydregarding software installation) and thdimahelp for Origir?

and FluorEssenée, which accompany the system.

@Noz‘e: Keep this and the other reference manuals near the system.

What is an Absorbance or % Transmittance Spectrum?
The absorption of light is fundamental to understanding both absorlamsmmittanceand photoluminescence
spectroscopy. The Beeambert law states that the optical density, or Absorbance (A) of a solution is
proportional to the molar extinction coefficie(t,#1cm?), the path length of the cuvette or cell, b (cm) and
the concentration, ¢ (mol/L). The absorbance is also calculated by knowing the transmittance, T of the solution.
b a&QY 0w
Equationl: BeerLambert Law

To measure the transmittance of a solution, we use the incident light from the xenon lamp through the cuvette
of the solution of interest. The measured incident light signal as measured through the sample is I. We compare
the incident light, I, through theample to the incident light through a cuvette of a blank solvent. This measured
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blank signal is callech! To calculate the transmission of the sample, T, we can use the other part of the derived
BeerLambert Law below:

Y —and %T = T*100%

Equation2: Transmittance (T) of a solution

How is Absorbance or Transmittance Measured?

To measure thAbsorbanceor % Transmittance spectra, the absorbance/transmittance accessory (optional) is

a silicon photodiode mounted to the front of the sample compartment so that transmitted light is detected from
the excitation monochromator and through a sample or blankteudtan the excitation monochromator

across the wavelength range of the sample spectrum (from high wavelength to low wavelength). In doing this,
the light from the xenon lamp is measured by the photodiode on the other side of the sample compartment,
which is called the Absorbance detector or Al signal. When an absorbance or %T spectrum is acquired, you
must measure the xenon lamp spectrum measured through the sample and again through the blank. Then, a
calculator is used to obtain the Absorbance andréfidmittance spectra by inputting the sample and blank
spectra.

Abs Detector Signal, Sample (I)
Abs Detector Signal, Blank (1)

'<:: Sample absorbs light here

250 300 350 400 450 500

0.5

Ex.Wavelength [nm]
=]

In the above Figure, the sample is clearly absorbing in the UV region between 250 and 300 nm. See the
resulting %Transmittance and Absorbance spectra below, where there is a peak in the absorbance and
a dip in the transmittance at around 280 nm.
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100

a5
an
5 %Transmittance Spectrum
a0
75

70

65

250 300 350 400 450 500

Wavelength [nm]

0.25

0.2

Absorbance Spectrum

Wavelength [nm]

Absorbance spectra can change linearly with the concentration of the absorbing species. If the
extinction coefficient is known, the concentration can be easily calculated from the absorbance
spectrum. The molar extinction coefficients for many compoanelgpublished and are dependent on

the solvent in which the chromophore is dissolved.

Knowing the wavelength region for which a sample absorbs is useful for characterizing the optical density, but
it is also useful for choosing the appropriate excitation wavelength to use when measuring a fluorescence
emission spectrum. Absorbance spectna also be used to correct for indfidter effect, which is described in

more detail further on in the manual.
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What is a Fluorescence Spectrum? (Fluorescence Spectroscopy, 2018)

Steady state fluorescence spectra are measured when molecules, excited by a constant source of light, emit
fluorescence, and the emitted photons, or intensity, are detected as a function of wavelength. A fluorescence
emission spectrum is when the exédatwavelength idixed, and the emission wavelength is scanned for a

single channel detector.€., PMT or IGA) or collected with a CCD to get a plot of intensity vs. emission
wavelength. Fluorescence is a type of photoluminescence, isthobadlydefined, is emission of photons by

a molecule or molecules. There are other types of photoluminescence subbn@kiminescence and
electroluminescence.

Normalized Intensity

[=1
o
]

A fluorescence excitation spectrum is when the emission wavelengditteds and the excitation
monochromator wavelength is scanned. In this way, the spectrum gives information about the
wavelengths at which a sample will absorb and then emit at the single emission wavelength chosen for
observation. It is alogous to absorbance spectrbuha much more sensitive technique in terms of

limits of detection and molecular specificity. Excitation spectra are specific to a single emitting
wavelength/species as opposed to an absorbance spectrum, which measures all absorbing species in a
solution or sample. The emission and excitation spegtra fjiven fluorophore are mirror images of

each other. Typically, the emission spectrum occurs at higher wavelengths (lower energy) than the
excitation or absorbance spectrum.

1.07

Excitation Emission
spectrum spectrum

-0.01

200.0 300.0 400.0 500.0 600.0 F00.0 800.0

Wavelength (nm)

Figurel: A fluorescence excitation spectrum (blue) and an emission spectrum (purple) are mirror images of each other

These two spectral types (emission and excitation) are used to see how a sample is changing. The
spectral intensity aridr peak wavelength may change with variants such as temperature, concentration,
or interactions with other molecules around it. This includes other molecules that quench fluorescence
and molecules or materials that involve energy transfer. Some fluoesdre also sensitive to solvent
environment properties such as pH, polarity, and certain ion concentrations.
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What is the Jablonski Diagram?

Figure2 is showing the Jablonski diagrgdablonski, 1933)a schematic of the transition of electronic state of

a molecule during the fluorescence phenomenon. The left axis shows increasing energy, where a typical
fluorescent molecule has an absorbance spectrum. This spectrum shows the energy or wavédiergthe, w
molecule will absorb light.

If the incident light is at a wavelength where the molecule will absorb the photon, the molecule is then excited
from the electronic ground state to a higher excited state, denoted S2 here.

The electrons then go through internal conversion, affected by vibrational relaxation and heat loss to the
environment. A photon is then emitted from the lowest lying singlet excited state in the form of fluorescence.

In conventional fluorescence, photons are emitted at higher wavelengths than the photons which are absorbed.

This diagram is extremely important to understand for any fluorescence spectroscopist. When measuring a
fluorescence spectrum, one is typically looking at the intensity at which a molecule emits, the wavelength or
energy at which it emits, and also theei which the molecule spends in the excited state. This is the
fluorescence lifetime, explained further in detail in coming sections.

Any number of things can affect these observables, including energy transfer to and from other molecules,
guenching by other molecules, temperature, pH, local poladtgregationpr binding. Understanding the
mechanisms of these interactions can give one insight into what is being observed with a change in fluorescence
spectra or lifetime. There are two R@diative deactivation processes that compete with fluorescence: internal
conversion from the lowest singlet excited to the ground state and stersgrossing from the excited singlet

state to the triplet state. This last process leads to the phenomenon called phosphorescence, explained in further
detail later on.
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Jablonski Diagram for Fluorescence and Phosphorescence
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Figure2: The Jablonski Diagram of molecular absorbance and fluorescence

What is Phosphorescence?

Phosphorescence is a process where the phogonitted, not from a singlet excited state, but from a
forbidden triplet state. The time scale of fluorescence emission is generally in the picosecond to
nanosecond range, while phosphorescence typically lasts for microseconds, milliseconds, or even
longer é mi nutAplsabsourcé is typically used, such as a flash lamp or LED to
measure phosphorescence spectra and decays on these longer time scales.

Jablonski Diagram for Phosphorescence
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Figurel: Jablonski diagram for Phosphorescence emission
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Phosphorescence measurements use a kimgdrpulsed source, such as a xenon flash lamp (optional).
The timing of the flashing lamp is used to measure spectra at different phosphorescence lifetimes.
These lifetimes vary from sumlicrosecond$or some molecules, to seconds or even hours for-long

lived phosphors. In a phosphorescence lifetime experiment using tivaibmethod, the xenon flash

lamp is set to a flash rate, number of flashes, and an integration window is set. The samplésvindo
integrated over the tal decay window of the phosplescence lifetime incrementally and each
integrated data point is added to the acquired graph as the acquisition proceeds. For more information
on Phosphorescence Methods, see Ch&miéthis manual.

To host compurter and software

tl@ illl'l"ma!"" sampling time n'“"‘*f' sampling
} \Tlamp pulss ‘ \—Ian‘._:u pulse
f=0 Time ——— (=1

More information available atww.horiba.com/fluorescence

References

Jablonski, A. (1933). Efficiency of Antbtokes Fluorescence in Dyes. Nature, 131;B89

0.2 Disclaimer

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

You are responsible for understanding the information contained in this document. You should not rely on this
information as absolute or adhcompassing; 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:

9 Adhering to safety procedures

{ Following all precautions

1 Referring to additional safety documentation, such as Material Safety Data @HeBtS), when advised

As a condition of purchase, you agree to use safe operating procedures in the use of all products supplied by
HORIBA Instruments Incorporated, including those specified in the M@D@ded with any chemicals and

all warning and cautionary notices, and to use all safety devices and guards when operating equipment. You
agree to indemnify and hold HORIBA Instruments Incorporated harmless from any liability or obligation
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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 haveexpand HORI BA I nstruments I ncorporatedos

HORIBA Instruments Incorporated products are not intended for any general cosmetic, drug, food, or household
application, but may be used for analytical measurements or research in these fields. A condition of HORIBA
I nstrument s | nc o fapaechase addrisshatantygualgied andivideals,drained and familiar
with procedures suitable for the products ordered, will handle them. Training and maintenance procedures may
be purchased from HORIBA Instruments Incorporated at an additionaH®@BIBA Instruments Incorporated

cannot be held responsible for actions your employer or contractor may take without proper training.

Due to HORIBA Instruments I ncorporatedés efforts t
dimensions, internal workings, and operating procedures are subject to changensiiiceuf\ll specifications

and measurements are approximate, based on a standard configuration; results may vary with the application
and environment. Any software manufactured by HORIBA Instruments Incorporated is also under constant
development and sulgeto change without notice.

Any warranties and remedies with respect to our products are limited to those provided in writing as to a
particular product. In no event shall HORIBA Instruments Incorporated be held liable for any special,
incidental, indirect or consequential damagesarof kind, or any damages whatsoever resulting from loss of
use, loss of data, or loss of profits, arising out of or in connection with our products or the use or possession
thereof. HORIBA Instruments Incorporated is also in no event liable for damages/dheory 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.

0.2.1 For Laser Radiation

The FluoroMax® Pluds certified as a CLASS laser product to the requirements of the US Federal Product
Performance Standard for Laser Products contained in the regulations in 21 CFR Subchapter J except for
specific deviations described in FDA Laser Notice #56.

@ Class 1 laser products are not considered to be hazardous

This instrumentanincorporate a variety of certifiddser systems up to and includin@€kass 4aser system

which, byitself, may be hazardous. However, the design oFtheroMax® Plusncludes a protective housing,

and safety interlocks such that, once the laser system is installed, there is no exposure or human access to laser
radiation during operation, maintenance, or normal service.

UNDER NO CIRCUMSTANCEshall attempts be made to operate the laser system with safety interlocks
bypassed or portions of the protective housing removed.

Contact HORIBA service if the incorporatéaser system requires bypass of its internal interlocks. ONLY
trained HORIBA service personnel are authorizéch e | aser manufacturer6s user
product.

Protective housing warning labels shall be affixed to specific portions of the protective housing to assist in
providing warnings of the potential hazards if protective panels are remdscbntinue use AND contact
HORIBA service immediately if anparts of the protective housinmechanical interfaces, wires, or cables
show signs of wear or damage.
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The product complies with the following laser safety standard regulations:
a. EN 608251:2014 Safety of Laser ProductsPartl: Equipment Classification and
Requirements
b. Code of Federal Regulations Title 21: Food and Drugfart 1040: Performance
Standards For LighEmitting Products Section1040.10 Laser products and 1040.11
Specificpurpose Laser Products (FDA CDRH), except for deviations pursuant to
specific FDA guidane documents.
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0.3 Safety Summary

The following general safety precautions must be observed during all ph#sespératiomf this instrument.

Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety
standards of design, manufacture and intended use of instrument. HORIBA Instruments Incorporated assumes

no liability fortheaw st omer 6 s failure to comply with these

the text for special conditions when operating the instruments:

A WARNING noticedenotes a hazard. It calls attention to an operating procec
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 derstood and met. HORIBA Instruments
Incorporated is not responsible for damage arising out of improper use of the
equipment.

A CAUTION noticedenotes a hazard. It calls attention to an operating procec
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 und#ood and met. HORIBA Instruments
Incorporated is not responsible for damage arising out of improper use of the
equipment.

Ultraviolet lightt Wear protective goggles, fuiice shield, skirprotection
clothing, and UWblocking gloves. Do not stare into light.

Intenselaser,ultraviolet, visible, or infrared light! Wear ligiirotective goggles,
full-face shield, skifprotection clothing, and ligktlocking gloves. Do not stare
into light.

Extreme coltl Cryogenic materials must always be handled with care. Wear
protective goggles, fullaceshield, skirprotection clothing, and insulated glove:
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Explosionhazard! Wear explosieproof goggles, fulface shield, skisprotection
clothing, and protective gloves.

Risk of electric shodKThis symbol warns the user that-insulated voltage withir
the unit may have sufficient magnitude to cause electric shock.

Danger to fingersThis symbol warns the user that the equipmeheevy andan
crush or injure the hand if precautions are not taken.

This symbol cautions the user that excessive humidipyesent, can damage
certain equipment.

Hot! This symbol warns the user that hot equiprmeay bepresent andould
create a risk of fire or burns.

Read this manudlefore using or servicing the instrument.

Wear protective gloves
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Wear appropriate safety gogglesprotect the eyes.

Wear an appropriate fachieldto protect the face.

@ General information is given concerning operation of the equipment.
Note:

0.4 Risks of Ultraviolet Exposure

‘Caution: 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\;éé Immediate painful sunburn

Skin cancer

Eye damage
Immune-system suppression
Premature aging

E I

Do not aim the UV light at anyone.

Do not look directly into the light.

Always wear protective goggles, fiflice shield and skin protection clothing and gloves when using
the light source.

i Light is subdivided into visible light, ranging from 400 nm (violet) to 700 nm (red); longer
infrared, nabove redo or > 700nm, al so call
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Abel ow violeto or < 400nm.-Adine®UV (3200400 mnt),her s
also called black (invisible) light; UNB or midUV (2901320 nm), which is more skin
penetrating; and U\C or farUV (< 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
(shortterm) effects include redness or ulceration of the skin. At lleiggls 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. Thetédomgrisks for large
cumulative exposure include premature agihthe skin, wrinkles and, most seriously, skin
cancer and cataract.

Damage to vision is likely following exposure to higitensity 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 agelated cataract, pterygium, photodernistand cancer of the skin

around the eye. It may also contribute to-egjated 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 ahgles 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 becausedimea acts as a filter, the chances are reduced. This
should not lessen the concern over lens damage however, because cataracts are the direct result
of lens damage.

Burns to the eyes are usually more painful aadous than a burn to the skin. Make sure your eye
protection is appropriate for this work.
NORMAL EYEGLASSES OR CONTACTS OFFER VERY LIMITED PROTECTION!

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

0.5 Training

For the use of UV sources, new users must be trained by another membéaldrhiry 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.
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0.6 Additional Risks of Xenon Lamps

AVAN

Among the dangers associated with xenon lamps are:

1 Burns caused by contact with a hot xenon lamp

{ Fire ignited by hot xenon lamp

T Interaction of other nearby chemicals with intense ultraviolet, visible, or infrared radiation.
1 Damage caused to apparatus placed close to the xenon lamp

9 Explosion or mechanical failure of the xenon lamp

e

‘Warning: 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 prasecur vision. This aversion response should be trusted and obeyed.
NEVER STARE AT ANY BRIGHTLIGHT SOURCEFOR AN EXTENDED PERIOD. Overriding the
aversion response by forcing yourself to look at a bright-kglirce 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 botbht 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 usepobppate filters.

The bluelight wavelengths (40600 nm) present a uniquezard to the retina by causing photochemical
effects similar to those found in Ukadiation exposure.

Infrared Radiation

Infrared (or heat) radiation is defined as having a wavelength between 780 nm and 1 mm. Specific biological
effectiveness fibandsodo have been defined by the CIE
Commission on Illumination) as follows

A -A Rear IR) (7801400 nm)
A -B @id IR) (14003000 nm)
A -C @ar IR) (3000 nril mm)

The skin and eyes absorb infrared radiation (IR) as heat. Workers normally notice excessive exposure through
heat sensation and pain. Infrared radiation in thA lRat enters the human eye will reach (and can be focused
upon) the sensitive cells of thetina. For high irradiance sources in theARthe retina is the part of the eye
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that is at risk. For sources in theBRand IRC , both the skin and the cornea nm
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 bethecausée o s 0 c al | e dcatérgcts hesanide the heat tra;misfer may cause clouding of

the lens.

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

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

1 Corneal IR Hazards (1900 nm to 1 mm): posdilaigh burndrom acute high irradiance exposures.

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

0.7 Compliance Information c €

0.7.1 CE Declaratioaf Conformity

The FluoroMaXR Plus spectrofluorometer is tested for compliance with both the EMC Directive 89/336/EEC

and the Low Voltage Directive for Safety 73/BBC andbears the international CE mark as indication of this
compliance. HORI BA I nstruments I ncorporated guaran
original HORIBA Instruments Incograted supplied parts are used.

Manufacturer: HORIBA Instruments Inc.
Address: 20 Knightsbridge Rd, Piscataway, NJ 08854 USA
Authorized Rep: Pascalontini
Address: 16-18 rue du Canal, 91165 Longjumeau Cedex, France
Product Name: FluoroMax
Model Name: FluoroMax 4 FluoroMax 4CP
Consisting of FluoroMax 4P FluoroMax 4CNIR
Combinations FluoroMax 4NIR FluoroMax 4CPNIR
of the Following: FluoroMax 4PNIR FluoroMax PlusC
FluoroMax Plus FluoroMax Plus CP
FluoroMax PlusP
FluoroMax 4C
Safety: EN 610161: 2010 (8 Edition)
EMC: EN 61326L: 2013 (Emissions & Immunity)
RoHS EN 50581: 2012

0.7.2 Supplementary Information
1 The product herewith complies withe requirements of the Low Voltage Directive 2014/35/EU and
the EMC Directive 2014/30/EU.
1 The CE marking has been affixed on the device according to Articles 16 and 17 of the EMC Directive
2014/30/EU.
1 The product herewith complies with the RoHS Directive 2011/65/EU.
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M The technical file and documentation are on file with HORIBA Instruments Inc.

W@@ L@...%L ﬂlf/ cur

Dr. Salvatore Atzeni .—

General Manager and Executwe Vice President
Chief Technology Officer

HORIBA Scientific

20 Knightsbridge Rd, Piscataway, NJ 08854
USA

FluoroMax® Plus & FluoroMax® Hudser manual
Rev GAugust2024)

B

Pascal Contini

Regulatory Affairs

HORIBA France

16-18 rue du Canal

91165 Longjumeau Cedex France
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0.7.3 UKCA Declaration of Conformity UK

Manufacturer: HORIBAnstruments Incorporated

Address: 20 Knightsbridge Road

Piscataway, New Jersey 0885913 USA
HORIBA UK Limited

Kyoto ClI, Moulton Park

Moulton Park Industrial Estate,

Northampton NN3 6FL, United Kingdom

Authorized Rep:
Address:

Product Name: FluoroMax
Part Numbers: FluoroMax 4 FluoroMax 4C
FluoroMax 4P FluoroMax 4CP

FluoroMax 4CNIR
FluoroMax 4CPNIR
FluoroMax PlusC
FluoroMax Plus CP

FluoroMax 4NIR
FluoroMax 4PNIR
FluoroMax Plus
FluoroMax PlusP

The above listed product(§onform to the followingstatutory Requirements and Designate
Standards:

UK SI 2016 No. 1101
and amendments:

UK SI 2016 No. 1091
and amendments:

UK Sl 2012 No. 3032
and amendments

Electrical Equipment (Safety) Regulations
EN 61016L: 2010 (8 Edition)

Electromagnetic Compatibility Regulations
EN 61326l (Emissions & Immunity)

The Restriction of the Use of Certain Hazardous Substances in
Electrical and Electronic Equipment Regulations 2012
EN 63000:2018

0.7.4 Supplementary Information
This declaration is issued under the sole responsibility dfitreufacturer.

239 September 2022
Date of issue

A

Apfelect

Dr. Salvatore H. Atzeni
General Manager and Executive Vice President
HORIBA Instruments Incorporated

20 Knightsbridge Road

Piscataway, New Jersey 08854

FluoroMax® Plus & FluoroMax® Fudser manual
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Matt Bryanton

Head of Quality and Business Process
HORIBA UK Limited

Kyoto Cl, Moulton Park

Moulton Park Industrial Estatc,
Northampton NN3 6FL, United Kingdom
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0.7.5 Applicable CEnd UKC&ompliance Tests and Standards

Test Standards
EN 55011:2009 + A1:2010

Emissions, Radiated/Conducted

Radiated Immunity EN 610004-3: 2006 + A1:2008 + A2:2010
Conducted Immunity EN 610004-6: 2009

Electrical Fast Transients EN 610064-4: 2004 + A1:2010
Electrostatic Discharge EN 610004-2: 2009

Voltage Interruptions EN 610064-11: 2004

Surge Immunity EN 610004-5: 2006

Magnetic Field Immunity EN 610004-8: 2010

Harmonics EN 610063-2: 2006 + A1:2009 + A2:2009
Flicker EN 610063-3: 2008

Safety EN 610101: 2010 (3 Edition)

0.8 Waste Electric and Electronic Equipment (WEEE)

WEEE Directive Symbol

This symbol on the product or its packaging indicates that this product must not be disposed of with regular
waste. It is the userd6s responsibility to dispose o0
collection and recycling of th@aste equipment at the time of disposal will help conserve natural resources and
also ensure the waste is recycled in a manner that protects human health and the environment. For information
about where the user can drop off the waste equipment for iregyplease contact your local HORIBA
Scientific representative.
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1 REQUIREMENTS & INSTALLATION

1.1 Safety Training Requirements

Every user of thé&luoroMaxX’ Plus and FluoroMa&kPlusP must know general and specific safety procedures
before operating the instrument. For example, proper training includes (but is not limited to):

1 Understanding the risks of exposure to ultraviolet, visible, and infrared light, and how to avoid unsafe
exposures to these types of radiation

1 Handling xenodamp bulbs and their dangers

1 Safe handling for all chemicals and other samples used in the instrument

Safety trainingmay be purchased from HORIBA Scientific. Contact your Sales Representative or the Service
Departmenfor details.

1.2 Surface Requirements

1 A sturdy table or benchtop

1 Surface must hold 90 kg (200 Ibs.).

1 Surface should ba b o u t 27n 1 72n (69 cm | 183 cm) t o
accessories comfortably.

1 Overhead clearance should be at least 36" (91 cm).

1.3 Environmental Requirements

1 Temperature 586°F (15 30°C)
1 Maximum temperature fluctuatian2°C
T Ambient relative humidityx 75%

‘Caution: Excessive humidity can damage the optics.

Low dust levels
No special ventilation

‘Caution: For adequate cooling, do not cover, block, or
obstruct the vents on the left side and underside of the
instrument.

)l
)l
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1.4 Electrical Requirements

The FluoroMag Plus series operates from universal AC sifgilase input power over the range of 85 to 250

V AC with a line frequency of 50 to 60 Hz. This AC input power is applied to gptl® fusing power entry

module located on the side of the instrument. This neothdorporates two 5 x 20 mm IEC approved, 4.0 A,

250 V, Time Delay fuse¢Cooper Bussman part number G428 or equivalent) to protect against line

di sturbances or anomalies outside the systembds norn

Have enough outlets available for:

Host compute(PC)

Monitor

Optionalprinter

FluoroMaX® Plus or FluoroMaX PlusP

Special power supplies for the second detector

Each of certain accessories, such the MicroMaxperature batlketc.

‘Caution: HORIBA Scientific is not liable for damage from line
surges and voltage fluctuations. A surge protector is strongly
recommended for minor power fluctuations. For more severe

voltage variations, use a generator or uninterruptible power
supply. Improper line voltages can damage the equipment
severely.

=A =4 =8 =8 =8 =4

6Warning: The FluoroMax® Plus series is equipped with a three-
conductor power cord that is connected to the system frame
(earth) ground. This ground provides a return path for fault
current from equipment malfunction or external faults. For all
instruments, ground continuity is required for safe operation.
Any discontinuity in the ground line can make the instrument
unsafe for use. Do not operate this system from an
ungrounded source.

@Note: HORIBA Scientific recommends connecting the host computer, monitor, and printer
to a single surge-protector, to make start-up more convenient, and to conserve AC outlets.
Connect the FluoroMax® Plus to a separate line, if possible, to isolate the xenon-lamp
power supply inside the FluoroMax® Plus.
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1.5 Unpacking and Installation

1.5.1 Introduction

The FluoroMaR Plus series spectrofluorometer system is delivered in a single packing carton. If a host
computer(PC) is ordered as a part of the system, the PC is delivered in a few clearly labeled boxes. All
accessories, cablesoftware, and manuals ordered with the system are included with the delivery.

Examine the shipping boxes carefully. Any evidence of damage should be noted on the delivery receipt and
signed by representatives of the receiving and carrier companies. Once a location has been chosen, unpack and
assemble the equipment as described helaavoid excessive moving and handling, the equipment should

be unpacked as close as possible to the selected location.

@Note: Many public carriers will not recognize a claim for concealed damage if it is reported
later than 15 days after delivery. In case of a claim, inspection by an agent of the carrier is
required. For this reason, the original packing material should be retained as evidence of
alleged mishandling or abuse. While HORIBA Instruments Incorporated assumes no
responsibility for damage occurring during transit, the company will make every effort to aid
and advice.

A Mishandling may seriously damage its components.

Caution: The spectrofluorometer system is a delicate instrument.

1.5.2 FluoroMax®Ius Series Cartomntents

QUANTITY ITEM PART NUMBER
1 FluoroMax® Plus or FluoroMax® Plus-P
1 USB cable 5500980087
1 FluoroMax® Plus Operation Manual 5700002851
1 Set of Allen wrenchegqAllen keys) 5500053057
1 Single-cell sampleholder 5500450423
1 Power cord (110 V) 5500098015
(220 V) 5500098020
1 FluorEssencé& software package 5500000154
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1.5.3 Directions
1.5.3.1 Unpack and set up the FluoroMax® Plus

Carefully open the FluoroM&xPlusshipping carton.

Remove the foannjected top piece and any other shipping restraints inaten.

With assistance, carefully lift the instrument from the caréod rest it on theide ofthe laboratory
bench where the systenill stay.

Caution: Heavy Lifting Hazard!

Caution: Watch your Fingers!

Place the instrument in iermanent location.
Level the spectrofluorometefdjust the four leveling featn the bottom S
of the instrument. e

HV

ouT

Inspect for previously hidden damadséotify the carrier and HORIBA e ~
Jme (@A

TRIGGER

Scientific if any is found.
Check the packingist to verify that all components and accessories s

pr‘esent_ CHANNEL
Plug one end of the power cdrdo the proper receptacle on the right si
(while facing the unit) of the spectrofluorometer.

INPUT POWER: 85-250 VAC
50-60 Hz / 3A MAX

‘N
N
FUSE: T 4A 250V
e @ MODEL

S/N:

HORIBA JOBIN YVON
EDISON, NJ USA

Plug one end of the USB cabido the USB receptacle.

With an optional trigger accessomlug one end of the trigger calido the TRIGGER connectoron
the FluoroMa® Plus. Allow the unconnected ends of the cabbedangle freely;
they will be connected in later steps.
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The information gathered by the spectrofluorometer system is displayed and controlled thrbogh the
PCvia FluorEssende software. The host P@ay be purchased from HORIBA Scientific or another
supplier.

Set up the host P@asonably close to the FluoroMaRlussystem. The limitation ithe length of the
USB cable The recommended location for the PC is just to the right of the
spectrofluorometer, but other positions are possible.

Follow the instructions for the host RE set up theomputer system, including tl&PU, monitor,
keyboard, mouse, speakers, printers, etc.

The spectrofluorometer system is controlled by FluorEsgemspectroscopy software operating within
the Window$§ environment. If the computer and software were purchased from HORIBA Scientific,
the software installation is complete. If the computer is not from HORIBA Scientific, perform the
installation.Seethe minimumhost computer requirements listed in sectidror Contact a HORIBA
Scientific Sales Representative for recommended specifications for a suitable host computer

Before the FluorEssenge software can be installed, however, Wind&wsust be installed already

and operating properly. Refer to the Wind6wsanual that came with the computer for installation
instructions.

The FluorEssenée software is suppliednaUSB memory stick

@Note: Be sure to agree to the terms of the software license before using the software.

A USB dongle is supplied with FluorEssenceE . This dongle (license) must be
connected to the host PC before FluorEssenceE will operate.

a. Attach the free end of the USB calidea USB receptacle on the host computer

b. With all devices OFF, plug the power cords from the monitor, computer, FluofoPlag, and the
printer into properhygrounded (earthed) receptacles.

c. Install any accessories that arrived with the system, using the instructions that accompany the
accessoriesSee Chapter2for a detailed list of accessories.
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Users outsidéhe USAreceive a softkey devidbat connects to the printer port of the host computer
for software security. The softkey should be left in place on the host computer at all times.

@Note: Copying, disassembly, or removal of the softkey is illegal.

1.6 Software Emulation

Emulating the FluorEssenEesoftware means letting the computer act as though the FluoroMax® Plus is
properly connected, even ifit not

1. Disconnect the communications cabil@n the host computéo the FluoroMax® Plus.

@Note: Be sure the FluorEssenceE USB key is inserted into a free USB port on the host
computer. Without the key, FluorEssenceE will not run properly, even in emulation
mode.

2. Doubleclick the FluorEssence icdn start FluorEssenée.

FluorEssence
V39
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The main FluorEssence windawens:

#=a FluorEssence - C:\Documents and Settings\All Users\Documents\Jobin Yvon\Data\SCohe n\UNTITLED

2 || H & 5 = e e 2D 2

SIGHAL_T

Ittty (Microvols)

‘iavelength (um)

fll {23 UNTITLED Name Type
3
Graphl Graph
i| i l|
For Help, press F1 AU : ON | Color Publication 1:[Graphi]il1 Radian

3. Click theExperiment Menlbuttonﬂl to open a hardware configuration.

The Select Hardware Configuratiamndow opens.
4. Choose the desired instrument you wish to emulate. B Select Hardware Configuration ===

Fluoromax PPD

Fluoromax R 2658 Cooled
Fluoromax R2658 Cooled NIF
Fluoromax R928P

Note: All FluoroMax+ instruments have an
R928P, plus only ONE of the other possible
configurations shown here.

< mn D
Save as default
Force Initialization
[ ok | [ Edt | [ Deete | [ Hew |
Click Ok button.
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E System Initialization Process . [ =

The System Initialization Proces
window opens:

HORIBA

Scientific

FluorEssence™ for Windows®

Under the Status colummvarning
symbols appear for the hardwar
devices, noting that they were N
Found Thus FluorEssenée
chooses the Emulate radio buttm

o 8 ORIGIN'S

© gt Commmion

the default action for each device.|| | Dpevee St Yy i |
Emission 1 A Mot Found omm Type = USB, Target = 180F
Excitation 1 B NotFound omm Type = USB, Target = 180F
R A NotFound omm Type = USE, Target = Unknown
S B NotFound omm Type = USB, Target = Unknown
i\
ing Attention | ‘ Settings \ Target | PotNum | BaudRate
Emulate |
Configure use 180F - - Advanced
Retry I
Emulate
Excitation 1 Configure use 180F - - Advanced
Retry &
Emulate
R Configure Use Unknown - - Advanced
Retry I
Emulate |
5 Configure uUse Unknown - - Advanced
Retry =
[ Retry &l Abot <«cBack | [ New> |

5. Click theNext>>button

The Fluorescence Main Experiment Meappears. FluorEsserieis (98 Puerscerce ot Eperman Vers 1 =)
now emulating the instrument.
Spectra Kinetics 3D
Anisotropy Single Point Phos
Lifetime i R
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2 SYSTEM DESCRIPTION

A A ‘Warning: Do not open the instrument without proper

training, appropriate protection, and having read
/ this operation manual. The instrument contains
dangerous voltages, ultraviolet, visible, and
infrared radiation, and fragile light-sources. In
addition, tampering with the optical components
can irreversibly damage them.

2.1 Introduction

A spectrofluorometer is an analytical instrument used to measure and record the fluorescence of a sample.
While recording the fluorescence, the excitatiemission, or both wavelengths may be scanned. With
additional accessories, variation of signal with time, temperature, concentration, polarization, or other variables
may be monitored.

2.2 Basic Theory of Operation

A continuous source of light shines onto an excitation monochroywvaliich selects a band of wavelengths.

This monochromatic excitation light is directed onto a sample, which emits luminescence. The luminescence is
directed into a second, emission monochromator, which selects a band of wavelengths, and shines them onto a
detector The signal from the detector is reported to a system controller and host competerthe data can

be manipulated and presented, using special software.
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2.3 Optical Layout

1 Xenon ardlampand lamp housing

la Xenonlamp power supply

1b Xenon flash lamgFluoroMax® PlusP only)

2 Excitation monochromator

2a & 21Slits

3 Sample compartment

4 Emission monochromator

4a & 4bSlits

5 Internal signatletectorgphotomultiplier tubeand housing)
6 Reference detect@gphotodiodeand curreracquisition module
7 External signal detector (exact shape varies with model)
Host computefnot on diagram)

FluoroMax® Plus & FluoroMax® Fudser manual
Rev GAugust2024)
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2.3.1 llluminator (Xenon Arcamp, 1)

The continuous light source is a 180 ozonefree xenon artamp.
Light from the lamp is collected by a diamenuatned elliptical mirror
and then focused on the entrance slit of the excitation monochro
The lamp housing is separated from the excitation monochromat
a quartz window This vents heat out of tHastrument andgrotects
against the unlikely occurrence of lamp failure.

Elliptical
mirror

In the FluoroMaf Plus with phosphorimete[, a second source, axe @\5 ,§ f

flash lamp is available also. A FluorEsseicecontrolled motor and :

gearboxrotate the mirror in the illumination area, in order to swit ° 3 e
between the CW source and the flash lamp.

—
- Xe flash lamp

Right: Motor and gearbox that rotate the mirror to switch lamps (FluoroMa®4P only)

(optional phosphorimeter only).

2.3.2 Monochromators (2 and 4) i e
The FluoroMaf® Plus contains Czerayurner monochromatorgor excitation and emission. The Czemy

Turner design uses akflective optics to maintain high resolution over the entire spectral range, eliminate

chromatic aberration for high lighhroughput, and minimize spherical aberrations ardiffeaction.

Excitation monochromator. Emission monochromator.
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2.3.3 Gratings
The essential part of a monochromaitora reflection gratingA grating disperses the
incident light by means of its vertical grooves. A spectrum is obtained by rotatin
gratings andecording the intensity values at each wavelength.

The gratings in the FluoroM&#®lus contain 1200 grooves rifmandare blazed at 330 n
(excitation) and 500 nm (emission). Blazisgetching the grooves at a particular angle,
optimize the gratingbs reflectivity i : edi cul ar
are optimal for excitation in the UV and visible, and for emission in the tiglto near
IR. Each grating is aied with MgF for protection against oxidation. The system useg
direct drive for each grating, to scan the spectrum at up to 86, mwitls accuracy bette
than 0.5 nm, and repeatability of 0.3 nm.

If FluoroMaxPlus is configured with either H10330 or R2658 external detector, the emission monochromator
will be equipped with a dual grating cassette \bidltkto-backgratings: 1200 grooves mhblazed at 500nm
and 600 grooves mrh blazed at 1 micran

2.3.4 Slits(2a&2b, 4a&4b)

The entrance and exit ports of each monochromhtme continuously adjustable slitontrolled by
FluorEssendé . The width of the slits on thexcitation monochromator determines the bandpédiyht
incident on the sample and the spectral resolution
resolution and intensity of the fluorescence signal recorded by the signal detector

When setting slit width, the tradwf is intensity of signal versus spectral resolution. The wider theastitghe

more light falls on the sample and detectart the resolution decreases. The narrower the slits are, the higher
the resolution gets, but at the expense of signal
linear response, with shagmough resolution to discern desirgectral features.

Slits may be set in bandpassits, or the physical width of the slit (mm). Under bandpass units, each
monochromatd¥ s  ark ket simultaneously, for the bandpass is determined by the dispefsioa
monochromator:

Bandpasgin nm) = Slit width (in mm) x Bpersion(in nm mni?)

The dispersiomf FluoroMaX’ Plus monochromatois 4.25 nm miit for gratings with 1200 grooves mat
540 nm. Below is a table showing standardwliths with their correspondingand passes

SLIT WIDTH (MM)  BANDPASS (NM) ROUNDED BANDPASS(NM)

0.50 2.125 2
1.175 4.994 5
2.00 8.500 8.5
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2.3.5 Shutters

An excitation shutterstandard on the FluoroM&#®lus, is located just after the excitation monochrondasor

exit slit. The shutter protects samples from photobleaching or photodegradation from prolonged exposure to the
light source. FluorEssenie controls theshutter andan set the shutter to automatic or qufitotobleaching
modes. An emission shutter is an optional accessory
and protects the detectivom bright light.

‘Caution: Operation of the instrument when the excitation shutter is
disabled may expose the user to excessive light. Wear light-blocking
goggles or face-shield, and light-blocking clothing and gloves.

2.3.6 Sample Compartment (3)

A toroidal mirror focuses the beam from the excitation monochromuatdhe sample. About 8% of this
excitation light is split off, using a beasplitter, to the reference photodiodduorescence from the sample is
then collected and directed to the emission monochromator.

The sample compartment accommodates various optional accessories, as wetbasidibeindles to take the
excitation beam to a remote sample (or the MicroMamd return the emission beam to the emission
monochromatarSee Chapter2ifor a list of accessories.

2.3.6.1 To insert or remove a sample platform

If a multiple-sample turrets installed, shut off the system.

Remove the four screws on the front of the sample platform

Slide out the old platform.

Slide in the new platform.

If the platform has a rotatable turret or magnetic stirséde the 15in connectorgently and
securely onto the 1pin receptacle in the sample compartment.

Re-attachthe four screws on the front of the sample platform

arwbdE

o

2.3.7 Detectors (5, 6, and 7)
Each FluoroMaX Plus contains three detectors:

1 Signaldetector The standard signal detectas a photorcounting
detector (R928Rphotomultiplier tube) The d
response ranges from I&50 nm, with dark counts
1000 counts per second (cps). The linear rémgehoton
counting is 02 million cps. The working range is up t
2 million cps. Above 2 million cps, photeguulse pileup
reduces the signéb-noiseratio andcauses the detecto
to lose its linear response.
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1 Second (external) Attached to the back of the FluoroMaRlus chassis is g
signal detector second detector chosen by the custoiessible secon
detectors areR2658, PPD, oR13456P, cooled R928

or IGA solid state detector.

R T T—
C2y- | g ¥

1 Reference detector The referenceletectormonitors the xenon lamn order to correct for wavelengt!
and timedependent output of the lamp. This detector is addWanced silicor
photodiode which is just before the sample compartment. It requires no exbéas:
andhas good response from 1980 nm.

The reference and signal detectors have corretdictor files run for them, to correct for wavelength
dependencies of each optical component. The files are created at HORIBA Scientific foangtvenyent and
may be applied to data through FluorEssénc8ee Chapter 8 for more details.

2.3.8 Electronics and Controllers (1a)

The rear and bottom of the FluoroMaRlus houses the electronics for running the lamp, instrument, scans,
and measurements.

Xelamp power supply (1a)

Lamp power supply (1a) optional phosphorimeter power supply, and sidganel circuit board.

Xenonlamp This supply is a tunable 18%-maximum power supplyit supplies a large stamp voltage to the

power supplyla) 150W xenon lampthen holds the lamp steady at 15 V. The voltage is filtered, to stabiliz
illumination as much as possible. The lamp is started with the rgekah on the right panel ¢
theinstrument anaontrolled through software.

1J40090e0ard Underneath the optical platform, there is a control board. This controls the monochrandt
any optional accessories connected to the sample compartment.
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2.3.9 Computer System and Software (ldatDiagram)

Not shown on the schematic is the host computtr FluorEssende software. The technical specifications
chapter lists the computer requirements. An optional printer or network card is useful for printing.
FluorEssende software for Window® controls all interaction with the spectrofluorometer. For information
on FluorEssende, see théluorEssencE Us e r & sandxheiodine help files within FluorEssenge.
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3 SYSTEM OPERATION

3.1 Introduction

This chapter explains how to turn on the FluoroRM&tus system, check its calibration, and, if necessary,
recalibrate the monochromatok&hile doing these procedures, how to define a scan, run a scan, and optimize
system settings to obtain the best results is explained.

3.2 Power Switch

The power switclis located on the lower rigiitand side of the instrument. When switched on, the xenon lamp
arcs initially, and the FluoroM&®Plus turns on, runs through seifignostics, then starts the xenon lamp.

INPUT POWER: 85-250 VAC
50-60 Hz / 3A MAX

el -
FUSE: T 4A 250V
e (o] 9.

S/N:
HORIBA JOBIN YVON
EDISON, NJ USA

@Note: HORIBA Scientific suggests leaving the lamp on during brief periods of
inactivity.

3.3 Turning on the System

‘Warning: When the xenon lamp is ignited,
a large voltage is applied across the
lamp. Therefore, never operate the lamp
with the cover removed. An extremely

1. Turn on the ) .

EluoroMax Plus. rare occurrence is the _e_prOS|on of the

xenon lamp upon ignition. Therefore,

Turn the power switcto theON (1) position. take care in case tiny lamp shards exit the
ventilation fans.

2. Turn on instrument accessories.

Accessories include a temperature bMcroMax, etc.

3. Turn on allperipheral devices for the host PC

Peripherals include any printers or other output devices.
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4. Start the host computer

Switch on the host computer

Click the FluorEssenée icon on the Window8 desktop.

The instrument initializes, then tiduorEssencaindow appears. If there are any difficulties, see the
troubleshooting chapter

#=a FluorEssence - C:\Documents and Settings\All Users\DocumentsiJobin Yvon\Data\SCohen\UNTITLED
olect Graph analysis Tools Format  window Help

[rac+m-2T RRE ® D588 HE | 65 &8 6w @k 2

SIGHAL_1

oy
]
z
5
k=4
=
%
2
5
=

o &0
Wiavelength (nm)

x| 23 UNTITLED Marne Type
v

[Earapht Graph

|-

e

For Help, press F1 AU : OM  Color Publication 1:[Graph1]1!1 Radian

3.4 Checking System Performance

3.4.1 Introduction

Upon installation and as part of routine maintenance checks, examine the performance of the Fluisviax
HORIBA Scientific recommends checking the system calibration before each day of use with the system. Scans
of the xenoAamp output and the Ramacatter band of water are sufficient to verify systeatibration,
repeatability andthroughput

1 Calibration is the procedure whereby the drive of each monochronmteferenced to a known
spectral feature. One verifies the excitation and emission monochrommatarsa | i br at i on at
wavelength in this step.

Repeatabilityis the ability of the system to produce consistent spectra.

Throughputis the amount of signal passing through and detected by the system. The throughput is
correlated to the sign#éb-noise raticand sensitivityof the system.

=A =

The FluoroMaR Plus is anauto calibratingspectrofluorometer. This means the system initializes its

monochromato® dr i ves, | oc at eesachdrikeg andh assiges apvavelength walue 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 dayéwiledhers,aai on wi

singlesample mount or automated sample changer should be the only samplartment accessories used.
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The scans shown herein @emplesA Performance Test Repdar your new instrument is included with the
documentation. Use the Performance Test Report to validate the spectral shape and relative intensity taken
during the calibration checks.

@Note: HORIBA Scientific is not responsible for customer errors in calibration. To be sure that

your instrument is properly calibrated, call Fluorescence Service for assistance. We can
arrange a visit and calibrate your instrument for a fee.

3.4.2 ExcitatioaAMonochromatorCalibration @eck

This calibration check verifies the wavelength calibration of your excitation monochromiatog the
reference photodiodecated before the sample compartméris an excitation scan of the xenon la@mgutput
andshould be the first check performed.

1. Close the lid of the sample compartment
2. On the main FluorEssence toolpselect the Experiment Menu butt@:

#=4 FluorEssence - C:\Documents and Settings\All Users\Documents)Jobin YvoniData\SCohen\UNTITLED.
File Edit Wiew Collect Graph  Analysis Tools Format  Window Help

Dz cedB & B adB@eg | kA +B8-31T RRE E ODEE M= ©HE |2 2D ¥

The Fluorescence Main Experiment Meappears:
3. Choose Spectr

s=4 Fluorescence Main Experiment Menu

Main Experiment Menu

~>
Spectra Kinetics 3D

Anisotropy Single Point Phos
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Experiment Type
The Experiment Typavindow appears:

E speriment Type

Emizzion
Eucitation

W |Synchronous

4. Choose Excitation

<4 Back | Mext > I

The xenodHamp scarexperiment automatically loads:

- Experiment Setup ( Spectral Acquisition| Excitation] )
General information

Experiment

E =periment
File Drirectorny
DfItS pectralE xcitation. sml

Data Storage

| |C.\Ducumenls and Settingz'all UsershDocumentshJ obin Yvun\[l
D ata [dentifier:

2y Load | & save | & Saveds .. |
DfItEx

Comment: Spectral Acquizsition[E xcitation]

E=periment Type Monos

Excitation 1

Aclivate | [Fak @ Set as Reference

wiavelength  Start End Inc

m Slit

Units G
Advanced
Emission 1
[¥] ctivate
‘Wwavelength  Park
o
Slit
o
Advanced

Status

TS Spectral Acquizsition[E =citation]

Full Disclosure

"¢

Help

Cancel
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5. Use the default parameters or adjust them.
DEFAULT MONOCHROMATOR PARAMETERS FOR THE XENON -LAMP SCAN

Monochromator(1200 grooves/mm) Initial wavelength Final wavelengtt Increment  Slits(bandpask
Excitation 200 nm 600 nm 1nm 1nm
Emission 350 nm -- -- 1nm

DEFAULT DETECTOR PARAMETERS FOR THE XENON -LAMP SCAN
Detector(Signal) Integration time Units
Reference (R1) 0.1s mA

TheIntermediate Displappens. The xenelamp scamuns:

Structure ~ 450 nm [— Ri_cyde
5 Calibration peak at 467 nm

Intensty (MicroAmps)

v
Broadband

T
400

Wavelength {nm}

This is an uncalibrated FluoroMax Plugmp scan. The main peak ought to be at 467 nm, but here
appears near 480 nm.

@Nate’: Your lamp scan may appear different, depending on the instrument
configuration.

7. Calibrate the excitation monochromatibrequired.

a. With the Graph tab active, doubdéick the plot to make the plot active.
b. Expand the plot by clicking the Expand button
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c. Click the cursor buttol to start the Cursor function

#=4 FluorEssence - C:\Documents and Settings\ALl Users\Documents\Jobil Yvon\Data\SCo hen\UNTITLED
File Edit Wiew Collect Graph Analysis Tools Format  Window Help

Dz ceEB & B aBE@eg h&ac+B8-1T ARRKRE E BEE M= 8 % 2D

d. Click on the graph near the peak, to place the cursor on the graph.
e. Using the left and right arrows ahe keyboard, move the cursor to the top of the peak.
f. Read the-value of this plot: this is the wavelength of the peak

=1 FluorEssence - C:\Documents and Settings\All Users\Documents\Jobin Yvon\Data\SCohen\UNTITLED

File Edit Wiew Collect Graph Analysis Tools Format  wWindow Help - & x
DB rEEdE & B AaBFqg LA  +8-1T ARRE K OBRSE H= 82 | 2D 2
1
R1_cyclel
0012 —
0010 |
-
D
g 1 Cursor
< 0008 ]
e
= .
g FxXuvruyv zdyhoh
= 0006 ]
=
] .
f =
&
= 0004
0.002
0000 —
T T T T T T T T 1
200 280 320 360 400 440 480 520 560 500
Wavelength (nm)
|5y calibrate | Mame | Type | view | size | Modified | Created =
7 (4 " " JET |
jata Folder 1/31/2005 15:00 1/31/2005 14:55
[Elofiexz 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 paint. Shiftdeft/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.
Thereforewe must recalibrate the monochromator

g. Click the Previous Experiment buttc__.

#=4 FluorEssence - C:\Documents and Settings\All Users\Documents\Jobin Yvon\Data\SCohen\UNTITLED |Z||E|r5__(|
File Edit %ew Collect Graph Analysis Tools Format Window Help
Dhe cEEdE & B aBFag hRU+8-I T RRE B EHEEE HE G E 2 2D %2
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The Experiment Setupiindow appears.

== Fluorescence Division -

Experiment Setup ( Spectral Acquisition[Exc

Experiment General infarmation

Experiment
File

Directary
DiltS pechalExcitation.ml Cyload | R Sawve | Il Savess |
Data Storage
Data ldentifier: DfItE »
RN S pectral Acquisition[E xeitation]

Experiment Type Monos

Excitation 1

Y 8B =

[ Activate @ Set sz Reference
“wavelength  Start End Inc

nm 200 €00 1

Siit

nm 1

Emission 1
[¥] Activate
Wavelength Park
nm 350
Slit
nm 1
Status

&

Full Disclosure
Triggers Spechial Acauisition[E scitation]

h. Click the RTC buttoron the lower right.

Help

Ly

RTC

)
£
5

5

Cancel

TheReal Time Controwindow opens:

#=1 Real Time Control [ C:\Documents and Settings\All Users\Documents\Jobin YvonlData\-DfltSpectralExcitation.xml |

All SCD's | Data View | |ntensity
: n| [+ & alal Dl @ =(a|e

‘ ‘ Clear O-I-t Autoscale ‘

Commaoyy Pararmeters

Excitation 1

Emission 1 R
Slitz Slitz
N R Integration time | 0.1 £
Wwidth 1 nm width 1 i
- s > <
Pogition | 200 \ | o Position | 350 1 LRI
Statuz

Shutter Mode

Emtrzlrlwtc; ;T 1 nm & | O Detailed E i[:nten e & E D 3
—— © Homel T e Help Transfer Save | |- Fun

+Closed
(%) Critizal

\

Cancel

[ Continuous
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i. Click the Monos icon
excitationmonochromatotab:

Excitation 1 | Emizsion 1

Position Coritrol

to view the monochromatdys i

Grating
+
=]
200 1 nm =0ff 10
= 1200,
Slits
Slit width
1 nm
Status
Shutter Mode
Exit slit: 1 rnm “ Open
Entrance slit: 1 nm Obstaied . AEtU
Exit slit: 1 nm bl Noimal Cl
it slit: 1 nrn © Normal # Closed
(&) Critical

ndex
3
Lalibrate E xcitation 1
BB | e
Help Transter Save Fun Cancel
[ Continuous

card,

j. Enter the current, observed position (here, 477 nm) of the peak Ro#iton Controfield,

then hit theEnter key.

Excitation 1 | Emission 1

Pasiion Control
Grating

200 1 1200
1200,
Slits
Slit width
1

k. Click theCalibrate Excitation button

The Calibratewindow opens:

I. In Peak Of Interesenter the actual or expected position of the peak (it ought to be 467 nm).

m. Click the OK button

nm

Canbrate Excitation 1

t hen

n. At the bottom right of theReal
Controlwindow, click the Cancel button

0. In the Experimentwindow, click the Run
button to confirm the correct peak
position.

Current Position:

FluoroMax® Plus & FluoroMax® Fudser manual
Rev GAugust2024)

rim
[Center Wawvelength ar Obzerved
Peak Location]
467
3k, Location]
0k | Cancel ‘
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A correct scan is shown below (peak is at 467 nm):

=4 FluorEssence - C:\Documents and Settings\All Users\Documents\Jobin Yvon\Data\SCohe \UNTITLED
File Edit View Collect Graph Analysis Tools Format ‘Window Help HEES

O sl & 3 Af8@e¢ k)R +E-3T ) ARE B ED&ES | | H= [ E =R li 2D w2
1

R1_cyclet

] Cursor

Intensity (MicroAmps)

Fxuvruyv zdyhoh

b T b T T T T T b T b T b T b T b 1
200 0 280 320 360 400 440 480 520 560 600
Wavelength (nm)

| Type View size | Modified | created x|
Folder 1/31/2005 15:08 1/31/2005 14:55
Graph Nermal LKE 1/31/2005 14:55 1/31/2005 14:55
Graph Normal 1KE  1/31/2005 15:00 1/31/2005 15:00
Graph Maximized 1B 1/31/2005 15:06 1/31/2005 15:06

x|i2y calibrate
1 (£ data

Data Reader: Click to read data value. Leftjright keys to go from point to point. Shift-eft/right to go faster. Hit SPACE key (Color Publication LDfitExd3_B(1-401) Dfitex3  [Radian

3.4.3 EmissioAiMonochromatorCalibration Geck
This calibration check verifies the wavelenggidibration of the emission monochromatath the emission

@Note: The emission-monochromator calibration of the instrument is directly affected by the
calibration of the excitation monochromator.

photomultiplier tubelt is an emission scan of the Rarrsratter band of water performed in rigingle mode.
Perform this check after the xentamp scan When completed, the performance of the system has been
verified.

The water sample should be reseayahlity, tripledistilled water HPLC-grade (18Mq spec. ) or equi
water is suggested for the Raman scan. Impure samples of water will cause elevated background levels as well
as distorted spectra with (perhaps) some unwelcome peaks.

Use a 4mL quartz cuvette

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

1. Turn on the instrument and thuBrEssence software if not already on.

FluorEssence
V39
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2. Insert the water Raman cuvette into the sample compartment holder and close the lid.

==4 FluorEssence - C:\Documents and Settings\ll Users\Documents\Jobin Yvon\Data\SCohen\UNTiTLED

File Edit Yiew Collect Graph Analysis Tools Format  Window  Help

DR sadd & B aEB@ag || ke +8-3IT) RRE |E EBEES H= D iEE s 2D 528
TheFluorescence Main Experimekiteru opens.
4. CI | C k t h e . ﬁ p [=3 o3 Bl - Flucrescence Main Experiment Menu
The Experiment Typavindow appears: Main Experiment Menu
S\
Spectra Kinetics 3D
Anisotropy Single Point Phos
5. Choose Emissiarthen click the Next >> butto
\ Experiment Type
\ E =zperiment Type
E rnizsion
E =citation
Synchronous
<< Back
Paged9 of 226
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The waterRaman experiment automatically loads.

6. Enter the parameters shobwre | ow. Al s o, use the fAData | denti
enter further identification for the test to
file is to be saved.

| E Fluorescence Division - Experiment Setup ( Spectral Acquisition[Emission] ) a X
! E xperiment General information
Ml E’:&eﬂm&m Directory
i Monos DfitSpectralEmission.xml i <4— ® Load | H save ‘ l Save s
l Data Storage
e Data Identifier raman 4—
Fo o\ — water Raman spectrum 4—
[N
Accessories
] Expenment Type Monos
| ﬂ Excitation 1
i Display [ Activate
n Options
i m Wavelength  Park
nm 350 4—
Units Slit
nm 5 <4—
Advanced
Emission 1
—
Wavelength  Start End Inc
nm 365 450 05 4T
Slit ‘ ‘
o 5 <«
Advanced
Status
! & @ I A -
\ Full Disclosure Helo | RTC| _Run Cancel
MONOCHROMATOR PARAMETERS FOR THE WATER -RAMAN SCAN
Monochromato(1200 Initial Final Increment  Slits (bandpass
grooves/mm) wavelength wavelength
Excitation 350 nm -- -- 5nm
Emission 365 nm 450 nm 0.5nm 5nm

7. Click the Detectors icon and change the Integration Toresecondwhile making sure th&1

signal boxis checked. Then,lick the Run butto B
intermediate display opens and the wdaman scan runs.

FluoroMax® Plus & FluoroMax® Fudser manual
Rev GAugust2024)
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¥ rluorescence Division - Experiment Setup ( Spectral Acquisition[Emission] ) [m] X

Experiment General information
Experiment
File Directory
Monos DfitSpectralEmission.xml User 0 Load W save B save As
— > . Data Storage
Data Identifier raman
Detectors
Dl Sommeid water Raman spectrum
[
Accessories
Signals
@ Select
Display Integration Time: |1 s 4— [[]Dark Offset
Options
Enable Signal Detector: Units HV(V) Correction | Blank Subtraction  SAB
___’_%——-} s1 s cPS 50 O O [m]
O Ri1 R MicroAmp m] m] ]}
Units

SAB - Save As Blank (check this to save signal related blank file)

Signal Algebra Accumulations

Operations
Signal Details i Formulas 7] EE— N
s1 Ssignal 1 s Add >> Signal Units

. s1 cPs Cycles

/

<< Remove 1| No Dela
Formula Units <<Clear Delay
Status
@ 1y A -
_Helo | RTC| Run | Cencel

8. When thegraphappears, double click it to analyze it. Then, click@usor buttorand place the
cursor at the peak to read the wavelength and intensity. The peak should be 4hB07

File Edit View Collet Analysis Graph Data Gadgets Tools Format Window Help
DER EEE 83 WED4Xe Mo D5 &SR | Bo® @avod ko +[@)1 bt T AL
Data play
Project Explorer w o X rJJ_I
SMR_STR928_Tests FLMAX-Plus-C_0 . = -
=
- H 8| @ =
1
i
520000 - 2
520000 — ?_-"
. =
&
— O, 330000
o) 2
o Z
O 330000 =
= 2
= £ 260000
c
< > Z
£ 280000 -
+  Mame 130000
HHeooka —
HHBookaz "t;c‘s"
$HBookio Cursor Button 1008 4 o] i
Heooks: — i -
ﬁRaman (01) —_ | Jéa =-J|a 453 :1-1
HHKinetics1R928 (01) [ Wavelength (nm)
T
a0
Wavelenoth inm) 1
% fos, pt, 50 T 8@, RS
KNMFD@:%.Q +EE¢* 5251 —a e )J/ADA 4'

9. The FluoroMax®Plus SNI& specifiedfor a R928P photomultiplier tuls roomtemperature.
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@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.

10.1 f the peak is at the right wavelength, click

@Note: Make sure the test is carried out with the actual detector used. All HORIBA

Scientificsy st ems 6 par ameters are spec tubeiateadm v
temperature.

3.4.4 Kinetic Scan
The procedure fgperforming a kinetic scan is shown below. This test also requires the use of a water sample.

1. Turn on the instrument and open the FluorEssence software, if not already open.

i

FluorEssence
V39

2. Insert the water Raman cuvette into the sample compartment holder, if not already in there, and
close the lid.

3. Click the experiment menu Mon on the software to initialize the system.

! FluorEssence - C:\Users\Public\Documents\Jobin Yvon\Data\le\ Supratim B\UNTITLED
: File Edit View Collect Analysis Graph Data Gadgets \ Tools Format Window Hq

LRs sl 53 AN Hu b HOE

Project Explorer v o X
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4. Click the Kineticsbox.

'= Fluorescence Main Experiment Menu / &
Main Experiment Menu
Spectra Kinetics 3D
Anisotropy Single Point Phos
Litetire Li_fetirne Anisotropy
Kinetics Decay

5. After adding the dered name for the test on the Data Identifield and a description on the
Commentbox, enter the conditions shown below.

1 E Fluorescence Division - Experiment Setup ( Kinetics Acquisition[Time Based] ) a x

General information

Expenment

B2

Experiment
File Directory xS
DftKinetics TimeBasedxml | [ciUsers\Public\Documents\Jobin Yvon\Data @ Load M Save M savens.. |

Data Storage
Data Identifier:

DfitknTB

Kinetics of baseline at 450 nm, water sample

Comment:

Experiment Type Monos

Excitation 1
Activate

Wavelength  Park

m =]

Slit

Advanced

Emission 1
Activate

Advanced
M\

MONOCHROMATOR PARAMETERS FOR A KINETIC SCAN

Monochromato1200 Initial wavelength Slits (bandpass
grooves/mm)
Excitation 350 nm 5nm
Emission 450 nm 5nm

6. Click the Detectors icon. On the Time Bassttion change the parameter shown below. Then,
click the Runicon.

PARAMETERS
Time Increment: Change to 1
Total Time: Change to 30
Integration Time: Changeto 1

Enable R1 box: Uncheck the box
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¥ Fluorescence Division - Experiment Setup ( Kinetics Acquisition[Time Based) ) o b4
General information

Experiment N
File Directory

DfitKinetics TimeBased.xml | [c\Users\Public\Documents\Jobin Yvon\Data Dload | W save | W Save As

Data Storage
Data Identifier [DmknTE

Kinetics of baseline at450 nm, water sample
Comment ‘

Signals
Solect Time Based
Integration Time: |1 s 44— [C]Dark Offset Time Increment  Total Time Total Paints.
Enable] Signal| Detector] Units V()| Correction| Blank Subtraction | SAB [ | [0 | s )
=] cPs 950 [} ] =)

il R MicroAmp [ [m] ] O Shutter Control
f @ Auto
Anti Photo Bleaching

SAB - Save As Blank (check this to save signal related blank file)

Signal Algebra Accumulations
Operations
Signal Details Formulas [T7] |seekeasesss
s Ssignal1 Add >> Signal Units
% s1 cPsS Cycles
/
<< Remove [] [neBEEy
Formula Units <<Clear Deley
T 1 | C
I 0
>

7. Whenthe results appear, click the Sdugton on the toolbar.

! FluorEssence - C:\Users\kgall\Desktop\manuals for FE3.9.1.4\water Raman FL322-1 * - =] X
File Edit View Collect Analysis Plot Column Worksheet Statistics Image Tools Format Window Help

DER SEHE 87 B2 Ae)BREE: BEk | Boog Bavod(Rlaa+s e Tro o860 A80 =R,

i - & =
Lo ST (=T =5 e = @3
3 water Raman FL3p2-1 = R
—st — 1
ot
~ Name o -
#Book40 =
Hraman (01) =
BpfitknTB (01) =L
HHraman (02)
HDfItKnTB (02)
420 \‘h
T T ! T T T T
0 10 Y 1 as0 <00 420 440
Time (s) Wavelength (nm)
Double click graph to do analysis Double click graph to do analysis
Experiment Comments: _lnstrument Info: Instrument Info: Instrument Info: Instrument Info: —
Kinetics Acquisition[Time =~ New Custom [Emission] New Custom
Based] HORIBA v HORIBA ¥
[» \Graph { Data { Note / ]| < > [ [Note / ]| < >
P

3.4.5 Calculation of WateRaman Signab-Noise Ratio
3.4.5.1 Introduction

Fluorescence is a highly sensitive analytical technique, so one of the primary specifications to consider when
selecting a spectrofluorometer is its sensitivity. The overall sensitivity of a spectrofluorometer is determined by
many factors including, butectainly not limited to, the optical design, coupling optics, intensity of delivered
excitation light, efficiency of fluorescence collection, spectrometer design, detector technology and much more.

For example, a system thads ehigher wattage lamp doest guarantee that it offers better overall fluorescence
sensitivity.

Given that there are so many variables that go into making a sensitive fluorometer, what is needed is a standard
reference test th@an be performed by any usermproperlycompare one fluorometer with another.

In the past, some commercial manufacturers of fluorometers used detection limits for specific fluorescent
molecules, such as quinine sulfate or fluorescein to demonstrate sensitivity. However, today, the highest
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sensitivity fluorometers are able to detect at such low concentrations of fluorophores, that the ability to
accurately perform a serial dilution down to these detection limits becomes questionable. As such, the water
Raman test has become an industry siethés a good measure of the relative sensitivity between different
instruments. The water Raman test is also preferable because ultrapure water is readily available around the
world, the sample is stable, the signal is relatively weak, and the Ramanfhaatbr can be measured over

the entire wavelength range of the instrument allowing for more robust comparisons, than is possible with a
single fluorescenprobe. Thissensitivity specification is derived from an emission spectrum of the Raman
vibrational band for pure watefypically, it is acquired with the excitation wavelength selected at 350 nm,
with an emission scan from 365 to 450 nm. In general, the sensitivity of the fluorometer is expressed in a signal
to-noise ratio (SNR) that is a comparisdracsignal value in the presence of a signal, with a value for system
noise, in the absence of signal.

Unfortunately, not all manufacturers use the same experimental conditions to acquire this data set, and they also
do not use the same formulas for calculating the SNR of the acquired data. There is no right or wrong way to
collect data, or analyze it, bittis clear that different methods and analysis can give quite different numbers.
Therefore, it is important not only to know how the water Raman spectrum was acquired, but also how the data
were treated. If you can ensure the data is acquired and anglythedsame way, you can be certain to make

a fair comparison between two different fluorometers.

In this technical note we point out the different faciofluencing the signalo-noise ratio, and articulate the
HORIBA method, to allow investigators to have ttezessary tools to make a proper comparison.

FSD (or SQRT) Method

For decades now, HORIB&cientific has defined the SNR as the difference of Peak signal minus Background
signal, divided by the square root of the Background signal. We call this the F®Ddn{Eirst Standard
Deviation).It is also referred to as the square root (SQRT) method.

The FSD signal to noise ratio formula

S - ‘5597 nm S 450 nm
N s
ok \" ‘S 450 nm

The peak signal is measured at the water Raman peak intensity at 397 nm (for 350 nm excitation) and the noise
in a region where no Raman signal is present (450 nm). For a perfect optical system there woslgrz no

at 450 nm since there is no Raman emission there, however, all elptta systems have some levels of

stray light and noise, which will contribute to a signal at 450 nm. The above formula assumes that the noise is
governed by Poisson statistiasd, therefore, can be calculated as the square root of the baseline signal counts
at 450 nm. It is only applicable to photon counting detection, so for comparison purposes it should only be used
when comparing two photon counting spectrofluorometers.

RMS Method

Another commonly used method is to divide the difference of Peak $iggmtkground signal, by the Root

Mean Square (RMS) value of the noise on the background signal. This second method is used by a number of
manufacturers anig the best approach for spectrofluorometers that use analog detectors, wheen#ity int

units will vary from onananufacturer to another.
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The RMS signal to noise ratio formula is shown below.

S 5

N N

rms, background

397nm S 450 nm

To correctly measure the RMS noise value for the denominator, a second experiment is performed where the
fluorometer excites at 350 nm and the kinetics is measured as a function of time at 450 nm emission.

The RMS formula is given by,

22(S8; —8)°

n

Where the timéased background signal is measured n times and S is the aveeagéy value across the
kinetic scan.

Not all companies use the RMS formula above. Some use thé@gpakk noise of the data off peak, say from
420 to 450 nm, and still others use an R&8mate, eitheirom theoff-peakportion of the spectrum, or from
a secondary kinetics scan of the peak. In the end, the method for determining the RMSnai&e critical
asapplying the exact same formula to any comparisons that one would make.

In conclusion, there is no best way to calculate the signal noise ratio for the Raman band of water, and different
companies do it in different ways. The FSD method is valid only for comparing photon counting
spectrofluorometers. When comparing one or iplgltsystems that use analog detection, then RMS, or some
RMS estimate method, should be used.

As long as the different data sets are calculating sensitivity in the same way, any particular method will provide
a relative measure of the SNR of one spectrum compared to another.

Just as the formula used to calculate the signal to noise ratio can have a dramatic effect on the apparent
sensitivity of any particular spectral dataset, the hardware configuration of the instrument, and the experimental
parameters of the data acquisitiatso have a dramatic effect on the quality of the spectrum acquired.

There are many hardware parametsestingsand options that all have an effect on the measured sensitivity
of a spectrofluorometer. This can make it extremely difficult to absolutely compare the relative sensitivity of
two differentinstruments ithey are not used in a virtually identical way. Below we discuss each of these factors
and the impact they have on the resulting data.

Excitation Wavelength: The excitation wavelength should be identical for all systems being compared. The
HORIBA method uses 350 nm excitation for the Raman band of water, as do most other manufacturers. When
exciting at 350 nm, the Raman emission bandviter has a peak at 397 nm.
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It is fortunate that most manufactures hatandardizedhis excitation wavelength, as it allows for better
comparison. However, it is perfectly valid to move the excitation wavelength to any other value as a way to test
sensitivity in a different wavelength ranged.,the NIR).

Emission Scanning Range: The HORIBA method scans the emission monochromator from 365 to 450 nm, with
0.5 nm increments, so as to collect the entire Raman peak at 397 nm and also the background at 450 nm.

Bandwidth (Slit Size): The HORIBA method uses 5 nm bandpass slits on both the excitation and the emission
spectrometers. Some manufacturers specify 10 nm slits which has the effect of increasing the sensitivity
compared to 5 nm. It has been reported tlmatbting the physical slit size at the entrance and exit of a
monochromator can quadruple the intensity of excitation and the emission detection throughput since the
throughput goes as the square of the size incrbas#is a simplistic estimate that sifd be

measured empirically. HORIBA has measured the factor difference with the HORIB#*oMax and
observed that faFluoroMax doubling the slits size from 5 to 10 nm increases the overall signal to noise ratio
for the Raman band of water by a factor of more than 3 tiidesever,this will be different for all
fluorometers, so please be suredmpare with identicddand passes

Integration Time (or Response Time): This refers to how long the detector is allowed to collect a signal at a
given wavelength step position. It also plays a significant role in the overall sensitivity measured for a
fluorometer. The HORIBA method uses a€cond integration time at each wavelength point, similar to other
manufacturersHowever,some manufacturers specify a 2 second response time which increases the overall
signal to noise ratio by almost a factor of two. Be sure to use the same inte@regjponse) time when
comparing.

PMT Type: Most spectrofluorometers use a photomultiplier Tube (PMT) astheidetector of fluorescence

emission, without any option for changing the detector housing. This is true for mostttyeraralytical
fluorometers. Some of these befico p systems allow for the selection
different wavéength ranges and specifications. PMTs that do not detect as far into the NIR as other PMTs will

have a lower dark count, so that theyl wrovide a better signal tooise ratio in the 350 to 400 nm range,

however they may not be useable in the entiresgiom wavelength range desired for a particular lab.

HORI BA6s standard PMT used i nFluorbLegQM lsatias ofdluldrameted,] u s , F
is the Hamamatsu R928P PMT, which is considered the industry standéitsbfometry In these cases, be

sure that each fluorometer is using the same PMT, where possible.

Optical Filters: An optical filter can be added to the optical path of a fluorometer, either on the excitation side
or emission side of the sample. These can be manually placed into a filter holder inside the sample compartment,
or they can be part of altér wheel that can automatically place different filters into the optical path when
different experimental protocols are selected. Optical filters have the effect of improving the stray light rejection
at given wavelengths, and they can dramatically imgthe signal to noise ratio of a fluorometer. HORIBA

does not use any optical filters, other than the scanning spectrometers themselves, when specifying the SNR for
water Raman with th&luoroMax Fluorolog3 or FluoroLogQM series specifications. When comparing a
HORIBA fluorometer, with a fluorometer that uses automated filters, please do not use a filter, or if it is
automatic, confirm what make and type of filters are used, and where they are employed, to repliciie a simi
experimental method with a HORIBA fluorometer.

Detector Type: Modular research fluorometers typically include a PMT housstgratkard bugllow for many

different types of single channel detectors to extend the wavelength range, or fluorescence lifetime range of an
instrument. Alternative detectors include cooled PMT housings, vasaigsstatedetectors such as InGaAs,

MCP PMTO6s and so on. These different types of detec
of any particular sample measurement, so here again, when tryingpamothe sensitivity of one fluorometer

against another, be sure that the same detector type is used to collect data on both systems.
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Detector Temperature: Most commercial spectrofluorometers use PMT housings that are not cooled, and in fact
many instruments do not even offer a cooled detector option. A cooled PMT housing can improve the sensitivity
of an instrument by reducing the dadunts (background) compared to the same exact

PMT in an ambient housing. H O RAlueréMas Plus Rluard_dgd8 and P MT
FluoroLogQM are ambient PMT housings, however the Fluorolog3 EldroLogQM series do offer
optional cooled PMT housings to improve sensitivity and NIR detection. When comparing modular research
fluorometers, be sure to compare data collected with the same type of PMT housing (ambient or cooled), and
if cooled, then also cooled the same temperature.

Single \ersus Double Monochromator: Modular research fluorometers allow a researcher to select single or
double monochromators on either the excitation or the emission optical path. Here the term double
monochromator refers to two dispersive grating stages, ¢eretlaé other, with an entrance slit, intermediate

slit, and exit slit. A double monochromator can be configured either in the additive or dispersive mode, but in
either case the throughput and stray light characteristics of a single versuseardonbthromator are vastly
different, and will have a big impact on the SNR of a water Raman scan, even if the bandwidths, integration
times, and wavelengths are all held constant.

Groove Density of Grating: The groove density of a grating will atfectthe throughput, and hence sensitivity

of a spectrofluorometer. For most spectrofluorometerdghisttoo much of an issue because the systems are
manufactured with only one particular grating. In this case the most important thing is to ensarelthasses

are selected to be the sarf®wever,for modular fluorometers, you can configure the monochromators with
different gratings, or multiple gratings. For these systems, you must be very careful to keep things as similar as
possible. Foexamplewhen you have two instruments that have similar focal length spectrometers, changing
the groove density of the grating will increase or decrease the sensitivity for the same 5 nm bandpass setting.
The HORIBA method uses gratings with a grove density2dd grooveper millimeter.

Blaze Angle of Grating: The gratings selected for an excitation or emission monochromator provide optimum
throughput at a particular wavelength band, referred to as the blaze angle since this is determined by the angle
of grating etching imparted on theagjing surface. As such an excitation monochromator with a 350 nm blazed
excitation monochromator, and a 400 nm emission monochromator, would be optimal choices to achieve the
best water Raman sensitivity when exciting at 350 nm. Since most fluorometessallow you to adjust the

grating, this variable is not a factor, but for those that do allow you to choose gratings, be sure to choose gratings
with the same, or very similar, blaze angle to make a valid comparison.

FluorEssencsoftware is equipped withn SNRcalculator capable of determining the signal to noise ratio by
the First Standard Deviation (FSD) method.

The procedure for using tlBNR calculator is as follows:

1. On the toolbar, click th&nalysis tab and select the HJY Tools option followed by the Water Raman
S/N option.
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embedding:

2. Click the ellipss box (box with 3 dots) on the Water Raman Griggld. Then, select the graph saved

from the wateRaman test and click the Gutton.

B HIY: HIY WaterRaman_SNR_Prod

Diglog Theme | ¢| astuseds ﬂ
Description
Water Raman Graph |
Kinetic Scan Graph | ﬁ
Instrument Type |F|uuroMaxPIua |
Lamp Type IlSDernon |
Serial ¥ [12345 |
Sales Order & [123458 |

o dlow [«
o |

3. Click the ellipsis ba (box with three dots) on the Kin

1| Graph Browser

ShottName | Long Name

DAn1G DftnTB (01)_Graph
Ditkn2G  DftKnTB (02)_Graph

Graphd0 hdll
j Graph

raman2G raman (02)_Graph

[Jinclude Shortcut Page

(7] Show Ertbecded Graph LisiV\ew el @

saved fom the kinetic scan, click the Qbutton.

4. Enter the remaining information: instrument type, lamp type, serial numioesabes order. Then, click

the OKbutton.
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B! H)Y: HIY WaterRaman_SNR_Prod ? X

Dialog Theme ¢ astysedy * ) Preview

Description

Water Raman Graph |ramanIG
Kinetic Scan Graph  |Diin1G

Instrument Type |FquroMaxPIus |
Lamp Type |1 50W xenon |
Serial ¥ | T ¥
Sales Order & [123456 |

HH

Cancel «

5. A graph will appear containing the sigriatnoise ratio calculateby the FSD method. An example of
the FluoroMax Pluss given below.

Results of Signal To Noise Computation
650.00k _
— S Intensity
—e— Peak
520.00k
Water Raman
o 390.00k Em 365-450nm Slits 5nm
[= 3 Inc 0.5nm Int 1.0 sec
L Mode $=950V
=
‘D 260.00k - Instrument Type: FluoroMaxPlus
[ Lamp: 150W xenon
& Serial #: 12345
£ Sales Order # 123456
@ 130.00k - S:R=11114.79083: 1st Standard Deviation
0.00
T I T T T T
361 380 399 418 437 456
Wavelength (nm)
< | » |\ Datat { Data2 4 Calculations 4 Table )Result / || <

6. Check that the SNR results are within acceptable value.signaitonoise ratio (FSD) for the water
Raman on the FluoroM&RIus with R928P detector using this method should be at®060:1. For
specifications on other detector types, contact local HORIBA representative.
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3.5 Switching to Another Detector

To use the second, exterrmdétector, you must reinitialize the system with a FluoroMBlus
configuration.
1. In the toolbar, choosthe Collecttab.

A drop-down menu appears.
2. Choose Advanced Setup.

Another dropdown menu appears.
3. Choose System Riaitialization.

ollect | Analysis Graph Data Gadgets Tools Format Window HElp
Experiment Setup B B ME R E s BE
Run Experiment it -ax

Real Time Control

Run Batch Experiments

Advanced Setup

System Configuration

System New Experiment System Relnitialization

System UIReset

+ Neme + Comment ts « Crested -
Elsrapht 3/17/200314:... 0

The Select Hardware Configuratiamndow appears.
4. Choose the desired detector from the list, then click the
button.

Fluoramax R 2658 Cooled
@Note: The default internal detector is

Fluoramax 2658 Cooled HIR
the R928P. Your external detector \' Z

Fluoramax R928F
. "N ave as default
will be one of these others also || e miaiation
listed. [

ok ] [ Edit ] [ Delete ] [ Mew |
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4 DATA ACQUISITION

4.1 Introduction to FluorEssenceE and Multigroup

This chapter presents an introduction to some of the special buttedsn FluorEssenEeto record
and present data with the FluoroMaRlus series. These boms, located in FluorEssenBed s ma i n
window, are:

Switch Menu between HJY Software Application and Origin Prc¢
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For a detailed description of these FluorEssEnoautines, see theluorEssencé Us er 6 sandsu i d e
or+line help.

A second program, called Multigroupffers repeated and sequential fluorescence experiments.
Functions such as delays, temperature rangpi®metricprobes such as Fula and multiple samples
and wavelengtiyroups are allowed within Multigroup. You can start Multigroup from within
FluorEssende , or from a Window® desktop icon.

In addition, methods for determinirige besexcitation and emission wavelengths are presented, in
case these wavelengths are unknown for the sample.
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4.2 Experiment Menu Button Hl

The Experiment Menu buttarthooses an overall type of experiment to run, such as an emission scan
a phosphorimeter scaa synchronous scaetc., based on the instrument and connected accessories,
such as a temperature baMicroMax, 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 FluoroM&®lus use default parameters:
1 Excitation monochromatofSpectra/Excitation scan
1 Emission monochromatopectra/Emission scan

1. To choose an experiment type, click the Experiment Menu b@_ln

#=4 Fluo Essence - C:\Wsers\Public\Documents\Jobin, Yvon\Datalscohen\UNTITLED
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TheFluorescence Main Experiment Meappears:
2. Choose an experiment type.

@Note: Certain scan types are not allowed with the FluoroMax® Plus, and are grayed out.

3. TheExperiment Typavindow appears.
4. Choose a subtype of experiment, and click the NMexbutton

Experimen’ Type

@Note: Some experiment types (for example,
Kinetics) do not have subtypes, so no -
Experiment Type window appears. v

Synchronous

Experilyent Type
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The Experiment Setugvindow appears:

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

Experiment General information

Experimatt
File:

Directory
DS pectralE mission, =ml 23 Load | & 5ave | & Savess .. |
Data Storage
D ata [dentifier: DAEm
Comment: 5 pectial Acguisition[E mizzion]

Experiment Type Maonos

Excitation 1
Activate

Wwavelength Park
nm 380
Slit

mrm I

2 {8 = 3

Emission 1
[#] asctivate @ Set as Reference

WWavelength  Start End Inc
nm 365 450 1
Slit

nm [

Status

&

Eull Digclosure
TR Spectral Acquigition[Emiszion]

Help

[y

RTC

X

Cancel

5. Click the Experiment File fieldand enter a new file name or select a previously saved file.
6. Verify that experimental parameters are correct.

Be sure to check all parameters under all icons in thédeftl column.

7. Insert the sample into the sample compartmenand ¢l ose the sample compar

8. Click the Run butto_ .
The collected spectrum is displayed onliitermediate Displagcreen After all datais recorded, the
Intermediate Displayanishes. For a new project, tReoject Nameavindow appears

Enter a name for the entire project, or browse for an existing project name via the Browselhmriton
click the OK button

«=a Project name

Flease enter a project name

| )

All data are moved to Origfid s gr aph wik

processing. o | [cenea |
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4.3 Previous Experiment Setup Button &|

The Previous Experiment Setup butt@sets the experiment to the previous experiment used, with minor
modifications to the hardware possible.

1. After an experiment is loaded, click the Previous Experiment Setup 'm the main toolbar

#=4 FluorEssence -

C:\Wsers\Public\Documents\Jobin Yvon\Data\scohen\UNTITLED

Eile Edit Wiew

2 EEEHE &
i B E

Zolleck  Analysis Graph Data Gadgets Tools Formab  Window  Help

B aEBas k&
PR e [T R ov 2D 9

4+ /@~

e

T 8&8E & EHR®

HE ==
Fal e NM FD Ry

Experiment I General information
Experiment
File

nce Division - Experiment Setup ( Spectral Acquisition] Emission] )

Directary

The last experiment used or loaded appears iExperiment Setup window:

=4 Fluorescenc

| DiltS pectralE mission.:ml

Data Storage

| 2y Load | & save |

Drata |dentifier:

DltErm

Camrent:

Spectral Acquisition[E mizsion]

Experiment Type Monos

Excitation 1

Y D@ = F

[¥] &sctivate
‘wiavelength Park
o
Slit
o
Advanced)
Emission 1
Activate & Set as Reference
Wavelength  Start End Inc
o
Slit
"
Advanced)
Statuz

Triggers I

Spectial Acquisition[E mizsion]

Help

Full Disclosure

B savess .. |

2. Modi fy th

3. Click the Run buttor.

e

experiment 6s

par ameters

. Bun

to run the experiment.
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4.4 Auto Run Previous Experiment Button [

The Auto Run Previous Experiment butt@nuns the last experiment loaded without modifications.

@Note: The Auto Run Previous Experiment button is active only after an experiment has
already been loaded and run.

1. Click the Auto Run Previous Experiment butl_[>_1.
=4 FluorEssence - C:\Wsers\Public\Documents\Jobin Yvon\Data\scohen\UNTITLED

File Edit Wew Jollect Analysis Graph Data Gadgets Tools Format  Window Help
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TheIntermediate Displagppearsand the experiment starts:

#=a Intermediate Display Q
Abort
Fluoromax
1.50E+005
g 1.00E+005 > Autoscale
2
13
=
£ 5.00E+004
0.00E+000
400.0 420.0 440.0
Wavelength ( nm )
~
-1 General Info
Experiment: Integration time: 0.1 s Cycle: 1
-1 Detectors
S 4.40E+004 CPS
- Monos
Excitation 1 Position: 350 Entrance slit: 5 nm
Emission 1 Position: 407 nm Entrance slit: 5 nm G
When the experiment is complete, the data gEpwmms DER
moved into a new Origfhgraph window: s —
)
00000 —
400000 |
@
g
E 20000
t
04
B & us
Wiavelength (im)
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4.5 Make Overlay File Button

The Make Overlay File buttocreates an *.SPC filfor use as an overlay filé\n overlay file can be used to
compare data in real time. Inclusion of an overlay file is controlled in the Display Optionsnidba
Experiment Setupvindow. The overlay file appears in thetermediate Displays data are acquired. Upon
completion of the acquisition, both sets of data appear on the plot.

1. Click the Make Overlay File buttan the toolbar

=4 FluorEssence - C:\Users\Public\Documents\Jobin Yvon\Data\scohen\UNTITLED

File Edit Wew Collect Analysis Graph Data Gadgets Tools Format \Window Help

DER | sEER & B AE@e Ra\+B-:T [R&E & E5HN
Ho | &8 E £l |t B ovep || @ w0 B

The Save Asvindow appears.

2. Enter a filename in the File Name field S PK
3. Click the Save buttan ,
Save jn; |j Owerlay _'_| g '
The overlay filés save - Elyrksre
scohen
J
Origin Object
Filex_rge: | /LJ) Save |
Save a5 ype: |SPE Drata [*.5SPC) LJ Cancel
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4.6 3D Scan to 3D Profile Button |§|

The 3D Scan to 3D Profile butt@xtracts emission profiles from an excitatiemission matrix

1. Open excitatioremission matrixdata.
2. Click the 3D Scan to 3D Profile buttamthe toolbar.

w=4 FluorEssence - C:\Wsers\Public\Documents\Jobin Yvon\Data\scohen\UNTITLED.

File Edit Wew Collect \&nalysis Graph Data Gadgets Tools Format  Window Help

DER | SEeNg 8 B aEPe kg +8-:T [R&E & D8N
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! —r!m: " Cursor Type |

6000 4 Crossed Lines.

4000 “ Arbitrary Line

Intersection |
1000 ZWalue |F369.72

0 \ | " | " | " |
Excitation wavelenagth, nm

500 550 7121 750 300

1100 1100

ejth, nm
f

N
=

1200 7

Emission wave|

1300 1300

TheProfiles windowappears\ \

3. Grab and move the emission and excitation profile lines to see the pabfiles and to the right of th
datamatrix.
TheZ-Valuefield shows the intensity where the excitation and emission profiles interse
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4. Click the Arbitrary Line buttoro choose an arbitrary profile.

E profiles2 -

04 . | A | A ] . |
Excitation wavelength, nm
600 650 ] 750 200

B
=]

1200 7

Emission wavelength, nm

g
(=]

1300 7

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

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

4.7 Run JY Batch Experiments  f]

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

Y
1. Click the Run JY Batch Experiments buttﬁ’i‘.
#=a FluorEssence - C:\Users\Public\Documents\Jobin Yvon\Data\scohen\UNTITLED

File Edit Wew Collect /analysis Graph Data Gadgets Tools Format  Window  Help
Dz AR @ @ aBF@e k& +B-IT BARE B DB
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The Setup batch experimentsndow appears.

X

Setup batch experiments

Execution List Froperties
Esperiment Info;  [Flog_AntiBleach.:ml]
Browse for i
experiment filez to Flag W2 sml Carmments:  Anti Photo Bleach - for Fluarolog
>> Add st [
Full Dizclozure Info: Yiew Full Disclosure Info
Comments: )
This is my batch E xecution Index:
File b anagement Tatal Repeats: 3

SelioiFlie Delay before executing: ] ZEC

File Mame: Load ] [ Saws l
Delay between each repeat: 1] TEC

\S:\.T O_CINDYTesting\Batch\MyBatch b j

Batch outer loop info

Fesultz
Total Repeats: 1

tode: Run

Baze Mame: Delay befare first: 0 3E0

Format: Delay between sach: 3 SEC L..Cancel

\ )

2. Get the experiment files to create a batch @hoad a previous batch job.

a. Loada previously created batch joking the Load buttqror browse foexperiment files
(.xml format) using the Browse for experiment files to >> Add button

b. Add each desired experiment file to the Execution List

c. Reorder or remove the files as necessary using the Delete,lbb#tddp buttonand the
Down button

d. Add comments about the batch file in the Commdietisl.

e. Save the new batch jdh the correct path, in the File Nanfeeld, and click the Save
button The file is saved in a .jyformat.
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3. Set up each experiment in the batch job

a. Select an experiment from the Execution List
b. Inthe Total Repeats: fiel@nter the number of times that experiment should be repeated.

Setup batch expariments

Execution List Fropertieg

Er
Flog_ L2 sml
Full Dizclos.ke

E xecution Index:

. [Flog_fintiBleach. «mi]

Browse for
experiment filez to
>3 Add

Anti Phata Bleach - for Fluorolog

Info: [ Yiew Full Disclosure Info

Comments:

Thiz iz mmy batch

File: M anagement Total Repeats: 3
Fateh Fle Delay before executing: 5 B0
File Mame: Load ] [ Save
Delay between each repeat: 1] TEC

SATO_CIMDYST estingB atch\MyE atch. wb

Batch outer loop info

Resultz
Total Repeats: 1
tode: Run
Baze Mame: Delay before first: 0 Tec
Format: Delay betwesn each: 3 sec L Cancel |

v 4

c. Inthe Delay before executing: fieldnter the number aeconds to wait before executing.
d. In the Delay between each repeat list: fi@dter the number of seconds to wait before
repeating the experiment.

4. Set up an outer loop in the batch jdtdesired.

a. Inthe Total Repeats: fiel@nter the number of times to run the batch job

b. Inthe Delay before first: fieldenter the number of seconds to wait before starting the batch
job.

c. Inthe Delay between each: fielehter the number of seconds to wait before rerunning the
batch job

5. Click the Run buttoro start the batch job
The batch jolexecutes.
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4.8 Real Time Control ™

The Real Time Control buttaspens thdreal Time Controindow directly, so that the user can adjust
experimental parameters in real time, while viewing effects of the adjustments.

1. In the toolbar, click the Real Time Control butt_@.
#=4 FluorEssence - C:\Userr Public\Documents\Jobin Yvon\Datalscohen\UNMTITLED

File Edit Wiew Collect AgBlvsis Graph Data Gadgets Tools Format  Window  Help

Oda =oHAE & B aFF@as k& +8B-IT BRRE B EEES
1 [ B T | E £ B8 0 e [ B oveD 2 || E e NP By

TheReal Time Control window appears:

+#=1 Real Time Control [ C:\Documents and Settings\All Users\Documents\Jobin Yvon\Data\~-DfltSpectralExcitation.xml |

AllSCD's DataView | Intensity

0] &] ale]

ple| =] =@/ &

Channel 1

‘ ‘ Clear i-I-' Autoscale

Camman Parameters

nm@-@E|m

Excitation 1 Emission 1 R
Slits Slits
) X Integration time | 0.1 k3
Width 1 i Width 1 rim
+ +
Position | 200 1 LI Puosition | 350 1 1ok
J =
Status
Shutter Mode vy |, N
s sl T rin Al | © Detailed “ Open & ﬂ b XD
Exit slit v O N?r.mal anl . gluotzed Help Transfer Save Fun Cancel
(&) Critical .
[ Continuow:

2. Activate the Continuous checkbaken click the Run buttoio monitor the signal.
3. Adjust instrumental parameters as necessary.
bz

Pager2of 226
FluoroMax® Plus & FluoroMax® Fudser manual
Rev GAugust2024)



4.9 Create/Use Calibration Curve from CWA Data

When the user is doing Single Poaxperiments (especially with the MicroMaxk multiplesample changers),
the Create/Use Calibration Curve from CWA Data buttyeates a calibration curvior analytical
measurements.

@Noteﬁhis button only operates if CWA data exist.

1. Click the Experiment Menu buttc@:

s=4 FluorEssence - C:\Users\Public\Documents\Jobin Yvon\Datalscohen\WNTITLED

File Edit Wiew Collect Apalysis Graph Data Gadgets Tools Format  Window Help

Lz sEdE & B aBFe | k& +8-:T || RRE B EEES
0 e P S | E £ B0 |2 |1 (8 oveD B || R oaw i oFD By

TheFluorescence Main Experiment Meappears:

@Note: Those scan types not allowed with the instrument configuration are grayed out.

2. Choose the Single Point button

#=1 Fluorescence Main Experiment Menu

Experiment Setup window appears:

Main Experiment Menu

Spectra Kinetics 3D

Y

Anisotropy Single Point Phos
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Experiment General information
Experiment
File Directory

s [DRCWA zmi CiUsers\PubliciDocuments\Jobin Yvon\Data B Load H save H Save As

t Data Storage
Data Identifier: DACWA |
Detectors
Comment Single Point Acquisition[Constant Wavelength Analysis]
Accessories

Monos for Constant Wawvelength Analysis

@ Experiment settings
Display Maximum trials _ Tari %
. ‘get Std. Emor 2 %
el P ] k]

Wavelength Sets (nm) Samples
Units Insert row
Excrationl Ermission Enable | Sample Name Type Concentration| A
WL St 488.00 512.00 | Delste rows Sample 1 Sample 1 Blank. /A
wisetz Sample 2 Sarmple 2 Standard M4
Clearall Sample 3 Sample 3 Standard M/A
Sample 4 Sarmple 4 Standard [NI2Y
Samale R Wl Samolef Standard (730
Slits Sets (nm)
( 4

Excitation 1 Emigsion 1
Slit Wicith 5.00 SlitWidth 5.00

Status

| / | g.9 82 -
=
Full Disclosure Helo RTC Fun Cancel
Trigaers Single PMConstamWaveength Analysis]

3. Set up the standards and unknowney. the standard curve tool to work correctly, one sample must
be set to blank.

a. If you have an automatic sample chang®eu can change the samples automatically with the
SC Autoradio button For manual use with an automatic sample changer, clso84anual
radio button and the software prompts you to change the sample.

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

b. To add more samples (if manually changed), clickdtié Multiples button
A new sample row appears below the last sample row.

c. Under theType column choose the type of sample from the ddmwn menu:Standard
Unknown Blank or Empty

@Note: Note: To do a calibration curve, you must include a blank as the first sample.

d. Enter the concentrations of the standards in the Concentration cohenumknowns retain the
def aulot ctNcAntrati on.

e. Click theEnable checkboxof all the samples to be measured.
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4. Set up the excitation and emission wavelength(s)

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

b. To add a wavelength set, click the Insert row button
c. To delete a wavelength set, select the rows, and click the Delete rows button

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

#=4 Fluores ience Division - Experiment Setup ( Single Point Acquisition[CWA] )

Experimefit General infarmation

Esperiment
File Directary

DftChdé sl (23 Load | & save | B savess |

D ata Storage
[ ata |dentifier: D,

s, Single Point Acquisiion[Constant ‘W avelength Analpsis]

Monos for Constant W avelength Analysis

Experiment zettings

< D8 = =

b awirum trials |10 Target Std. Errar 2 4
r\v\u’avelength Sets [nm) Sarmples
(&) SC Manual Add Multiples
Excitation 1 Ermission 1 Ihsert row
Wil Get 1 38000 365.00 Enable | Sample Name Type Concentration
Sample 2 Sample 2 Standard 2
Sample 3 Sample 3 Standard 5
Clear al Sample 4 Sample 4 5tandardi| 10
Sample 5 Sample 5 Unknown A&
Slitz Sets [nm)
Excitation 1 Emisgion 1
Slit Wwidth 5.00 | Shit\width 5.00
Statuz
g1 | »
Full Dizclosure Help Cancel
Triggers | Single Point Acquisition[Constant W avelength Analysiz] =

/

5. Enter the excitation and emission-gliidth(s) in the Slit Set area

6. Click the Run buttor.:-

The experiment starts. FluorEsseicerompts you to insert theample ifyou chose to change the
samples manually. The dataset is recorded and appears on the screen.
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7. Create the calibration curve

a. Click theCreate/Use Calibration Curve from CWA Dmatong in the toolbar

OBz =gl & B o EE e + B -1 T R E | EEEE

[ = e B4 E ] Jz: B ov 2D WP Fal emc NMOFD By
b. Choose a Linedit, or a Polynomiafit with Orderof Rkl NACIEIEES X

™ Linear

the polynomial, and then the OK button \

The Save Curvavindow asks if you wish to save the curve.

c. Answer yes or no.The calibration curappears.

] e +B-3T||®RRE | (EEES || O 6 e e S e 2o 2
[
Concentration Curve * Data
150 - Fit
R COD)YI0O 4724
Polynomial Fit [Order] = 2 -
100
50
*
= 0 *
= -
7] o
5 -50 — — *
=
-100 o
-150 -
*
-200 = . = . : . : . .
0 2 4 6 8 10
Concentration (C)
C =-4 235e+001 + -9 741+000(1) + 2.512e+000(1")

X1 UNTITLED. | Mame [type [view [sin
= ]

lalx

= worlshest  Hidden axe i 1o 10537
[l orccwadi  workshest  Normal 17k \2/Biz008 10..,  12/Bfz008 10:38 0O Ermi1:365.01nm, Emiz:368.nm, Ex1
=] Grachi Graph Mazximized KB 12/8/2006 10..,  12/8/2006 10:37 o

<

\olor Publication 1iDataz_B(1-5) Graphi  [Radian

Starsindicate the standards. The unknowns are not plotted, but their calculated concentrations are filled in on
the dataset. The fit equatiand correlatiorare displayed on the plot. With more than one detector signal
(e.g., S1 or Slc), the software prompts you to choose which signal.
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4.102D Intensity Map El

The 2D Intensity Map buttoncreates a twaimensional intensity map from the active microseogpping
data.

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

1. Open a microscopmappingdataset.

#=4 FluorEssence - C:\Documents and Settings\scohen. WINNT\Desktop\beads 15um ex 360
File Edit Wiew Collect @Graph  Analysis Tools Format  Window Help

DPR *EHE & B WE@e k) +B-1T

=] nfitFm2
5 |5l DftEm5_T1

RRE

= pfitEms_T1

Signal: T1

. 20000 —
g I
o &0
£ toooo
5]
=
Z
= p—
- a {LHE
1 (857 249) o B
(596 330) 5“"{@6\'\“ @
dz‘ (957,407} a\‘d\e
%dy (687,497) -
"J’@ (1048 565)
%,
s,
™ oo
5 im0 2 s000 /
=) =
%‘ o 550 vy
< - i’ ) & -
:’:Il ﬁ beads 15um ex 360 Name _ Type | View | Size | Modfied = Crested | Dependsnts |
O data [(Ddata Fol... 217(...  11/17(2008 17:01
ElofEry & M., 1.0 1117 117 D E
DHtEmZ G, Moo, 9KB 117 1117, O =
DHtEmS .. Moo, 1. 11FLL 1170
[Eloftems... @ Mo, 1. 1f17L. 17 0 ke
[ A . o)
< il | >
/ AL ON | Color Publication 1:[DAtEmdS]Sheet 11 Col("(529, 161)"[1:61] 1:[DFtEme_T1]111 Radian
2. Click thedata folder in bottom area.
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The data spreadsheet appears:
FluorEssence - C:\Documents and Settings\scohen. WINNT\Desktop\beads 15um ex 360 * - /data/ - [DfitEmd6 - - SIGNAL_001]

% File Edit Yiew Collect Graph Analysis Tools Plob Image Tools Format Window Help b4
] el & F AaBF@a ||k + T M= [ip&EEs IEiED%’”
S\GNALDDW‘ 5291s1m| 551131(\0‘ 5?41s1m| 595131(\0‘ 5191s1m| 542131m| 5541s1m| 537131m| wna1s1m| 732131m| ?54131m| 777131m}\ann131m| 322131m| B4518%
Long Name (529,181) | (551 181) (574,181) | (596,181) (G18,181) | (642,181) (B64,181) (6871813 | (708,181) | (732,181) | (754,181) | (777,181} (BO01G1) (332,181) (8451
Lnits:
Comments
1 380 1000 1270 1700 2275 3060 3470 3265 3145 23410 1655 1180 105 864 785
2 382 1125 1370 1875 2685 3670 4215 4235 3530 2810 1785 1470 1100 1020 845
3 304 1135 1350 2035 2770 4085 45110 4805 4075 2815 1875 1385 1235 884 870
1 296 1085 1520 2235 3365 4355 5655 5715 1800 3500 2045 1425 1180 830 745
5 308 1245 1660 2315 3545 5385 6565 5530 5445 3830 2185 1515 1115 8975 810
6 400 1485 1795 2870 4135 5760 7275 7460 6160 4370 2240 181 1285 1085 855
7 402 1325 1955 2920 4525 5835 220 8145 6635 4605 2435 1604 1190 9as 995
5 404 1470 2280 3085 5145 7560 080 8475 7445 5010 2510 18(s 1265 880 820
9 406 1550 2160 3360 5135 8035 695 3085 7645 5430 2615 1465 1060 835 440
10 08 1830 2490 3480 5665 8240 10315 8840 8725 5660 2785 820 1240 110 880
11 410 1850 2260 3840 5650 al70 11086 10370 8705 5140 2610 1560 1205 850 880
12 412 1670 2515 3810 6510 9345 11420 11665 9385 5405 2840 1645 1305 955 90
13 414 1835 2530 4375 6445 10305 12530 12110 10090 6565 2860 1485 1185 1085 1090
14 416 17680 2865 4675 7265 10960 14745 13050 10GES 7235 2815 1750 1405 1040 995
15 418 2085 2855 4830 8045 11880 14730 14710 11810 7570 3103 1635 1185 820 1015 1
16 420 2085 3200 5085 8165 13135 16080 16580 12654 8020 231 1850 1215 1030 445
17 422 2330 3240 5455 9780 13725 17310 16415 13864 8860 34 17710 1460 1040 1080
18 424 2305 3325 5835 9530 15145 18520 18485 14590 075 £3n 1825 1360 1180 1065 1
18 426 2230 3890 5095 10135 15600 19700 19348 15615 9655 As3n 1915 1385 980 985
20 428 2615 aran 5785 10180 16345 20456 18300 15330 10084 3300 2020 1335 1230 880
21 4030 5710 10580 16350 20620 20165 15950 3365 3490 1840 1370 70 fas 1
4 2 10575 1 20745 15100 10330
23 434 2425 4020 5730 10385 16335 20840, 16090 10705 3610 1765 1395 1145 1085 1
24 436 2515 1245 5410 10465 16500 20710 19860 1580 8730 3500 1760 1140 1010 00
25 438 2565 3800 B515 10380 16508 20425 19745 15680 8434 3325 1540 1355 1045 1050
26 440 2420 3945 155 10270 16090 20640 19580 16055 agdn 3375 1630 1180 1000 930 1
27 442 2435 3770 5355 10480 16495 20550 19535 15610 13 3135 1570 1200 1075 920
28 444 210 2880 §190] 10056 1A335 20365 19880 15285 A755 3160 1530 1380 1045 860
28 146 2305 3745 5035 10215 16460 19570 19030 15625 9330 3215 1690 940 1005 925
30 48 2175 3545 5080 10080 15570 19465 18580 15020 3340 3030 1505 1080 880 330
a1 &0 2475 3545 6010 9540 15400 19640 18940 15680 4095 2650 1445 1145 890 850
kil FL T T Tan e} 1 190F0 1 Al 1 Fi Q73 7R 1371 1N7A Qrn a7 b
[ [r]\Sheett / \ |« >
| [ beads 15um ex 360 Modified = Created = Dependents ~
et U8, 118, 1
Uzh. 117 1
AL, 1j1F.. 1
Uiz, 117, 1
UAzh. 17 1 2
>
For Help, press F1 1: [DfItEmdeISheset111[22]:533[22] Radian
3. Choose an excitation wavelength (row) to ekamine.
Here we have chosen 432 nm excitation.
4. Click the 2D Intensity Map butto@.
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4.11Switch Menu between HJY Software Application and
Origin Pro

The Switch menu between HJY Software Application and Origin Pro. bsititohes the menus at the top of

the mainFluorEssencevindow between FluorEssenEeand Origit? functions. This allows the user to tap the

power more fully of Origifi software.

1. Click the Switch menu between HJY Software gligation and OrigirPro button el :

w=+ Fluorkssence - C:\Users\Public\Documents\Jobin Yvon\Datalscohen\NTITLED

File Edit Wiew Collect Anakysis Graph Data Gadgets Tools Format  window  Help
Oha 2l & B Aa8F@e k& £H8-1 T RRE B [EEE
M & e g E B L [t ER ooveD BF R e N oFD B

&

The menus at the top of thEluorEssence window change:

#=a FluorEssence - C:\Documents and Settings\All Users\Documents\Jobin Yvon\Data\SCohen\UNTITLED

Dz csEEEd & B aJdB8@B« |k +B8-1 T RRB B =S| H= k&

1. Click the Switch menu between HJY Software Application and Origin Pro

b2

button ™ | again to return to the original menu functions.
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4.12Multigroup 2|

Multigroup offers repeated and sequential fluorescence experiments. Functions not included in FludeEssence
such as delaystemperature rampsand multiple samples and wavelengtioups are allowed within
Multigroup.

#=4 HJY Multigroup [New Experiment]

LEY )
— Set A
[0 Connect Config Force Initialize
Fluoromaz - Force Emulate

System Configuration

Time / Accessones
Detector: Default

100.0

Mono Backlash Enable Drark Subtract Enable

Minimize Sample Phatobleaching

90.0

Add Grp Clear Al

Monochromator Parameters

Paiameter W alue

Monochromatars

Dietector Parameters

High altagelv]

Detector D ata Urits

o000 00:05 o010 015

Time

Basic Steps to Run Multigroup

#=4 FluorEssence - C:\Documents and Settings\All Users\Documents\Jobin Yvon\Data\SCohe n\UNTITLED
File Edit Wew Collect Graph Analysis Tools Format Window Help

DB sEdBl 83 J8Fe k& +8-3T [ARRE & CHEE M= D' H 6 E S k202

1. Inthe FluorEssenée toolbar, click the Multigrougbutton ; or on the desktop,

click the Multigroup icon / ﬁ"

If FluorEssencé was active, it closes. Thdultigroup window appears. EHJVMultigroup
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2. Connect to the desiredstrument configuration
a. In the System Configuration areselect the |
configuration from the drodown menu.~ " Connect Config
b. Click the Connect Config buttdio initialize |
the instrument.

' Force Initialize

luoromax TCSPC ' Force Emulate

System Configuration

' BExcitation 1
3. Activate the excitation and. | Emission 1 >chr omat
4. Activate the detectatheckbox(es) and switch on high voltage if necesse. 2 nechrematars =
in the Detectors area

5. If desired, in the Ratios areactivate the ratio S/R checkbtixobtain corrected output.
6. Inthe Time areachoose various wavelenggnoups and integration time

a. For multiple integration times, use the TilvAccessories  Integration Time 0.1 is) |=
tabto add multiple time intervals. e (s) |-
Total Time 200 (s) | =

Time (Total Interval Points = 201) =

b. Choose the wavelength pair or multiple
wavelength sets in the Monos / Detectors tal | e Detester] e rscescre: |

Mult-Tire 5 ers
Monos / Detectors | Time / Accessories | Interval Time:
Multigroup General Parameters Sequence Duration: | 200
Maono Backlash Enable Dark Subtract Enable [AdTolist | [ Remove | [ Clearlist |
l:‘ Mirirnize Sample Photobleaching FirstAcg.  LastAcqg | Interval Time Interval Points

00:00:000 0003200  00:01.0 201

Multigroup Me

E;%tion 1 Emission 1
50,000 350,000

295,000 350.000

Repeat Time Sequences Total Time: 06:41.0

[Dielay between repetitions:
7. Select the accessories, looping, and delays== l e
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8. Choose the slhitvidth parameters Monochromatar Parameters

Pararneter W alue
tonochromators
{=) Excitation 1
Slit width () 2.000
Gratings 1200 w
[= Emizzion 1
Slit width () 2.000
Gratings 1200 w

Detector Parameters

9. Choose the detector parameters ~ . T

5 950 CPS

R MHone rillicyrnps

4

10. In the Acquire / View tapclick the Start buttor =™ to run the experiment.
Q.lj' Q =
L

|
Ly

Setu Acquire [ View

= ) @ CICEE = RNNEER. =
Params Start <—m| Copy to Save

Clipboard -~ to File~
Experiment [F} Data Export

11.Run asdigpme to make sure that tadhievedwithimithe bardaefre t he €

limits.
Click the Pre-scan button and remove any Pre-scan Not Run
samples from the sample chamber. The Time Interval may not be achisvable for these parameters.
You may firgk run a pre-ecan without pour zample(z) to validate
that the timing parameters are achieveable.
L Pre- Corti Ahart
12. Save the data when the scan is finished. = [ Sortinue | [ tbor |
In the Data Export areahoose either the Copy 2
to Clipboard buttoror the Save to File buttoMore details on Multigroup —j

are provided in th€luorEssencE Us er 6 s Gui de v to Save
Mﬁﬂrd' to File -

4.13Running an Unknown Sample

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

The traditional method consists of running an emission tecind the peak emission value. Then an
excitation scais run using the determined peak emission value.

1. Find the preliminary emission maximum.
The object of this step is to acquire a preliminary emission,scab a s e d -goune sas Of beexscti t a't
wavelength. Because the fluorescence emission of samples does not shift with excitation wavelength,
the guessed excitation wavelength yields the emission peak, albeit perhaps at lower intensity.
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a. Be sure all system components are on, and the FluofoMlas is calibrated as explained in
Chapter3.

b. Click theExperiment Menu button@ :

#=4 Fluorkssence - C:\Documents and Settings\All Users\Documents\Jobin Yvon\Data\SCohen\UNTITLED |ZHE|F5_?|
File Edit Wiew Collect Graph Analysis Tools Format  Window Help
LDz eEEdE @ B aBFg kA +B-31T| RARE ¥ OEE M= @ H |t 2D 52

The Fluorescence Main Experiment Meappears:
c. Choose thé&pectrabutton

#=4 Fluorescence Main Experiment Menu

\ Main Experiment Menu

The Experiment Typavindow appears: W

d. Choose Emissian o
Spectra Kinetics iD

e. Click the Next >> button

Anisotropy Single Point Phos

txperiment Type

Experiment Type

Emizzion
Excitation
Synchronous

<< Back et >
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The Experiment Setugiindow appears

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

E zperiment I General information

E xperiment
M File Diirectory
— DfS pectralE mission, <ml 2y Load | I save | & 5avess .. ‘

Lrata Storage
D ata ldentifier: DfltEm

Comment: Spectral Acquisition[E mizsion]

Experiment Type Monos

Excitation 1
Activate

Wavelength Park
nm 350
Slit

hm 5

2 Q8 =

Emission 1
Activate @ Set as Reference

Wavelength  Start End Inc
nm 365 450 1
Slit

him 5

AdgEnced

Status

&

Full Digclosure

Help

[ o
Cancel

f. Click the Experiment File fieldand enter a new file name or select a previously saved file.

Tfggers Spectral Acquisition[E mizsion]

g. Verify thatexperimental parameters are correct.
Be sure to check all parameters under all icons in thédeftl column.

h. Set the scan parameters.

Most of these parameters are a traffebetween speed and precision. Choose integration timoements,
and number of scans judiciously, to give an accurate result without excessive time spent. HORIBA Scientific
suggests an increment of 1.0 nm, an integration time ©0(hX, and one scan. If unsure of an excitation

wavelength, try 300 nm, athich many samples absorb light. Usésignal detectgrfor the acquisition
mode.Do notforgetthe datdile 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.

i. Insertthe sample into the sample compartmenand c¢cl ose the sampl e comp

j-  Click theRun button
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T TPHE R

The scan starts.
k. With thespectrum on the screen, note the greatest intensity.
If the signal exceeds 2 x 46ounts &, then the emission detecisrsaturating, so close the shitore. If
thereis no obvious peak, increase the excitation wavelength, starting, and ending by 25 nm, and retry a scan.

[.  With an acceptable emission peak, record its wavelength.
This is the emission maximum. Otherwise, repeat stdpsughl until an obvious emission peak appears.

2. Find the optimal excitation wavelength.
This procedure uses the emission maximum to determine the optimum excitation wavelength, and is
similar to stef.

a. Inthe toolbar, click th&xperiment Menu button@:

The Fluorescence NtaExperiment Menu appears
s=4 FluorEssence - C:\Users\Public\Documents\Jobin Yvon\Datalscohen\UNTITLED

File Edit Wew Collect Analysis Graph Data Gadgets Tools Format  Window Help

Lk sedEd & B B8R k&R +EH-IT BRRE B MRS
| E r B 0| [t B ov 2D &2 || B e N FD B

t=4 Fluorescence Main Experiment Menu

Main Experiment Menu
b. Choose the Spectra button Spgetra Kinetics £
Anisotropy Single Point Phos
The Experiment Typavindow appears.
c. ChooseExcitation
d. Click theNext >>button
Experiment Type E|
Experiment Type
\ Emission
E xcitation
Synchronous
Y
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The Experiment Setugvindow appears:

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

E zperiment I General information

Experiment

File Diirectory

DftS pectralE scitation. <ml 2y Load | I save | [H Savess.. ‘
[rata Starage

D ata ldentifier: CiltEx

Comment: Spectral Acquisition[E xcitation]

Experiment Type Monos

Excitation 1
Activate @ Set as Reference

Wavelength  Start End Inc
nm 200 600 1
Slit

hm 1

< & 8 = 5

Advanced

Emission 1
[#] &ctivate

Wavelength  Park
nm 350
Slit

him 1

Advanced

Status

K

&

Full Digclosure

Help

Cancel

Triggers J S pectral Acquisition[E xoitation]

e. Set the scan parameters.

Use thgemission maximum determined above for the excitation, use 250 nm for starting, enter the emissi

maximygm minus 15 nm for the end of the scan, and select two acquisition IBades/R S collects raw
signal fjom the emission detectandS/Rratios the signal to the reference detector.

f. Set excitation and emission slitkentical to the emission scan
Be surg that the emission sadid not exceed 2 x $@ounts & in the S signal detector.

g. Enter theExperiment Filename

h. Click theRunbutton
The scan starts.
The resulting spectrum shows maximum excitation wavelength. If the-charghel signal > 2 1¢° counts
st reduce slitsand rescan.

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

3. Find the optimal emission peak.

a. Use the optimum excitation wavelength determined in&tep

b. When complete, both excitation and emission peaks are found.
Optimized excitation and emission spectra of a 1'% Mianthracensolutionis shown below. Because the
acquisition modes were different for the excitation and emission scans, the data intensity had to be

normalized. After normalization, the excitation and emission scans are virtually mirror images of one another.
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4
T P 7\ Emission

; 3 Excitation ,i \
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3 )\
o, 2 Vol A

= Ve I

.a 1 ~s \
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— S~

0 300 350 400 450 500

Wavelength (nm)
Normalized excitation and emission spectra of a 1'%M0anthracene solution.

4.14Using Corrected Signals in FluorEssenceE

4.14.1 Introduction
Subtracting blanks, removing dark noise, and correcting for inhomogeneities in the instrument or detector

response give more accurate spectra. Take special precautions to incorporate these functions properly into a
FluorEssendé experiment.
4.14.2 Method

Any corrected signal (withalomeras e fAco0o) or al gebraic
desired corrected signals in the Formulas Gstrrected signals include:

use of correct

1 Dark Offset
i Blank Subtraction
i Correctionfactor file

@Note: To use a correction-factor file, you must also activate Dark Offset to eliminate generation
of a baseline artifact. This artifact is caused by inappropriate multiplication of dark counts not

related to the spectral response.

An example is provided on the next page.
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4.14.3 Example
Note how the corrected sign&81¢g and corrected referendelc, along with their ratio, S1c/Rlall must be

included in the Formulas ligh the Signal Algebraarea

Note: Be sure all desired corrections are activated in their respective checkboxes.

=4 Fluorescence Division - Experiment Setup ( 3D Acquisition[Excitation vs Emission v Intensity] )

Expetimet | General information

Experiment
M File Directory
— |DfItSD_vs_Excitatiun_vs_Emission_ (23 Load & save & Saveds... ‘
Diata Storage
t [Data Identifier: D30 EE mint
Comment 30 Acquisition[Excitation s Emission vs Intensity]
Signalz
Select

IV Dark Dffset

Integration Time: |0.1 S{

HY[]| Conection| Blank Subtract
O

Enable| Signal| Detector Units
51 Symphar CPS e

A1 R Microdm 15,

w 0 1 7 CP3 350
) =

O O

\

Signal Algebra \

Signal | Details Dperations Formulas

Accumulations

R R signal 1 Signal Units
Ric R signal 1 Add »> S‘Igc | | ’_1
51 Symphony signal Ale
Slc Symphony S|gna| << Hemove S0/ e Bdks
Delay

: Unitz ’_1 ’—_| ’_

Formula <<Elear

| | J
| g @ ma -

Full Digclosure Help RTC Bun Cancel

3D Acquisition[Excitation vs Emission vs Intensity]

Triggers |
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5 OPTIMIZING DATA

Spectra can be enhanced by optimization of-datpuisition. Thischapter lists some methods of optimizing
sample preparation, spectrofluorometer setup, and data correction to geioigiitgrdata.

@Note: Clean the sample cells

thoroughly before use to
minimize background

5.1 Cuvette Preparation

1. Empty all contents from the cuvettes

2. Fully immerse andaakthe cuvettesor 24 h in 50% aqueous nitric acid

This cleansthe cuvett®s i nner and outer surfaces.

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

3. Rinse with deionized water

4. Clean the cuvettas the cleaning solution with a clean cotton swab if needed.
Use AlconoX or equivalent detergent as a cleaning solution.

5. Rinse the cuvettesith de-ionized water

Soak thecuvettesn concentrated nitric acidl.

7. Rinse them with déonized watebefore use.

o

‘Caut/on: Soaking the cuvettes for a long period in alkaline detergents such as Alconox®
causes etching of the cuvette surface, which results in light-scattering from the cuvettes.
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5.2 Sample Preparation

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

The typical fluorescence @hosphorescence sample is a solution analyzed in a standard.clivettivette
itself may contain materials that fluoresce. To prevent interference, HORIBA Scientific recommends using non
fluorescing fusesilica cuvetteshat have been cleaned as described above.

5.2.1 SmaliVolume &amples

If only a small samplerolume is available, and the intensity of the fluorescence signal is sufficient, dilute the
sample and analyze it in amdL cuvette If fluorescence is weak or if trace elements are to be determined,
HORIBA Scientific recommends a capillary calichasour256 L o p t i esanaple capillary celd, which

is specifically designed for a small volume. AL cell (5 mm x 5 mm crossection) is also available.

5.2.2 Solid 8mples

Solid samplesisually are mounted in the J1938lid Sample Holdewith thefluorescence collected from the

front surface of the sample. The mounting method depends on the form of the sample. See the section on
AHIi ghly opagfuer smopé eisnf or mati on on sample arrangem

9  Thin films and cell monolayersen coverslipscan be
placed in the holder directly. @
Note: Avoid thick coverslips, because the

l Mm_elzéalséﬁqrylstals,;/Ii;[amigs, %ai;‘é(?gtigsé Egosghgrs’oi excitation beam may not hit the sample
similar samplesisually are ground | mogene directly with a thick coversli
powder The powder is packed into the depression of y P-

Solid Sample Holde(see next page for diagram). Fc Microscope coverslips are useful, except
very fine powder, or powder that resists packing (e that they are not quartz, and do not transmit
therefore falls out when the holder is put into its vertic UV light.

position), the powder can be held in place with a tl
guartz coverslip, or blended with potassium bronfiide
better cohesion.

1 A single small crystal or odshaped solid sample (e.g., contact lens, paper) can be mounted with tape
along its edges to the Solid Sample Holdg 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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Solid Sample Holder
5.2.3 Dissolved &ids

Solid samplessuch as crystals, sometimes are dissolvec
a solvent an@dnalyzed in solution. Solvents, however, m
contain organic impurities that fluoresce and mask the sic
B=

of interest. Therefore, use higjuality, HPLCgrade
solvents. If background fluorescence persists, recrystal
the sample to eliminate organic iomties, and then dissolve
it in an appropriate solvent for analysis.

5.2.4 Biological &nples

For reproducible results, some samples may require -
additional treatment. For examppepteins, cell Remove jor change this metal spacers
membranes, and cells in solution need constant stirring

prevent settling. Other samples are temperagarsitive

and must be heated or cooled to ensure reproducibility in emission signals

5.3 Running a Scan on a Sample

5.3.1 Precautions with the Solilample Holder

Avoid placing the front face of the sample so that the excitat
beam is reflected directly into tleenission monochromatdf the
sample is rotated at 45° from excitation, this may occ
increasing interference from stray light. Instead, set up the sar
with a 30° or 60%angle to the excitation, preventing the excitatic 7 Emissiof
beam from entering the emission slifthe photograph at right Sy '
illustrates how a 66angle to the excitation keeps the incomir
excitation l i ght away fron
entrance.

Excitation monochromator

uoIssIWg

‘5,‘

N7l
L et 2
s ilonochr o

@Nm‘ex The focal point of the excitation beam must be on the sample itself.
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5.3.2 Use filteran the optical path.

Stray light from the excitation beam can interfere with the emission from the sample. To reduce the deleterious
effects of stray light, place a filténat removes excitation wavelengths from the emission beam in the emission
optical path. Here is an example of scans with and without filters on a FludtdMax using an unknown

white powderas the sample. A 347 nm band

pass filter allows 0n|y the desired excitation Emission scan of unknown inorganic white powder
reach the sample, while a lopass filter in the Nomallzad spectr

Increment = 1 nm
Integration time = 0.2 s
Excitation and emission slits = 6 nm bandpass

emission side lets only fluorescence, and 71
stray excitation into the detector. Notice how tl __ "
shape of the spectrum changkastically when
filters are added

(e}
M

[+
M

370 nm longpass filter in emission

\ /
AN

\347 nm bandpass filter in excitation;

£
M

Fluorescence intensity (10° cps
(5]

\KM\
N ~
2 ‘ . .
No filters RS .

in optical path RSN A

1 - _M"\N
Ternaaans s M%

’ 400 450 550 800 B50

500
Wavelength (nm)

5.4 Measuring the G Factor

Include the grating factor, db factor, whenever polarization measurements are takenGItagtor corrects

for variations in polarization wavelengthsponse for the emission optics and detec#dngre-calculatedG

factor may be used when all other experimental parameters are constant. In other cases, the system can measure
the G factor automatically before an experimental rGntactors are incorporated into the Anisotragnan

type:

1. Inthe FluorEssence toolhailick the Experiment Menu buttc@.

#=4 FluorEssence - C:\Users\Public\Documents\Jobin Yvon\Data\scohe m\UNTITLED

Eile Edit Wew Collect Analysis Graph Data Gadgets Tools Formab  Window  Help

D sl & B aBF@e k& +B8-3T RRE B DEES

M&E i R E ¢ B0 Ls [t B8 oveD 2 ®E e woFD By
The Fluorescence Main EXperiment Mappears' #=4 Fluorescence Main Experiment Menu
2. Click the Anisotropy button. Main Experiment Menu
Spectra Kinetics 3D
—~
Anisotropy Single Point Phos
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TheExperiment Type window appears. Eperlulznt 1Ty (%

3. Choose the type of Anisotropy experiment, then click the Next >> but

Ewperiment Type

g Emizsion

v Excitation
vz SinglePaint
vz Temperature
v Time

The Experiment Setupwvindow opens. To determine polarization e\
particular excitation/emission wavelengihirs, choose vs SinglePaint \

<< Back | |

=4 Fluorescence Division - Experiment Setup ( Anisotropy Acquisition[vs Single Point] )

MI General infarmation
Experiment
M ile Directomy
— Dflt&nizotropy_vs_SinglePoint. xml (23 Load | E Save | E Saveds .. |
Data Storage
* t Data Identifier: DftanGP
I, Anigotropy Acquisition]vs Single Point]
Signals
Select Polarization
Integration Time: | 0.1 5 Farmat
Enable| Signal Detector | Units HWW]| Correction| Blank Subtraction L Format (S Side] ~
51 5 CPS o5 O O
w [l R R Microamps B[] [ [ G Factor 1

Signal Algebra coumulations
Signal Details # | Operations Formulas

Anigotiopy Aunizatropy, +
Polarization Paolarizatio " Signal
S51_hh 5 signal 1 ; Palarization

S1_hw S gignal 1w w Anizotropy

: !

Formula Units

<{Clear
Statug
¢
Eull Disclosure Help Cancel
Trigasrs I Anizotropy Acquisition[vs Single Point]

4. Click the Detectors ican

This shows the parameters related to detedtackiding theG factor, in thePolarization area

5. Click the G Factor checkbaw include &G factorin your measurements

Activate the checkbox ONLY if you know th® factor. De-activate the checkbox if you want to
measure thé& factor.

6. Enter a value for th& factorin the field if you know and want to use a{oletermined value.

Note: For weak signals, enter the G factor, rather than measure it automatically. This
may improve the S/N.
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@NOI‘E.' For detailed information on the G factor, see the Polarizers Operation Manual.

5.5 Improving 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 determined largely by the stgrabise ratio{SN). This is true especially for
weakly fluorescing samples with loguantum yieldsThe signato-noise ratio can be improved by:

9 Using the appropriate integration time

1 Scanning a region several times and averaging the results,
1 Changing the bangassby adjusting the slit widthsaand

1 Mathematically smoothinthe data.

The sections that follow discuss the alternatives for improvingheratio and the advantages and
disadvantages of each.

5.5.1 Determining the Optimum IntegratiorinTe

The length of time during which photons are counted and averaged for each data point is referred to as the
integration time An unwanted portion of this signal comes from noise and dark counts (distortion inherent in
the signal detectaand its electronics when high voltage is applied). By increasing the integration time, the
signal is averaged longer, resulting in a bef#®. This ratio is enhanced by a factortdf, wheret is the
multiplicative increase in integration time. For example, doubling the integration time from 1 s to 2 s increases
the SN by over 40%, as shown below:

For an integration timef 1 second, For an integration timef 2 seconds,
S/N =t"? S/N =tY?
=1Y2 = 0l/2
=1 ° 1414

or approximately 42%.

Because&SN determines the noise level in a spectrum, use of the appropriate integratiaitimpertant for
high-quality results.

1. Find the maximunfluorescence intensity by acquiring a preliminary scan, using an integratioaftime
0.1 s and a bandpag&5 nm.
2. From this preliminary scan, note the maximum intensity, and select the appropriate integration time
from the table below.
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SIGNAL INTENSITY (COUNTS PER ESTIMATED INTEGRATION

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. The optimum integration time for other
measurements, such as time-base, polarization, phosphorescence lifetimes, and anisotropy,

Setintegration timehroughExperiment Setupfor a specific experiment, d&teal Time Control to
view the effects of different integration times on a spectrum. See the FluorBSsendiee help to
learn more about setting the integration time.

5.5.2 Scanning a Sample Multiplienigs

Scanning a sample more than once, and averaging the scans together, enh&fitds theneral, th&N
improves byn*?, wheren is the number of scans.
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1. Open theExperiment Setup window.

2. Choose the Detectors icon
3. Specify the number of scans, and how to handl#iple scans, in the Accumulations field

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

E =periment I General infarmation
E =periment
M Fie Directory
i DfitS pectralE mission, sml o Load = save & Saveas |
Drata Storage
> t Data |dentifier: DftEm
Comment: Spectral Acquisition[E mission]
Signalz
Select
@ Integration Time: |01 = [ Dark Offset
Enable Signal| Detector | Lnits HY[+] Correction Blank Subtraction
515 CPS o O
w 1 mi R Microsmps L] L]
Signal &lgebra Accumulations
f . Operations
Az DeEls Formulas 2| [stacked Seans v
51 S zignal 1 + o
A Signal Units :
r Awveraged Scans
1
< >
Formula Units Delay
Status
& | @ = B -
=
Full Dizclosure Help RTC Bun Cancel
Triggers I Spectral Acquisition[Emission]

See FluorEssenEe ortline helpfor detailed instructions regarding the detaryfields.

5.5.3 Using the Appropriate Wavelengticiement

Theincrement in a wavelength scan is the spacing, in nm, between adjacent data points. The spacing between
the data points affects the resolution of the spectrum, and total time for acquisition. Consider the required
resolution, time needed, and concerns abample photobleachinylost samples under fluorescence analysis
display relatively broathand emissions with a Lorentzian distributisn they do not require a tiny increment.

Common increments range from 0.28 nm, depending on the sample and slit. gkzérst try might be 0.51

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 fullvidth at halfmaximum (FWHM) of 20 nm, should be characterized withremlincrement

instead.

For timebased scans, the increment is the spacing in s or ms between data points. Here, the consideration is the
necessary timeesolution. The time increment dictates the total time per data point and smatinéen general.

Set this value to resolve any changes in the luminescence of samples as they react or degrade. Time increments
often range from 01120 s.
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Set increments in the Inc fieldnder Monosn the Experiment Setugvindow.

#=4 Fluorescence Division - Experic.ent Setup ( Spectral Acquisition[[Emission] )
Experiment | Gene
E wperiment
File Directorny
D1t petralE mission smi (23 Load | = save | Il savess |
Crata Storage
t Drata | dentifier. DEEm
& Spectral Acquisition[E mission]
Exrperiment Type Maonos
Excitation 1
@ [] tsctivate
whavelength  Park
nm 350
nm 5
Emission 1
Activabe & Set as Reference
Wavelength  Start End Inc
nm 2EE 480 1
Slit
nm 5
Status
& @ X D] -
E—4
Full Dizclosure Help RTC Bun Cancel
Triggers I Spectral Acquisition[E mizsion]

See the FluorEssenEeontline helpfor more information.

5.5.4 Selecting the AppropriateaBdpass

The bandpas@vavelength spread) affects the resolution of your spectra. If the bandpass is too broad, narrow
peaks separated by a small change in wavelength may be unresolved. For example,-fontpeaRs 5 nm
apart, and a bandpass of 10 nm, one broad peak,drftéso welltdefined ones, is visible.

By adjusting the slit widthsthe intensity and bandpastthe light is controlled. The slitsf the excitation
spectrometer determine the amount of light that passes through the excitation spectrometer to the sample. The

emission spectrometer slits control the amount of fluorescence recorded by the signal detector. Signal level is
proportional tahe square of the slit widtlthat is,

signal leveP (slit width)?

Bandpass is calculated using the following formula:
bandpasgnm) = slit width(mm) x dispersion (nm/mm)

A FluoroMax¥+, which has a singigrating monochromatand 1200 grooves/mm gratings, has a dispersion
of 4.25 nm/mm.
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For steadystate fluorescence measurements, set the entrance and ekié same for a monochromat¢rhis
occurs automatically when usingandpassunits in FluorEssenée.) For biological sampleshat may
photobleachedry narrowing the excitation slits and opening the emission slits wider.

5.5.5 Smoothingdata

Smoothingthe data improves the appearance of the spectrum. Smqahiage most pogirocessing

features, is handled by Oridin

1. Click the Analysistab on the main FluorEssenge

toolbar.
A drop-down menu appears.

File Edit “iew Collect Graph BEEREH

Uk s25E B

#=4 FluorEssence - C:\Docume) “s and Settings\All Users\Dq

Tools  Format  Window

2. Choose Smooth...

The Smooth window opens.

M Signal Processing: smooth

Dialog Theme ﬂ
Description  |Perform smoothing to iregular and noisy data.
Recalculate
Input FﬁraphB]‘I!‘l"B?' 4 Iqél }l
> | Method Savitzkp-Golay R \ f
Points of Window  [[11 N “_g
Boundary Condition
Polynomial Order

Output IﬁﬁraphS]‘Il‘I"BZ'

!

Preview |

Simple Math...

Baseline. ..

Smooth...

Calculus 4
Translate 4

Average
Interpolate/Extrapalate

Glue

50 Extract

Fit 3
Fit Comparison. ..
PostMCorreck

Pick Peaks

Ravleigh Masking

Quick. Polarization

Universalizer 4

104

a

1 OS5

— Bz
—— zmoohed

3. In the Input dropdown menuchoose thappropriate file to sn%

[] Asuta Preview Pleview/ 0K Cancel ﬁ
/

4. In the Method droflown menuchoose FFT FilteringfastFourier transform), Adjacent Averaging

or SavitzkyGolaysmoothing

5. Click the OK buttorto smooth the data.

See the oiline Origin® help for additional information regarding smoothutega.

In general, start with a-®r 11-point smooth for a timbase measurement. To select the proper number of
points for wavelengtscan types, first locate the area that requires smo@thisgally 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 largeuanber ofresults in the background being smoothed into the peak.
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5.6 Correcting Data

5.6.1 Introduction
Collecting accurate information about the fluorescent or phosphorescent properties of a sample depends upon
several factors:

1 Equipment specifications
1 Sample characteristics
9 Timing considerations.

To ensure that the spectra collected indicate the actual properties of the sample and not external conditions, data
often must be corrected. Torrectdata means to remove information from the data not directly related to the
properties of the sample. Gratingietectorsand other spectrometer components have response characteristics
that vary as a function of wavelength. These characteristics may be superimposed on spectra, thereby yielding
a potentially misleading trace. For accurate intensity comparisons, such esahoised for quanturyield
determinations, response characteristics must be eliminated. Supplied with the instrument are sets of excitation
and emission correction factais eliminate response characteristics. These!fileorrectand mcorregtare

included with the software.

@Nm‘a’ The excitation range is 2401 600 nm; the emission range is 2907 850 nm.

ITEMS THAT MAY BE CONVOLUTED INTO A WAYS TO REMOVE THESE ARTIFACTS
SPECTRUM
Fluctuations caused by the liggdurce Monitoring lamp output using the reference detectoraRd using
the signal ratio S/B® correct lamp profile or temporal fluctuation
Influence of the sample holder Running a blank scgwhich is then subtracted from the sample
scan)
System hardware (e.g., optics, detecjors Using radiometric correction factors

To use radiometric correction factpesther:

1 Select the ones supplied with the program, or
I Select a set generated at your facility during or after acquisition, discussed in the following section.
Acquiring radiometric correction factois explained in Chapter &roducing Correction Factors

Blank Subtractiorand Dark Offsefunctions are described in the-tine FluorEssende helpfiles.

! Filenames include a thréetter extension. For the sake of clarity, we have omitted the extensions in this
section.
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5.6.2 During Aquisition

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.

@Note: Before applying correction factors, HORIBA Scientific recommends subtracting the dark

counts, and the spectrum of the blank, from the data. See the on-line FluorEssenceE help
files for specific instructions.

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

1. Be sure the instrument configuratibas a layout that includes a correction ditsociated with the
appropriate detector.

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

ce - C:\Documents and Settings\All Users\Documents\Job

T Graph  Analysis Tools Format  Window  Help

Experiment Set ' ™ ek
b. Choose Advanced Setupthen PETInE 27 l G &S

Run Expetiment

System Configuratian
Real Time Control
Fun Batch Experiments

Advanced Sebun L Syskern Configuration

Swskem MNew Expetiment Syskem Relnitialization

System UL Reset
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The System Configuration windoappears:

#=4 System Configuration

Preferences I Freferences

Current Configuration Info
1D Fluoromax

D ezcription Fluoromax

Instrument Corection Files

GERE

|
Dretector koo Girating File
5 E zcitation 1 1200
J
Setup I
Common &rea Status
D evice: icrozscope with Stage r
Configuration: Fluoroma= [ Apply ] [ Cancel ]
Clear Configuration [Load Fram File] ’ Sawe To File ] [ Save b ] [ Cancel ] | ¢K |

c. Choose Preferencethen thdnstrument Correction Files icon
The Instrument Correction Files arg@ould display a correction fifer the Detecto(S or R). If not, click the
Insert buttonand browse for the desired correction file.

DETECTOR CORRECTION -FACTOR FILE NAME
S mcorrect
R xcorrect

2. Choose correction when setting up éxperiment.

a. In the Experiment Setup window, choose thdéetectorsicon to display the detectads

parameters. \

b. Click theCorrectioncheckboxfor the detector you want corrected.
In theSignal Algebraarea a signal cwi appappendeendting rrect
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==+ Fluorescence Division - Experiment Setup ( Spectral Acquisition[Emission] )

Experiment | General information
E xperiment
M File Directary
-— | [y Load | & save ‘ & savess . |

|DfItSpectraIEmission.me | |

Drata Starage
i Data Identifier DAtEm
Camment Spectral Acquisition[E mission]
Signals
Select

Integration Time: 3 ﬂk Offset

Enable| Signal| Detector | Units HV["@ Corectior@Elank Subtraction
15 CPS &5 |
O m 5 Microdmps | [l ]

ﬁignal Algebra Accumulations
Signal Details Operations Formulaz
51 S signal 1 = =
S1c 5 signal 1 Signal Uritz
51 CPS Cycles
Slc CPS
< |
Farmula Delay
Q |
Statuz
| g | @ m s -
Full Digclosure Help RTC Bun Cancel
Trigaers I SpectralAcquiswtion[E%sion]
c. Click the Add >> buttorto add the corrected signal to the Formulas table
The corrected signal appears in the Formulas table
d. Run the experiment with the corrected signal.
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5.6.3 After Acquisition
To apply the correction factoedter the data have been acquired, multiply the data file by the appropriate
correction factor file (mcorredor the Sdetector or xcorredbr the Rdetector).

1. Make sure the graph is open, and the trace to be corrected is active in tRéumr&ssence window.
2. Click the Analysistah.

#=4d FluprEssence - C:\Dociments and Settings\All Users\DocumentsiJobin ¥Yvon\Data\scohenl

File Edit Wiew Colleck Graph BEGENSEEN Tools Formak  Window Help
JJD | = E E Baseline. ..

Srnookh, ..

Calculus 3

Translate
Averags
Interpolatef/Extrapolate
30 Exkrack
Eit

Compare Dataseks, ..

Compare Models. ..

i Transpose, ..

10000 —| Conwverk ko Matrix >

B Pick Peaks

Irtenaty (Microwols)

Expeirment Info

Extrack Experiment File Ffrom MNokes

overlay Graphis)
Blank subtrack

iavelzngth (nm)

FPostMCarrect

Mormalize

Simple Math. ..

Favleigh Masking

Quick Polarization
absorbance | Transmission

wW'aker Raman Sir

A drop-down menu appea
3. Select HJY Tools

Another dropdown menwappears,
4. Select Simple Math...

TheHJY_simple_math window opens
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= HJY: HIY_simple_math S
Dialog Theme ﬂ Preview

Description
—aIGNAL_1

3000 —
raph |ﬂuorascain1 Onbd | D
Math Function
Operand | blarik im]

Keep Source Graphs 2000 -

1000

Intensity (Microvolts)

T T T T
Eiili) A00 =1uls] T00 ano

Wavelength (nm)

<«
The name of the chosen trace should appear in the GrapHffiedd, browse for it with therop-down

menu.
5. From Math Functiopselect multiply from the dredown menu

6. Browse for the appropriate correctitactor file in the Operand fielfincorrect  or xcorrect ).

You may also enter a numerical constant if you choose.
7. If you want to create a new graph, activate the Keep Source Graphs checkbox
If the Keep Source Graphs checkboxs inactive, the data in the current graph are overwritten.
8. Click the OK button
The trace that appears on the screen is a result of the mathematical operation, giving a corrected
spectrum.
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6 MAINTENANCE

6.1 Introduction

The FluoroMag Plus requires little maintenance. To remove dust and fingerprints, wipe the outside panels

with a clean, damp cloth. The lamp is the only component that must be replaced routinely. Regular examination

of the xenoAdamp scarand water Raman spectrtsner ves as early indicators of
Chapter3 for these tests.

6.2 Lamp Replacement

6.2.1 When to Replace theamp

Obtaining goodspectral results depends on the xenon laidgep track of lamp usage with the hour meter.

After 1200 1500 h of use, the lamp output decreases significantly, indicating that the lamp should be replaced.

A new lamp produces a peak intensity of 400 000 cps for a+Rat®an scgn when t he current |
drops below 100@00 cps, replace it. Replacing the lamp within the recommended time may prevent a
catastrophic failure. Each time the lamp is turned on constitutes one full hour of use. Therefore, HORIBA
Scientific suggesteaving the lamp on during brief periods of inactivity.

6.2.2 Parts and Toolsequired

The replacement xenon lamipd LI O1 SR Ay GKS YI ydzFl OGdzNBNDE 62Ed wSs
before removing the lamp from the protective cover, and inserting it into the Fluor6Ms.

Phillips screwdriver

0K OH I f f & £
Warning: Do not remove the protective cover from the

|
rken L replacement lamp until instructed to do so.

MK Yy LfftSy 1Se
dKcn lfftSy (1Se@

‘Wam/ng: Xenon lamps, by nature, are an explosion
hazard. Be sure that the power is off, and all AC (mains)
power is disconnected from the system. Read and
follow all the cautions below:
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6.2.3 Hazards

1 Xenonarc lampsre an explosion hazard. Wear explogimoof faceshield and protective clothing when
opening the lamp housing and handling the lamp.

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

1 The lamp remains extremely hot for approximately-bal 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 tizenages

Do not touch the focusing lens, bastatter mirror, or the surface of the lamp. Fingerprints will be burned

onto these surfaces when the lamp is ignited.

=A =4

6.2.4 Changing thedmp
1. Switch off and prepare the FluoroMaRIus.

a. Be sure that the FluoroM&% and the host computare turned off.
b. Remove the AC (mains) power cdrdm the FluoroMaX Plus.
c. Disconnect the USB cahleptional triggetbox cable power corgdand any other cables
attached to the spectrofluorometer.
2. Gently remove the sample mount from the front of th
FluoroMax® Plus.

The standard FluoroM&®Plus front is held via a friction!
fit, with no screws to remove. Some accessories req
removal of four screws. Some sample mounts also hay
15pin connector at the inside end for automates
accessories. | —
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3. Remove the lamp cover. '_,

a. With an Allen key remove the five screws
from inside the left wall of the sample
compartment

about 2 cm.

c. Lift the cover vertically off
the instrument.
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4. Remove the lanyhousing cover at the rear of th
instrument.

a. With a Phillips screwdriver loosen the
safety coverds scr ¢

b. Swing the safety cover out of the way.

c. Remove the three cap screws from thmp
housing cover.

d. Gently rotate the lampousing cover with its
cooling fans attached.
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e. Rotate the cover backwards, and sel

to the side of the instrument, so th
electrical connections are not straine
The lamp is held implace by spring
tension and the height adjustment
top of the lamp. The anode and catho
connections are attached to the la
via thumbscrews on top and bottom
the lamp.

5. Prepare the replacement lamp.

a. Place the new xenon lam(still in its protective cover) on top of the excitation

monochromatar

b. Remove the top half of the new | ampbs

6. Remove the old xenon lamp
a. While holding the metal anode (top

b. Press down against the spring action
Notice how the nipple faces away from the collection
mirror (not visible here behind the hand).

Cautfion. Improper connections to the

lamp severely affect lamp
performance and affect the power
supply. Carefully note the anode and
cathode connections to the lamp.
The anode (+) is on top; the cathode
(1) is on the bottom. The nipple on

portion of the lamp, loosen the heigl—’\
adjustment above L

Allen key, until the lamp is removable

the | ampbés gl ass
anode (+) side.
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c. Gently tilt the lamp away from the
top post.

d. Lift the lamp out of the lamp housing fa
enough to remove the anode and cathc
connections. -

e. Remove the thumbscrew at the ano
end (top) of the lamp, leaving the pg
exposed.

f. Remove the anode cable:

g. Remove the thumbscrew at the catho
end (bottom) of the lamp, leaving th
post exposed.

h. Remove the cathode cable.

7. Place the old lamp in the top protective co
from the new lamp.

8. Put the old lamp (in the top cover) in a safe place.

9. Attach connections to the new lamp.

a. Attach the cathode connection to the ney;
lamp, andsecure the connection with the

new lampos thumbs, \ Warning: Do not touch any

portion of the lamp except
the metal cathode and
anode.

b. Attach the anode connection to the new lamp, anu
secure the connection with t new | ampbs t
c. Recheck that the connections are correct.

10. Insert the new xenon lamp ’ﬂ—‘ l
a. Insert the new lamp in the bottom holder. Anode (+) f

b. Press the lamp down into the holder to compress the spt
c. Tilt and raise the anode end of the lamp into the top holc
d. Place the lamp so that the nipple on the gtasselope is
opposite the collection mirror.
e. Set the height adjustment, using thenjAlen key. Try to
return the new lamp to the approximate position of the «

lamp. e
A

Collection mirror

11. Replace the safety cover and latngusing cover.

12. Replace the three screws on the lamopising cover.
13. Reconnect all cablepower, accessories, etc.) to the Fluorofa
Plus.
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@Note: Do not replace the FluoroMax® Plus cover until the lamp is correctly adjusted.

6.2.5 Adjusting the New Xenomup

There are two choices after lamp installation:

T Let t he |,atmpunfids @h before adjustment of its position.
1 Set the coarse lamp adjustments immediately. Aftehdérriin, set the fine adjustments.

For lamp replacement, the major adjustment is to optimize the height screw that was loosened to remove the
old xenon lamp

1. With the lamp cover still removed, turn on the FluoroRBRkus.

G

‘Caut/on: Intense ultraviolet, visible, or infrared light may be present when the lamp cover is

open, so wear eye- and skin-protection, such as light-protective goggles and light-blocking
clothing.

s

Insert a clean cuvetfdled with de-ionized watein the sample compartment

With the room lightoff and ambient stray light minimized, acquire a xetamp scarand water
Raman scaras explained in Chapt8ar

wnN
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Yes Is the peak No
v
400000 cps?
No further adjustment is necessary.
¢ Adjust the lamp: Continue with

Replace the lamiousing cover. the procedure below.

Replace the FluoroM&®lus cover.

A 4

STOP.

The FluoroMaXPlus is ready for

This should confirm that the instrument is roughly calibrated.

4. OpenReal TimeControl
a. Move the excitation monochromatir 350 nm, and the emission monochromator to 397
nm.
b. Set the slitdo 5-nm bandpass
c. Open the excitation shuttand emission shutter.
d. Set the integration tim 0.5 s.
5. Adjustthe xenonlanips posi ti on.

There are three adjustments to optimize the lamp position:
Focus P .

ADJUSTMENT ALLEN KEY REQUIRED —
Tilt and
Focus OKOH
Tilt and Center hkcn Center
Height MK Y

a. Slowly work each adjustment to optimiz
the signal.
At maximum signal (> 40000 cps, depending upon th J
spectrometer), the lamp is optimized. |
b. Remove the Allen keys. ’

6. Acquire another water Raman scan

a. Use the same parameters as in 8tep
b. Note the peak intensity.
c. Use the flowchart below
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Yes Is the signal No
within

specification

A 4

No further adjustment is
necessary.

A

Continue to adjust the
screws, to improve the
water Raman signal.

A 4
Replace théamp-housing cover.
Replace the FluoroM&®Plus cover.

After repeated
adjustments, is
the signal still
low?

A 4

STOP.

The FluoroMa%Plus is ready for Yes
Yy

Go toChapter 7: Troubleshooting

6.3 Electronics

In case of the rare chance of system failure, this section is provided to help the user understand the electronics
components.

‘Caution: The information in this section does not constitute permission
to adjust, manipulate, or remove any electrical or other components

in the FluoroMax® Plus. This information is provided for reference
purposes only. Contact the Service Department in case of system
failure or suspected failure, before attempting repairs or testing with
meters.

DO NOT ATTEMPT ANY REPAIRS OR INSTRUMENT
EVALUATION WITHOUT THE EXPRESS PERMISSION OF THE
SERVICE DEPARTMENT.
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6.3.1 Xeron-Lamp Power &ply

The xenon lam@ s p o w ehas ascappcpiyl ofy180 W, and is found in the center back of the instrument. In
order to suppress the emf spike emitted from the | a
several thousand vofisthis contains specialized line filters.

The power supplys preset at the factory for the corret
current and voltage to supply the xenon lamth 150 =
W. Poor lamp performance or difficulty maintaining £
stable lamp arc may be the result of an improperly =
power supply. Contact Fluorescence Service for me.
details.

6.3.2 Monochromator Drives and Accessoontollers

The monochromatodrives, drive electronics, and accessory electronics are found on the underside of the
optical platform. Electrical connections for the emission detactdthe basic systemiectronics for AGpower
conversion are also underneath the instrument.

To gain access to the drive electronics, remove the bottom cover of the instrument. Remove all screws on the
bottom cover except those that attach the dust screens for the exhaust fans. The leveling feet do not need to be
removed before detaching the battgover:

There is a J400906ontrol boardunderneath the instrument, which controls the drives, slitatter and
automated accessories in the monochrorsafidtis board also controls options such as a sample changer
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‘Caution: The information in this section does not constitute permission to
adjust, manipulate, or remove any electrical or other components in the
FluoroMax® Plus. This information is provided for reference purposes only.
Contact the Service Department in case of system failure or suspected
failure, before attempting repairs or testing with meters.

DO NOT ATTEMPT ANY REPAIRS OR INSTRUMENT EVALUATION
WITHOUT THE EXPRESS PERMISSION OF THE SERVICE

DEPARTMENT.

6.4 Updating the FluoroMax® Plus Firmware

Turn on the host PC
Insert the installation CD into the CD or DVD drive in the host PC

wN e

directory, find the HJYUpdatsubdirectory

4. In the HJYUpdatesubdirectory doubleclick on HJYUpdate2.4.exe

update.

The console windowappears, asking you to choose which device:

Using Window$ Explorer, find the Utilitiesdirectoryin the installation CD. Inside the Utilities

to start theFirmware

B CATemp\HJYUpdate\HJYUpdate2.4.exe
HORIBA Jobin Ywvon firmuware Update Utility
Uersion 2.4

Device Current Uerszion Serial Number

USE FluoroMaxd - S~M 65535

Refresh List
QUIT Update

Fleaze Select The Device to Be Updated

5. Choose option to update the FluoroM&Plus with USB poraind currenfFirmwareversion 1.00.

The console asks you which choice: (1) updrateware or (2) exit:

FluoroMax® Plus & FluoroMax® Fudser manual
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\emp\H/YUpdate\HYUpdate2.4.exe

HORIBA Jobin Yvon firmuware Update Utilitwy
Uersion 2.4

Current Uersion Berial Number

8-H 65535

USB FluoroMaxd

[ 11 Update Firmuware
[ 21 Exit Program

Enter Selection

6. Choosel to update thé&irmware

The console asks you to confirm this choice:

HORIBA Jobin Yvon firmuware Update Utility
Uersion 2.4

You've Selected to Update < FluoroMax4 . 1.88 >

Is This Correct ¥ [Y-M]

7. EnterY to confirm updating th&irmware

The console asks you to choose Eirenware

HORIBA Jobin Yvon firmware Update Utility
Uersion 2.4

Selected Device: FluoroMaxd Uerzion 1.88

FluoroMax4_ 1 .@_iic 1.08
QUIT UPDATE

8~M 5-H 65535
11-18-2818

Select File to Use For Update
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8. Enterl for FirmwareFluoroMax4_1.0.iic

The console asks you to confirm that the mémnwareversion is 1.01:

9. EnterY to confirm this.

The software updates tRermware When complete, the console prompts you to press any key to close
the program:

10. Switch off the FluoroMaXk Plus for about 10 seconds, and then switch it back on to load the
Firmwareinto the instrument.
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