How to Build a 3
opectrofiuorometer -

World’s Most Sensitive
Modular Spectrofluorometer
Dynamic or Steady State



How Fluorolog-3 Adapts
to YOUR Sample

Fluorolog-3 is the latest
concept in fluorescence
engineering, an instrument
that encourages you to
custom tailor a spectro-
fluorometer’s performance
to the work you need to
accomplish, Whether you're
working in steady state or
molecular dynamics, your
selections will deliver the
perfect balance of these

crucial benefits:




A Fluorolog-3 delivers the
ultimate in sensitivity. This
not only means that you see
lower concentrations, but
vou also take data faster,
which means more work
done, with more accuracy.

Not only does fast scanning
produce more data, it also
limits degradation of samples
by time, photobleaching, or
other means that can invali-
date your data. Fluorolog-3
is the fastest scanning mod-
ular instrument made.

Modularity

No one system can provide
the answers to all problems.
That’s why Fluorolog-3 is
modular. Choose a source,
spectrometer, sample com-

partment, detector and
accessories that match the
wavelength range, time
domain, or physical charac-
teristics and parameters of
your sample, such as temper-
ature, solid, liquids, even
remote sensing through
fibers. And when you need
to probe the mechanisms
of molecular dynamics, the
Tau-3 Frequency Domain
Lifetime Upgrade delivers
pico-second time discrimi-
nation at the twist of a knob,

Aptomation

Turn the power on and
you're ready to take data.
The instrument calibrates
itself and you can load in
slit and wavelength settings
from memory. Automated
sampling accessories include
polarizers, sample changers,
plate readers, grating rurrets
and more,

Versatility

Fluorolog-3 has an
accessory for virtually '
any sample—and if we .
don't have what you ¢
need, we can always make "
a special device for you

Real World
Performance

IR probes to energy trans-
fer, dynamic polarization
to CCD detection—it’s
all in the Fluorolog-3

spectrofluorometer.



Sensitivity

the Best Sensitivity:

1. Our excitation lamps are mounted vertically to
image the arc on the slit for more throughput
and longer life as a bonus,

. All-reflective optics keep the light in focus at all

wavelengths, unlike lenses.

3. Plane, kinematic gratings also remain focused at all
wavelengths and are easily changed to maximize
any wavelength
range. Ruled grat-
ings eliminate
the polarization
anomalies of
holographic
gratings.

8. Photon-counting
detection strips
noise from

weak signals.

8. Windows-based
software supplies
dara-extraction
routines.

What Sensitivity
Means to Your Data:

1. You can analyze samples at lower concentrations,
obtaining data unavailable with other instruments.

2. Save time—the stronger the signal, the more
samples you can measure in a given tim

3. More accurate data. The stronger the si
better the statistics, the lower the noise
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Not only does Fluorolog-3 software include routines
for automatic scanning of emission spectra for a
defined set of excitation spectra, to produce an
excitation/emission matrix that fully characterizes
the samples fluorescence, the spectrometer unique
design supplies fast scanning (150 nm/sec), that
makes these scans practical. Your samples can be
totally characterized in a matter of minutes, as
shown by the matrix at right.

Multiwavelength Data

For probes with multiple excitation or emission wave-
lengths, DataMax software delivers routines to quickly
slew between specified wavelengths while acquiring
dara. This lets you handle probes for calcium, pH, Mg,
and many others automatically.

Titey Flate Confapsakion

Tau-3 Picosecond
Lifetime Unit

Whether you need to do Fluorescence Resonance
Energy Transfer (FRET), Molecular Dynamics,
Anisotropy decay, or simply need to resolve spectra
on the basis of lifetime, the Tau-3 Lifetime System
will tuen your Fluoralog-3 into a picosecond time
machine. And you can upgrade any Fluorolog
already in use, should your demands change in

the future,

When you have a large number of samples to run,
the plate reader is ideal. Coupled to the instrument
through angled optical fibers, fluorescence data is
quickly acquired at a speed of about 100 samples
per minute, Routines are also included for auto back-
ground subtraction, standard calibration curves,
kinetics and compuration of results in concentration
or user-specified units.




(V) Seurces

450W xenon cw famp is standard. Options include a

Hgf}{e for more uv intensity, pulsed Xe for phosph& (*)Emission Spectrometer

rimetry, or put your laser on any of our convenient
laser ports,

(:) Excitation Spectrometer

Choose a single grating unit with kinematic gratings

to customize your wavelength range (a three grating
turret is available if vou need to automatically switch
between several ranges) or a double grating unit for
highly scattering samples. Slits and calibration are auto-
mated (and therefore reproducible for even the most
inexperienced users)—and scanning is the fastest.

() Tau-2 Lifetime System

Add picosecond lifetime capability, now or later, with
our frequency domain lifetime unit. Switch between
cw or lifetime in a matter of seconds.

(v)T-Sample Compariment

All reflective optics in the sample compartment mean
the sample is always in focus, no matter what the size,
and facilities are available for a second emission chan-

nel for dual wavelength probes or T-format polariza-

The standard pmt is a
@ p

tion studies. A gap bed sample compartment accepts
custom sampling accessories or any listed on page 9.

You have the same choices as with excitation with the
additional option of an imaging spectrograph that lets
you mount a CCD
detector for instant
spectra. The spectro-
graph can also mount
a second detector with
automated switching,

Detectors

To0m temperature unit
that covers the range
from the uv to near IR.
A TE-cooled unit aids
sensitivity, or other pmt or
solid state detectors can
be mounted for additional
wavelengths in the
IR region.



MdJatrEe
Gonfigurations

FL3-1

The basic Fluorcolog-3 configurarion is
formed from single-grating spectrometers in
excitation and emission positions, a T-sample
compartment, and a red-sensitive photomulti-
plier. Add any accessory now, or expand your
capabilities later. The FL3-11 provides out-
standing sensitivity and performance at the
lowest price.

The ultimate in stray-light rejection, the

double grating spectrometers in excitation and
emission positions are perfect for highly scatter-
ing biological samples like lipids and proteins,
or solids like powders, semiconductors, or phos-
phors. You also get a bonus in resolution as well
as sensitivity. Optional automated center slits

let you push the stray-light envelope even
further back. Source

FL3-M-Tau3
Switch from steady-state measurement to pico-
second lifetimes with the optional Tau-3 auto-
mated system as casily as clicking on a mouse
—uwithout any realignment. Tau-3 is the most
sophisticated system for molecular dynamics as

you probe the microworld of energy transfer, %
dynamic depolarization, or an endless list of
other time-dependent applications.

Alternate berween the best in scanning resolu-

tion and stray-light rejection to the instanta-

neous acquisition and spatial resolution of an ;“n .
imaging spectrometer with a Charge Coupled l'n 1
Device (CCD), E

Multiple, automated
ports on the 270M
spectrograph, [R
Detectors, grating
turrets—ask any Spex
Fluorclog-3 applica-

tions engineer today
to help you assemble
vour most versatile
spectrofluorometer.

FL3-11 wasting to run your samples.



Auinmalion

Hardware

Fluorolog-3 is self calibrating, which means you begin
taking data once the unit is turned on. Wavelength scan-
ning, slit settings (for bandpass control or resolution)
are all automatic, as are sample changers, temperature
control, plate readers, polarizers, and more. You get 1o
concentrate on your samples and data and not have to
worry about twisting knobs, sliding slits, or other forget-
table, neglectable items—and remember, because the
settings are electronic, they're much more reproducible.

Software

For advanced operations in a Windows™ operating envi-
ronment, DataMax-5TD software has expanded features
that revolutionize the way you operate your spectrofluo-
rometer. All it takes is a glance at the familiar button tool
bars and context-sensitive help menus, then you're
instantly taking data. DataMax produces a comfortable
environment that never forgets that fluorescence is the
reason vou re there, Click to select the type of scan, vour
accessories, or bring back a complete experiment you
run routinely, You can even set up different prompt
sophistication to suit your level of experience; Novice,
[ntermediate, or Expert
Levels are available.

¢ Simplified pull-down
menus for all operations
and accessories

* Detector Algebra to
customize the way you
acquire data

® Martrix scanning to pro- -
duce three-dimensional :
and total luminescence

data

s Optional developmental
tools like Array Basic™
and Visual Basic” encour-
age customized operations

s Real-time display lets you
optimize parameters

& AND the tull power of
GRAMS/386" is part of
every DataMax package.

Some of the Data display and processing routines include:

* Zooming and scaling
* Contour Maps
* [ntegrate

* 3D Perspective
* Smoothing
* Deconvolve

® Curve Fit ® Derivarive

¢ Excitation/Emission * Single-point Analysis
Correction in Spreadsheet format

® Standard Arithmetic

SPEX Rutomated 'I'l..lrltll'l
Cantrol Accessaries

The fluorescence emission of a sample is influenced

by temperature. Intensity will be reduced as tempera-
ture is raised. A series of measurements of intensity as a
function of the temperature allows the calculation of
various sample parameters, such as an Arrhenius plot,
from which the activation energy of a process may be
determined. For protein studies, information about the
thermal stability of a protein may be obtained, by per-
forming a series of scans as a function of temperature.

Automated temperature control may be easily added
to any of the SPEX fluorescence instruments, includ-
ing the Fluorolog-3 Tau-3 Lifetime system, operating
under DataMax-STD software. The complete accessory
is available as part number TEMP1, which consists of
a microprocessor controlled circulator, a remote tem-
perarure sensing probe, an interface card and all neces-
sary cables. This accessory adds a new dimension to all
experiments supported by DataMax, in a completely
autornatic fashion.
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Fiber Dptic Platlorm

1850, 1950-1M

This- oecessory & used o remote sensing in the region betwesn 250nm
and 850mm for somples St connat be posiicned in the sample chamber

Liguid Nitrogen Bewar Assambly
FL-1013

For phesghorescence or defiryed Ruonescence magsuremant;, somples e
dften fricen of bguid nitrogen fompesciures 1o preseeve fhe fmagie tiplet
stote. A llewor is irsed o feere and moinicin e fempamin of te o
phe. The Deswer i poced on g peckechl wethia the sampling module o the
spechofiuseometer, ond the semple & ploced in o quartz 2l ond slowly
mmessed in the ligud sitoge-filed Dewn

Rutemaied Polarization Rccessories
Ths Model F1-1018 autormated I-format Polortzntion Accessery pemits
conptete ronfml of your polerization axperments from S computer
beybaoed ond kets you oulomate ol Se nexessary polmize: matation B
the measmement of VW, VH, HH, ond HY components. & opfional
T-formas coafigunstion & dhsa availabls.

Autamated Four-Positian

Thermostatted Cell Hoider
FL-10m

Thee Model Astometed Fou-Pesition Themestotted (el Holder kaepe o
gl it 1 vonstont semperiues Bom <107 1o B0°C

Thee rempenetre of the somphe & moistanad by o liguid mixiee pumped
throughs from on extemal cicelating fempesahes both (nef inchidad).

SHUTTER, Emision

1920 CIVETTE, 4o, Querz Capped

1923 CELL, WICRD, 500, Cylecical, Guorz (Rocuies
Madel 19734 Adophe)

1623k ADFTER for S0yl Mo el

1924 CELL, MACRD, 7503, i, Osartz (Requies
Wod! 1924 Adepte)

1925 CUVENTE, 4, Quart, Sigperet

1933 HOLDER, Seli Smple

1995 FILTER, SET,CUON

I95C1M  FABER OPTIC BUNDLE 1 Meter, BRcoie,
Rendomized (For Use with Modsl 15500

195020 IBER OPIC BUNDLE 7 Metes, Bocrid,
Reodmioed (For s with Model 19501

195058 IBER OPTC BUNDLE S Meters, Burcted,

1950 FIBER 0TI PLATFORM
(Reguines Fioes Dtz Bundie)

Tha heler ot inchades 0 mogeetic sime ts max o Abid or g

wscoes somple whil it s postioned in e lght beom

Solid Sample Halder

1833

The Mol 1733 Sold Somple Hoides is designed for somples such

i fhiri films, powdess, pelats. micrnmpe sides, ond Shers. The
hokder consists of 4 base upon which o brcket, sing dip, and sampe
Hoct mst.

Single-Position Thermostatied Cell

Holder with Magnetic Stirrer
19318

The Single-Position Thamoziutted (il Helder keeps 5 somple of o core
sint tempessture fiom —15°T b 100, The tempesmtes & moi-

T by am esbylene givcok-woter mixhoe pumped thiough from on
extemal croslafng hempershyre bath {not induded). The holder ol
includes o magnetic st to mix tubid o viscous somples,

1955 CELL, HPLC Flow, 200l

19318 HOLDER, Themasiated Singe (el
with Magnesic S

FE020  POLARIZATION ACCESSORY, Mosul, Lo

FLIOTS INIECTION PORT -

FLIOI)  DEWAR, Ligid Mivogen esemtbly

FEI0IE  POLARATION ACCESSORY, Automamed,
[-fatrrt

19300 AUTOWGED # pochased with 19374

FLE0N HOLDER, Two-Fostion, Autornoted. Thesmostatied
iith Mxgnetic Stier

A0 HOLDER, FourPostion, Autemofed. Thesmostoned
it Mogeesic Sfiver

(A HIOLDER, Coversly

06SE  CELL REDUCEDVOLIWE, | mi, SemcSom,
(inchad=s Adoptes ond Magoetic Stimer

TRG15/25  ACCESSORY, THGHER



Detecting Flunrescence in
Highly Scattering Samples

With highly scattering samples, fluores-
cence signals may be overwhelmed by
stray or scattered light from the sample,
making quantitative and qualitative
analytical determinations impossible.
However, a double-grating spectrometer
on the emission side drastically improves
stray-light rejection.

The Rhodamine-B data above compares
the performance of a single-grating and
a double-grating system on the same
highly scattering sample: a thin mono-
laver of thodamine-B on a microscope
slide. The sample was scanned in the
front-face fluorescence detection mode
with our best single-grating spectrofluo-

rometer system, and then with the
maodel which has double-grating
spectrometers for both excitation and
emission. In Plot A, stray-light from
the sample masks the rhodamine-B
fluorescence. Plot B, measured by the
double-grating, shows a well defined

fluorescence peak ar 540 nm.

Carbon Tetrechloride data illustrates the
unmatched stray-light rejection capabili-
ty of the Fluorolog-3 by showing all
four Raman bands that occur at 3507,
351.8, 353.6 and 357.7 nm for carbon
tetrachloride (CCl,). The excitation
wavelength was 348 nm and the band-
pass setrings on the excitation and emis-
sion spectrometers were (.5 and (.7 nm
respectively. Narrow slit widths and the
capability to step the spectrometer in
small increments are critical in resolving

the 350.7 and 351.8 bands,

1“ !

Synchronsus Scanning for
Characterizing Complex
Mixtures

The observed Huorescence spectrum of
a complex mixture often contains over-
lapping spectral features, Synchronous
scanning offers a solution to this prob-
lem by simultaneous scanning the exci-
tation and emission spectrometers with
a constant offset between them (speci-
fied in wavelength or cm'1).

The polynuclear aromatic hydrocar-
bons figure compares a synchronous
spectrum and a conventional emission
spectrum for a mixture of five polynu-
clear aromatic hydrocarbons, The solid
line is the emission spectrum acquired
on a Fluorolog-3 system with constant-
wavelength excitation. When the sam-
ple is scanned synchronously, five indi-
vidual components are resolved into

unique sharp peaks, as shown by the
broken line.



Working with
Fluorescence in the IR

The Fluorolog-3 series can be
equipped for the IR region, open-
ing up totally new areas of applica-

tions for fluorescence spectroscopy.

For example, manufacturers of
pharmaceuticals can employ IR
fluorescence to identify toxic
agents. In materials science, as
illustrated by Ytrium aluminum
garnet figure, IR fluorometry can
help to study the sites occupied by
rare-earth ions incorporated into
single-crystal lattices. Also, probes
in the red avoid interference from
native fluorescence in the blue, An
IR spectrofluorometer must be
equipped with a red-sensitive pho-
tomultiplier or a solid state detec-
tor whose response is effective far
into the IR region. With a PMT
sensitive to 1 micron, only minimal
system modification is necessary,
For fluorescence detection above

1 micron, a variety of solid-state
detectors covering different wave-
length ranges, are available. Only
a SPEX Fluorolog-3 IR system
includes such components as inte-
grated features.

Fluorolog-3 IR systems also have
interchangeable gratings and
optional grating turrets to enhance
efficiency in the IR region giving
Fluorolog-3 spectrofluorometers
IR capabilities unmatched by any
other instrumentation.

Phosphorescence for
Time-Resolved Data

Fluorescence from the singlet state
usually occurs within a few
nanoseconds after excitation.

Because triplet transitions are more
inhibited the average phosphores-
cence decay times are longer, rang-
ing from microseconds to seconds
oftering a longer observation peri-
od for monitoring reactions, look-
ing at environmental effects on a
sample or following changes in the
hydrodynamic characteristics of
macromolecular systems.

In phosphorescence experiments
the Fluorolog-3 and the 1934D
Phosphorimeter, excited by a
pulsed light source synchronized
with user-specified delay and
sampling times, produces
time-resolved spectral data.

A delay permits acquisition of a
phosphorescence spectrum with-
out fluorescence interference, as
shown graphically in the organic
fluorescence figure at left, This
selectivity is particularly important
for samples in which the phospho-
rescence of the analyte can be
overwhelmed by strong fluores-
cence from extraneous materials,

Time resolved data acquisition also
makes it possible to acquire phos-
phorescence decay curves and
compute lifetimes.

Low-Temperature Scans
for Enhanced Fluorescence

One way to protect a sample from
molecular collisions that quench
luminescence is by isolating the
sample in a rigid matrix. Thus,
cooling with liguid nitrogen
enhances the phenomenon of fluo-
rescence, even for otherwise dor-
mant sample. The Pyrene data at
left compares the fluorescence




spectra of a pyrene sample
acquired at room temperature (A)
and at liquid-nitrogen temperature
(B). The Fluorolog-3 Liguid
Nitrogen Dewar accessory was
used for the low-temperature scan.

As dramatically demonstrated
in Plot B, the low-temperature

Front-Face Detection for
Rbsorbent or Solid
Samples

Fluorescence is typically collected
at 90 degrees to the excitation
beam to minimize interference
from scattered light. Yet right-
angle viewing is not feasible with
some samples, Imprint paper, for
example, should not be viewed ar
90 degrees because of interference
from reflected light. In highly
absorbent samples like hemoglobin
or milk, most of the emitted light
is reabsorbed internally before the
Huorescence can be measured.

A significant optional feature of
Fluorolog-3 spectrofluorometers
is & choice between conventional
right-angle or front-face fluores-
cence detection, ideal for solid,
turbid or highly absorbent samples
such as pellets, powders and
monolavers on microscope slides.
In front-face viewing, the fluores-
cence is collected from the
sample’s surface.

The tryptophan figure compares
the spectra for right-angle and

technique intensifies fluorescence
emission for the pyrene sample
and sharpens peaks to reveal greater
structural detail. The superior
resolution of a Fluorolag-3 dou-
ble-grating spectrometer system
optimizes measurements under
these conditions.

o deorly diffecentiate
ol membrone ond o somple
Wﬂﬁ.

front-face viewing of a hemoglobin
sample. For many vears, hemoglo-
bin was thought to be non-fluores-
cent because the fluorescence
could not detected at the conven-
tional 90 degree angle. With front-
face viewing one can easily obtain
the fluorescence spectrum for the
37 tryptophan in the af region of
hemoglobin.

Detecting Trace Quantities
of Biolegical Probes with
Fluorescence Polarization.

Used in conjunction with the large
number of fluorescent dyes suit-
able for biological research, fluo-
rescence spectroscopy has greatly
expanded our understanding of
metabolic processes on the molec-
ular level. SPEX Fluorolog-3 design
offers unparalleled sensitivity for
such work. The Cell Membrane
figure fllustrates the clear spectral
differentiation between unlabeled
cell membranes and membranes
labeled with 1uM of DPH, a wide-
Iy used probe for polarization and
ANiSotropy measurements.




Molecillaf Dynamics

Time-resolved flucrescence measurements reveal sig-
nificantly more information about the kinetics of
molecular processes than steady-state emission
spectrosoopy Nen, f.!_',lrffi.uh' !ﬂ:.'ﬁmqm': are .:zppf.rﬂf
to diverse fields of study including photachemistry,
biology, molectdar biophysics, polymers and semicon-
ductors. The mcreased value of fluorescence lifetimes
and anisotropy decay coincides with the great strides
in both time-resolved mstrumentation and on-line
data analysis that bave taken place within the last
two decades. Instruments, S.A. offers the Fluorolog-
Tau3 for time- resolved fluorescence measurements
in the frequency-domam. The Tau3 aption provides
picosecond lifetimes, anisotropy decay, time-resolved
spectra and lifetime resolved specira, while retaining
the bigh performance found in the steady-state, pho-
ton-counting Fluorolog-3 models. Our choice of a
frequency-domain design bas its basis in the proven
advantages of this approach. The Tau3 explots the
features of bigh sensitivity, precision and ease of use
to give you an advantage i your research.

Real world biological samples often present com-
plex fluorescence lifetime decays. The wide fre-
quency range of the SPEX Fluorolog-Tau3 allows
the resolution of complex fluorescence liferimes
with high precision and accuracy. Hematopor-
phyrin, a molecule of biological interest, decays as
a triple exponential with widely spaced lifetimes.
The Fluorolog-Tau3 easily resolves the fluores-
cence lifetimes of this molecule, which range from
840 picoseconds to 15 nanoseconds. The upper
plot shows the Frequency response of the sample,
in which the phase shift and modulation of the
sample are measured as a function of frequency.
The lower plot shows the residuals of the fitted
data, in which the difference between the data and
the fitted decay function are plotted as a function
of frequency. The reduced chi-square, a measure
of the statistical goodness of fit, was 1.008 for

this data set.




Anisotropy

Emission anisotropy or polarization gives information
about the size and shape of molecules, and also the envi-
ronment of the fluorophore. The hydrodynamic volume
of molecules, viscosity of solvents, microviscosity of local
membrane environments and drug/protein interactions

may be measured as well. Steady-state measurements

vield time-averaged values. Resolution of the decay of
anisotropy provides much more detail about molecular
motions on the luorescence timescale. Adding tempera-
ture as a variable allows the study of complex phenome-
na such as phase transitions in membranes and the pho-
tophysics of molecules in solution.

Perylene is a small disk-like fluorophore that rotates
anisotropically in solvent. The rotational rates of pery-
lene in glycerol vary with the viscosity. As the tempera-
ture increases, the solvent viscosity decreases, and the
perylene molecules rotate more freely. The T-format
SPEX Fluorolog-Tau3, with optional Autopolarizer
and TEMP1 temperature controller, measures these
rotational motions as a function of temperature auto-
matically. The upper curves show the RMA (Ratio of
Modulated Amplitudes) as the temperature increased
from 20°C to 45°C in 5 degree steps. The lower curves
show the differential phase angle (V-H). As the mole-
cule rotates faster, the RMA value increases, and the
differential phase angle shifts to higher frequencies.
These data may be analyzed in terms of rotational
correlation times as functions of temperature.

Steady state emission anisatrepy of

perylene in glycersl

Temperature-based fluorescence provides information
about the environment of the fluorophore, such as the
viscosity. An example of this is shown below. Perylene

has two absorption dipoles
in the molecular plane.
One of these is collinear
with the emission dipole
(S0 === §1) and the other
orthogonal (S0 => 82).
Excitation at 430 nm
results in positive aniso-
tropy, and excitation at 256
nm results in negative ani-
sotropy, due to the orthog-
onality of the absorption
and emission dipoles. The
steady-state anisotropy of
perylene in glycerel, ac-
quired at both 430 and 256
nm excitation, as a function
of temperature, was collect-
ed auromatically with the
Autopolarizer and TEMP1
accessories. As the temper-
ature is increased, the bulk
viscosity of the glycerol de-
creases, and the perylene
molecules rotate faster.
These faster motions de-
polarize the fluorescence
emission. From this, the
viscosity of the solvent as
well as the size, shape and
hydrodynamic volume of a

fluorophore may be evaluated.

Phase transition of Phospholipids

The addition of small proteins or the effects of lipid
composition on cell membranes may be determined
using anisotropy versus temperature, Above, such an
experiment uses a model membrane of a phospholipid
multilamellar vesicle. The phospholipid (DPPC) was
labeled with DPH, a rodlike probe which partitions
itself in the hydrophobic region of the vesicle. The
anisotropy of DPH embedded in DPPC shows a sharp
reduction at the phase transition of the phospholipid.

EmISSIon anisotropy <r=
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