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0 INTRODUCTION   

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

State-of-the-art optical components Both the FluoroMax® Plus 

and FluoroMax® Plus-P are self-contained, fully automated 

spectrofluorometer systems. Data output is viewed on a PC, 

while printouts may be obtained via an optional plotter or 

printer. The FluoroMax® Plus series includes an optional 

second detector to extend working wavelength range or speed. 

Aside from this difference in hardware, the operation of the 

FluoroMax® Plus is identical to the FluoroMax®-4. All 

FluoroMax® Plus and FluoroMax® Plus-P functions are under 

the control of FluorEssenceÊ spectroscopy software.  

The main parts of the FluoroMax® Plus and FluoroMax® Plus-

P spectrofluorometer systems are: 

¶ State-of-the-art optical components 

¶ A personal computer 

¶ FluorEssenceÊ for Windows®, the driving software. 

 

The difference between the FluoroMax® Plus and FluoroMax® Plus-P is that the FluoroMax® Plus-P contains a 

phosphorimeter for 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 FluorEssenceÊ, refer 

to the FluorEssenceÊ Userôs Guide (especially regarding software installation) and the on-line help for Origin® 

and FluorEssenceÊ, which accompany the system. 

 

 

 
What is an Absorbance or % Transmittance Spectrum? 
The absorption of light is fundamental to understanding both absorbance, transmittance, and photoluminescence 

spectroscopy.  The Beer-Lambert law states that the optical density, or Absorbance (A) of a solution is 

proportional to the molar extinction coefficient, (ắ M-1cm-1), the path length of the cuvette or cell, b (cm) and 

the concentration, c (mol/L). The absorbance is also calculated by knowing the transmittance, T of the solution.  

ὃ ὰέὫὝ ‐ὦὧ 

Equation 1: Beer-Lambert 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 the sample to the incident light through a cuvette of a blank solvent. This measured 

Note:  Keep this and the other reference manuals near the system. 
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blank signal is called I0.  To calculate the transmission of the sample, T, we can use the other part of the derived 

Beer-Lambert Law below: 

Ὕ   and %T = T*100% 

Equation 2: Transmittance (T) of a solution 

 

How is Absorbance or Transmittance Measured? 
To measure the Absorbance or % 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 blank cuvette. Scan 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 A1 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 and % Transmittance spectra by inputting the sample and blank 

spectra.  

 

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.  

 



Page 9 of 226 
FluoroMax® Plus & FluoroMax® Plus-P User manual 
Rev G (August 2024)     

 

 

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 compounds are published 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 spectra can also be used to correct for inner-filter 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 excitation wavelength is fixed, and the emission wavelength is scanned for a 

single channel detector (i.e., PMT or IGA) or collected with a CCD to get a plot of intensity vs. emission 

wavelength.  Fluorescence is a type of photoluminescence, which is broadly defined, is emission of photons by 

a molecule or molecules. There are other types of photoluminescence such as chemiluminescence and 

electroluminescence. 

 

A fluorescence excitation spectrum is when the emission wavelength is fixed, 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 analogous to absorbance spectrum but a 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 spectra for a given fluorophore are mirror images of 

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

excitation or absorbance spectrum.  

 

 

Figure 1: 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 and/or 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 fluorophores are also sensitive to solvent 

environment properties such as pH, polarity, and certain ion concentrations. 
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What is the Jablonski Diagram? 

Figure 2 is showing the Jablonski diagram (Jablonski, 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 wavelengths, where the 

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 the time 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, 

quenching by other molecules, temperature, pH, local polarity, aggregation, or 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 non-radiative deactivation processes that compete with fluorescence: internal 

conversion from the lowest singlet excited to the ground state and intersystem crossing 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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Figure 2: The Jablonski Diagram of molecular absorbance and fluorescence 

What is Phosphorescence? 
Phosphorescence is a process where the photon is emitted, 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 

longeréminutes or hours. A pulsed source is typically used, such as a flash lamp or LED to 

measure phosphorescence spectra and decays on these longer time scales.  

 

Figure 1: Jablonski diagram for Phosphorescence emission 
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Phosphorescence measurements use a longer-lived pulsed 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 sub microseconds for some molecules, to seconds or even hours for long-

lived phosphors.   In a phosphorescence lifetime experiment using the box-car method, the xenon flash 

lamp is set to a flash rate, number of flashes, and an integration window is set.  The sample window is 

integrated over the total decay window of the phosphorescence lifetime incrementally and each 

integrated data point is added to the acquired graph as the acquisition proceeds.  For more information 

on Phosphorescence Methods, see Chapter 9 of this manual.  

 

More information available at www.horiba.com/fluorescence.  

 

References 

Jablonski, A. (1933). Efficiency of Anti-Stokes Fluorescence in Dyes. Nature, 131, 839-840 

 

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 all-encompassing; there may be local issues (in your environment) not addressed in 

this document that you may need to address, and there may be issues or procedures discussed that may not 

apply to your situation. 

 

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

and your actions and all resulting consequences. If you rely on the information contained in this document, you 

are responsible for: 

¶ Adhering to safety procedures 

¶ Following all precautions 

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

 

As a condition of purchase, you agree to use safe operating procedures in the use of all products supplied by 

HORIBA Instruments Incorporated, including those specified in the MSDS provided with any chemicals and 

all warning and cautionary notices, and to use all safety devices and guards when operating equipment. You 

agree to indemnify and hold HORIBA Instruments Incorporated harmless from any liability or obligation 

http://www.horiba.com/fluorescence
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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 have expanded HORIBA Instruments Incorporatedôs liability for the products. 

 

HORIBA Instruments Incorporated products are not intended for any general cosmetic, drug, food, or household 

application, but may be used for analytical measurements or research in these fields. A condition of HORIBA 

Instruments Incorporatedôs acceptance of a purchase order is that only qualified individuals, trained and familiar 

with procedures suitable for the products ordered, will handle them. Training and maintenance procedures may 

be purchased from HORIBA Instruments Incorporated at an additional cost. HORIBA Instruments Incorporated 

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

 

Due to HORIBA Instruments Incorporatedôs efforts to continuously improve our products, all specifications, 

dimensions, internal workings, and operating procedures are subject to change without notice. All specifications 

and measurements are approximate, based on a standard configuration; results may vary with the application 

and environment. Any software manufactured by HORIBA Instruments Incorporated is also under constant 

development and subject to change without notice. 

 

Any warranties and remedies with respect to our products are limited to those provided in writing as to a 

particular product. In no event shall HORIBA Instruments Incorporated be held liable for any special, 

incidental, indirect or consequential damages of any kind, or any damages whatsoever resulting from loss of 

use, loss of data, or loss of profits, arising out of or in connection with our products or the use or possession 

thereof. HORIBA Instruments Incorporated is also in no event liable for damages on any theory of liability 

arising out of, or in connection with, the use or performance of our hardware or software, regardless of whether 

you have been advised of the possibility of damage. 

 

0.2.1 For Laser Radiation 
The FluoroMax® Plus is certified as a CLASS  1 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 instrument can incorporate a variety of certified laser systems up to and including a Class 4 laser system 

which, by itself, may be hazardous. However, the design of the FluoroMax® Plus includes 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 CIRCUMSTANCE shall attempts be made to operate the laser system with safety interlocks 

bypassed or portions of the protective housing removed. 

Contact HORIBA service if the incorporated laser system requires bypass of its internal interlocks.  ONLY 

trained HORIBA service personnel are authorized.  The laser manufacturerôs user manual is supplied with this 

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 removed.  Discontinue use AND contact 

HORIBA service immediately if any parts of the protective housing, mechanical 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 60825-1:2014 Safety of Laser Products - Part1: Equipment Classification and 

Requirements  

b. Code of Federal Regulations Title 21: Food and Drugs - Part 1040: Performance 

Standards For Light-Emitting Products Section1040.10 Laser products and 1040.11 

Specific-purpose Laser Products (FDA CDRH), except for deviations pursuant to 

specific FDA guidance documents. 
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0.3 Safety Summary 
The following general safety precautions must be observed during all phases of the operation of this instrument. 

Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety 

standards of design, manufacture and intended use of instrument. HORIBA Instruments Incorporated assumes 

no liability for the customerôs failure to comply with these requirements. Certain symbols are used throughout 

the text for special conditions when operating the instruments: 

 

 

A WARNING notice denotes a hazard. It calls attention to an operating procedure, 

practice, or similar that, if incorrectly performed or adhered to, could result in 

personal injury or death. Do not proceed beyond a WARNING notice until the 

indicated conditions are fully understood and met. HORIBA Instruments 

Incorporated is not responsible for damage arising out of improper use of the 

equipment. 

 

 

A CAUTION notice denotes a hazard. It calls attention to an operating procedure, 

practice, or similar that, if incorrectly performed or adhered to, could result in 

damage to the product. Do not proceed beyond a CAUTION notice until the 

indicated conditions are fully understood and met. HORIBA Instruments 

Incorporated is not responsible for damage arising out of improper use of the 

equipment. 

 

Ultraviolet light! Wear protective goggles, full-face shield, skin-protection 

clothing, and UV-blocking gloves. Do not stare into light. 

 

Intense laser, ultraviolet, visible, or infrared light! Wear light-protective goggles, 

full -face shield, skin-protection clothing, and light-blocking gloves. Do not stare 

into light. 

 

 

Extreme cold! Cryogenic materials must always be handled with care. Wear 

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

clothing, and protective gloves. 

 

 

Risk of electric shock! This symbol warns the user that un-insulated voltage within 

the unit may have sufficient magnitude to cause electric shock. 

 

 

Danger to fingers! This symbol warns the user that the equipment is heavy and can 

crush or injure the hand if precautions are not taken. 

 

 

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

certain equipment. 

 

 

Hot! This symbol warns the user that hot equipment may be present and could 

create a risk of fire or burns. 

 

 

 

Read this manual before using or servicing the instrument. 

 

 

 

Wear protective gloves. 



Page 18 of 226 
FluoroMax® Plus & FluoroMax® Plus-P User manual 
Rev G (August 2024)     

 

 

 

Wear appropriate safety goggles to protect the eyes. 

 

 

 

Wear an appropriate face-shield to protect the face. 

 

 

General information is given concerning operation of the equipment. 

 

0.4 Risks of Ultraviolet Exposure 

 

Do not aim the UV light at anyone. 

Do not look directly into the light. 

Always wear protective goggles, full-face shield and skin protection clothing and gloves when using 

the light source. 

 

¶ Light is subdivided into visible light, ranging from 400 nm (violet) to 700 nm (red); longer 

infrared, ñabove redò or > 700nm, also called heat; and shorter ultraviolet radiation (UVR), 

Note:   

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: 

¶ Immediate painful sunburn 

¶ Skin cancer 

¶ Eye damage 

¶ Immune-system suppression 

¶ Premature aging 
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ñbelow violetò or < 400nm. UVR is further subdivided into UV-A or near-UV (320ï400 nm), 

also called black (invisible) light; UV-B or mid-UV (290ï320 nm), which is more skin 

penetrating; and UV-C or far-UV (< 290 nm). 

 

¶ Health effects of exposure to UV light are familiar to anyone who has had sunburn. However, 

the UV light level around some UV equipment greatly exceeds the level found in nature. Acute 

(short-term) effects include redness or ulceration of the skin. At high levels of exposure, these 

burns can be serious. For chronic exposures, there is also a cumulative risk of harm. This risk 

depends upon the amount of exposure during your lifetime. The long-term risks for large 

cumulative exposure include premature aging of the skin, wrinkles and, most seriously, skin 

cancer and cataract. 

 

¶ Damage to vision is likely following exposure to high-intensity UV radiation. In adults, more 

than 99% of UV radiation is absorbed by the anterior structures of the eye. UVR can contribute 

to the development of age-related cataract, pterygium, photodermatitis, and cancer of the skin 

around the eye. It may also contribute to age-related macular degeneration. Like the skin, the 

covering of the eye or the cornea, is epithelial tissue. The danger to the eye is enhanced by the 

fact that light can enter from all angles around the eye and not only in the direction of vision. 

This is especially true while working in a dark environment, as the pupil is wide open. The 

lens can also be damaged, but because the cornea acts as a filter, the chances are reduced. This 

should not lessen the concern over lens damage however, because cataracts are the direct result 

of lens damage. 

 

Burns to the eyes are usually more painful and serious than a burn to the skin. Make sure your eye 

protection is appropriate for this work.  

NORMAL EYEGLASSES OR CONTACTS OFFER VERY LIMITED PROTECTION!  

 

0.5 Training 
For the use of UV sources, new users must be trained by another member of the laboratory who, in the 

opinion of the member of staff in charge of the department, is sufficiently competent to give instruction 

on the correct procedure. Newly trained users should be overseen for some time by a competent person. 

 

Caution: UV exposures are not immediately felt. The user may 

not realize the hazard until it is too late, and the damage is 

done. 
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0.6 Additional Risks of Xenon Lamps 

 

Among the dangers associated with xenon lamps are: 

¶ Burns caused by contact with a hot xenon lamp. 

¶ Fire ignited by hot xenon lamp. 

¶ Interaction of other nearby chemicals with intense ultraviolet, visible, or infrared radiation. 

¶ Damage caused to apparatus placed close to the xenon lamp. 

¶ Explosion or mechanical failure of the xenon lamp. 

 

Visible Radiation 
Any very bright visible light source will cause a human aversion response: we either blink or turn our head 

away. Although we may see a retinal afterimage (which can last for several minutes), the aversion response 

time (about 0.25 seconds) normally protects our vision. This aversion response should be trusted and obeyed. 

NEVER STARE AT ANY BRIGHT LIGHT SOURCE FOR AN EXTENDED PERIOD. Overriding the 

aversion response by forcing yourself to look at a bright light-source may result in permanent injury to the 

retina. This type of injury can occur during a single prolonged exposure. Excessive exposure to visible light can 

result in skin and eye damage. 

 

Visible light sources that are not bright enough to cause retinal burns are not necessarily safe to view for an 

extended period. In fact, any sufficiently bright visible light source viewed for an extended period will 

eventually cause degradation of both night and color vision. Appropriate protective filters are needed for any 

light source that causes viewing discomfort when viewed for an extended period of time. For these reasons, 

prolonged viewing of bright light sources should be limited by the use of appropriate filters. 

 

The blue-light wavelengths (400ï500 nm) present a unique hazard to the retina by causing photochemical 

effects similar to those found in UV-radiation exposure. 

 

Infrared Radiation 
Infrared (or heat) radiation is defined as having a wavelength between 780 nm and 1 mm. Specific biological 

effectiveness ñbandsò have been defined by the CIE (Commission Internationale de lôEclairage or International 

Commission on Illumination) as follows: 

 

Å IR-A (near IR) (780ï1400 nm) 

Å IR-B (mid IR) (1400ï3000 nm) 

Å IR-C (far IR) (3000 nmï1 mm) 

 

The skin and eyes absorb infrared radiation (IR) as heat. Workers normally notice excessive exposure through 

heat sensation and pain. Infrared radiation in the IR-A that enters the human eye will reach (and can be focused 

upon) the sensitive cells of the retina. For high irradiance sources in the IR-A, the retina is the part of the eye 

Warning: Xenon lamps are 

dangerous. Please read the 

following precautions. 
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that is at risk. For sources in the IR-B and IR-C, both the skin and the cornea may be at risk from ñflash burns.ò 

In addition, the heat deposited in the cornea may be conducted to the lens of the eye. This heating of the lens is 

believed to be the cause of so called ñglassblowersò cataracts because the heat transfer may cause clouding of 

the lens. 

 

¶ Retinal IR Hazards (780 to 1400 nm): possible retinal lesions from acute high irradiance exposures to 

small dimension sources. 

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

exposures. 

¶ Corneal IR Hazards (1900 nm to 1 mm): possible flash burns from acute high irradiance exposures. 

 

Who is likely to be injured? The user and anyone exposed to the radiation or xenon lamp shards as a result of 

faulty procedures. Injuries may be slight to severe. 

 

 

0.7 Compliance Information 
 

0.7.1 CE Declaration of Conformity 
The FluoroMax® Plus spectrofluorometer is tested for compliance with both the EMC Directive 89/336/EEC 

and the Low Voltage Directive for Safety 73/23/EEC and bears the international CE mark as indication of this 

compliance. HORIBA Instruments Incorporated guarantees the product lineôs CE compliance only when 

original HORIBA Instruments Incorporated supplied parts are used. 

 

Manufacturer: HORIBA Instruments Inc. 

Address: 20 Knightsbridge Rd, Piscataway, NJ 08854 USA 

Authorized Rep: 
Address: 

Pascal Contini 
16-18 rue du Canal, 91165 Longjumeau Cedex, France 

Product Name: FluoroMax 

Model Name: 
Consisting of 
Combinations 
of the Following: 
 
 
 

FluoroMax 4 
FluoroMax 4P 
FluoroMax 4NIR 
FluoroMax 4PNIR 
FluoroMax Plus 
FluoroMax PlusP 
FluoroMax 4C 

FluoroMax 4CP 
FluoroMax 4CNIR 
FluoroMax 4CPNIR 
FluoroMax PlusC 
FluoroMax Plus CP 

Safety: EN 61010-1: 2010 (3rd Edition) 
EMC: EN 61326-1: 2013 (Emissions & Immunity) 
RoHS EN 50581: 2012 

 

0.7.2 Supplementary Information 

¶ The product herewith complies with the requirements of the Low Voltage Directive 2014/35/EU and 

the EMC Directive 2014/30/EU. 

¶ The CE marking has been affixed on the device according to Articles 16 and 17 of the EMC Directive 

2014/30/EU. 

¶ The product herewith complies with the RoHS Directive 2011/65/EU. 
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¶ The technical file and documentation are on file with HORIBA Instruments Inc. 
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0.7.3 UKCA Declaration of Conformity 
 

Manufacturer: HORIBA Instruments Incorporated 

Address: 20 Knightsbridge Road 
 Piscataway, New Jersey 08854-3913 USA  
Authorized Rep: 
Address: 
 
 

HORIBA UK Limited 
Kyoto Cl, Moulton Park  
Moulton Park Industrial Estate,  
Northampton NN3 6FL, United Kingdom 

Product Name: FluoroMax 
Part Numbers: 
 

FluoroMax 4 
FluoroMax 4P 
FluoroMax 4NIR 
FluoroMax 4PNIR 
FluoroMax Plus 
FluoroMax PlusP 

FluoroMax 4C 
FluoroMax 4CP 
FluoroMax 4CNIR 
FluoroMax 4CPNIR 
FluoroMax PlusC 
FluoroMax Plus CP 

The above listed product(s) Conform to the following Statutory Requirements and Designated 
Standards: 

UK SI 2016 No. 1101 
and amendments: 

Electrical Equipment (Safety) Regulations  
EN 61010-1: 2010 (3rd Edition) 

UK SI 2016 No. 1091 
and amendments: 

Electromagnetic Compatibility Regulations  
EN 61326-1 (Emissions & Immunity) 

UK SI 2012 No. 3032 
and amendments: 

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 of the Manufacturer. 

 

23rd September 2022______                                                                               

Date of issue 
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0.7.5 Applicable CE and UKCA Compliance Tests and Standards 

Test Standards 

Emissions, Radiated/Conducted EN 55011:2009 + A1:2010 

Radiated Immunity EN 61000-4-3: 2006 + A1:2008 + A2:2010 

Conducted Immunity EN 61000-4-6: 2009 

Electrical Fast Transients EN 61000-4-4: 2004 + A1:2010 

Electrostatic Discharge EN 61000-4-2: 2009 

Voltage Interruptions EN 61000-4-11: 2004 

Surge Immunity EN 61000-4-5: 2006 

Magnetic Field Immunity EN 61000-4-8: 2010 

Harmonics EN 61000-3-2: 2006 + A1:2009 + A2:2009 

Flicker EN 61000-3-3: 2008 

Safety EN 61010-1: 2010 (3rd 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 userôs responsibility to dispose of waste of waste equipment according to local laws. The separate 

collection and recycling of the waste 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 recycling, please contact your local HORIBA 

Scientific representative. 
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1 REQUIREMENTS & INSTALLATION  

1.1 Safety Training Requirements 
Every user of the FluoroMax® Plus and FluoroMax® Plus-P must know general and specific safety procedures 

before operating the instrument. For example, proper training includes (but is not limited to): 

¶ Understanding the risks of exposure to ultraviolet, visible, and infrared light, and how to avoid unsafe 

exposures to these types of radiation 

¶ Handling xenon-lamp bulbs, and their dangers 

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

 

Safety training may be purchased from HORIBA Scientific. Contact your Sales Representative or the Service 

Department for details. 

 

1.2 Surface Requirements 
¶ A sturdy table- or bench-top 

¶ Surface must hold 90 kg (200 lbs.). 

¶ Surface should be about 27ǌ Ĭ 72ǌ (69 cm Ĭ 183 cm) to hold spectrofluorometer, computer, and 

accessories comfortably. 

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

 

1.3 Environmental Requirements 
¶ Temperature 59ï86°F (15ï30°C) 

¶ Maximum temperature fluctuation ± 2°C 

¶ Ambient relative humidity < 75% 

 

 
 

¶ Low dust levels 

¶ No special ventilation 

 
 

 

Caution: Excessive humidity can damage the optics. 

Caution: For adequate cooling, do not cover, block, or 

obstruct the vents on the left side and underside of the 

instrument. 
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1.4 Electrical Requirements 
The FluoroMax® Plus series operates from universal AC single-phase 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 a two-pole fusing power entry 

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

250 V, Time Delay fuses (Cooper Bussman part number GDC-4A or equivalent) to protect against line 

disturbances or anomalies outside the systemôs normal operating range. 

Have enough outlets available for: 

¶ Host computer (PC) 

¶ Monitor 

¶ Optional printer 

¶ FluoroMax® Plus or FluoroMax® Plus-P 

¶ Special power supplies for the second detector 

¶ Each of certain accessories, such the MicroMax, temperature bath, etc. 

 

                  

 
 

  

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. 

Warning: 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 FluoroMax® 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, cables, software, 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 below. To avoid excessive moving and handling, the equipment should 

be unpacked as close as possible to the selected location. 

 

 

 

1.5.2 FluoroMax® Plus Series Carton Contents 
 

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 wrenches (Allen keys) 5500053057 

1 Single-cell sample-holder 5500450423 

1 Power cord (110 V) 

                     (220 V) 

5500098015 

5500098020 

1 FluorEssenceÊ software package 5500000154 

 

 

 

 

 

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. 

Caution: The spectrofluorometer system is a delicate instrument. 

Mishandling may seriously damage its components. 



Page 28 of 226 
FluoroMax® Plus & FluoroMax® Plus-P User manual 
Rev G (August 2024)     

1.5.3 Directions 

1.5.3.1 Unpack and set up the FluoroMax® Plus 
 

Carefully open the FluoroMax® Plus shipping carton. 

Remove the foam-injected top piece and any other shipping restraints in the carton. 

With assistance, carefully lift the instrument from the carton, and rest it on the side of the laboratory 

bench where the system will stay. 

 

 
 

 

 
 

 

Place the instrument in its permanent location. 

Level the spectrofluorometer. Adjust the four leveling feet on the bottom 

of the instrument. 

Inspect for previously hidden damage. Notify the carrier and HORIBA 

Scientific if any is found. 

Check the packing list to verify that all components and accessories are 

present. 

Plug one end of the power cord into the proper receptacle on the right side 

(while facing the unit) of the spectrofluorometer. 

 

 
 

 

 

Plug one end of the USB cable into the USB receptacle. 

With an optional trigger accessory, plug one end of the trigger cable into the TRIGGER connector on 

the FluoroMax® Plus. Allow the unconnected ends of the cables to dangle freely; 

they will be connected in later steps. 

Caution: Heavy Lifting Hazard! 

Caution: Watch your Fingers! 
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1.5.3.2 Set up the computer 
 

The information gathered by the spectrofluorometer system is displayed and controlled through the host 

PC via FluorEssenceÊ software. The host PC may be purchased from HORIBA Scientific or another 

supplier. 

 

Set up the host PC reasonably close to the FluoroMax® Plus system. The limitation is the length of the 

USB cable. The recommended location for the PC is just to the right of the 

spectrofluorometer, but other positions are possible.ô 

Follow the instructions for the host PC to set up the computer system, including the CPU, monitor, 

keyboard, mouse, speakers, printers, etc. 

 

1.5.3.3 Install the FluorEssenceÊ software 
 

The spectrofluorometer system is controlled by FluorEssenceÊ spectroscopy software operating within 

the Windows® 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. See the minimum host computer requirements listed in section 11 or Contact a HORIBA 

Scientific Sales Representative for recommended specifications for a suitable host computer. 

 

Before the FluorEssenceÊ software can be installed, however, Windows® must be installed already 

and operating properly. Refer to the Windows® manual that came with the computer for installation 

instructions. 

 

The FluorEssenceÊ software is supplied on a USB memory stick.  

 

1.5.3.4 Connect the FluoroMax® Plus to the computer 
 

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

b. With all devices OFF, plug the power cords from the monitor, computer, FluoroMax® Plus, and the 

printer into properly grounded (earthed) receptacles. 

c. Install any accessories that arrived with the system, using the instructions that accompany the 

accessories. See Chapter 12 for a detailed list of accessories. 

  

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

A USB dongle is supplied with FluorEssenceÊ. This dongle (license) must be 

connected to the host PC before FluorEssenceÊ will operate. 
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1.5.3.5 Users Outside of the USA: 
 

Users outside the USA receive a softkey device that 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. 

 

 

 

1.6 Software Emulation 
Emulating the FluorEssenceÊ software means letting the computer act as though the FluoroMax® Plus is 

properly connected, even if it is not. 

1. Disconnect the communications cable from the host computer to the FluoroMax® Plus. 

2. Double-click the FluorEssence icon to start FluorEssenceÊ. 

 

 
  

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

Note: Be sure the FluorEssenceÊ USB key is inserted into a free USB port on the host 

computer. Without the key, FluorEssenceÊ will not run properly, even in emulation 

mode. 
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The main FluorEssence window opens:   

   

 

3. Click the Experiment Menu button  to open a hardware configuration. 

 

 

The Select Hardware Configuration window opens.  

4. Choose the desired instrument you wish to emulate. 

 

 

 
 

Click Ok button. 

Note: All FluoroMax+ instruments have an 

R928P, plus only ONE of the other possible 

configurations shown here. 
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The System Initialization Process 

window opens: 

 

Under the Status column, warning 

symbols appear for the hardware 

devices, noting that they were Not 

Found. Thus FluorEssenceÊ 

chooses the Emulate radio button as 

the default action for each device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Click the Next>> button. 

The Fluorescence Main Experiment Menu appears. FluorEssenceÊ is 

now emulating the instrument. 
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2 SYSTEM DESCRIPTION 

 

 

2.1 Introduction 
A spectrofluorometer is an analytical instrument used to measure and record the fluorescence of a sample. 

While recording the fluorescence, the excitation, emission, 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 monochromator, which 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 computer, where the data can 

be manipulated and presented, using special software. 

 

 

 

 

 

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. 
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2.3 Optical Layout 

 

1  Xenon arc-lamp and lamp housing 

1a  Xenon-lamp power supply 

1b  Xenon flash lamp (FluoroMax® Plus-P only) 

2  Excitation monochromator 

2a & 2b Slits 

3  Sample compartment 

4  Emission monochromator 

4a & 4b Slits 

5  Internal signal detectors (photomultiplier tube and housing) 

6  Reference detector (photodiode and current-acquisition module) 

7  External signal detector (exact shape varies with model) 

Host computer (not on diagram) 

 

 

 

 

 

 

1 
1a 

1b 

2 3 
4 

5 
6 

2a 

2b 

4a 

4b 

7 
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2.3.1 Illuminator (Xenon Arc-Lamp, 1) 
The continuous light source is a 150-W ozone-free xenon arc-lamp. 

Light from the lamp is collected by a diamond-turned elliptical mirror, 

and then focused on the entrance slit of the excitation monochromator. 

The lamp housing is separated from the excitation monochromator by 

a quartz window. This vents heat out of the instrument and protects 

against the unlikely occurrence of lamp failure. 

In the FluoroMax® Plus with phosphorimeter, a second source, a xenon 

flash lamp, is available also. A FluorEssenceÊ-controlled motor and 

gearbox rotate the mirror in the illumination area, in order to switch 

between the CW source and the flash lamp. 

Right: Motor and gearbox that rotate the mirror to switch lamps 

(optional phosphorimeter only). 

 

 

 

 

2.3.2 Monochromators (2 and 4) 
The FluoroMax® Plus contains Czerny-Turner monochromators for excitation and emission. The Czerny-

Turner design uses all-reflective optics to maintain high resolution over the entire spectral range, eliminate 

chromatic aberration for high light-throughput, and minimize spherical aberrations and re-diffraction. 

                 

Excitation monochromator.    Emission monochromator. 

 

 

 

 

CW Xe arc lamp 

Xe flash lamp 
(FluoroMax®-4P only) 

Elliptical 
mirror 
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2.3.3 Gratings 
The essential part of a monochromator is a reflection grating. A grating disperses the 

incident light by means of its vertical grooves. A spectrum is obtained by rotating the 

gratings and recording the intensity values at each wavelength. 
The gratings in the FluoroMax® Plus contain 1200 grooves mmï1 and are blazed at 330 nm 

(excitation) and 500 nm (emission). Blazing is etching the grooves at a particular angle, to 

optimize the gratingôs reflectivity in a particular spectral region. The wavelengths selected 

are optimal for excitation in the UV and visible, and for emission in the high-UV to near-

IR. Each grating is coated with MgF2 for protection against oxidation. The system uses a 

direct drive for each grating, to scan the spectrum at up to 80 nm s1, with accuracy better 

than 0.5 nm, and repeatability of 0.3 nm. 

If FluoroMax-Plus is configured with either H10330 or R2658 external detector, the emission monochromator 

will be equipped with a dual grating cassette with back-to-back gratings: 1200 grooves mmï1 blazed at 500nm 

and 600 grooves mmï1   blazed at 1 micron. 

 

2.3.4 Slits (2a&2b, 4a&4b) 
The entrance and exit ports of each monochromator have continuously adjustable slits controlled by 

FluorEssenceÊ. The width of the slits on the excitation monochromator determines the bandpass of light 

incident on the sample and the spectral resolution. The emission monochromatorôs slits control the spectral 

resolution and intensity of the fluorescence signal recorded by the signal detector. 

When setting slit width, the trade-off is intensity of signal versus spectral resolution. The wider the slits are, the 

more light falls on the sample and detector, but the resolution decreases. The narrower the slits are, the higher 

the resolution gets, but at the expense of signal. Set the slits for intensity toward the higher end of the detectorôs 

linear response, with sharp-enough resolution to discern desired spectral features. 

Slits may be set in bandpass units, or the physical width of the slit (mm). Under bandpass units, each 

monochromatorôs slits are set simultaneously, for the bandpass is determined by the dispersion of the 

monochromator: 

 

Bandpass (in nm) = Slit width (in mm) × Dispersion (in nm mmï1) 

 

The dispersion of FluoroMax® Plus monochromators is 4.25 nm mmï1 for gratings with 1200 grooves mmï1 at 

540 nm. Below is a table showing standard slit-widths with their corresponding band 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 shutter, standard on the FluoroMax® Plus, is located just after the excitation monochromatorôs 

exit slit. The shutter protects samples from photobleaching or photodegradation from prolonged exposure to the 

light source. FluorEssenceÊ controls the shutter and can set the shutter to automatic or anti-photobleaching 

modes. An emission shutter is an optional accessory, placed just before the emission monochromatorôs entrance, 

and protects the detector from bright light. 

 

 

 

2.3.6 Sample Compartment (3) 
A toroidal mirror focuses the beam from the excitation monochromator on the sample. About 8% of this 

excitation light is split off, using a beam-splitter, to the reference photodiode. Fluorescence from the sample is 

then collected and directed to the emission monochromator. 

The sample compartment accommodates various optional accessories, as well as fiber-optic bundles to take the 

excitation beam to a remote sample (or the MicroMax) and return the emission beam to the emission 

monochromator. See Chapter 12 for a list of accessories. 

 

2.3.6.1 To insert or remove a sample platform 
 

1. If a multiple-sample turret is installed, shut off the system. 

2. Remove the four screws on the front of the sample platform. 

3. Slide out the old platform. 

4. Slide in the new platform. 

5. If the platform has a rotatable turret or magnetic stirrer, slide the 15-pin connector gently and 

securely onto the 15-pin receptacle in the sample compartment. 

6. Re-attach the four screws on the front of the sample platform. 

 

 

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

¶ Signal detector The standard signal detector is a photon-counting 

detector (R928P photomultiplier tube). The detectorôs 

response ranges from 180ï850 nm, with dark counts < 

1000 counts per second (cps). The linear range for photon 

counting is 0ï2 million cps. The working range is up to 

2 million cps. Above 2 million cps, photon-pulse pile-up 

reduces the signal-to-noise ratio and causes the detector 

to lose its linear response. 

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. 
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¶ Second (external) 

signal detector 

Attached to the back of the FluoroMax® Plus chassis is a 

second detector chosen by the customer. Possible second 

detectors are: R2658, PPD, or R13456P, cooled R928P 

or IGA solid state detector. 

 

 

 

¶ Reference detector The reference detector monitors the xenon lamp, in order to correct for wavelength- 

and time-dependent output of the lamp. This detector is a UV-enhanced silicon 

photodiode, which is just before the sample compartment. It requires no external bias 

and has good response from 190ï980 nm. 

  

The reference and signal detectors have correction-factor files run for them, to correct for wavelength 

dependencies of each optical component. The files are created at HORIBA Scientific for every instrument and 

may be applied to data through FluorEssenceÊ. See Chapter 8 for more details. 

2.3.8 Electronics and Controllers (1a) 
The rear and bottom of the FluoroMax® Plus houses the electronics for running the lamp, instrument, scans, 

and measurements. 

 

 
 

 

¶ Xenon-lamp 

power supply (1a) 

This supply is a tunable 180-W-maximum power supply. It supplies a large start-up voltage to the 

150-W xenon lamp, then holds the lamp steady at 15 V. The voltage is filtered, to stabilize the 

illumination as much as possible. The lamp is started with the rocker-switch on the right panel of 

the instrument and controlled through software. 

 

¶ J400906 board Underneath the optical platform, there is a control board. This controls the monochromators and 

any optional accessories connected to the sample compartment. 

 

 

 

Lamp power supply (1a), optional phosphorimeter power supply, and side-panel circuit board. 

Xe-lamp power supply (1a) 

Optional phosphorimeter-lamp power supply 

Side-panel circuit board 
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2.3.9 Computer System and Software (Not on Diagram) 
Not shown on the schematic is the host computer with FluorEssenceÊ software. The technical specifications 

chapter lists the computer requirements. An optional printer or network card is useful for printing. 

FluorEssenceÊ software for Windows® controls all interaction with the spectrofluorometer. For information 

on FluorEssenceÊ, see the FluorEssenceÊ Userôs Guide and the on-line help files within FluorEssenceÊ. 
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3 SYSTEM OPERATION  

3.1 Introduction 
This chapter explains how to turn on the FluoroMax® Plus system, check its calibration, and, if necessary, 

recalibrate the monochromators. While 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 switch is located on the lower right-hand side of the instrument. When switched on, the xenon lamp 

arcs initially, and the FluoroMax® Plus turns on, runs through self-diagnostics, then starts the xenon lamp.  

 

 

 

 

 

 

 

3.3 Turning on the System 

1. Turn on the 

FluoroMax® Plus. 

Turn the power switch to the ON (1) position. 

 

2. Turn on instrument accessories. 

Accessories include a temperature bath, MicroMax, etc. 

 

3. Turn on all peripheral devices for the host PC. 

Peripherals include any printers or other output devices. 

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 

rare occurrence is the explosion of the 

xenon lamp upon ignition. Therefore, 

take care in case tiny lamp shards exit the 

ventilation fans.  

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

inactivity. 
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4. Start the host computer. 

Switch on the host computer. 

Click the FluorEssenceÊ icon on the Windows® desktop. 

The instrument initializes, then the FluorEssence window appears. If there are any difficulties, see the 

troubleshooting chapter 

 

 

3.4 Checking System Performance 

3.4.1 Introduction 
Upon installation and as part of routine maintenance checks, examine the performance of the FluoroMax® Plus. 

HORIBA Scientific recommends checking the system calibration before each day of use with the system. Scans 

of the xenon-lamp output and the Raman-scatter band of water are sufficient to verify system calibration, 

repeatability, and throughput. 

¶ Calibration is the procedure whereby the drive of each monochromator is referenced to a known 

spectral feature. One verifies the excitation and emission monochromatorsô calibration at a particular 

wavelength in this step. 

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

¶ Throughput is the amount of signal passing through and detected by the system. The throughput is 

correlated to the signal-to-noise ratio and sensitivity of the system. 

 

The FluoroMax® Plus is an auto calibrating spectrofluorometer. This means the system initializes its 

monochromatorsô drives, locates the home position of each drive, and assigns a wavelength value to this 

position from a calibration file. While the system usually maintains calibration by this method, it is wise to 

check the calibration prior to the dayôs session with the instrument. For the calibration checks detailed here, a 

single-sample mount or automated sample changer should be the only sample-compartment accessories used. 
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The scans shown herein are examples. A Performance Test Report for your new instrument is included with the 

documentation. Use the Performance Test Report to validate the spectral shape and relative intensity taken 

during the calibration checks. 

 

 

3.4.2 Excitation-Monochromator Calibration Check 
This calibration check verifies the wavelength calibration of your excitation monochromator, using the 

reference photodiode located before the sample compartment. It is an excitation scan of the xenon lampôs output 

and should be the first check performed. 

1. Close the lid of the sample compartment. 

2. On the main FluorEssence toolbar, select the Experiment Menu button : 

 
 

The Fluorescence Main Experiment Menu appears: 

3. Choose Spectra. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 
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The Experiment Type window appears: 

 

 

 

 

 

4. Choose Excitation. 

 

 

 

 

 

 

The xenon-lamp scan experiment automatically loads: 
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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 wavelength Increment Slits (bandpass) 

Excitation 200 nm 600 nm 1 nm 1 nm 

Emission 350 nm -- -- 1 nm 

 

DEFAULT DETECTOR PARAMETERS FOR THE XENON -LAMP SCAN  

Detector (Signal) Integration time Units 

Reference (R1) 0.1 s mA 

6. Click the Run button.  

 

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

 
This is an uncalibrated FluoroMax Plus® lamp scan. The main peak ought to be at 467 nm, but here 

appears near 480 nm. 

 

 

7. Calibrate the excitation monochromator, if required. 

a. With the Graph tab active, double-click the plot to make the plot active. 

b. Expand the plot by clicking the Expand button. 

 

 

Broadband  

Structure ~ 450 nm  
Calibration peak at 467 nm  

Note:  Your lamp scan may appear different, depending on the instrument 

configuration. 
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c. Click the cursor button  to start the Cursor function. 

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

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

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

 
This example shows the peak actually at 477 nm, which is 10 nm too high.  

Therefore, we must recalibrate the monochromator. 

g. Click the Previous Experiment button . 

 

 
 

  

Cursor  

Fxuvruɏv zdyhohqjwk lq qp 
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The Experiment Setup window appears. 

 
h. Click the RTC button on the lower right. 

 

The Real Time Control window opens: 
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i. Click the Monos icon  to view the monochromatorsô index card, then click the 

excitation monochromator tab: 

 

 

j. Enter the current, observed position (here, 477 nm) of the peak in the Position Control field, 

then hit the Enter  key. 

 

k. Click the Calibrate Excitation 1 button. 

The Calibrate window opens:  

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

m. Click the OK button. 

 
 

n. At the bottom right of the Real Time 

Control window, click the Cancel button. 

 

o. In the Experiment window, click the Run 

button to confirm the correct peak 

position. 
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A correct scan is shown below (peak is at 467 nm): 

 
 

3.4.3 Emission-Monochromator Calibration Check 
This calibration check verifies the wavelength calibration of the emission monochromator with the emission 

photomultiplier tube. It is an emission scan of the Raman-scatter band of water performed in right-angle mode. 

Perform this check after the xenon-lamp scan. When completed, the performance of the system has been 

verified. 

The water sample should be research-quality, triple-distilled water. HPLC-grade (18-Mɋ spec.) or equivalent 

water is suggested for the Raman scan. Impure samples of water will cause elevated background levels as well 

as distorted spectra with (perhaps) some unwelcome peaks. 

Use a 4-mL quartz cuvette. 

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

 

 

Cursor  

Fxuvruɏv zdyhohqjwk lq qp 

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

calibration of the excitation monochromator. 

Note: Avoid glass or acrylic cuvettes: they may exhibit UV fluorescence or filtering effects. 
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2. Insert the water Raman cuvette into the sample compartment holder and close the lid. 

 

 

 

3. Click the Experiment Menu button  on the toolbar to initialize the system 

 
 

 

 

The Fluorescence Main Experiment Menu opens. 

 

4. Click the ñSpectraò box. 

The Experiment Type window appears: 

 

 

 

 

 

5. Choose Emission, then click the Next >> button. 
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The water-Raman experiment automatically loads. 

 
6. Enter the parameters shown below. Also, use the ñData Identifierò field and the ñCommentò box to 

enter further identification for the test to be performed and the ñDirectoryò box to select where the 

file is to be saved. 

 

MONOCHROMATOR  PARAMETERS FOR THE WATER -RAMAN SCAN 

Monochromator (1200 

grooves/mm) 

Initial 

wavelength 

Final 

wavelength 

Increment Slits (bandpass) 

Excitation 350 nm -- -- 5 nm 

Emission 365 nm 450 nm 0.5 nm 5 nm 

 

7. Click the Detectors icon and change the Integration Time to 1 second while making sure the S1 

signal box is checked. Then, click the Run button  in the lower-right corner. The 

intermediate display opens and the water-Raman scan runs. 
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8. When the graph appears, double click it to analyze it. Then, click the Cursor button and place the 

cursor at the peak to read the wavelength and intensity. The peak should be at 397 ± 1nm. 

 
 

9. The FluoroMax®Plus SNR is specified for a R928P photomultiplier tube at room temperature. 

Cursor Button  
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10. If the peak is at the right wavelength, click the ñSaveò icon on the toolbar to save the results. 

 

 

 

 

 

 

 

3.4.4 Kinetic Scan 
The procedure for performing 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. 

 

 

 
 

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 M icon on the software to initialize the system. 

 

 
 

 

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. 

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

Scientific systemsô parameters are specified with a R928P photomultiplier tube at room 

temperature. 
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4. Click the Kinetics box.  

 
 

5. After adding the desired name for the test on the Data Identifier field and a description on the 

Comment box, enter the conditions shown below. 

 
 

MONOCHROMATOR  PARAMETERS FOR A KINETIC SCAN  

Monochromator (1200 

grooves/mm) 

Initial wavelength Slits (bandpass) 

Excitation 350 nm 5 nm 

Emission 450 nm 5 nm 

 

6. Click the Detectors icon. On the Time Based section change the parameter shown below. Then, 

click the Run icon. 

PARAMETERS 

Time Increment: Change to 1 

Total Time: Change to 30 

Integration Time: Change to 1 

Enable R1 box: Uncheck the box 
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7. When the results appear, click the Save button on the toolbar.  

 

 

 

3.4.5 Calculation of Water-Raman Signal-to-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, but certainly 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 that has a higher wattage lamp does not 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 that can be performed by any user to properly compare 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 standard as 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 Raman band of water can be measured over 

the entire wavelength range of the instrument allowing for more robust comparisons, than is possible with a 

single fluorescent probe. This sensitivity specification is derived from an emission spectrum of the Raman 

vibrational band for pure water. Typically, 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 comparison of a signal 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, but it is 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 analyzed in the same way, you can be certain to make 

a fair comparison between two different fluorometers. 

 

In this technical note we point out the different factors influencing the signal-to-noise ratio, and articulate the 

HORIBA method, to allow investigators to have the necessary tools to make a proper comparison. 

 

3.4.5.2 Formulas for Calculating Signal to Noise Ratio 
 

FSD (or SQRT) Method 
For decades now, HORIBA Scientific 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 FSD method (First Standard 

Deviation). It is also referred to as the square root (SQRT) method. 

 

The FSD signal to noise ratio formula: 

 

 
 

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 would be no signal 

at 450 nm since there is no Raman emission there, however, all electro-optical 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 statistics and, 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 signal ï Background 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 and is the best approach for spectrofluorometers that use analog detectors, where the intensity 

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

 
 

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, 

 
 

 

 

Where the time-based background signal is measured n times and S is the average intensity value across the 

kinetic scan. 

 

Not all companies use the RMS formula above. Some use the peak-to-peak noise of the data off peak, say from 

420 to 450 nm, and still others use an RMS estimate, either from the off-peak portion of the spectrum, or from 

a secondary kinetics scan of the peak. In the end, the method for determining the RMS noise is not as critical 

as applying 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 multiple systems 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. 

 

3.4.5.3 Experimental Method 
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 acquisition, also have a dramatic effect on the quality of the spectrum acquired. 

 

There are many hardware parameters, settings, and 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 different instruments if they are not used in a virtually identical way. Below we discuss each of these factors 

and the impact they have on the resulting data.  

 

3.4.5.4 Applicable to All Scanning Fluorometers 
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 band for water has a peak at 397 nm. 
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It is fortunate that most manufactures have standardized this 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 range (e.g., 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 that doubling 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 increase, but this a simplistic estimate that should be  

 

measured empirically. HORIBA has measured the factor difference with the HORIBA FluoroMax, and 

observed that for FluoroMax, 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 times. However, this will be different for all 

fluorometers, so please be sure to compare with identical band 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 1 second integration time at each wavelength point, similar to other 

manufacturers. However, 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 integration (response) time when 

comparing. 

 

PMT Type: Most spectrofluorometers use a photomultiplier Tube (PMT) as their sole detector of fluorescence 

emission, without any option for changing the detector housing. This is true for most bench-top analytical 

fluorometers. Some of these bench-top systems allow for the selection of different individual PMTôs with 

different wavelength ranges and specifications. PMTs that do not detect as far into the NIR as other PMTs will 

have a lower dark count, so that they will provide a better signal to noise ratio in the 350 to 400 nm range, 

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

HORIBAôs standard PMT used in the FluoroMax Plus, Fluorolog3 and FluoroLog-QM series of fluorometers, 

is the Hamamatsu R928P PMT, which is considered the industry standard for fluorometry. 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 a filter 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 improve the 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 the FluoroMax, Fluorolog-3 or FluoroLog-QM 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 replicate a similar 

experimental method with a HORIBA fluorometer. 

 

3.4.5.5 Applicable to Modular Research Fluorometers 
Detector Type: Modular research fluorometers typically include a PMT housing as standard but allow 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, various solid-state detectors such as InGaAs, 

MCP PMTôs and so on. These different types of detectors will have dramatic effects on the signal to noise ratio 

of any particular sample measurement, so here again, when trying to compare the 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 dark counts (background) compared to the same exact  

 

PMT in an ambient housing. HORIBAôs standard PMT housings in the FluoroMax Plus, FluoroLog3 and 

FluoroLog-QM are ambient PMT housings, however the Fluorolog3 and FluoroLog-QM 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 to the same temperature. 

 

Single versus 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, one after the 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 versus a double monochromator 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 also affect the throughput, and hence sensitivity 

of a spectrofluorometer. For most spectrofluorometers this is not too much of an issue because the systems are 

manufactured with only one particular grating. In this case the most important thing is to ensure the band passes 

are selected to be the same. However, 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. For example, when 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 density of 1,200 grooves per 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 the grating 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 fluorometers do not allow 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. 

 

3.4.5.6 SNR Calculator Tool 
FluorEssence software is equipped with an SNR calculator capable of determining the signal to noise ratio by 

the First Standard Deviation (FSD) method.  

  

 
The procedure for using the SNR calculator is as follows: 
 

1. On the toolbar, click the Analysis tab and select the HJY Tools option followed by the Water Raman 

S/N option. 
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2. Click the ellipsis box (box with 3 dots) on the Water Raman Graph field. Then, select the graph saved 

from the water Raman test and click the OK button.  

 

 
 

3. Click the ellipsis box (box with three dots) on the Kinetic Scan Graph field. After selecting the graph 

saved from the kinetic scan, click the OK button. 

 

4. Enter the remaining information: instrument type, lamp type, serial number, and sales order. Then, click 

the OK button. 
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5. A graph will appear containing the signal-to-noise ratio calculated by the FSD method. An example of 

the FluoroMax Plus is given below. 

 

 
6. Check that the SNR results are within acceptable value. The signal-tonoise ratio (FSD) for the water 

Raman on the FluoroMax®Plus with R928P detector using this method should be above 10,000:1. For 

specifications on other detector types, contact local HORIBA representative. 
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3.5 Switching to Another Detector 
To use the second, external detector, you must reinitialize the system with a FluoroMax® Plus 

configuration. 

1. In the toolbar, choose the Collect tab. 

A drop-down menu appears. 

2. Choose Advanced Setup. 

Another drop-down menu appears. 

3. Choose System Re-Initialization. 

 

 
 
 
 

The Select Hardware Configuration window appears. 

4. Choose the desired detector from the list, then click the OK 

button. 

 

 

 

 

 

  

Note: The default internal detector is 

the R928P. Your external detector 

will be one of these others also 

listed. 
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4 DATA ACQUISITION  

4.1 Introduction to FluorEssenceÊ and Multigroup 
This chapter presents an introduction to some of the special buttons used in FluorEssenceÊ to record 

and present data with the FluoroMax® Plus series. These buttons, located in FluorEssence Êôs main 

window, are: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For a detailed description of these FluorEssenceÊ routines, see the FluorEssenceÊ Userôs Guide and 

on-line help. 

A second program, called Multigroup, offers repeated and sequential fluorescence experiments. 

Functions such as delays, temperature ramps, ratiometric probes such as Fura-2, and multiple samples 

and wavelength-groups are allowed within Multigroup. You can start Multigroup from within 

FluorEssenceÊ, or from a Windows® desktop icon. 

In addition, methods for determining the best excitation and emission wavelengths are presented, in 

case these wavelengths are unknown for the sample. 
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4.2 Experiment Menu Button  
The Experiment Menu button chooses an overall type of experiment to run, such as an emission scan, 

a phosphorimeter scan, a synchronous scan, etc., based on the instrument and connected accessories, 

such as a temperature bath, MicroMax, etc. Only those scans that can be run using the available 

hardware configuration are active; scans that cannot be taken are grayed out. 

Calibration scans for the FluoroMax® Plus use default parameters: 

¶ Excitation monochromator: Spectra/Excitation scan 

¶ Emission monochromator: Spectra/Emission scan 

 

1. To choose an experiment type, click the Experiment Menu button : 

 

 
 

 

The Fluorescence Main Experiment Menu appears: 

2. Choose an experiment type. 

3. The Experiment Type window appears.  

4. Choose a subtype of experiment, and click the Next >> button. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Some experiment types (for example, 

Kinetics) do not have subtypes, so no 

Experiment Type window appears. 

Note: Certain scan types are not allowed with the FluoroMax® Plus, and are grayed out. 
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The Experiment Setup window appears: 

 

 
 

5. Click the Experiment File field, and 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 the left-hand column. 

 

7. Insert the sample into the sample compartment, and close the sample compartmentôs cover. 

 

8. Click the Run button . 

The collected spectrum is displayed on the Intermediate Display screen. After all data is recorded, the 

Intermediate Display vanishes. For a new project, the Project Name window appears. 

 

9. Enter a name for the entire project, or browse for an existing project name via the Browse button, then 

click the OK button. 

 

 

 

 

All data are moved to Origin®ôs graph window for post-

processing. 
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4.3 Previous Experiment Setup Button  
The Previous Experiment Setup button resets 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 button  in the main toolbar: 

 

 
 

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

 
 

2. Modify the experimentôs parameters as required. 

3. Click the Run button  to run the experiment. 
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4.4 Auto Run Previous Experiment Button  
The Auto Run Previous Experiment button reruns the last experiment loaded without modifications. 

1. Click the Auto Run Previous Experiment button . 

 
 

The Intermediate Display appears, and the experiment starts: 

 
When the experiment is complete, the data are 

moved into a new Origin® graph window: 

 

 

 

 

 

 

Note: The Auto Run Previous Experiment button is active only after an experiment has 

already been loaded and run. 
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4.5 Make Overlay File Button  
The Make Overlay File button creates an *.SPC file for use as an overlay file. An overlay file can be used to 

compare data in real time. Inclusion of an overlay file is controlled in the Display Options icon in the 

Experiment Setup window. The overlay file appears in the Intermediate Display as data are acquired. Upon 

completion of the acquisition, both sets of data appear on the plot. 

1. Click the Make Overlay File button in the toolbar 

 

 

The Save As window appears. 

 

2. Enter a file name in the File Name field 

3. Click the Save button. 

 

The overlay file is saved. 
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4.6 3D Scan to 3D Profile Button  
The 3D Scan to 3D Profile button extracts emission profiles from an excitation-emission matrix. 

1. Open excitation-emission matrix data. 

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

 
 

The Profiles  window appears.  

 

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

data-matrix. 

The Z-Value field shows the intensity where the excitation and emission profiles intersect. 
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4. Click the Arbitrary Line button to choose an arbitrary profile. 

 

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

and delays between experiments. 

1. Click the Run JY Batch Experiments button . 
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The Setup batch experiments window appears. 

 
 

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

a. Load a previously created batch job using the Load button, or browse for experiment files 

(.xml format) using the Browse for experiment files to >> Add button. 

b. Add each desired experiment file to the Execution List 

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

Down button. 

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

e. Save the new batch job in the correct path, in the File Name: field, and click the Save 

button. The file is saved in a .jyb format.  
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3. Set up each experiment in the batch job. 

a. Select an experiment from the Execution List. 

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

 

 
 

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

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

repeating the experiment. 

 

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

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

b. In the Delay before first: field, enter the number of seconds to wait before starting the batch 

job. 

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

batch job. 

 

5. Click the Run button to start the batch job. 

The batch job executes. 
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4.8 Real Time Control  
The Real Time Control button opens the Real Time Control window 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 button . 

 
 

The Real Time Control  window appears: 

 
 

2. Activate the Continuous checkbox, then click the Run button, to monitor the signal. 

3. Adjust instrumental parameters as necessary. 
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4.9 Create/Use Calibration Curve from CWA Data  
When the user is doing Single Point experiments (especially with the MicroMax or multiple-sample changers), 

the Create/Use Calibration Curve from CWA Data button creates a calibration curve for analytical 

measurements. 

 

 

 

1. Click the Experiment Menu button : 

 
 

The Fluorescence Main Experiment Menu appears: 

 

2. Choose the Single Point button. 

Experiment Setup  window appears: 

 

 

 

 

 

 

 

 

 

 

 

 

  

Note: This button only operates if CWA data exist. 

Note: Those scan types not allowed with the instrument configuration are grayed out. 
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3. Set up the standards and unknown(s). For the standard curve tool to work correctly, one sample must 

be set to blank. 

 

a.  If you have an automatic sample changer, you can change the samples automatically with the 

SC Auto radio button. For manual use with an automatic sample changer, choose SC Manual 

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 

sample-changer or more than 4 for the four-sample-changer). 

 

b. To add more samples (if manually changed), click the Add Multiples  button. 

A new sample row appears below the last sample row. 

 

c. Under the Type column, choose the type of sample from the drop-down menu: Standard, 

Unknown, Blank, or Empty. 

 

 

 

d. Enter the concentrations of the standards in the Concentration column.The unknowns retain the 

default ñN/Aò concentration. 

e. Click the Enable checkbox of all the samples to be measured. 

 

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

 

 
 
 

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

6. Click the Run button . 

The experiment starts. FluorEssenceÊ prompts you to insert the sample if you 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 the Create/Use Calibration Curve from CWA Data button  in the toolbar. 

 

The Calibration Curve Parameters window appears. 

 
 

b. Choose a Linear fit, or a Polynomial fit with Order of 

the polynomial, and then the OK button. 

 

The Save Curve window asks if you wish to save the curve. 

 

 

 

c. Answer yes or no.The calibration curve appears. 

 

 
 

 

Stars indicate the standards. The unknowns are not plotted, but their calculated concentrations are filled in on 

the dataset. The fit equation and correlation are displayed on the plot. With more than one detector signal 

(e.g., S1 or S1c), the software prompts you to choose which signal. 
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4.10 2D Intensity Map  
The 2D Intensity Map button creates a two-dimensional intensity map from the active microscope-mapping 

data. 

 

 

1. Open a microscope-mapping dataset. 

 
 

 

2. Click the data folder in bottom area. 

 

 

 

 

 

 

 

 

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

purposes. 
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The data spreadsheet appears: 

 
 

3. Choose an excitation wavelength (row) to examine. 

Here we have chosen 432 nm excitation. 

 

4. Click the 2D Intensity Map button . 
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4.11 Switch Menu between HJY Software Application and 
Origin Pro 

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

the main FluorEssence window between FluorEssenceÊ and Origin® functions. This allows the user to tap the 

power more fully of Origin® software. 

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

 

 
 

The menus at the top of the FluorEssence window change: 

 
 
 

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

button  again to return to the original menu functions. 
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4.12 Multigroup  
Multigroup offers repeated and sequential fluorescence experiments. Functions not included in FluorEssenceÊ, 

such as delays, temperature ramps, and multiple samples and wavelength-groups are allowed within 

Multigroup. 

 

 

 

Basic Steps to Run Multigroup 
 

 

1. In the FluorEssenceÊ toolbar, click the Multigroup button ; or on the desktop, 

click the Multigroup icon. 

If FluorEssenceÊ was active, it closes. The Multigroup  window appears. 
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2. Connect to the desired instrument configuration. 

a. In the System Configuration area, select the 

configuration from the drop-down menu. 

b. Click the Connect Config button to initialize 

the instrument. 

 

 

 

   

3. Activate the excitation and emission monochromatorsô checkboxes. 

 

4. Activate the detector checkbox(es) and switch on high voltage if necessary, 

in the Detectors area. 

 

 

 

 

5. If desired, in the Ratios area, activate the ratio S/R checkbox to obtain corrected output. 

6. In the Time area, choose various wavelength-groups and integration time. 

 

a. For multiple integration times, use the Time/  Accessories 

tab to add multiple time intervals.  

 

 

 

 

b. Choose the wavelength pair or multiple 

wavelength sets in the Monos / Detectors tab. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Select the accessories, looping, and delays. 
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8. Choose the slit-width parameters 

 

 

 

 

 

9. Choose the detector parameters 

 

 

 

 

 

10. In the Acquire / View tab, click the Start button  to run the experiment.  

 

 

 

 

 

 

 

11. Run a ñpre-scanò to make sure that the timing of the experiment can be achieved within the hardware 

limits.  

Click the Pre-scan button, and remove any 

samples from the sample chamber. 

 

 

 

12. Save the data when the scan is finished.  

In the Data Export area, choose either the Copy 

to Clipboard button or the Save to File button. More details on Multigroup 

are provided in the FluorEssenceÊ Userôs Guide. 

 

4.13 Running an Unknown Sample 
Often a researcher will scan a sample whose spectral characteristics are unknown. For optimal spectra, the 

optimal excitation and emission wavelengths must be found. 

The traditional method consists of running an emission scan to find the peak emission value. Then an 

excitation scan is run using the determined peak emission value. 

1. Find the preliminary emission maximum. 

The object of this step is to acquire a preliminary emission scan, based on a ñbest-guessò excitation 

wavelength. Because the fluorescence emission of samples does not shift with excitation wavelength, 

the guessed excitation wavelength yields the emission peak, albeit perhaps at lower intensity. 
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a. Be sure all system components are on, and the FluoroMax® Plus is calibrated as explained in 

Chapter 3. 

b. Click the Experiment Menu button  : 

 

 
 

The Fluorescence Main Experiment Menu appears:  

c. Choose the Spectra button. 

 

The Experiment Type window appears:  

d. Choose Emission. 

 

e. Click the Next >> button. 
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The Experiment Setup window appears: 

 
 

f. Click the Experiment File field, and enter a new file name or select a previously saved file. 

 

g. Verify that experimental parameters are correct. 

Be sure to check all parameters under all icons in the left-hand column. 

 

h. Set the scan parameters. 

 

Most of these parameters are a trade-off between speed and precision. Choose integration time, increments, 

and number of scans judiciously, to give an accurate result without excessive time spent. HORIBA Scientific 

suggests an increment of 1.0 nm, an integration time of 0.1ï0.5 s, and one scan. If unsure of an excitation 

wavelength, try 300 nm, at which many samples absorb light. Use S (signal detector) for the acquisition 

mode. Do not forget the data file name. 

 

i. Insert the sample into the sample compartment, and close the sample compartmentôs cover. 

j. Click the Run button . 

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. 
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The scan starts. 

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

If the signal exceeds 2 × 106 counts sï1, then the emission detector is saturating, so close the slits more. If 

there is no obvious peak, increase the excitation wavelength, starting, and ending by 25 nm, and retry a scan. 

 

l. With an acceptable emission peak, record its wavelength. 

This is the emission maximum. Otherwise, repeat steps i through l 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 step 1. 

a. In the toolbar, click the Experiment Menu button : 

 

The Fluorescence Main Experiment Menu appears 

 
  

 

 

 

b. Choose the Spectra button. 

 

 

 

 

 

 

The Experiment Type window appears. 

 

 

c. Choose Excitation.  

d. Click the Next >> button. 
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The Experiment Setup window appears: 

 
 

e. Set the scan parameters. 

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

maximum minus 15 nm for the end of the scan, and select two acquisition modes, S and S/R. S collects raw 

signal from the emission detector, and S/R ratios the signal to the reference detector. 

f. Set excitation and emission slits identical to the emission scan. 

Be sure that the emission scan did not exceed 2 × 106 counts sï1 in the S signal detector. 

g. Enter the Experiment File name. 

h. Click the Run button . 

The scan starts. 

The resulting spectrum shows maximum excitation wavelength. If the raw S-channel signal > 2 × 106 counts 

sï1, reduce slits, and 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 step 2. 

b. When complete, both excitation and emission peaks are found. 

Optimized excitation and emission spectra of a 1 × 10ï8-M anthracene solution is 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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4.14 Using Corrected Signals in FluorEssenceÊ 

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 

FluorEssenceÊ experiment. 

4.14.2 Method 
Any corrected signal (with a lower-case ñcò) or algebraic use of corrected signals must explicitly include all 

desired corrected signals in the Formulas list. Corrected signals include: 

¶ Dark Offset 

¶ Blank Subtraction 

¶ Correction-factor file 

 

An example is provided on the next page. 

  

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. 

Normalized excitation and emission spectra of a 1 × 10ï8-M anthracene solution. 
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4.14.3 Example 
Note how the corrected signal, S1c, and corrected reference, R1c, along with their ratio, S1c/R1c, all must be 

included in the Formulas list in the Signal Algebra area. 

 

 
 
 
  

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

Spectra can be enhanced by optimization of data-acquisition. This chapter lists some methods of optimizing 

sample preparation, spectrofluorometer setup, and data correction to get higher-quality data. 

 

 

 

 

5.1 Cuvette Preparation 
1. Empty all contents from the cuvettes. 

 

2. Fully immerse and soak the cuvettes for 24 h in 50% aqueous nitric acid. 

This cleans the cuvettesô inner and outer surfaces. 

 

 

 

 

3. Rinse with de-ionized water. 

4. Clean the cuvettes in the cleaning solution with a clean cotton swab if needed. 

Use Alconox® or equivalent detergent as a cleaning solution. 

5. Rinse the cuvettes with de-ionized water. 

6. Soak the cuvettes in concentrated nitric acid.7. 

7. Rinse them with de-ionized water before use. 

Note: Clean the sample cells 

thoroughly before use to 

minimize background 

contributions. 

Caution:  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. 

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. 
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5.2 Sample Preparation 
 

 

 

The typical fluorescence or phosphorescence sample is a solution analyzed in a standard cuvette. The cuvette 

itself may contain materials that fluoresce. To prevent interference, HORIBA Scientific recommends using non-

fluorescing fused-silica cuvettes that have been cleaned as described above. 

5.2.1 Small-Volume Samples 
If only a small sample-volume is available, and the intensity of the fluorescence signal is sufficient, dilute the 

sample and analyze it in a 4-mL cuvette. If fluorescence is weak or if trace elements are to be determined, 

HORIBA Scientific recommends a capillary cell such as our 250-ɛL optional micro-sample capillary cell, which 

is specifically designed for a small volume. A 1-mL cell (5 mm × 5 mm cross-section) is also available. 

5.2.2 Solid Samples 
Solid samples usually are mounted in the J1933 Solid Sample Holder, with the fluorescence collected from the 

front surface of the sample. The mounting method depends on the form of the sample. See the section on 

ñHighly opaque samplesò for more information on sample arrangement in the sample compartment. 

¶ Thin films and cell monolayers on coverslips can be 

placed in the holder directly. 

 

¶ Minerals, crystals, vitamins, paint chips, phosphors, and 

similar samples usually are ground into a homogeneous 

powder. The powder is packed into the depression of the 

Solid Sample Holder (see next page for diagram). For 

very fine powder, or powder that resists packing (and 

therefore falls out when the holder is put into its vertical 

position), the powder can be held in place with a thin 

quartz coverslip, or blended with potassium bromide for 

better cohesion. 
 

¶ A single small crystal or odd-shaped solid sample (e.g., contact lens, paper) can be mounted with tape 

along its edges to the Solid Sample Holder. Be sure that the excitation beam directly hits the sample. To 

keep the excitation beam focused on the sample, it may be necessary to remove or change the thickness of 

the metal spacers separating the clip from the block. 
 

Caution: Always read the Materials Safety Data Sheet before using a 

sample or reagent. 

Note: Avoid thick coverslips, because the 

excitation beam may not hit the sample 

directly with a thick coverslip. 

Microscope coverslips are useful, except 

that they are not quartz, and do not transmit 

UV light. 
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5.2.3 Dissolved Solids 
Solid samples, such as crystals, sometimes are dissolved in 

a solvent and analyzed in solution. Solvents, however, may 

contain organic impurities that fluoresce and mask the signal 

of interest. Therefore, use high-quality, HPLC-grade 

solvents. If background fluorescence persists, recrystallize 

the sample to eliminate organic impurities, and then dissolve 

it in an appropriate solvent for analysis. 

 

5.2.4 Biological Samples 
For reproducible results, some samples may require 

additional treatment. For example, proteins, cell 

membranes, and cells in solution need constant stirring to 

prevent settling. Other samples are temperature-sensitive 

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

 

5.3 Running a Scan on a Sample 

5.3.1 Precautions with the Solid-Sample Holder 
Avoid placing the front face of the sample so that the excitation 

beam is reflected directly into the emission monochromator. If the 

sample is rotated at 45° from excitation, this may occur, 

increasing interference from stray light. Instead, set up the sample 

with a 30° or 60°-angle to the excitation, preventing the excitation 

beam from entering the emission slits. The photograph at right 

illustrates how a 60°-angle to the excitation keeps the incoming 

excitation light away from the emission monochromatorôs 

entrance. 

 

 

 

Note:  The focal point of the excitation beam must be on the sample itself. 

Solid  Sample Holder  

Remove    or change this metal spacers . 

Excitation monochromator  
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5.3.2 Use filters in 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 filter that removes excitation wavelengths from the emission beam in the emission 

optical path. Here is an example of scans with and without filters on a FluoroMax® Plus, using an unknown 

white powder as the sample. A 347 nm band-

pass filter allows only the desired excitation to 

reach the sample, while a long-pass filter in the 

emission side lets only fluorescence, and no 

stray excitation into the detector. Notice how the 

shape of the spectrum changes drastically when 

filters are added. 

 

 

 

 

 

 

5.4 Measuring the G Factor 
Include the grating factor, or G factor, whenever polarization measurements are taken. The G factor corrects 

for variations in polarization wavelength-response for the emission optics and detectors. A pre-calculated G 

factor may be used when all other experimental parameters are constant. In other cases, the system can measure 

the G factor automatically before an experimental run. G factors are incorporated into the Anisotropy scan-

type: 

1. In the FluorEssence toolbar, click the Experiment Menu button . 

 
The Fluorescence Main Experiment Menu appears.  

 

2. Click the Anisotropy button. 
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The Experiment Type  window appears. 

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

 

 

 

 

The Experiment Setup window opens. To determine polarization at 

particular excitation/emission wavelength-pairs, choose vs SinglePoint.  

 

 

 

 
 

4. Click the Detectors icon. 

This shows the parameters related to detectors, including the G factor, in the Polarization area. 

 

5. Click the G Factor checkbox to include a G factor in your measurements. 

Activate the checkbox ONLY if you know the G factor. De-activate the checkbox if you want to 

measure the G factor. 

 

6. Enter a value for the G factor in the field if you know and want to use a pre-determined value. 

Note:  For weak signals, enter the G factor, rather than measure it automatically. This 

may improve the S/N. 
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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 signal-to-noise ratio (S/N). This is true especially for 

weakly fluorescing samples with low quantum yields. The signal-to-noise ratio can be improved by: 

¶ Using the appropriate integration time, 

¶ Scanning a region several times and averaging the results, 

¶ Changing the band pass by adjusting the slit widths, and 

¶ Mathematically smoothing the data. 

 

The sections that follow discuss the alternatives for improving the S/N ratio and the advantages and 

disadvantages of each. 

 

5.5.1 Determining the Optimum Integration Time 
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 detector and its electronics when high voltage is applied). By increasing the integration time, the 

signal is averaged longer, resulting in a better S/N. This ratio is enhanced by a factor of t1/2, where t is the 

multiplicative increase in integration time. For example, doubling the integration time from 1 s to 2 s increases 

the S/N by over 40%, as shown below: 

For an integration time of 1 second, For an integration time of 2 seconds, 

 1

1

/

2/1

2/1

=

=

=tNS

 

 414.1

2

/

2/1

2/1

º

=

=tNS

 

 

or approximately 42%.

 Because S/N determines the noise level in a spectrum, use of the appropriate integration time is important for 

high-quality results. 

5.5.1.1 To discover the appropriate integration time: 
1. Find the maximum fluorescence intensity by acquiring a preliminary scan, using an integration time of 

0.1 s and a bandpass of 5 nm. 

2. From this preliminary scan, note the maximum intensity, and select the appropriate integration time 

from the table below. 

Note:  For detailed information on the G factor, see the Polarizers Operation Manual. 
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SIGNAL INTENSITY (COUNTS PER 

SECOND) 

ESTIMATED INTEGRATION 

TIME  (SECONDS) 

1000 to 5000 2.0 

5001 to 50 000 1.0 

50 001 to 500 000 0.1 

500 001 to 4 000 000 0.05 

 

Set integration time through Experiment Setup for a specific experiment, or Real Time Control to 

view the effects of different integration times on a spectrum. See the FluorEssenceÊ on-line help to 

learn more about setting the integration time. 

5.5.2 Scanning a Sample Multiple Times 
Scanning a sample more than once, and averaging the scans together, enhances the S/N. In general, the S/N 

improves by n1/2, where n is the number of scans. 

  

Note: This table is only a guide. The optimum integration time for other 

measurements, such as time-base, polarization, phosphorescence lifetimes, and anisotropy, 

may be different. 
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5.5.2.1 To scan a sample multiple times 

1. Open the Experiment Setup  window. 

2. Choose the Detectors icon. 

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

 
See FluorEssenceÊ on-line help for detailed instructions regarding the data-entry  fields. 

 

5.5.3 Using the Appropriate Wavelength Increment 
The increment in a wavelength scan is the spacing, in nm, between adjacent data points. The spacing between 

the data points affects the resolution of the spectrum, and total time for acquisition. Consider the required 

resolution, time needed, and concerns about sample photobleaching. Most samples under fluorescence analysis 

display relatively broad-band emissions with a Lorentzian distribution, so they do not require a tiny increment. 

Common increments range from 0.05ï10 nm, depending on the sample and slit size. A first try might be 0.5ï1 

nm increment. After acquiring the initial spectrum, examine the results. If two adjacent peaks are not resolved 

(i.e., separated) satisfactorily, reduce the increment. If the spectrum is described by an excessive number of data 

points, increase the increment, to save time and lamp exposure. A scan taken, using an increment of 0.1 nm, 

with a peak at full-width at half-maximum (FWHM) of 20 nm, should be characterized with a 1-nm increment 

instead. 

For time-based scans, the increment is the spacing in s or ms between data points. Here, the consideration is the 

necessary time-resolution. The time increment dictates the total time per data point and for the scan in general. 

Set this value to resolve any changes in the luminescence of samples as they react or degrade. Time increments 

often range from 0.1ï20 s. 
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Set increments in the Inc field, under Monos in the Experiment Setup window. 

 

See the FluorEssenceÊ on-line help for more information. 

 

5.5.4 Selecting the Appropriate Bandpass 
The bandpass (wavelength 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, for two 2-nm peaks 5 nm 

apart, and a bandpass of 10 nm, one broad peak, instead of two well-defined ones, is visible. 

 

By adjusting the slit widths, the intensity and bandpass of the light is controlled. The slits of 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 to the square of the slit width, that is, 

 

signal level θ  (slit width)2 

 

Bandpass is calculated using the following formula: 

 

bandpass (nm) = slit width (mm) × dispersion (nm/mm) 

 

A FluoroMax®+, which has a single-grating monochromator and 1200 grooves/mm gratings, has a dispersion 

of 4.25 nm/mm. 
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For steady-state fluorescence measurements, set the entrance and exit slits the same for a monochromator. (This 

occurs automatically when using bandpass units in FluorEssenceÊ.) For biological samples that may 

photobleached, try narrowing the excitation slits and opening the emission slits wider. 

 

5.5.5 Smoothing Data 
Smoothing the data improves the appearance of the spectrum. Smoothing, as are most post-processing 

features, is handled by Origin®. 

1. Click the Analysis tab on the main FluorEssenceÊ 

toolbar. 

A drop-down menu appears. 

2. Choose Smooth.... 

The Smooth  window opens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. In the Input drop-down menu, choose the appropriate file to smooth.  

4. In the Method drop-down menu, choose FFT Filtering (fast-Fourier transform), Adjacent Averaging, 

or Savitzky-Golay smoothing. 

5. Click the OK button to smooth the data. 

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

In general, start with a 9- or 11-point smooth for a time-base measurement. To select the proper number of 

points for wavelength-scan types, first locate the area that requires smoothingðusually this is a peak. Determine 

the number of data points used to make up the peak, and then smooth the data using the number of points closest 

to this number. To avoid artificially enhancing the data, use the appropriate number of points to smooth the 

data. For example, selection of too large a number of results 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: 

¶ Equipment specifications 

¶ Sample characteristics 

¶ Timing considerations. 

 

To ensure that the spectra collected indicate the actual properties of the sample and not external conditions, data 

often must be corrected. To correct data means to remove information from the data not directly related to the 

properties of the sample. Gratings, detectors, and 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 as those required for quantum-yield 

determinations, response characteristics must be eliminated. Supplied with the instrument are sets of excitation 

and emission correction factors to eliminate response characteristics. These files1, xcorrect and mcorrect, are 

included with the software. 

 

ITEMS THAT MAY BE CONVOLUTED INTO A 

SPECTRUM 

WAYS TO REMOVE THESE ARTIFACTS  

Fluctuations caused by the light source Monitoring lamp output using the reference detector, R, and using 
the signal ratio S/R to correct lamp profile or temporal fluctuations 

Influence of the sample holder Running a blank scan (which is then subtracted from the sample 
scan) 

System hardware (e.g., optics, detectors) Using radiometric correction factors 

 

To use radiometric correction factors, either: 

¶ Select the ones supplied with the program, or 

¶ Select a set generated at your facility during or after acquisition, discussed in the following section. 

Acquiring radiometric correction factors is explained in Chapter 8: Producing Correction Factors. 

 

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

 
1 Filenames include a three-letter extension. For the sake of clarity, we have omitted the extensions in this 

section. 

 

Note:  The excitation range is 240ï600 nm; the emission range is 290ï850 nm. 
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5.6.2 During Acquisition 
Data can be acquired either as raw data or as corrected data. A spectrum composed of raw data exhibits the 

effects of system parameters, while a corrected spectrum displays only the properties related to the sample.  

 

 

 

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

appropriate detector. 

a. Choose the Collect tab in the 

toolbar. 

A drop-down menu appears. 

 

b. Choose Advanced Setup, then 

System Configuration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 FluorEssenceÊ 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. 
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The System Configuration window appears: 

 

 
 

 

c. Choose Preferences, then the Instrument Correction Files icon. 

The Instrument Correction Files area should display a correction file for the Detector (S or R). If not, click the 

Insert button, and browse for the desired correction file. 

 

DETECTOR CORRECTION -FACTOR FILE NAME  

S mcorrect 

R xcorrect 

2. Choose correction when setting up the experiment. 

a. In the Experiment Setup  window, choose the Detectors icon to display the detectorsô 

parameters. 

 

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

In the Signal Algebra area, a signal with appended ñcò appears, denoting a corrected signal: 
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c. Click the Add >> button to 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 factors after the data have been acquired, multiply the data file by the appropriate 

correction factor file (mcorrect for the S detector or xcorrect for the R detector). 

1. Make sure the graph is open, and the trace to be corrected is active in the main FluorEssence window. 

2. Click the Analysis tab. 

 
 

A drop-down menu appears. 

3. Select HJY Tools. 

Another drop-down menu appears. 

4. Select Simple Math.... 

The HJY_simple_math window opens: 
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The name of the chosen trace should appear in the Graph field. If not, browse for it with the drop-down 

menu. 

5. From Math Function, select multiply from the drop-down menu. 

 

6. Browse for the appropriate correction-factor file in the Operand field (mcorrect  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 checkbox is inactive, the data in the current graph are overwritten. 

8. Click the OK button. 

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

spectrum. 
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6 MAINTENANCE  

6.1 Introduction 
The FluoroMax® 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 xenon-lamp scan and water Raman spectrum serves as early indicators of the systemôs integrity. See 

Chapter 3 for these tests. 

 

6.2 Lamp Replacement 

6.2.1 When to Replace the Lamp 
Obtaining good spectral results depends on the xenon lamp. Keep track of lamp usage with the hour meter. 

After 1200ï1500 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 water-Raman scan; when the current lampôs output 

drops below 100 000 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 suggests leaving the lamp on during brief periods of inactivity. 

6.2.2 Parts and Tools Required 

6.2.2.1 Xenon Lamp 
The replacement xenon lamp ƛǎ ǇŀŎƪŜŘ ƛƴ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ōƻȄΦ wŜŀŘ ŀƭƭ ƛƴǎǘǊǳŎǘƛƻƴǎ ŀƴŘ ǇǊŜŎŀǳǘƛƻƴǎ 

before removing the lamp from the protective cover, and inserting it into the FluoroMax® Plus. 

Phillips screwdriver 

оκон  !ƭƭŜƴ ƪŜȅ 

тκсп  !ƭƭŜƴ ƪŜȅ 

мκу  !ƭƭŜƴ ƪŜȅ 

фκсп  !ƭƭŜƴ ƪŜȅ 

 

 

 

 

 

  

Warning:  Do not remove the protective cover from the 

replacement lamp until instructed to do so. 

Warning:  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 

¶ Xenon-arc lamps are an explosion hazard. Wear explosion-proof face-shield and protective clothing when 

opening the lamp housing and handling the lamp. 

¶ Disconnect the lamp power supply from the AC power line (mains) while handling lamp leads. Lethal 

high voltages may exist. 

¶ The lamp remains extremely hot for approximately one-half hour after it has been turned off. Do not 

touch the lamp or the metal unit until the lamp has cooled. 

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

¶ Do not touch the focusing lens, back-scatter mirror, or the surface of the lamp. Fingerprints will be burned 

onto these surfaces when the lamp is ignited. 

 

6.2.4 Changing the Lamp 
1. Switch off and prepare the FluoroMax® Plus. 

a. Be sure that the FluoroMax®+ and the host computer are turned off. 

b. Remove the AC (mains) power cord from the FluoroMax® Plus. 

c. Disconnect the USB cable, optional trigger-box cable, power cord, and any other cables 

attached to the spectrofluorometer. 

2. Gently remove the sample mount from the front of the 

FluoroMax® Plus. 

The standard FluoroMax® Plus front is held via a friction 

fit, with no screws to remove. Some accessories require 

removal of four screws. Some sample mounts also have a 

15-pin connector at the inside end for automated 

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. 

 

 

 

 

 

 

 

 

 

b. Pull the lamp cover to the left 

about 2 cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c. Lift the cover vertically off 

the instrument. 
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4. Remove the lamp-housing cover at the rear of the 

instrument. 

a. With a Phillips screwdriver, loosen the 

safety coverôs screw. 

 

 

 

 

 

 

 

 

b. Swing the safety cover out of the way. 

 

 

 

 

 

 

 

 

 

 

 

c. Remove the three cap screws from the lamp-

housing cover. 

 

 

 

 

 

 

 

 

 

 

 

d. Gently rotate the lamp-housing cover with its 

cooling fans attached.  
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e. Rotate the cover backwards, and set it 

to the side of the instrument, so that 

electrical connections are not strained. 

The lamp is held in place by spring 

tension and the height adjustment on 

top of the lamp. The anode and cathode 

connections are attached to the lamp 

via thumbscrews on top and bottom of 

the lamp. 

 

 

 

5. Prepare the replacement lamp. 

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

monochromator. 

b. Remove the top half of the new lampôs protective cover.Keep this top half handy for later. 

 

 

6. Remove the old xenon lamp. 

a. While holding the metal anode (top) 

portion of the lamp, loosen the height 

adjustment above the lamp with a 1/8ǌ 

Allen key, until the lamp is removable.  

 

b. Press down against the spring action. 

Notice how the nipple faces away from the collection 

mirror (not visible here behind the hand). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Caution:  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 

(ï) is on the bottom. The nipple on 

the lampôs glass envelope marks the 

anode (+) side. 



Page 110 of 226 
FluoroMax® Plus & FluoroMax® Plus-P User manual 
Rev G (August 2024)     

c. Gently tilt the lamp away from the 

top post.  
d. Lift the lamp out of the lamp housing far 

enough to remove the anode and cathode 

connections. 

e. Remove the thumbscrew at the anode 

end (top) of the lamp, leaving the post 

exposed. 

f. Remove the anode cable. 

g. Remove the thumbscrew at the cathode 

end (bottom) of the lamp, leaving the 

post exposed. 

h. Remove the cathode cable. 

7. Place the old lamp in the top protective cover 

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 new 

lamp, and secure the connection with the 

new lampôs thumbscrew. 

 

 

 

 

b. Attach the anode connection to the new lamp, and 

secure the connection with the new lampôs thumbscrew. 

c. Recheck that the connections are correct. 

 

10. Insert the new xenon lamp.  

a. Insert the new lamp in the bottom holder. 

b. Press the lamp down into the holder to compress the spring. 

c. Tilt and raise the anode end of the lamp into the top holder. 

d. Place the lamp so that the nipple on the glass envelope is 

opposite the collection mirror. 

e. Set the height adjustment, using the 1/8ǌ Allen key. Try to 

return the new lamp to the approximate position of the old 

lamp. 

 

 

11. Replace the safety cover and lamp-housing cover. 

 

12. Replace the three screws on the lamp-housing cover. 

13. Reconnect all cables (power, accessories, etc.) to the FluoroMax® 

Plus. 

Warning: Do not touch any 

portion of the lamp except 

the metal cathode and 

anode. 

Cathode  (Ɋ) 

Anode  (+ ) 

Collection mirror  
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6.2.5 Adjusting the New Xenon Lamp 

6.2.5.1 Choices 
There are two choices after lamp installation: 

¶ Let the lamp ñburn in,ò i.e., run, for 6 h before adjustment of its position. 

¶ Set the coarse lamp adjustments immediately. After a 6-h burn-in, 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. 

6.2.5.2 Procedure 
1. With the lamp cover still removed, turn on the FluoroMax® Plus. 

 

 
 

 

 

 

2. Insert a clean cuvette filled with de-ionized water in the sample compartment. 

3. With the room lights off and ambient stray light minimized, acquire a xenon-lamp scan and water-

Raman scan, as explained in Chapter 3. 

  

Note: Do not replace the FluoroMax® Plus cover until the lamp is correctly adjusted. 

Caution:  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. 
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This should confirm that the instrument is roughly calibrated. 

4. Open Real Time Control. 

a. Move the excitation monochromator to 350 nm, and the emission monochromator to 397 

nm. 

b. Set the slits to 5-nm bandpass. 

c. Open the excitation shutter and emission shutter. 

d. Set the integration time to 0.5 s. 

5. Adjust the xenon lampôs position. 

There are three adjustments to optimize the lamp position: 

 

ADJUSTMENT  ALLEN KEY  REQUIRED 

Focus оκон 

Tilt and Center фκсп 

Height мκу 

 

a. Slowly work each adjustment to optimize 

the signal. 

At maximum signal (> 400 000 cps, depending upon the 

spectrometer), the lamp is optimized. 

b. Remove the Allen keys. 

 

6. Acquire another water Raman scan. 

a. Use the same parameters as in step 3. 

b. Note the peak intensity. 

c. Use the flowchart below 

  

Is the peak 

ƛƴǘŜƴǎƛǘȅ җ 

400 000 cps? 
No further adjustment is necessary. 

Replace the lamp-housing cover. 

Replace the FluoroMax® Plus cover. 

STOP. 

The FluoroMax® Plus is ready for 

operation. 

Adjust the lamp: Continue with 

the procedure below. 

Yes No 

Focus 

Tilt and 

Center  

Height  
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6.3 Electronics 
In case of the rare chance of system failure, this section is provided to help the user understand the electronics 

components. 

 

 

 

 

 

 

 

 

 

Is the signal 

within 

specification

s? 

No further adjustment is 

necessary. 

Replace the lamp-housing cover. 

Replace the FluoroMax® Plus cover. 

STOP. 

The FluoroMax® Plus is ready for 

operation. 

Continue to adjust the 

screws, to improve the 

water Raman signal. 

Yes No 

After repeated 

adjustments, is 

the signal still 

low? 

No 

Yes 

Go to Chapter 7: Troubleshooting. 

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 Xenon-Lamp Power Supply 
The xenon lampôs power supply has a capacity of 180 W, and is found in the center back of the instrument. In 

order to suppress the emf spike emitted from the lampôs power supply during arcing and startup of the lampð

several thousand voltsðthis contains specialized line filters. 

The power supply is preset at the factory for the correct 

current and voltage to supply the xenon lamp with 150 

W. Poor lamp performance or difficulty maintaining a 

stable lamp arc may be the result of an improperly set 

power supply. Contact Fluorescence Service for more 

details. 

 

 

 

6.3.2 Monochromator Drives and Accessory Controllers 
The monochromator drives, drive electronics, and accessory electronics are found on the underside of the 

optical platform. Electrical connections for the emission detector and the basic system-electronics for AC-power 

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 bottom cover: 

 

 

 

There is a J400906 control board underneath the instrument, which controls the drives, slits, shutter, and 

automated accessories in the monochromators. This board also controls options such as a sample changer. 

Do not detach 

wkh vfuhhqvɏ 

screws. 
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6.4 Updating the FluoroMax® Plus Firmware 
 

1. Turn on the host PC 

2. Insert the installation CD into the CD or DVD drive in the host PC. 

3. Using Windows® Explorer, find the Utilities directory in the installation CD. Inside the Utilities 

directory, find the HJYUpdate subdirectory. 

4. In the HJYUpdate subdirectory, double-click on HJYUpdate2.4.exe  to start the Firmware 

update. 

 

The console window appears, asking you to choose which device: 

 
 

 

5. Choose option 1 to update the FluoroMax® Plus with USB port and current Firmware version 1.00. 

The console asks you which choice: (1) update Firmware, or (2) exit: 

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. Choose 1 to update the Firmware. 

The console asks you to confirm this choice: 

 
7. Enter Y to confirm updating the Firmware. 

The console asks you to choose the Firmware: 
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8. Enter 1 for Firmware FluoroMax4_1.0.iic . 

The console asks you to confirm that the new Firmware version is 1.01: 

 
 

9. Enter Y to confirm this. 

The software updates the Firmware. When complete, the console prompts you to press any key to close 

the program: 

 

 

 
 

 

10. Switch off the FluoroMax® Plus for about 10 seconds, and then switch it back on to load the 

Firmware into the instrument. 

  
























































































































































































































