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0: Introduction

Introduction

About the Fluorolog®-Tau-3 Lifetime
System

The main parts of the Fluorolog® Tau-3
Lifetime System are:

a personal computer

SpectrAcq controlling computer
state-of-the-art optical components
DataMax for Windows™, the driving
software.

@Note: Keep this and the

other reference manuals
near the system.

This manual explains how to operate and maintain a Fluorolog® Tau-3 Lifetime Sys-
tem. The manual also provides tutorials to learn how to operate the system. For a com-
plete discussion of DataMax, refer to the DataMax Data Collection Handbook (con-
tains data-acquisition information) and the Grams/32® User’s Guide (contains post-
processing instructions for data manipulation), which accompany the system. For po-
larization measurements, see the Spex”™ Polarizers Manual. Hardware information is

given in the Fluorolog®-3 Operation Manual.
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Introduction

Theory behind measurement of fluorescent lifetimes.
Experimental setup and procedure for cross-
correlation frequency-domain measurements.

Laboratory setup and how to unpack the system.
How to initialize and start the system, check system

performance, and switch between dynamic and steady-
state modes.

Measurement of fluorescent lifetimes. Setup, scan
options, data fitting.

Anisotropy decay acquisitions, including background
theory, procedure, scanning, and data fitting.

Phase-resolved measurements, including theory,
experimental procedure, scans, and parameters.

Time-resolved measurements, including theory,
experimental procedure, scans, and parameters.

Laboratory exercises to help the user learn to operate
the instrument.

Various accessories to extend the range of
experiments with the Lifetime System.

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

How to keep the Lifetime System running properly for
years to come.

Instrument specifications and computer requirements.

How to do a basic experiment with the Tau-3.

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

Important sources of information.
Printouts and reference notes of selected initialization
configuration files.

Specialized procedure to align the Pockels cell, only
performed with permission from Spex” Applications.
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Symbols used in this manual

Certain symbols are used throughout the text for special conditions when operating the
instruments:

Introduction

Y

A hazardous condition exists, or danger exists that could damage
the equipment. Jobin Yvon®, Inc., is not responsible for damage
Warning:  arising out of improper use of the equipment.

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

0-3
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1: Theory of Operation

Introduction

The Fluorolog® Tau-3 Lifetime System is used to measure the decay of fluorescence or
anisotropy by a population of fluorescent molecules. The instrument design uses cross-
correlation frequency-domain measurements of the phase shift and demodulation fac-
tors across a frequency range. The resulting data are fitted to solve for the respective
decays found in the population of molecules.

This chapter explores measurements of fluorescence lifetimes and anisotropy decays,

explains the theory behind data acquisition and fitting algorithms, and reviews the spe-
cific hardware used.

1-1
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Fluorescence lifetime measurements

A fluorescence lifetime is the mean length of time between absorption of a photon, and
emission of light by a population of molecules. Fluorescence lifetimes generally are
about 10 s, although decays can occur as short as 10" s, and as long as 10~ s. Phos-
phorescence decays, which occur via a different decay mechanism, may last from 107 s
to>1s.

The processes of fluorescence and phosphorescence are illustrated in the Jabtonski dia-
gram below. A molecule absorbs a photon, rising from a ground electronic state to an
excited singlet state. In fluorescence, the molecule returns to the ground electronic state
after a period of time called the fluorescence lifetime. In phosphorescence, the mole-
cule undergoes intersystem crossing to a triplet state, and then decays after a longer
time back to the ground state.

Singlet state (S,)

Sl VAY

Singlet state (S;)

Eﬁiplet state (T))

VAV ot VAV

Intersystem crossing —y, f

Absorption of light
Fluorescence emission j

Phosphorescence

Ground state (S¢)

Jabtonski diagram.

There are three general methods for measuring fluorescence lifetimes. Two of them are
time-domain, while the third is a frequency-domain technique:

e Pulse method

e Time-correlated single-photon counting

e Phase-modulation

1-2
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Pulse method

The pulse method uses a pulsed light source in concert with a detector, to measure the
decay of a sample directly as it occurs. The detectors must possess an appropriate re-
sponse time. This method, a time-domain technique, is that used by the Spex”™ Phos-
phorimeter. The system sweeps through the decay in fluorescence intensity by varying
a time delay after the incident light pulse. The observed variation in intensity is used to
construct the complete decay curve. After measurement, the pulse width, a number of
instrumental parameters must be deconvolved (mathematically removed) from the data
in order to fit the data properly:

e Incident pulse width

e Incident pulse shape

e Instrumental response function

Deconvolution is unnecessary if the pulse width and instrument response function are
much shorter than the lifetime of the sample.

Time-correlated single-photon counting

Time-correlated single-photon counting is also a time-domain measurement used to
construct a fluorescence-intensity decay curve for a given unknown. This method
measures the statistical distribution of the intensity decay by recording the amount of
time elapsed from the incident flash of light until the detector records the first emitted
photon from the sample. The resultant histogram is analyzed with Poisson statistics to
create the intensity decay curve of fluorescence for the sample. These systems usually
require a high-performance flashlamp or pulsed-laser source, with suitable photon-
counting electronics, in order to perform time-to-amplitude conversions.

Phase-modulation method

Like time-correlated single-photon counting, phase modulation does not measure fluo-
rescence decay directly. Instead, the sample is irradiated with a sinusoidal continuous-
wave excitation. The fluorescence response will be modulated, with constant phase-
shift and reduction in signal compared to the excitation. The output beam’s response
function is measured and then fitted. Thus, this technique is a frequency-domain meas-
urement. Below is a derivation of the frequency-domain lifetime measurements.

1-3
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Theory of frequency-domain lifetime
measurements

The responses of any system to an excitation impulse or a continuous sine wave may be
interconverted via the Fourier transform. To put it non-mathematically, the response
may be decomposed into a weighted series of harmonic components, called the Fourier
spectrum. A Fourier spectrum also may be used to construct any arbitrary harmonic re-
sponse.

Two examples of the Fourier transform, as applied to fluorescent systems, are shown in

detail below:

e Multicomponent fluorescent decay

e Decay of fluorescent anisotropy for an isotropic (i.e., spherical) rotator with a single
lifetime

Basic definitions

The complex Fourier transformation of an impulse response, /(¢), gives a real and an
imaginary component, denoted R and /, respectively. R and / are defined by the equa-

tions

szl(t)cosmtdt (1.1)
0

I = I[(l‘) sinordt (1.2)
0

where sinw? and cosw? represent the harmonic excitation at a circular frequency, o.
Non-mathematically, the Fourier-transform components are the result of integrating the
product of impulse response and harmonic excitation over all time, ¢, from 0 to infinity.
The observable quantities (phase, ¢, and amplitude, M) are derived from the transform
components by the definitions

o= arctan(i) 1.3
R (1.3)

M=~R>+1?

M =R+ -

Notice that the experimentally measured response function contains all components for
all measured times. In practice, however, the instrument measures only for a limited
time, truncating the data and harmonics. Therefore, the recorded data only can ap-
proximate the full harmonic response of the system.
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Transformation of the Lifetime Equation

The decay response of a population of excited molecules with a single lifetime, t, fol-
lows standard exponential decay:

t

I(ty=1Ie*~ (15

where [ is the initial emission intensity. For an ensemble of non-interacting excited
states with various lifetimes, the impulse response is a weighted sum of exponentials:

I(1) = Zaie‘? (1.6)

Here Iy usually is set to unity. The pre-exponential weighting factors, a;, are related to
the observed fractional-intensity contributions, f;, by the relation

Jfi=az, (1.7)

Real part of the transform
For a multiple-lifetime model, the real part R of the transform equation, (2.1), using the
exponential-impulse model, is

jl(t) cosotd? 21(2 aie”]cosmtdt
0 0 i
o 1
- Zj:[!ae i ]coswtdt (1.8)

This corresponds to a sum of definite integrals of the general form

I ca
! “ coshbxdx = P +b2 (1'9)

where a = 1:,-’1, b=, c = a;, and x = t. We can write the real part of the transform, R, as

k= Z (1.10)

(r;l) +

’E
_2
l

We simplify this expression, by multiplying by

RZ

to give the final form for R:

o 1’ (1.11)

1-5
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Imaginary part of the transform

The derivation of the imaginary part, 7, of the transform is similar to that for the real
portion:

Tl(t) sinotdf = J.(Z aie”)sin(otdt
0 0 i
o 1
= ZEIae i Jsin(otdt
i o

(1.12)
This last expression is a sum of definite integrals, of the form
T cb
!ce sinbxdx = e (1.13)

-1
wherea=1, ,b=wm,c=

a;, and x = t. As with the real part, we multiply this equation
by a ratio equal to 1:

a. . T
I = i ti
i (Ti_l)2+0) Tiz
air,
D s (1.14)

Again, as with the real part, we replace the pre-exponential factors a; by the observable
fractional intensities f;. This gives:

fot,
R= — 1.15
,z-1+o)r2 (1.15)
fi
=) —t— 1.16
~ 1+ o1’ (1.16)

Next, set R and / for one component, set the fractional intensity f; = 1, and calculate the
observables, ¢ and M, as defined in equations 1.3 and 1.4:

R=2 i ror?
1= o

1+t (1.17)

l+w3t?

Then the phase, ¢, becomes

1-6
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o)

1+o’t’
e

l+o’t’

= arctan®t (1.18)

¢ = arctan

and the phase lifetime, 7§, becomes

7 tand

1.19
b= (1.19)
For the modulation, M, we rearrange the expression:
0T ? 1 ?
M = +
(1_’_0)2_62) (1+an12)
_ 1+o ’t?
1+’ )2
1
= (1.20)
l+o’t
and the modulation lifetime is
1 /1
T, =——-1 (1.21)
o \'m

1-7
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Transformation of the time-resolved anisotropy
equations
Derivation of the impulse expressions

Anisotropy, 7, is the ratio of the difference in parallel and perpendicular intensities to
the total emission intensity:

p=h 1.22
1[0[ ( ' )

Here the total intensity, ,,, = 1) + 2/,. Further useful expressions are:

Mo =1 =1 (1.23)

ly=1u =21 (1.24)

Rearrangement of the basic definitions of anisotropy and total intensity gives an ex-
pression for the parallel component of the intensity, /). Substitution of 1.24 into 1.23

gives:

r]mt :Imt_3li (125)
or

I, =%Imt(l—r) (1.26)

Rearrangement of the definition of anisotropy gives an expression for the parallel com-

ponent:

I=rl,+1, (1.27)

Then we substitute in 1.26 for the perpendicular component:

1, :rlmt+%lmt(l—r) (1.28)
— 21,1420 (129)

The Tau-3 measures a time-dependent property, so we convert the equations for 7, and
1, into time-dependent forms:

1-8
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1
1.(t)= g[mt(t)[l—r(t)] (1.30)

I(t) = %]mt(t)[l +2r(0)] (1.31)

The impulse equation for the decay of the total intensity, /,,(¢), is a standard exponen-
tial decay,

t

I, ()=1e*

The anisotropy decay, 7(¢), has an analogous form,

t
r(ty=re ®

where the initial (limiting) anisotropy is 7y, and ® is the rotational correlation time. For
brevity, we use the symbol I" for 1/, and 1/(6®) for ®. Then @ corresponds to the rota-
tional rate. Let us substitute these impulse equations into 1.30 and 1.31. The result is:

1,(t)= %e"r(l —rye™™) (1.32)

I(t) = %e"r(l +2r,e ) (1.33)

The initial intensity, Iy = 0, so is not written in the equations. Next, we transform these
two equations into the frequency domain. The procedure is similar to that for the life-
time impulse equation. One difference is that we need the real and imaginary portions
of the perpendicular and parallel components of the transform, Dy, N,, D, and N,. Four
integrations are necessary; only the integration for the real component of the parallel
emission is provided here in detail.

S
I

Ot——8 Ot—8 o8 o——38

WIN W[~

1,(t) cosw rdt

[% e (1+27,e™ " )}

e ™ coswrdt

~1(I+69) oo ordt

7€

2, (T +6D)

2+ 3 2
I’ o’ +(T+60)

o

+ e |

(1.34)

e
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Similar methods result in expressions for N,, D, and N

r (T +6D)
N 3
1—!2 2 2
o’ +(C+60)
21,
n 3
FZ 2 2
o’ +(I +60)
@
3

I* o’ +(T+60) (137)

D, = (1.35)

o
N (1.36)

3
o’ +
0)2

o
_ 3
N, = >
o’ +

One observable is the differential phase, A = ®, — ®,. Derivation of A is as follows. We
start with 1.3,

M
tan® =
2 1.38
tan® =N, (1.38)
Then
tanA = tan(d)l - CD")
B [tan((D )= tan((DH)]
1+tan(CDL)tan(CD”) (1.39)

We substitute Nj/D) for tan(®)) and N,/D, for tan(®,), giving the equation for A:
A= N.D-ND,

=arctan—— (1.40)

D D+ N N, :

But A is the square root of the ratio of modulated amplitudes, M:

A= |—L
ML

2 2
_ DN L4l
D>+ N? (1.41)

Another observable is the ratio of modulated amplitudes, A = M|/M,.

1-10
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Unlike polarization, the average anisotropy of a mixture is a linear function of the indi-
vidual anisotropies and their fractional intensity contribution to the total intensity:

=21 (1.42)

Therefore, anisotropy is preferentially used for rotational analysis.

Anisotropic rotator with two correlation times

The decay of anisotropy over time, when more than one correlation time is involved, is
a linear sum of weighted exponential components—expanded forms of the impulse
equations for an isotropic rotator:

r(t)=ro[gle o —ge GZJ (1.43)

The two different correlation times are denoted ®; and ®,. The g parameter is analo-
gous to fractional intensity: g assigns a fractional anisotropy loss to a particular correla-
tion time. A linear expansion of 1.43 provides expressions for larger numbers of corre-
lation times:

t

r=ry ge
2.8 =1 (1.44)

1-11
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Hindered rotators with one correlation time

A hindered rotator is a rotator whose angular displacement is less than 360° (limited ro-
tation). This yields a residual anisotropy value, 7., at times much longer than the fluo-
rescence lifetime of the molecule. A simple model for the hindered decay of anisotropy
is:

t

r(t)=(r,—r.)e ®+r, (1.45)

An example of this type of rotational decay is found in probes attached to proteins or
membranes. Expressions for the harmonic response of this model are derived by substi-
tuting the appropriate 7(¢) into equations 1.30 and 1.31, followed by Fourier transforma-
tion into the frequency domain.

1-12
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Fitting lifetime and anisotropy models to experimental
data

The analysis of experimental multi-frequency data is an interative process that attempts

to fit an appropriately chosen model to the data. The analysis varies the model’s pa-

rameters (e.g., lifetime, fractional contributions, anisotropy, etc.) in a direction that

minimizes the deviations of the model from the data. Decisions on how well the model

suits the data are based on an examination of the statistics of the fit:

e aplot of the residual deviations with frequency

e the value of the reduced chi-squared, y,?, a numerical value that reflects the overall
goodness of fit.

Reduced chi-squared, sz

The reduced chi-squared for multiple-lifetime analysis is defined as:
2

=X (1.46)
\%

where v is the degrees of freedom in the system. For lifetime analysis,

v=2NO-P (1.47)

where N = number of frequencies, O = number of wavelengths, and P = number of
floating parameters.

In 1.46, the y* parameter is given as:

=2
0] D,

[}

1

2
GMm

(0, -,,) +§

(M, - M) (1.48)

Here, @, and M,, are the observed values of the phase and modulation at a frequency .
@, and M., are the expected values of the phase and modulation at that frequency,
based on the current values of the floating parameters (lifetimes and fractional intensi-
ties). @, and M., are computed using equations 1.3, 1.4, 1.11, and 1.14 at each ® in
the experimental data set. 6o, and oy, are the estimated uncertainties in the experi-
mental data. The floating parameters are varied in order to minimize y,”. Each compu-
tation is halted when a minimum is found.

Reduced chi-squared for anisotropic multi-frequency data

Fitting of rotational models to multi-frequency anisotropy data uses the same technique
with the inclusion of limiting anisotropy, ry, correlation times, ®, ®,,..., and fractional
anisotropy losses, g, as fixed or floating parameters in the fitting algorithm. The re-
duced y” then becomes

1-13
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1 1
w==1>—5(0,-0,)+Y

1

2
GAm

(M, -M,) (1.49)

Essentially, the phase and modulation are replaced by differential phase and modulation
ratio, along with their uncertainties. A, and A, are computed according to the anisot-
ropy model chosen for the fit.

1-14
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Experimental setup

Major components of the Tau-3

Host computer

The top end of the Fluorolog® Tau-3 starts with DataMax, the software using the Win-
dows™ platform. DataMax controls all aspects of measurement in both steady-state
and dynamic modes. DataMax software resides in the host computer, which may be
supplied by the user, or purchased from Jobin Yvon®.

SpectrAcq controller

The host computer is linked to the SpectrAcq controller via a
serial port. The SpectrAcq accepts high-level commands from
DataMax, and executes them to handle low-level control of
the entire system. The SpectrAcq controller runs data acquisi-
tion and processing in the steady-state mode. It then commu-
nicates with the Lifetime Drawer via an Analog-to-Digital
(A/D) board, in order to transfer instructions and data for life-
time measurements. The SpectrAcq is a PC-compatible sys-
tem containing the appropriate power supplies and control
cards to work with the Fluorolog® Tau-3. The DataMax boot
disk, kept in the 3'2"-floppy-disk drive of the SpectrAcq, con-
tains all of the necessary drivers for your Tau-3 instrument’s
specific configuration.

The SpectrAcq directly controls:

e Power for the core spectrofluorometer

e Monochromators and sample-compartment accessories (e.g., slits, shutters, autopo-
larizers, and sample changers)
Links to the detectors for steady-state signal processing

e High-voltage DC bias to the photomultiplier tubes
Links to the Lifetime Drawer

Lifetime Drawer

The nickname for the electronics tray inside the electronics

rack is the “Lifetime Drawer”. The front plate of the

Drawer houses the Lifetime and Steady-State LEDs to

indicate the system’s operating mode. The Drawer’s

functions are to

e set the radio frequency (RF) applied to the Pockels-cell
modulator and photomultiplier-tube housings, and

e collect and process data from each detector channel
during dynamic measurements.

In order to control the applied RF, the drawer connects to the dual-channel synthesizer,
usually located just below the Lifetime Drawer in the electronics rack. For signal acqui-
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sition, the Drawer connects to each lifetime-detector housing with a 9-pin—9-pin cable.
At the other end, the Drawer connects to the SpectrAcq with two 37-pin cables—one
for SpectrAcq input-output and control, and the other for data transfer.

Dual-channel synthesizer

The dual-channel synthesizer is a PTS dual 310-MHz synthesizer that provides two
separate frequency-locked signal outputs (Main and Auxiliary). The frequency range
for the dual-channel synthesizer is 100 kHz—310 MHz. Each channel is connected to an
RF-amplifier. One channel applies RF signal to the Pockels-cell modulator; the other
channel applies an RF signal 41 Hz higher to each detector housing. The 41-Hz beat
frequency thus created allows cross-correlation measurements of the phase and
demodulation values.

RF Amplifiers

Two Amplifier Research RF am-
plifiers take the attenuated RF sig-
nal from each channel of the syn-
thesizer, and apply the appropriate
voltage to the modulator or detec-
tor bases. The RF amplifier for the
modulator is placed on the instru-
ment table near the modulator, and
delivers RF bias to the Pockels
cell.

The photomultiplier-tube amplifier
is mounted on the bottom of the electronics rack. This amplifier supplies RF voltage to
a three-way splitter on the side of the modulator box. The splitter divides the bias into
three equal components, which are then applied to each individual lifetime-detector
housing. With only two detectors (1 reference and 1 emission), the extra output carries
a 50-Q dummy terminator load.

Each amplifier has a marked and preset output-power dial. This is set at the factory, and
should be adjusted only by a Jobin Yvon®™ Service Engineer.

DC high-voltage bias supply

An external Bertan™ DC high-voltage supply is used to bias the Pockels cell at a level
for the greatest possible depth of modulation for the system. The bias is mixed with RF
signal as it enters the modulator box, passes across the Pockels cell, and is terminated
with a 50-Q load.

Pockels cell

The Pockels cell is the heart of the Fluorolog® Tau-3. The cell is a birefringent potas-
sium dihydrogen phosphate (KDP) crystal, whose polarization is proportional to the
bias applied along the longitudinal axis of the crystal. The crystal is enclosed in a fluid
with a matching refractive index, to minimize losses in transmitted light. The Modula-
tor Assembly includes the Pockels cell, crossed polarizers, collimating lenses, and bias
electronics. The Modulator Assembly is an electro-optic modulator. This means that the
light transmitted through the Pockels cell is modulated at the AC frequency applied to
the cell.
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A highly collimated beam of light is gathered from
the excitation monochromator (or user-supplied ex-
ternal laser), and directed through the first polarizer,
allowing only the horizontally polarized component
of the excitation beam to reach the Pockels cell. The
polarized light passes through the Pockels cell,
whose polarization is varied between 0 and 90°,
depending on the applied AC signal. The emitted
light’s polarization is thus rotated by the current po-
larization state of the cell. The emitted light passes
through a second polarizer on the exit side of the
cell, which selects the vertical component of the beam. When the polarization is at 0 or
90°, no light is transmitted. As the polarization changes from 0 to 90°, so will the
amount of transmitted light.

Modulator Box '

In summary, when an RF signal is applied to the Pockels cell, the polarization state of
the cell changes at a rate equal to the applied frequency. Thus, the light emitted from
the Modulator Assembly is modulated sinusoidally at the synthesizer’s applied fre-
quency. This emitted beam is directed onto the sample.

Detector housings

At least two lifetime-detector housings are available on each Tau-3 system:

e The reference photomultiplier-tube housing (between modulator and sample)

e The emission photomultiplier-tube housing (on the emission monochromator or the
output port of the sample compartment)

Emission detector housing

The emission photomultiplier-tube housing monitors the sample’s fluorescence re-
sponse to the incident light. The AC signal, DC signal, and phase of the emission signal
is sent to the Lifetime Drawer for processing. The photomultiplier tube requires a high-
voltage DC bias for optimum sensitivity, and a cross-correlation bias (41 Hz higher
than the RF bias to the modulator) to ease signal processing. (Processing a signal at 41
Hz is easier than at ~100 MHz.)

Reference detector housing

The reference detector helps remove instrumental variations from the measurement by
providing a phase-lock on the measurement. The AC, DC, and phase of the modulated
excitation beam are sent to the Lifetime Drawer for processing. The measured phase
shift for the standard and unknown samples is the phase of the emission detector minus
the phase of the reference detector.
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2: Requirements & Installation

Selecting a location

Before unpacking the Fluorolog®-Tau-3, select its permanent location. The instrument
should be placed on a stationary table or laboratory bench with ample room for the in-
strument, host computer and peripherals, power supplies, and any optional accessories.
Try to leave room around the instrument on all sides, for maintenance and use.

The location should include room for:

Instrument table

The spectrofluorometer itself

One RF amplifier

High-voltage bias supply

Xenon lamp

Lifetime electronics rack (on the floor next to the spectrofluorometer)
* Dual-channel synthesizer
= [/O drawer
= The other RF amplifier

e Host computer

e SpectrAcq controller

@Nate: The host computer and SpectrAcq should be
located close to the spectrofluorometer and elec-
tronics rack.

Jobin Yvon® recommends that you prepare the area where the instrument will be placed
in advance:
e Select a proper location for the instrument.
Have the selected spectrofluorometer table ready.
Solve any electrical, plumbing, or space issues prior to installation.
Set up the host computer, if already provided by the user.
Have the equipment brought to the laboratory.
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Surface requirements

Consider the following when setting aside space for a new instrument:
e Location of the host computer and its peripherals.
Location of the SpectrAcq
Room for optional accessories (e.g., external laser, temperature bath, etc.)
Space for sample preparation

The lifetime rack must sit on the floor next to the %
spectrofluorometer table. The SpectrAcq should sit
near both the spectrofluorometer table and the )
Warning: Do not place

lifetime rack. The external power supplies (Pockels-

cell RF amplifier and DC high-voltage bias) should 7 (Pt supply di-
be on the lab table next to the modulator compart- rectly in front of the
ment. The host computer may sit on top of the rack e l'amp exhaust
or on the lab table, if desired. fan. This can cause

the lamp to overheat.

.

@Nm‘e; The instrument table should be able to support a
mass of at least 240 Ib (109 kg) for the instrument.

@Mﬂe: Users who work with other RF devices (ESR, NMR,
etc.) should place the lifetime system as far as possible
away from these devices, to minimize any radio-
frequency interference.
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Environmental requirements

Maintaining a stable environment around the instrument is essential for good results.
Changes in temperature and humidity can influence the performance of system elec-
tronics, the output of the source, the response of detectors, and the efficiency of optics,
as well as affect the luminescence from your samples.

e Ambient temperature 15-30°C (59-86°F) £ 2°C.
e Ambient relative humidity <75%.
e Low dust levels and a clean laboratory environment.

‘Waming: Do not block exhaust inlets and outlets, or place

electronic components in front of warm exhausts. These
exhausts are found on:

e Both sides of the xenon lamp housing
e Rear of electronics rack (double fans)
e Side of modulator compartment

o Rear of RF amplifiers
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Electrical requirements
Voltage

e Factory preset at 110 V + 5%/60 Hz or 220 V + 5%/50 Hz

e Three-conductor power cord connected to the system frame (earth) ground.
This ground provides a return path for fault current from equipment malfunction
or external faults.

‘Waming: For all instruments, ground continuity is required for safe

operation. Any discontinuity in the ground line can make the in-
strument unsafe for use. Do not operate this system from an
ungrounded source.
Jobin Yvon®, Inc., 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 fluctua-
tions, a generator or an uninterruptible power supply is sug-
gested. Improper line voltages can damage the equipment se-
verely.
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Unpacking and installing

When the Fluorolog®-Tau-3 arrives

The Fluorolog®-Tau-3 Fluorescence Lifetime System is delivered disassembled. The
shipment should include:

optical modules

lifetime electronics rack

system controller

optional equipment and accessories (e.g., host computer, if ordered)

cables

software

manuals

Examine the shipping boxes carefully. If damage is evident, do not continue with the
installation. Notify Jobin Yvon® and the shipper at once.

P

]

= Note: Many public carriers do not recognize claims for concealed damage
reported later than 15 days after delivery. For a shipping damage claim, in-
spection by the carrier agent is required. Therefore, the original packing
material should be kept as evidence. While Jobin Yvon® is not responsible
for damage occurring during transit, the company will extend every effort to
aid and advise.

b"

All Lifetime Systems require installation by a Fluorescence Service Engineer or local
representative. When you receive your instrument, call Spex” Fluorescence Service or
your local representative to set up an installation.

To avoid damage, unpack the
equipment as close as possible to the

;ef‘,ﬁ‘?{l loéatlon Otf tt}}llet msmmen{(‘ ‘Waminy: The Spex® Lifetime Sys-
ﬂ? in *von fl}ggezs ta %Otllllunp?c tem is a delicate instrument with
© cquipment In Ordet 1o St the major sensitive components. Mishan-

components on the table, while also : ;
checking that all parts have arrived gggl‘%mm ay seriously damage the

undamaged.
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Package contents

The spectrofluorometer and its accessories are contained in packing cartons. The Life-
time Electronics Rack is shipped in a crate with the feet bolted to a skid. If a host com-
puter or any special accessories were included in the order, they accompany the instru-
ment, unless specified by Jobin Yvon®, Inc. See the Performance Test Report or the
sales order for a list of all items shipped or back-ordered.

General checklist for a basic Lifetime System

Quantity Item Part Number
1 Xenon lamp housing FL-1007
1 450-W ozone-free xenon lamp FL-450XOFR
1 Excitation monochromator
Single FL-1004
Double FL-1006
1 Modulator compartment FL-1021
1 Sample compartment FL-1000
1 Emission monochromator
Single FL-1004
Double FL-1006
1 SpectrAcq Controller FL-1016
1 Lifetime rack 37180
Dual-channel synthesizer 99150
1/O Drawer 37385
2 RF amplifiers 99152
1 Tau-3 emission detector housing 400081
1 DM302 photon-counting module DM302
4 6' (2 m) and/or 2' (0.6 m) RF-bias cables 37685 or 37686
2-3 RF bias cables for lifetime PMTs 37689
2-3 Lifetime signal cables 37195
1 I/O control cable 37186
1 DAS signal cable 37187
1 10-dB attenuator 90361
1 20-dB attenuator 90362
1 5-W coaxial terminator 90363
1 HV cable for external DC bias supply 37733
2 Laser targets
Vertical target 37293
Pinhole target 37294
1 Monochromator control cable 400108
1 Reference detector cable 33979
2-3 HV cable for SpectrAcq HV supplies 34040
1 Null modem communication cable 400144 or 97133 & 97134
Many Power cords (110 V) 98015
(220V) 98020
1 5/64" Balldriver 615017
1 Hex key set 53057
1 Fluorolog™-3 operation manual 81014
1 Fluorolog®-Tau-3 operation manual 81054
1 DataMax software and boot disk for SpectrAcq DataMax or DataMax-STD
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Requirements & Installation

Unpacking instructions

1

Open the Fluorolog®-Tau-3 shipping carton con-
taining the spectrofluorometer monochromators
and compartments.

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

With at least one
helper, carefully lift
the components
from the carton and rest them on the table on
which the system will rest.

‘Waming: Watch your fingers!

Move the crate covering the Lifetime Electronics
Rack into the laboratory where it will stay.

Remove the shipping crate enclosing the Life-
time Electronics Rack.

Unscrew the four posts underneath the skid at-

tached to the base of the rack.

Replace these posts with the four legs shipped in one of the other shipping car-
tons.

Unpack all other boxes con- @
taining power supplies, de- Note: Do not

tectors, cables, manuals and dispose of
) shipping  car-
accessories. tons until after

. : . installation.
Store all these items together in a safe location.

Inspect for previously hidden damage.

Notify the carrier and Jobin Yvon®, Inc. if any damage is found.
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9  Check the packing list and sales order to verify
that all components are present.
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Suggested power connections

1 Connect the xenon lamp to an isolated 10-A cir-
cuit.

‘Waminy: Do not use computers or other system electronics on this
circuit. The xenon lamp is connected to a separate circuit, be-
cause the start pulse for xenon short-arc lamps requires ~25 kV.
Some EMF from this pulse cannot be shielded, which can dam-
age electronics on the same power circuit as the xenon-lamp
power supply. Induced EMF also can travel through air to com-
ponents located near the lamp power supply. (This is why the
lamp must be started first, as explained in the next chapter).

2 Plug all items inside the Lifetime Electronics
Rack into the surge protector located below the

fans.

Try to connect the external Pockels-cell RF amplifier and DC HV-bias supply to
this surge protector. Having all lifetime components on the same circuit helps
reduce effects of electronic noise on the system.

@Nm‘e: All components may be left in the ON
position and simply switched ON and OFF us-
ing the rocker switch on the front of the Life-
time Electronics Rack.

3 Plug the surge protector on the electronics rack
into a 10-A circuit shared with the computers
and controllers.

4 Plug the SpectrAcq, host computer, and its
peripherals into a surge protector.

Connect this surge protector to the same circuit as the Lifetime Electronics
Rack. The SpectrAcq and host computer (with peripherals) are on the same
surge protector, for they are always powered up last.
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5 If there is an optional programmable tempera-
ture bath, connect this to a separate (10 A) elec-
trical circuit.

[

—=1 Note: The Fluorolog®-3 spectrofluorometer and its inter-
nal accessories, including sample compartment, receive
power from the SpectrAcq.
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Computer installation

Set up the host computer reasonably close to where the Fluorolog®-Tau-3 system will
reside. The limitation is the length of the null-modem communications cable. The rec-
ommended location is just to the left of the spectrofluorometer, on top of the electronics
rack, or on a computer desk.

Follow the instructions with the host computer, to set up the computer system, includ-
ing the CPU, monitor and related peripherals (keyboard, mouse, speakers, printers,
etc.).
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Software installation

The spectrofluorometer system is controlled by DataMax or DataMax-STD spectros-
copy software operating within the Windows™ environment. If the computer and soft-
ware were purchased from Jobin Yvon®, the software installation is complete.

If the computer is not from Jobin Yvon®, perform the installation. Contact a Jobin
Yvon® Sales Representative for recommended specifications for a suitable host com-
puter. Before the DataMax software can be installed, however, Windows™ must be in-
stalled already and operating properly. Refer to the Windows™ manual that came with
the computer for installation instructions.

The DataMax software is supplied on one CD-ROM. The 3" floppy disk is the
DataMax Instrument Disk (or DataMax INI disk), which contains the spectrofluorome-
ter’s specific hardware configuration.

If Autorun is enabled:
1 Turnonthe computer, and insert the DataMax
CD-ROM.

The set-up  Please Install Datameax and then the Feature Pack.
window to install

DataMax appears:

Install Datamax

NP e e T

2  Click —
Install
Datamax.

k%
Install Eeature Pack !.‘

A warning appears, re-
minding you to install the

Feature Pack after & Be zure to ingtall the Feature Pack after this installation.
DataMax.

The computer auto-
matically installs Data-
Max.

3 The computer asks for the instrument (INI)
floppy disk.
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Insert the floppy disk into drive A:.

4 Use the default options.

The computer installs the options, then returns to the set-up window:

] & Setup =] E3
5 CIle Flease Install Datameax and then the Feature Pack.

Install
Feature —_
Pack.

Install Datamax

&6

= Note: The Feature
Pack is also on the
DataMax CD-ROM.

6 Accept the
default
options.

After installation, the ¢

[ Click Exit.

puter returns to the set-up window.
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If Autorun is disabled, use the following—or other appropriate—

method:
1 Insert the DataMax CD-ROM into the drive.
] E3 Control Panel =] 3
2 GO |nto | Ele Edt View Go Favoites Help H - = -3 ¥ =
Wi ndOWS ™ J.ﬁ.gldless I@ Contral Panel j |J Links **

Control & A j

Add/Remave  Date/Time Desktop Dizplay

Programs Themes
Panel. VIR
3 H _Game IntellR] Irtermet Fevboard j
C I ICk |2? objet(z] | | My Computer A
Ad d / Re m Ove Add/RBemove Programs Properties K E

Install/Uninztal |W’indows Setup | Startup Diskl

Tainstall & new program from a floppy disk or CO-RORM
diive, click Install
—_

Programs.

This opens the Add/Remove
Programs Properties dialog box:
The fallawing software can be automatically removed by
4 . WWindows. To remove a program or to modify its installed
tz, zelect it from the list and click
Click Install... g satimolkiads

Adobe Acrobat 4.0 -
Adobe PhotoDeluze 2.0

ATI Dizplay Driver

Dell ResourceCD

Intel(R) PRO Ethernet Adapter and Software

LiveReg [Symantec Corporation)

Livellpdate 1.6 [Symantec Corporation]

Lotus Motes

Micrasaft FrontPage 2000 SA-1 =]

AddYEemave:. |

(] | Cancel | Lpnly |

Run Installation Program

If thig iz the comect installation program, click Finish. To
starkt the automatic search again, click Back. To manually
search for the installation program, click Browse.

This opens the Run Installation
Program window. The computer
should find the SETUP.EXE
file on the CD-ROM drive.

5  Click Finish to
finish the installa-
tion.

< Back i ; Finizh I Cancel
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Users outside of the USA:
Users outside of 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.
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Hardware emulation

1 Layout Selection |

Start DataMax.

Select configuration to wark, with:

FL3-22 Generic Layout

FL3-22 with 2-Position Sample Changer
FL3-22 with Autopalarizers

FL3-22 with 2-Pozition Sample Changer and Autopolarizers
Lifetime

Lifetime with Autopolarizers

2 Load a layout.—>

Click OK to continue:

3 The computer o Corcsl | Browse.. |
asks if
DataMax should SpectiAcq |
em u |ate hardwa re @ Cannot connect to controller. Emulate?

Click Yes to continue.

Browse through the menus to become familiar with the software layout before the sys-
tem installation. For more detailed information about installing, launching, and operat-
ing DataMax for Windows™, see the Datamax Software Manual.
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3: Getting Started

System startup

To ensure a smooth boot-up and no damage from the xenon-lamp ignition, follow the

start-up sequence listed below. @ 5
1 Switch on
xenon lamp.

a Switch on “power”. b Ignite “main lamp”.

7  Start the Lifetime Electronics Rack.

3 Start the SpectrAcg.

a Make sure the boot disk is in the floppy drive.

b Push in the power button to start. Immediately below
the power button, the green LED indicator lamp
should turn on.

4 Start the other lifetime power supplies (HV DC-
bias, RF amplifier) not connected to rack.

O  Start automated accessories (temperature bath,
MicroMax, etc.).

6  Switch on the host computer and peripherals.
The SpectrAcq takes ~ 1 min to load the drivers on the boot disk.

[/ Click on the DataMax (Instrument Control Center)
icon to run DataMax.
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Load steady-state layout

Layout Selection

1 The LayOUt Se' Select configuration bo work, with:

I eCtI on win d ow A Illt ample Changer
appears:

FL3-22 with Autopolarizers
FL3-22 with 2-Position Sample Changer and Autopolarizers
Choose a steady-state
layout with no special

Lifetirne
accessories.

Lifetime with Autopolarizers

2 The |_|fet|me | (]9 I | Cancel I | Browse... I

System spends ~ 1 min initializing the auto-
mated monochromator drives and slit motors.

-

The |I'|St|'u ment Sustern  Applications  Help

Control Cent - —
oo HEEETE

3 K Instrument Control Center - LAYOUTO5. LAY [[=] E3

R Ch'a,

4 Start one of the four available applications:
Run Experiment —— Real Time Display o
i =3

L Fl

Visual Instrument Setup % @ Constant Wavelength Analysi
it

@Mﬂe: When initialized properly, these icons in the Instrument Contro/
Center will be multicolored. If they are gray, this means the system
has not been initialized, or the “emulation” mode has been se-
lected.
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Change from lifetime to steady-state mode

With the system initialized with a steady-state layout,

1 1/0 drawer’s Steady State LED is illuminated.

The I/0
drawer’s
LEDs
show the
operating

mode.

Z  Turn the Modulator Position
knob to Steady State:

The electro-optic modulator (Pockels cell) is now

out of the light path.

3 Turn the Source Position knob to
Xenon:

4 Open the iris lever fully.

(When facing the
front of the sample @
compartment, Note: Some irises

maximum left.) open to the right.

5  Set the manual slit to 7 mm
(open wide).

The corresponding apertures around the modulator
are open wide for steady-state measurements.

3-3




Lifetime v. 2.0 (20 Apr 2001) Getting Started

Verify that the system is in steady-state

=.-.“= Real Time Display

mOde: File Dptions  Preferences  Help
. . |
6 Open Real Tlme Dls_ SLTTS _m-l'v' ::::: RESET ﬁ
play. e m— iy

[~
[T E=1 [6252M 3
[ EM1 [PORFZ =

[ Check that the S de-

tector units are cps _~
(counts per second)
and the R detector
units are YA.

b | Integration [sec)

01000

[t ]
=]

Side Entrance
0.5000

" High %foltage [+]
Side Exit
CIe _ 0.5000
5100 i
T [T =
| l|ntensity
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Steady-state system performance checks

As part of routine maintenance checks, first examine the steady-state performance of
the Fluorolog®-Tau-3. We recommend a check of the steady-state system calibration
before each day of use. Scans of the xenon-lamp output and the Raman scatter band of
water are sufficient to verify system calibration and throughput.

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

o Throughput is the amount of signal that passes through and detected from the
system. The throughput relates to the signal-to-noise and sensitivity of system.

The Fluorolog®-Tau-3 is an autocalibrating spectrofluorometer. This means that the
system initializes its monochromator’s drives, locates the zero of each drive, and as-
signs a wavelength value to the low limit of each drive from a calibration file. It is wise
to check the calibration prior to each day’s session with the instrument.

The following procedure details the steady-state calibration checks and recalibration, if
necessary, for the Fluorolog®-Tau-3. For further information on how to run experi-
ments or use Real Time Display or Visual Instrument Setup, refer to the next chapter,
Lifetime Acquisition, or the DataMax Software Manual.

For these calibration checks, a single sample mount or automated sample changer
should be the only sample-compartment accessory used.

The scans shown in these instructions are examples. A Performance Test Report for the
new instrument is included with the documentation. Use the Performance Test Report
to validate the spectral shape and relative intensity observed during the calibration
checks.
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Getting Started

Excitation calibration check

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

1

chamber in place.

i DataMax
File Edit “iew Colect Peaks Search Arthmetic Options Help

Secure the lid of the sample

On the Run Experiment toolbar,
select the Experiment button

\1

P N

£ (8] ek

B A (=) 2

IE:\DAT.&MAX\detD.er DataFile... | I Bun
Scan Start{nm) IBBE.DDD Szan End(nm) |45D_DDD Lo
|ntegration Save [T e
Incrementinm] 0500 e (5] {0100 Exp
E =citation [rim) |35|j_|j|j|j Cancel
Mumber of Scans I'I Exp Tupe...

Signals... | Slits.... | H [an)

— Sample and Real Time Proceszing Info

Setup File... | I

Carrection. . | Blank...

Dark Offset £° - Points 171,

Shutter...

’—Start Time

% [mmediate " Delay

Click on the Exp
Type button.

This opens the Select Experi-
ment Type dialog box:

Choose Excitation

Select Experiment Type

E mizsion Scquisition
‘Ercitation Acquisition
ynchronouz Acquisition
Time Baze Acquisition
tultigroup Acquisition

Cancel |

3-6




Lifetime v. 2.0 (20 Apr 2001)
Acquisition.

Click OK to close the Select Experiment Type dialog box. The Emission Acqui-
sition window converts to Excitation Acquistion. (For calibration and calibra-
tion verification, always adjust the excitation spectrometer first.)

Getting Started

O  Set the scan parameters for the xenon lamp
scan:

a In the Excitation Acquisition dialog box:

Name the experimental parameters 1amp.exp, Use a filename lamp. spc,
Start the scan at 220 nm, End the scan at 600 nm,

Step the wavelength by 0.5 nm, Use an Integration Time of 0.1 s.
Set the emission to 650 nm,

Perform 1 scan.

Excitation Acquisition

Scan Start[nm] |22|:|_EIEIEI
Increment[nm) ID_EDD
E mizzinn [nim) IEED_DDD ) Cancel

\ Murnber of Scans I'I J Exp Type...

Slits... | HY [an)

FADATARMAR Mamp. exp

DoataFile... | Ilamp.spc
Scan End(nm] |5|:||:|.|:||:||:| Auto

Save [ Save

Integration
Tims [=] |D_1 an Exp

Signals...

— Sample and Real Time Processing Info

*enon Lamp Prafile Sample

Setup File... I Dark Offset [ Piairts: BT

Carrectian. .. | Blank... Shutter. .. |

\

Start Time
|7 = Immé(:liate " Delay

\

\
Describe the file as the spectral profile of the xenon lamp.
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Getting Started

Click on Signals... Signals E
Th h s I d 1 Dats Selected .
1s opens the dlgnals dialog Channel Signal Units
box. a = B [
Enter R (reference), then click T opa]
OK to close the box. o fops)
?g _ [=ps]
= [=ps]
Function icps]
+
. [cps]
/ [cps]
] | <4 Clear Al I |QK|
[ =
‘ <« Bemove I Cancel |
MOTE: Corrected Data [eg. Sc is in the farm:
Final = [Measured - D ark - Elank] * Cormrection
where Blank and Comection files were previouzly
measured.
. . Shts
C  Click on Slits... ]|
This opens the Slits
dialog bOX', ) Excitation 1 1,500
Set the excitation
entrance and exit Emiszion 1 I1 500
slits to 1.5 nm.
Click OK to close
the window.
., .
If the slits” units are St Linits: [rn] ol
not 1n nanometers
Band Pazz
Lancel |

(nm), then open
Visual Instrument

Setup, select Options, then Units, and set the slits” units to nm. Use the refer-

ence (R) detector channel.

d

Click Run to execute the scan.
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Lamp scan for single-monochromator systems:
% DataMax =13

File Edit “iew Collect Peaks Search Asithmetic Options Help

<o | A S =] & e

structure ~ 450 nm calibration pepk

at 467 nm

"

broadband
05
2 an = a0 < an = an
(A FiiEvelength (nm) Paged ¥-Zoom CURS0OR
File # 1 = LAPaQ 11/2/99 2:47 Phd Res=Mone

Henon Lamp Profile on Fluoromax-3 S/M 0014

||§|| LAMP33 | Xenon Lamp Profile on Fluoromax-3 SM 0014 | 110209 | ¥Y-Zoom | CURSOR | 3701 | 1:44PM |

Xenon-lamp scan for an FL3-11 spectrofluorometer.

Lamp scan for double-monochromator systems:
On a double-monochromator system, the 467-nm line is no longer the most intense
peak within the spectrum. Take care to isolate the 467-nm calibration line from other

peaks.
File Edt Wiew Collect Peaks Search Arthmetic Options Help
2 R e = Er =TT
"
v
"
o
o
o6
Xenon-lamp
scan for a "
double-mono- o2
chromator 467 nm
spectro- "
fluorometer. S 0 3% 0 o 500 50 o
() £ Wavelangth (nm) Paged Y-Zoom CURSOR
File # 1 = LAMP1 2/28/01 8:56 AM Res=None

Xenon Lamp Profile

[B] | LamP1 | ®enon Lamp Frofile | 228101 | *-Zoom | CURSOR | 3n@id | Zz4apM
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6  Find the calibration peak for the xenon-lamp
spectrum.

The 467-nm peak is used for excitation calibration. The intensity of this spec-
trum should be noted for reference, although it is not used for instrument speci-
fications.

Is the peak at
467+ 0.5 nm?

Instrument is within Instrument is not within

specification. specification.
Go to emission Recalibrate excitation
calibration check. monochromator.
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Excitation monochromator recalibration

Re-calibration of the Tau-3 is performed by moving to the position of the observed
peak, going into Visual Instrument Setup, and telling the software the correct position
at which this peak should be. The software will save this change in position to the cali-
bration file.

1 Note the wavelength where the 467-nm peak

was observed.  EIrEETET
File Ophtion: Preferences Help
2  Open the Real o [msls
Time Dlsplay ~Intensity tanas [nm)
s ®F |rcrement g
3 Setthe excitation — ST e I‘_Em
monochromator to il e i

the pOSition Where 'igtggfnantiﬂn [sec) =

the peak was nm B | || Band Pass [nm)
observed. D | ®EX1 O EM

Hit the Tab key on the 0.9975
keyboard to set the i - :%

monochromator to the entered |
o | IStatus Messane
value.

4 Close the Real Time Display.
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5 Yizual Instrument Setup - DFLT . SET =] E3
Open the File “iew Optionz  System  Help

Visual BN
Instrument
Setup
dialog box:

=1
@ Note: The Visual

Instrument Setup
will vary, de-
pending on the
instrument con-
figuration.

Fluorolog - 3

_,--'Iénr Help. press F1 Spex Inatrur."vhem_n
6 . Grating/T urret |
Click on
. E=citation 1800F
the grating Positor: 3500001 rm
for the —TurretSeIe-ftil:un [#/mm] [Linear Dizp. nmdmm]

t t FG ‘I 1200. 21
excitation i

mono- ¢ Grating 2 > Calibrate. .. |
chromator. Changs.. | e |

The Grating/Turret
dialog box appears.

[/ Click on the Enter Conect Position 3
Calibrate... button. Excitation 180DF

Firn

Fositicn
This opens the Enter Correct Position = Calibrati

dialog box:

8  Enter the actual
xenon-lamp pea

9  Click OK.

The excitation monochromator should now be calibrated.
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10 Click Close to close the Grating/Turret dialog
box.

11 Close Visual Instrument Setup.

12 Confirm that the excitation monochromator is
calibrated by running another lamp scan in Run
Experiment.

This time the peak should occur at 467 + 0.5 nm.
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Emission calibration check

i T
L T |
=

\

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

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

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

unwelcome peaks. l'%
Y2

~—=J Nofe: Avoid glass or acrylic cuvettes: they
may exhibit UV fluorescence or filtering ef-

1  Insert the fects

water sample into the sample compartment.

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

Use a 4-mL quartz cuvette.

2 Make sure the lid of the sample chamber is se-
curely in place.

3 Inthe Run Experiment toolbar, choose the Ex-
periment button.

i
A DataMax

File Edit Wiew Collect Peaks Search  Anthmetic  Optionz Help

E e

This opens the Emission
Acquisition dialog box.

Select Expenment Type

E migzion Acquizition
E =citation Acquisition
Synchronous Acquisition

a Click on Exp Type to
open the Select Experi-
ment Type dialog box:

Time Baze Acguisition
Multigroup Acquisition

Choose Emission
Acquisition. Click OK to ool |
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b

close the box.

In the Emission Acquisition dialog box:

Name the experimental setup water.exp,
Start the scan at 365 nm,

Step the wavelength by 0.5 nm,

Set the excitation to 350 nm,

Perform 1 scan.

Getting Started

Use a filename water. spc,
End the scan at 450 nm,
Use an Integration Time of 0.5 s.

on Acq D =
Esperiment. .. | IFZ\DATAMM\WEET-EKD DiataFile. .. Iwater.spc Fiun
Scan Start(nim) |3B5,E||j|:| Scan Endinm) |45|j,[||j|:| Auto
tearat Save I Save
Ihcrement{nm) IU_5E|E| Tn ErElion . IEI.5EIE1 Exp
ime y
Excitation [nm] 350,000 Cancel
\ Mumber of Scans I'l I Exp Type...
Signals... | Slits... | H [on)
—Sample and Real Time Proceszing Info
whater Flaman Scan for Emiszion S ensitivity Sl
, 1 =
Setup Fie... Dak Offset [~ Ponis 171
Carrection... | Blank.... Shgtte;;... |
Start Time \ .
’7 i+ Immed\ete " Delay |
\
Describe the file as a water Raman-emission spectrum. .
. ] Signals E3
C Click on the Signals... e
H Channel Silwizt Units
button to open the Signals Signal
dialog box: —%/;’) 5 (cps)
[ops]
Set the signal (S) detector— | |2 —
Sc
Click OK to close the box. e - =
Ao = (cps)
Function cps)
! = (cps]
; i (cps]
] | ccclearan || ]
L =
<< Bemove I Cancel |
MOTE: Camected Data [eg. Sc iz in the form:
Final = [Measured - Dark - Blank) * Corection
d Clle on the S“tS . button xl’;grsiildalnk and Comection files were previously
to open the Slits dialog
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box:

Slits K|
Set the slits to 5 nm.

Click OK to close the
box.

Excitation 1 |5_|:||:||:|
If your slits’ units are ~_Emission 1 |5.EIDEI

not in bandpass units
(nm), then open
Visual Instrument
Setup, select _ : ;
Options, then Units, it Uit () : :
and set the slits’ units Band Pass Cancel |
to nm. If you have a
Front-Face/Right-
Angle accessory, set it to the RA position.

e Click Run to execute the scan.

Your spectrum should resemble the following:
E DataMax M= E

File= Edit “iew Collect Peaks Search  Anthmetic Options  Help

—a [ P E [ E]8 =

T T T T T T T T
IF0 30 Bl A a10 4 a0 daf 430

[cp=) § Wiavelzngth (nm) Paged ¥-Zoom CURSOR
File # 1 = H2ORA99 114299 2:54 PM Res=HNone

Wfater Raman Scan for BEmission Sensitivity on Fluoromax-3 S0H 0014

||§|| H20RA99 | WWater Raman Scan for Emission Sensttivity on Fluoromax-3 SM 0014 | 117209 | ¥-Toom | CURSOR | 37 | 232PM | |
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The Rayleigh scatter band (.
or excitation band, which m

is about 10 times the = Note: Observed throughput (and hence
intensity of the Raman peak intensity) is affected by lamp age
band, occurs at 350 nm and alignment, slit settings, and sample
(the excitation purity. As the xenon lamp ages, the
wavelength). The scan throughput of the system will decline
begins at 365 in order to slowly. Therefore, low water Raman peak
avoid detecting the intensity may indicate a need to replace
Rayleigh band. the xenon lamp.

fe> Tl

B{ Ty

=2

Note: Be sure not to calibrate on the Rayleigh scatter band.

4 Find the peak of the water Raman band.

Is the peak at
397 £ 0.5 nm?

Yes

Instrument is not within
specification.

Instrument is within
specification.
Calibration is
complete.

Has the excitation
monochromator
been calibrated?

Yes

Go back to Excitation
calibration.

Continue on to
Emission re-
calibration.
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Emission recalibration
Calibration for the Tau-3 is performed by:

Moving to the position of the observed peak,
Going to the Visual Instrument Setup application, and
Telling the software the correct position for this peak.

The software will save this change in position to the calibration file.

1

Note where the 397-nm peak appears.

=E= Real Time Display

Open the Real File Optionz  Preferences  Help

Time Display. ool <o | 5

SLITS

Reset the Clmtensity ':'-“ll:lncus (o]
p<s XA nererment

. . _

emission I e o

Ex1_1599.9721
monochromator to g 082 b ?ﬁ%ﬁ

the pOSItIOﬂ Where " |Integration [zec]
the peak was E - 05000 = |
" Band Pasz [nm]

observed. © | ®Ed OEM

Hit Tab on the keyboard to set S G
the monochromator to the - :l%l

entered value.

| Status Message

Close the Real Time Display.
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5  Open the Visual Instrument Setup dialog box:

~ Vizual Instrument Setup - DFLT_SET =] B4
File “iew Optiong Spzterm Help

—ZI Note: The Visual > peee %, |
Instrument Setup i
will vary, de-
pending on the
instrument con-
figuration.

6  Click on the
grating for

T

460.013 rim

the
emission |
mono- Fluorolog - 3
chromator.
Faor Help, p__r_e‘éa F1 Spex Instrurﬁ'env_tv
Grating/Turret |

E mizzion 180F
. . Position; 399 rim
The Grating/Turret dialog box Tunmet Selection (t/mm]

appears:  Grating1 1200

. ™ Grating 2 e —
[/ Click on the e Croting 3 ot Caibraie

Calibrate... button. Change.. | —
E

. . Enter Correct Pozition
This opens the Enter Correct Position

dialog box: ot E mnizzion 1EED3F|:|_ -
Calibration Pazition; 397
8  Enter 397 nm, the ton est
actual peak position 4 0K Concel |
using 350-nm -
excitation.

9 Click OK to close the dialog box.

The emission monochromator now should be calibrated.
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10 Click OK to close the Grating/Turret dialog box.
11 Close Visual Instrument Setup.

12 Confirm that the emission monochromator is
calibrated by running another water Raman
scan in Run Experiment.

This time the peak should occur at 397 + 0.5 nm.
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Notes on excitation and emission calibration

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

e Jobin Yvon recommends that the number of hours of xenon-lamp use be re-
corded in a log (see sample sheet in the Fluorolog®-3 Operation Manual, Xenon
Lamp Information & Record of Use Form).

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

e The lamp is rated for 1800-2000 h. The Raman intensity drops over time. When
the signal-to-noise ratio becomes unacceptable, you may wish to change the
lamp sooner.

o

o vl

@Note: Lamp output in the UV drops the fastest over time.
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Lifetime system performance checks

Do performance checks of the Lifetime components of the Fluorolog®-Tau-3 every 50
h (or sooner for questionable performance) of time-resolved use. The performance
check examines the AC and DC signals, as well as depth of modulation, on a scatterer
such as glycogen or Ludox®, then runs a lifetime acquisition of a standard fluorophore,
POPOP, versus the scatterer.

Change from steady-state to lifetime (dynamic) mode

Layout Selection
1 Load d Ilfetl me Select configuration to work, with:
Iayout FL3-22 Genernc Lapout

FL3-22 with 2-Position Sample Changer

FL3-22 with Autopalarizers
(For the performapce /’ FL3-22 with 2-Position Sample Changer and Autopolarizers
check, load a lifetime R —
layout with no special Lifetime with Autopolarizers
accessories other than an
optional automated
sample changer). I

] I | Cancel I | Browse... I

2 Turn the
Modulator
Position knob to
Lifetime.

3 Turn the Source Position knob to

Xenon.
@Note: Some irises

close to the left.

4 Close the iris
most of the way.
(% of the way to the right)

i-.‘ i,
q'_".

O  Set the manual slit to narrow (0.75 mm).

When the layout is loaded, the DataMax icons should be colored in. (If
they are in grayscale, then the instrument is running in emulation mode.)
The LED on the I/O Drawer is now set to Lifetime mode for the detection
system and electronics. You can also verify that the system is set for s
lifetime operation: Go to Real Time Display and note that the detector signals are in
DC and AC volts, along with a display of the modulation and phase of the signal.
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Check

Getting Started

the AC, DC and modulation values for a scatter-

ing sample

The Fluorolog®-Tau-3 instrument should be switched on already and in Lifetime mode.

1

4

P|-10nos [nl:w] High Yaoltage
. . ncremen
Excitation: 370 nm 0 = Qoo
|
E .. . 370 400.0000 1S9
mission(s): nm [ EXT [7o0000 | BO00000 ]
[EM1 [3TO0000 (3 00000 ]

5

6

Excitation entrance: 6 mm
Excitation exit: 0.3 mm

Emission slits (optional): 6 mm
Intermediate 3™ slit (optional on

14

Prepare a dilute solution of glycogen or Ludox®
in triple-distilled or de-ionized water.

Place the scattering solution in the active posi-
tion of the sample changer.

Go to the Real Time Display.

Verify that your initial settings match those in the previous section.

ﬁc Real Time Display

M Ove mon O_ File  Options  Preferences DIEieh:-
chromators:

Set Integration sl Cor Cmis

: bC Mad
time to 0.5 s. . i
%SE[Q{“J O M 4,3000 1.0204
o 1.9000 1.0526
H Side Entrance
Set instrument Phase 1800000
. Side Esit =
slits: i

I |DE Yoltage // /

Note: Use mm unifs. To switch to
mm, go to Visual Instrument Setup or
load default lifetime experiment.

Set detector S  Set Frequency
high-voltages: to 10 MHz.

double-grating monochro-
mators): 6 mm

Reference (R): 400 V
Signal (S): 800 V

T-Side

(T): 600 V (if 2™ emission
detector is present)
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9  Adjust concentration of scatterer to yield 1.0 V <
AC<40V.

10 Verify that the modulation (Mod) is ~1.0 on all
lifetime detectors.

If the modulation is acceptable, then the basic lifetime performance check has been sat-
isfied. To do a test scan, however, to check the performance of the lifetime system, fol-
low the tutorial for a lifetime scan of POPOP versus glycogen in Chapter 8: Tutorials
of this manual.

If the modulation is <<1.0, optimize some of the user-adjustable options on the system,

and check that other settings have not been disturbed. Refer to Chapter 10: Trouble-
shooting of this manual for additional suggestions.
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Adjustments to improve modulation or AC and DC sig-
nals

For good lifetime operation, a highly collimated beam must pass orthogonally through
the faces of the Pockels cell. This yields strong AC and DC signals, along with a modu-
lation ratio >1.0. The primary consideration is to have a narrow beam both before and
just after the modulator compartment. Therefore, the slits and iris around the modulator
are kept small during lifetime operation. The RF signals and external DC bias applied
to the modulator and PMTs are set for optimal system performance. Variation of these
settings will directly affect the signals and modulation seen from the system.

Verify that all system components are switched on. If a particular Lifetime controller or
power supply is not receiving power, signals will be affected.

To improve low AC or DC signals:

1 Open excitation entrance and emission slits to 7
mm (wide).

2 Increase the high-voltage bias to the appropriate
detectors.

The Lifetime detectors may be biased up to 1200 V. The normal range for the
reference detector is 300—800 V, while the range for the S and T emission
detectors is 600—1200 V. Emission detectors require different levels of bias de-
pending on the concentration and fluorescence yield of the samples being meas-
ured.

3 Increase the scatterer's concentration.

For fluorophores, the recommended concentration levels are up to 0.1 A. You
may use concentrations of up to 0.4 A, but artifacts may appear in the data.

To improve low AC or DC signals and change the modulation:

4 Open the manual slit.

This will diminish the modulation value as it increases the AC and DC signals
to all detectors.

5  Open the iris.

As the iris opens, the signal levels should increase, with a corresponding drop in
modulation.

6  Open the excitation exit slit.
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This slit may be opened up, directly affecting the modulation ratio.

If modulation refuses to increase acceptably, or AC- and DC-signal

levels are <<1.0 V

Unresolvable low modulation and signal levels point to poor optical alignment in the
modulator compartment, or elsewhere in the system. Re-optimize the alignment of the
Pockels cell in the modulator box. This procedure is explained in Chapter 11: Mainte-
nance.

No modulation (< 0.01 at 10 MHz on a scattering sample) or no AC or DC signal (<
0.005 V at 10 MHz on a scattering sample) indicates that a major system component
has no power, set incorrectly, or has failed. Consult Chapter 10: Troubleshooting for
assistance in finding the cause of the absence of signal.
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Getting Started

Useful materials for characterizing system

and samples

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

Substance CAS Number  Purpose Emission Lifetime (ns)
Wavelength
Range (nm)
Anthracene (99+%, zone-refined) 120-12-7 Excitation and emission ~ 380-480 4.1 (in
spectral characterization MeOH)
9-CA (97%), or 9- 1210-12-4 Single-exponential life- 380-500 11.8 (in
Anthracenecarbonitrile time standard MeOH)
Europium(III) chloride hexahydrate 13759-92-7  Phosphorescence emis- 580-700 1.40 x 10°
(99.9%) sion and decay standard
Fluorescein (99%) 2321-07-5 Lifetime and sensitivity ~ 490-630 4.02 (inpH >
standard 11)
D-glycogen 9005-79-2 Light-scattering standard 0
LDS 750, or Styryl 7 114720-33-1  Single-exponential life- 680700 0.248 (in
time standard MeOH, Ay =
568 nm)
LUDOX", or colloidal silica 7631-86-9 Light-scattering standard 0
(Me),POPOP, or 1,4-bis-2-(4-methyl-  3073-87-8 Single-exponential life- 390-560 1.45 (in
5-phenyloxazolyl)-benzene time standard EtOH)
B-NADH (B-nicotinamide adenine 606-68-8 or  Single-exponential life- 390-600 0.38 £ 0.05 (in
dinucleotide) 104809-32-7  time standard pH=17.5)
POPOP (99+%), or 1,4-bis(5- 1806-34-4 Single-exponential life- 370-540 1.32 (in
phenyloxazol-2-yl)] benzene time standard MeOH)
PPD (97%), or 2,5-diphenyl-1,3,4- 725-12-2 Single-exponential life- 310440 1.20 (in
oxadiazole time standard EtOH)
PPO (99%), or 2,5-diphenyloxazole 92-71-7 Single-exponential life- 330480 1.40 (in
time standard EtOH)
Rose Bengal (90%), or 4,5,6,7- 632-69-9 Single-exponential life- 560—680 0.98+0.10
tetrachloro-2',4',5',7'- time standard
tetraiodofluorescein
p-Terphenyl (99+%) 92-94-4 Single-exponential life- 310410 1.05 (in
time standard EtOH)
Water (18-MQ, de-ionized, triple- 7732-18-5 water Raman sensitivity

distilled)

test
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4: Fluorescence Lifetime Meas-
urements

This chapter deals with all aspects of the fluorescence lifetime acquisition, from the
choice of standards, to pre-experiment settings, setting up the actual scans, and finally
viewing the data collected, and modeling the results. Throughout, the chapter provides
suggestions on how to optimize the system and the samples for best results.

Theory behind lifetime acquisitions

During a lifetime acquisition, the excitation light at a particular wavelength is modu-
lated sinusoidally using the Pockels-cell electro-optic modulator. This modulated light
is incident upon the sample minus a small percentage directed to a reference detector.
The sample’s response shows a demodulation (reduction in the AC component relative
to the incident signal) and a phase-shift, determined by the lifetime of the excited state
or other sample properties. The modulation and phase-shift are measured across an ap-
propriate frequency range for the sample.

For the lifetime acquisition, a standard with a known single-exponential lifetime is used
along with the unknown under study. Measurements are performed by alternately ob-
serving the standard and unknown at each frequency. The standard is used to remove
the instrumental response from the measurement of the phase angles and demodulation
values.

The results of the acquisition are saved in a datafile (. DAT) where they can be fitted us-
ing the modeling software provided with the instrument, or with an external package.
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Performing lifetime acquisitions

Steps to completing a successful lifetime acquisition

Determine the steady-state spectra of the un-
known.

Decide on a sample geometry.

Choose an appropriate standard sample.
Choose the instrument geometry.

Set up the instrument for lifetime acquisitions.
Balance the standard and unknown.

Define the experiment scan parameters.

Execute the acquisition and observe the data
collection.

Model the data properly and validate the fit.

1  Find steady-state spectra of the unknown.

The first requirement for running a good lifetime acquisition is to know the steady-state
fluorescence characteristics of the unknown. The Fluorolog®-Tau-3 may be used in
steady-state mode to measure these spectra for the unknown. Knowledge of the excita-
tion and emission characteristics is necessary in order to choose the proper wavelengths
for the lifetime acquisition, as well as to avoid artifacts (e.g., Rayleigh or Raman scat-
ter) from introducing noise into the measurements.

@Noz‘e: Run an excitation scan and emission scan, which show the

fluorescence characteristics for the unknown, before attempting to
measure fluorescence lifetimes. Having the entire scans available is
best, in case no optimal standard for the measurement is possible.
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2  Decide on sample geometry.

In what physical state will the sample be measured? The preferred state for measure-
ment in the Fluorolog®-Tau-3 is an aqueous solution held in a 4-mL non-fluorescing
quartz cell. Other sample geometries, however, are possible. Perhaps the sample is a
powder, or pressed into a thin film or pellet. Other samples may be available only in
small quantities, requiring a microcell. Some samples may require being heated to a
specific temperature, or cooling well below 0°C using a liquid-nitrogen or liquid-
helium cryostat.

Carefully consider the sample geometry necessary for a proper measurement before set-
ting up the instrument for the lifetime acquisition. This dictates the types of standards
(and their geometries) to use, as well as the scan options and measurement geometry
that must be chosen to yield valid results. Verify that the chosen sample geometry for
measurement will not change the fluorescence characteristics of the sample.

3 Choose the standard.

The choice of a good standard is perhaps the most important of all steps in this proce-
dure. The standard is used to correlate the instrumental measurements of phase and
modulation on an unknown with those on the known. Such comparison removes in-
strumental artifacts from the desired data. Therefore, choosing a poor standard, or in-
adequately measuring the standard’s characteristics, can be detrimental to the quality of
the results.

The standard must satisfy the following criteria for the best results:
* A single exponential lifetime or a scatterer

* The same geometry as the unknown

» Similar excitation and emission characteristics as the unknown

The standard must be a well-characterized fluorophore with a single exponential life-
time, or be a scattering material. The lifetime of the standard must be known accurately
and entered in the experiment-definition window. A list of some suggested fluorophore
standards is provided at the end of Chapter 3, with their peak excitation and emission
wavelengths and room-temperature lifetimes.

Scattering samples are especially convenient, for most can be used over a wide excita-
tion range, allowing for use with a multitude of unknowns, without worrying about the
color effect. When using a scattering sample, set the lifetime to 0.000 ns (for there is no
absorption). For the lifetime scan, use the same excitation wavelength for the scatterer
as for the unknown. The scattering samples we recommend are listed with the fluoro-
phores at the end of Chapter 3.

In most cases, a scattering sample is sufficient to obtain good results from the meas-
urements. Use of a single exponential fluorophore with similar excitation and emission
characteristics to the unknown is preferable, especially if the sample has a multi-
exponential decay, and the lifetime of the standard is similar to the average lifetime of
the unknown sample.
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Use the same sample and measurement geometry for your standard as for the unknown.
The more similar the excitation conditions for the standard and unknown, the more ac-
curate the results. For example, to measure a thin film using the front-face option in the
Fluorolog®-Tau-3, choose a fluorophore in a thin film or use a scattering block with
front-face geometry.

The standard should have similar steady-state excitation and emission characteristics to
the unknown. To minimize the color effect, find a standard to match the excitation and
emission wavelengths within 20 nm. Ideally, these wavelength pairs are identical for
the standard and unknown. A scattering sample of glycogen or Ludox® is particularly
useful for matching the excitation wavelengths, and is recommended as a good general
standard.

4 Choose instrument geometry.

Specify the instrument geometry to be employed for the lifetime acquisition. The in-

strument geometry options can include (but are not limited to):

* Right-angle versus front-face measurements

» T-side versus S-side detectors

« Xenon lamp versus external laser source

* Monochromators versus optical filters

» Sample-changers, single-cell mounts, solid-sample holders, fiber-optic platforms,
cryostats, and other sample-related devices.

» Polarizers

» Temperature baths

Choose the best available instrument setup and accessories using an appropriate amount
of time to yield the best results. A further discussion on the use of different instrument
geometries to improve results can be found in the “optimizing results” section of this
chapter.

5  Decide on instrument set-up for lifetime acquisi-
tions.

Boot up the software in lifetime mode, to collect a lifetime acquisition with all lifetime
controllers and power supplies turned on. Set the appropriate optical settings and in-
strument options manually to the proper positions for lifetime mode. Load the appro-
priate lifetime acquisition layout (depending on the accessories for the scan). While the
software is loading, verify that the Pockels cell is in the light path, the iris aperture and
intermediate slit are set for lifetime mode, and the laser mirror/xenon-lamp selector is
in the proper position (see Chapter 3 for a detailed description of changing from steady-
state to lifetime mode and back). When the software is running, verify that the lifetime
rack indicates Lifetime mode.
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6 Balance the standard and unknown samples.

It is essential to match the

DC emission signal

intensities for the unknown

and standard samples, and Warning: Failing to properly set the system
to set up the system so that for the measurement will lead to errone-
all of the signal levels are ous and noisy results.

in the appropriate range.

When setting signal levels and balancing the samples, use the Real Time Display. Real
Time Display allows choice of detectors to be used for the acquisition. Windows in
Real Time Display display the signal levels and high-voltage applied to each detector,
along with Signal Balance (the selected excitation/emission wavelengths and sample-
changer position for each sample). When setting signal levels and balancing is com-
plete, the Transfer function allows the settings to be moved directly into the lifetime-
experiment definition.

If, during this procedure, satisfactory signals or a good balance cannot be achieved,
then reconsider the choice of standard sample, sample geometry, or instrument set-up.

[/ Set the initial instrument settings.

The instrument should be set up with reasonable initial settings for lifetime measure-
ments.

In lifetime (dynamic) mode, the instrument settings conform to different requirements
than for steady-state. The Pockels cell (electro-optic modulator) in the light path re-
quires the excitation light to be highly collimated for the most efficient modulation.
Light slightly off-axis reduces the effective modulation ratio observed from the instru-
ment. To achieve good modulation, the apertures at each end of the modulator box must
be kept as small as possible. Therefore, set

the slits directly adjacent to the modulator

box to a small opening, and close down the

iris aperture at the modulator box entrance. ‘ Warning: Settings on the RF

amplifiers and the HV bias
supply are optimized at the
factory and during installa-
tion, and should not be ad-
justed by the user.

The other slits in the system are used pri-
marily to set an appropriate signal level.
Therefore, by default, set the entrance slits
(and intermediate slit, if applicable) in the
excitation monochromator and the slits on
the emission monochromator (if used) wide
in dynamic mode. The high voltages fixed in steady-state mode for photon-counting
measurements may be adjusted in dynamic mode to optimize the signal levels. Set the
monochromators to the wavelengths corresponding to the desired excitation and emis-
sion peak pair for the unknown sample. The standard sample should have similar char-
acteristics to the unknown, to minimize the color-effect described earlier. If the Stokes
shift between the excitation and emission peak is narrow, use good experimental prac-
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tice to excite at a shorter wavelength than the excitation peak, and set the emission to a
longer wavelength than the emission peak, to minimize scatter contribution to the
measurement. The excitation and emission wavelengths can be adjusted in the balanc-
ing procedure to help match the DC signals.

Initially, set the system to a relatively low frequency, where there is ample modulation,
in order to optimize the signal levels. Typically, we at Jobin Yvon choose 10 MHz as
this frequency for setting the signals.

Settings and their limits
In the center column of the following table, the recommended initial instrument settings
in Real Time Display to set and balance the signals are listed. On the right are the rec-
ommended extremes of adjustment during optimization and balancing.

Instrument parameter

Initial value

Limits for adjustment

Excitation and emission
wavelengths
Detectors
Excitation slits
Entrance
Intermediate (if applica-
ble)
Exit
Iris aperture

Modulator (Pockels cell)
Source position
Intermediate slit (manual
bilateral slit)

Emission monochromator or
filter

Slits (entrance, intermediate,
exit)
Cut-on filters

Detector biases

R

S or T with monochro-

mator

S or T with optical filters
Modulation frequency
Integration time

Dependent on steady state for
unknown and standard

S&RorT&R

6.0 mm
6.0 mm

0.3 mm

Vertical (midway between open
and closed)

In light path

Xenon source

0.5 mm

6.0 mm

Appropriate cut-on filter(s) for
excitation and emission wave-
lengths used for measurement

400V
800V

600 V
10 MHz
0.5s

Dependent on steady state for
unknown and standard

2-7 mm
2-7 mm

0.2-2 mm
Full range

0.2-2 mm

2-7 mm

300-800 V
400-1100 V

400-1100 V

Optimizing signal levels using the unknown sample

Optimizing the signal level on the unknown sample involves adjusting the slits, detec-
tor high-voltages, and other settings to obtain AC and DC signals on the emission de-
tector at 1-5 V, and AC and DC signals on the reference detector to 1-5 V, with the

4-6




Lifetime v. 2.1 (24 Apr 2001) Fluorescence Lifetime Measurements

highest modulation available for both. Optimize the AC signals first on the emission
detector, with the AC on the reference detector set later using its high-voltage setting.

Some instrument settings can be used to improve the AC without affecting the modula-
tion, and other adjustments improve the AC signal at the expense of the modulation.
Below are the recommended protocols for optimizing the levels on the unknown for
each particular condition.

To increase AC and DC signals independent of modulation
1. Open emission slits wider (if using emission monochromator)

2. Open excitation entrance (and intermediate, if present) slits wider.
3. Increase high voltage to the detector.

To increase AC and DC signals at the expense of modulation
1. Open the intermediate slit in the modulator box wider.

2. Open the iris aperture wider.

3. Open the excitation exit slit wider.

To increase modulation while reducing AC and DC signals
1. Reduce the intermediate slit width in the modulator box.

2. Reduce the iris aperture.

3. Reduce the excitation exit slit width.

To decrease AC and DC signals independent of modulation
1. Reduce emission slits’ width (if using emission monochromator).

2. Reduce excitation entrance (and intermediate, if present) slit widths.
3. Decrease high voltage to the detector.

8  Balance signals for the standard and unknown.

Balance the DC signal intensity of the standard to the DC signal intensity of the un-
known. The DC signals should be within 10-15% of each other, and both AC and DC
signal levels should be at 1-5 V.

Real Time Display has a window, Signal Balance, Fgignal Balance
for balancing the samples. Enter the excitation -Ctandad——— [ Unknown
and emission wavelengths and sample-holder 1 2 3 4 12 3 4
position for the standard and unknown. Click on ® C OO0 C@®C 0
the Set Standard and Set Unknown buttons to 360 Ex | [360
move the system to the appropriate settings for 360 |£| EM | [220 l%l
each. =

Set Standard | Set Unknawn |
The two adjustments to balance the samples are:

4-7




Lifetime v. 2.1 (24 Apr 2001) Fluorescence Lifetime Measurements

a Change the concentration of the standard solution.

Reduce the concentration to lower the signal, or raise the concentration to in-
crease the signal.

b Move to shorter wavelengths on the excitation band, or longer wavelengths
on the emission band, for the standard or unknown.

The further that the excitation or emission is moved from the peak, the lower
the emission signal.

In some cases, balancing the samples using the two steps alone is impossible. The sig-
nal levels or concentration for the unknown then must be modified to allow the chosen
standard to work effectively for the measurement. In cases where the balancing still
cannot be accomplished, reconsider the standard and the entire experimental setup.

9  Set the lifetime-acquisition scan parameters.
a Start the Run Experiment application.
b Click on the Experiment button.

C This opens the Lifetime Acquistion dialog box. There are eight different sec-
tions to adjust within this dialog box:
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0 0 =
1
E=periment... | CADATAMAX popvgly. exp DataFile... | AbdasDATA\popygl spcl Run
Start Freq [MHz) [20.000 End Freq [MHz] |220.000
— Int ti
Mumber of Frege |10 Tr':rﬁgra 1an (s) a
Sequence 3
Clinear (% Log
4 Std Ex [mm) 360 Unkriown Ex [nim) 360
Std Emlnm I nknown Emlnm
rocess by
5 " Disciete Pairs * |nterleave
: Set Pt Std.
Min Awg |3 Dev [z [0-80 7 Standard |1 j Unknawn |3 j
bdaw Avg |5

Std Lifetime [nz] ||:|_[|[|
Sample and Real Time Proceszing Info

Lifetime Acquigition of POPOP vz, Glpcogen or LUDOX Shutter... |
Setup File. . | | Dark Offset [~ »

— Start Time E stimated .
% |mmediate i~ Delay Tirne s J

Load previously saved experiment and data files
Run and save the experiment

Adjust frequencies to be run

Choose wavelengths

Unknown-versus-standard parameters

Hardware parameters

Statistics parameters

0 NO Orvwv:.b WN -

Sample and real-time processing information
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1 Load previously saved experiments and data files.
Click on Experiment to load a Click on DataFile to select a filename
previously saved lifetime- under which the data file is to be saved
acquisition experiment file. Use during an experiment. Enter the file-
the experiment-file browser name and its path in the space provided.
herein to search for a desired life- Lifetime acquisition datafiles are saved
time-experiment file. with a . DAT extension.

Experiment* ||E1\D-‘3‘-T-‘3-M-‘3X\DDDVEI|}'-EHD QataFiIe.} ||'.3.MMHD.-’-'-.TMpnpvgly_spc
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2 Run and save the experiment.

| Click on Run to execute a life-

Click the Auto Save Exp
checkbox to overwrite the
experiment file automati-

cally with your current

settings at the start of a————>Save

acquisition.

In Quick Scan, all phase —> Scan

and modulation data for
each frequency point in
the scan are taken for the
standard first. Then the
user is prompted to insert
the unknown (with an
automated sample
changer, it is automati-
cally moved into place),
and the unknown data are
taken.

gly.zpc

Run 4/
L Cancel |

Exp Tupe...

At

Exp
Huick

Fluorescence Lifetime Measurements

|_—"time acquisition.

Click Save to save the experi-
ment to the file listed in the Ex-
periment window. To save the
experiment file to a different
filename, type in the name and
path in the Experiment window
and click Save.

@Note: Some error may be intro-

duced in Quick Scan, because the
data for each sample might be
separated by a long period.

Click Cancel to go back from
the lifetime acquisition to the
main menu of the software ap-
plication.

Hit the Exp Type... button to
select the Lifetime Acquisition
default experiment file when
you are defining new lifetime
acquisitions.

Use Quick Scan when the sample cannot be placed in an automated sample changer
(e.g., low-temperature measurements or solids) to avoid the tedium of changing the
standard and unknown at each frequency point.
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3

Adjust frequencies to be run.

Fluorescence Lifetime Measurements

In Start Freq, enter the starting frequency, in In End Freq, enter the
MHez. Lifetime scans always progress from lower ending frequency, in
to higher frequency. The frequency range is 0.1- MHz.

310 MHz.

Enter the number of\different frequencies to Integration Time is the
measure in Number ©f Fregs. Each frequency timg allotted for detec-
will give one data point in phase and modulation.  tion per data point dur-
The allowable number §f frequencies is 3-99. ing each average. The

Start Freq [MHz]
Mumber of Fregs

Seguence
’V " Linear ¥ Lag

20,000
10

|

The Sequence specifies the frequencies
used for the lifetime acquisition. By de-
fault, there are two allowable base set-
tings for the sequence Linear and Log.

= Log sets the frequency range between
the start and end frequency for even
spacing on a logarithmic scale, de-
pending on the number of frequencies
specified to be measured.

= Linear sets the frequency range be-
tween the start and end frequency for
even linear spacing of the number of
frequencies specified.

4-12

range\is 1-99 seconds.

End Freq [MHz] |220.00
|ntegratiaon
Tirne [z] 8

Sequence...

Click on the Sequence button to
display the frequencies to be meas-
ured. Before running an acquisi-
tion, customize the frequencies if
desired.

To customize a frequency, choose
the frequency to be changed in the
list by clicking on it. Then enter the
new frequency value.
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4 Choose wavelengths for the standard and unknown.

Next to Std Ex (nm), enter the chosen

excitation wavelength position (in na-

nometers) for the standard.

Std E = [nm] 360

Std Em[nm]/' |35|:|—

Next to Std Em (nm), enter the cho-
sen emission wavelength position (in

nanometers) for the standard.
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Next to Unknown Ex (nm), enter the
chosen excitation wavelength position
(in nanometers) for the unknown.

nknown Ex[nim] 60
Unknawn Ermlnm] 420

Next to Unknown Em (nm), enter the
chosen emission wavelength position
(in nanometers) for the unknown.
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5

Choose the data-correction algorithm.

Process by determines the algorithm for collecting the data for each individual

average. There are two possible choices:

B R T

I-\JUU

Process by

™ Dizcrete Pairs

i |nterleave
w

o —

Discrete Pairs measures the phase-
angle difference and demodulation of
the standard, and then the unknown.
From this, the computer saves the
phase and modulation data and calcu-
lates lifetimes based on phase and
modulation. Then, it repeats the pro-
cedure for the next average, measuring
the standard, then the unknown, saving
the data and calculating lifetimes.
Thus, with discrete pairs, averages are
non-shared measurements of the stan-
dard, followed by the unknown.

@Nom: When changing

samples manually, use
Discrete Pairs.
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Interleaving measures the phase-
angle difference and demodulation of
the standard, and then the unknown.
From this, the computer saves the
phase and modulation data and calcu-
lates lifetimes based on the phase and
modulation. Thereafter, the standard is
again viewed, but a new average is
measured, comparing with the previ-
ous unknown data. In this way, an av-
erage is generated each time the sam-
ple is changed. This is the recom-
mended method when using an auto-
mated sample changer, for it saves
time with no effect on experimental
accuracy.
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6 Adjust hardware parameters.

Si%imls... | Sj'ﬁs... | HW] |

There are two possible
signal choices that may
be chosen in Signals...
window: S& Ror T &
R (if available). The ra-
dio buttons show the de-
tectors that may be se-
lected for the lifetime
scan. Choose the appro-
priate signal detector to
be compared with the
reference, R, detector
for the lifetime acquisi-
tion.

Slits... leads to a win-
dow showing the avail-
able slits and their set-
tings for the lifetime ac-
quisition. Set the slits
according to how the
standard and unknown
samples were balanced.
Slits should be set in
millimeters for lifetime
acquisitions.
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HV is the high-voltage
bias setting for the life-
time detectors. The set-
tings for each detector
should have been deter-
mined during the balanc-
ing procedure. The lim-
its for high voltage bias
for R928P photomulti-
plier tubes in the lifetime
detector housings are
300 to 1100 volts.
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Decide on the statistics for measurement.

Averages are the number of measurements of the phase and modulation data for
the standard versus the unknown for each frequency during a lifetime scan. The
number of averages taken per frequency point depends on the minimum and
maximum number of averages specified and the standard deviation for the
measurement specified.

The standard-deviation threshold for the measured phase and modulation data
is used to decide how reliable the data point is. If the standard deviation of the
measurement is within the specified threshold after the minimum number of av-
erages, then the experiment will move on the next frequency point. After the
maximum number of averages, the experiment will move on the next frequency
point automatically.

Min Avg is the mini- Set Pt. Std. Dev. In Standard, enter In Unknown, enter
mum number of aver- (%) is the stan- the sample- the sample-changer
ages. The smallest dard-deviation changer position position for the un-
minimum number of threshold for the for the lifetime known sample.

bl 3w Ay

averages is 3, to calcu-  measured phase standard sample.
late a standard devia- and modulation
tion. data.
: —L Set Pt Std q
Min Ava |3 Dev [z (050 Standard Unknovn

5

Std Lifetime [ne] (000

Max Avg is the maximum number In Std Lifetime (ns), enter the lifetime of the
of averages. The highest maximum standard sample in nanoseconds. For scattering
number of averages allowed is 99.  samples, enter 0.00 nanoseconds.

@Nate: If negative phase-

angles or modulation val-
ues >> 1 are observed, the
sample-changer number for
standard and unknown are
probably reversed.
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In this box, enter any comments to include with the datafile.

— Sample and Real Time Proceszsing Info

Fluorescence Lifetime Measurements

Enter sample and real-time processing information

Shutter... is always set to

Auto Open.\

Setup File...

/

Dark, Offzet %_

Lifetime Acquizgition of POPOP ve. Glecogen or LUDOR

Start Time

& lmmediate Delay

|

N
Shutter... |

E ztimated

1

/

AN

I

In Setup File...  The Start Time
load a pre-defined area allows the
set of positions scan to start Im-
for various acces- mediately or De-

sories.

lay a specified
amount of time.

l

N\

Dark Offset is not available for Estimated
lifetime scans, because the data  Time displays
are compared with the reference the estimated
lifetime detector for all instru-  time to complete
mental corrections during the this scan.

measurement.
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10 Click on Run to execute the lifetime acquisition.

The system measures the phase-angle differences and demodulation factors us-
ing data taken from the standard and unknown. The system takes repeated aver-
ages at each frequency point, until the specified standard deviation has been
surpassed, or the maximum number of averages has been reached. The lifetime
calculated from the phase angle and the demodulation factor at each frequency
point, using the mean of the averages, is found with these mean values for phase
and modulation. The scan always proceeds from the low- to the high-frequency

point according the set-up sequence.

Data are displayed in a table:

Lifetime
File Collect Help

I [=] E3

2]

Clear | Delete Row

éﬁum

The most recent data are dis-
played here.

k DataFile: D: \HAHUALS"\LIFETII'-{EEDATAKPEHVELYKPEH"I.FLI

Start Freq.: 10 End Freq: Frequency: 150
Index: 8 OF 8
it Ave $unk  Psud Munk Mird
b 1) M ()

Std AC  S5tdDC Unk AC Unk DC Ref AC Ref DC

O

Over-range indicator

@Nom: If an over-

N

range is de-
tected, the over-
range indicator

turns red. Stop

the scan and try

to find the cause
of the over-
range. See the
Troubleshooting
section.

(MH2) ¢ (1 M 8 tp B oM ()|
] 10 1616 014 085 04610300428 4642 0=
2| 147 2279 006 0917 04547900127 47096 O
i 217 3144 005 0849 0/4.4846 0.0084 45647 0
(4] 319 4216 005 0733 04516800074 463 O
6| 47 5288 004 0594 044737 0.0067 45861 O
i F9.2 B2.73 022 0452 044619 0.0423 45389 0
7] 1019 714 024 0323 04641300851 44831 O

(1] 16500 Y644 067 0.24 04397501912 42918 0w

|| Summary of all results so far.
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A graph also is created in a separate window, showing the phase-angle differ-
ence and demodulation factor across the frequency range.
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Model the data for final results

Modeling is the process by which the lifetime acquisition results are fitted, to
predict the various lifetime components and fractional contribution of each
component. The fit is accompanied by an error-function value to help validate
the fit as an acceptable model.

The software includes a basic modeling software application, MODEL . EXE,
which may be used to fit single- or multi-exponential lifetime models. More-

complex models must employ the use of a more-advanced fitting program such
as GLOBALS Unlimited™ software.

To start the modeling program in DataMax, click on the Run Lifetime Model-
ing software application button in the Instrument Control Center.

E# Instrument Control Center - LAYOUTOS, LAY [M[=]E3

Swztem  Applications  Help

O T

Fun Chda,

This brings up the Model Wmdows Appllcatlon window. Choose Model Under
Model, click Llfetlme

P Model Wlndnws Application - Model

m v Llh-‘lll'l =]

Time resalved
Lifetime resolved

Ainizotropy decap

Parameters...
Bum

Select Lifetime model |Lifetirme
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This calls up the Lifetime Model window specifically for modeling lifetime
data.

Under Input file, choose the data file to be modeled.

Here, choose the  Input data
type of standard Input File. .. I iI‘:"tlifetime"udata"\pewgly"upewludﬂ.dat
deviation used ™\
for the model.

\f" Uze Measured Standard Deviations [from File]

{+ Enter Deviation  dPhase: I[I-5 deqg dMod: |5-f="-_“-_I3

Choose the — MHumber of components
Number of > & o 3 ~a
components in
the model here. — Fractional Amplitudes ———— —Lifetimez [ng] ———
7 Fract. 1: |1. ¥ Fized | | Taul: [10. I Fixed
Here enter the
. Fract. 2: Tau 2:
Fractional P
Amplitudes for Fract. 3: Tau 3:
all components. Fract_4- Tau 4-
Here enter — |
estimated Bun Model | Save Dutput_..
Lifetimes for all
components.

We recommend that novices use fixed deviations set at dPhase = 0.5° and dMod =5 x
107 (i.e., 0.5%) modulation, as shown. Thus, the 3 value will reflect the validity of the
fit versus these standard deviations, or error levels in the data. Therefore, * < 1 indi-
cates that the model has surpassed the error-threshold specified.

Single exponential decay

When fitting an unknown sample, we recommend starting with a single exponential de-
cay, and then proceed to more complex models based on the 7 results and the residu-
als. Generally, the least-complex model which results in an acceptable »* value is
considered viable. Therefore, start with a model such as the one shown above, with a
single exponential defined with a good estimate of the mean decay time. In the example
above for perylene in glycerol, 10 ns was chosen.

Click on the Run Model option to fit the data using the selected model. The resulting
decay time(s) are displayed on the parameters screen, with its(their) fractional contribu-
tion(s) (in this case, 1). A graph is shown with the actual phase-shift and demodulation-
factor data points from the data file, along with solid lines showing the fit created by
the model. At the top of the graph, the calculated values for the fractional contributions,
lifetimes, and the 7 also are displayed. Below is an example of such a window.
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2 Model Windows Application - Model
File Model ‘iew Help

2]
CHI SQUARE = 0.9
Fract1 = 1.
Taul = 4.533
Lifetime Modeling
90 - r10
5 =
g :
454 Fos =
8 L
£ E
0 T i}
10 100 1000
Frequency (MHz}
Remid uak
51 {0.1
Z oo D o F
E 1 T “T a
3 i3]
Fraquanay {MHz)
[Lifetirne

ForHelp, press F1

For the model shown above, the single exponential fit is satisfactory because of the low
+* value and the small residuals shown. This can also be demonstrated by attempting to
fit this scan as a double-exponential.

Multi-exponential decay
To fit a multi-exponential decay,

1 Lifetime Model =]

Increase the Number of ~Input data
com ponents to the number Input File... Iil:\Iilelime\dala\pewgly\pervludﬂ_dat
of desired exponential \ " Use Measured Standard Deviations [from file]

terms. {* Enter Deviation dPhase: IU-5 deg dMod: I5.e-l]l]3

- Humber of components

2 . . 1 2 3 4
Enter the fractional ampli-

o Fractional Amplitud Lifetimes (ns)
tude and lifetime for each factiona AMpIMFes ifetimes [ns

Fract. 1: |.5 I” Fixed | | Tau1: |1 " Fixed
component of the decay ™ Tau » g ——_
au £ IHe

Fract. 2: |.5 [ Fixed
3 . ) Fract. 3: Tau 3
Each fractional amplitude < r o

and lifetime has the option
to be F|Xed (ln the CheCk Bun Model | Save Output._
box) or held constant in the
model.

The results of using this particular double-exponential model are:
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Lifetime Model
— Input data

Input File... I l[:\Iifetime\dala\pelvgly\pewludB.dat

"~ Use Measured Standard Deviations [from file)

{* Enter Deviation  dPhase: Iu-5 deg dMod: |5-‘3'|:":l3

— Mumber of p its
1 +2 3 4
 Fractional Amplitudes Lifeti [nz]

Fract. 1; (0.85 I” Fixed Tau1: 4.288 [~ Fixed
Fract. 2. |0.149 I”" Fixed Tau 2: |6.303 [ Fixed
Fract. 3: Tau 3:
Fract. 4: Tau 4

Save Output...

B Model Windows Application - Model
Fille Model iew Help

2N [E]a]

CHI SQUARE = 0.638
Fract1 = 0.8506 Fract2 = 0.1494
Taul = 4.268 Tau2 = 6.304

Lifetime Modeling

0 1.0
=~ =
[T} =]
=
o 45 los E
@ 2
£ E
u] T 0
10 100 1000
Frequency (MHz)
Rosiduaks
S~| I— L8]
g o o
£ J "-’_‘—‘—~_'—\_;Ej_,"—_,—l-—-l‘_—0 1T a
3 -0d
Froquancy { MHz)
FaorHelp. press B [ i = Litetirme

The model provides two decay times of 4.3 and 6.3 ns. The #* value is low and the re-
siduals seem acceptable. But because the z* has improved only from 0.9 to 0.69, the
less-complex fit of the single exponential should be accepted in the absence of other in-

formation. If the * had shown more dramatic improvement (e.g., 0.9 versus 0.5 or
less), then the double-exponential fit would be a more-reasonable model.
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Saving and outputting the results

There are options available in the parameters window for saving the fitted results for
the data. Click on the Save Output button, and specify a proper filename and path to
save the results.

Printing the results of the model is available in the graph window under the File menu.

Use the standard Windows™ print window to define the desired printer from the host
computer, and specify the available parameters.
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5: Anisotropy Decay Measure-
ments

Anisotropy decays, otherwise known as dynamic depolarization measurements, provide
information into the rotational rates of molecules in the allowed directions. These rota-
tional correlation times can provide great insight into molecular size, shape, structure
and environment. This type of acquisition may be run on lifetime instruments with
automated polarizer accessories.

Theory of anisotropy decay in the fre-
guency domain

Measurements of anisotropy decays in the frequency domain involve acquiring the
phase-angle and ratio of modulated amplitudes for an unknown sample across a speci-
fied frequency range.

Method

Light from the excitation source passes through the excitation monochromator, in
which a specific wavelength is selected. This selected wavelength passes through the
modulator box, in which the Pockels cell sinusoidally modulates the light at a chosen
frequency. The light emitted from the Pockels cell is vertically polarized. This verti-
cally polarized light enters the sample compartment, and hits the sample. The sample’s
response is measured using an emission polarizer that rotates between the vertical and
horizontal position in order to examine both emission components from the sample.

For the measurement, the phase-angle difference (A) and the ratio of modulated ampli-
tudes (RMA) between the vertical and the horizontal components of the sample’s emis-
sion are recorded across the specified frequency range. Generally, the phase-angle dif-
ference increases from low to high frequencies. The RMA usually decreases as the
modulation frequency is increased.

The G factor of the emission path, measured prior to experiment by the user, is applied
to the measured AC-signal ratio, to calculate the RMA at each data point. The phase
angle is measured against a reference detector specified by the user (either R or an
emission detector with a polarizer set to H). A data file is created with the measured As
and RMAss at each frequency point.

Calculations

The user models the resulting data file (.DAT) in order to fit for the rotation correla-
tion time(s) and fractional contributions (f). The average lifetime of the sample and the
limiting anisotropy must be known and fixed in the model, in order to reduce the de-
grees of freedom in the fitting algorithm. The modeling program outputs the fitted rota-
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tional correlation times with their respective fractional contributions, along with the >
value indicating the validity of the fit. Generally, the lower the #* value, the more ac-
ceptable the fit.
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Before the acquisition

Before starting an anisotropy-decay acquisition, the unknown sample must be well
characterized, and the desired instrument setup carefully considered. Three parameters
must be known for the experimental data to be valid and to minimize the degrees of
freedom in the fitting algorithm. Other additional factors should be considered before
defining and initiating an anisotropy decay acquisition. Parameters that must be known
are:

e Steady-state G factor

e Limiting anisotropy (7o)

e Average sample lifetime

e Sample concentration or geometry

e Steady-state spectrum

e Sample environment

¢ Instrument configuration

G factor

The G factor should be measured on the lifetime system just prior to running the acqui-
sition. Find the G factor by loading a steady-state layout with polarization, proceeding
to Constant Wavelength Analysis and measuring /v and /iy for the sample at the exci-
tation and emission wavelengths used for the decay measurement.

Limiting anisotropy

The limiting anisotropy should be approximately known prior to the experiment. The
data-modeling software requires finding the rotational correlation times based on the
experimental data. The limiting anisotropy may be found on the lifetime instrument by
loading a steady-state layout with polarization, then measuring the anisotropy at an
adequately low temperature for the sample.

Average sample lifetime

The average lifetime also must be known before the experiment, in order for the model-
ing software to fit the data properly. The value must be the average lifetime, or lifetime
for the sample fitted as a single exponential decay. This value can be obtained by exe-
cuting and fitting a lifetime acquisition on the sample being measured.

Sample concentration or geometry

The sample concentration should be below 0.1 OD for measurements made with right-
angle geometry in a standard 4-mL cuvette. More-concentrated samples should be
measured using a microcell in order to minimize inner filter effects. Front-face meas-
urements of anisotropy decays are not supported by the Tau-3.
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Steady-state spectra

Consult steady-state spectra before the acquisition in order to properly select the wave-
lengths for the acquisition. Run steady-state spectra first, when running a lifetime ac-
quisition, to find the average lifetime of the sample.

Sample environment

The environment around the sample can have important effects on an anisotropy decay.
Choose an appropriate solvent to allow the instrument to resolve the rotational correla-
tion times of the molecule without adversely affecting the decay mechanism. Many
samples inherently have anisotropy responses that are directly affected by temperature,
pH, solvent, and other environmental conditions. Therefore, carefully choose the envi-
ronment for the unknown in order to collect useful data. In many cases, the effect of the
environment on the sample is the primary subject under study (e.g., protein unfolding
during a temperature ramp). Automated data collection of several anisotropy decays,
while varying these parameters, coupled with subsequent global analysis of the results,
can provide great insight into the behavior and structure of the molecule of interest.

Instrumental configuration

Decide on the instrumental configuration used for the measurement before running the
experiment. Changes in instrumental configuration for the measurement result from the
need for more signal from a sample. Anisotropy decays may be made with two, one, or
no emission monochromators, or using an appropriate optical filter in their places. The
number of polarizers may be reduced for the scan. Three polarizers (excitation V, emis-
sion H to V, 2"-emission H) may be used in the classical setup. Two or even only one
polarizer (emission H to V) may be used for anisotropy decay measurements with good
results.

@Nom: The G factor must be measured on the precise instrumental
configuration used for the experiment, because the G factor is
dependent on the polarization bias of the emission optics.
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Optimizing signal levels for the unknown
before the measurement

Great care should be taken to optimize the signal levels for the emission channel(s)
used for the anisotropy-decay acquisition. The amount of available signal and modula-
tion across the frequency range of the instrument should be used to dictate many of the
parameters for the scan.

For an anisotropy decay scan,

e No reference standard is required.

e Set the AC and DC signals to 1-5 V for the sample being measured.

o Verify these signal levels for both polarizer positions (H and V) of the primary
emission channel as well as for referencing the emission channel.
To achieve this signal level make all of the adjustments to the instrument that
are recommended for the lifetime acquisition, including instrument slits, iris ap-
erture, bias voltage to detectors, bias voltage to Pockels cell, and intermediate
slit width. As with a lifetime acquisition, optimal AC signal level is most impor-
tant, after which the best modulation (and optimal DC signal) should be
achieved.

To determine the available range for scanning,
e Refer to the results of the lifetime acquisition for the sample.
The lifetime components should indicate the frequency regions that can be
scanned or must be scanned to provide useful data.
e Check the desired frequency endpoints for the scan to verify that there is
enough AC signal (> 0.1 V).

@Note: A signal < 0.1 V will result in larger error-
bars in the data.
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Anisotropy-decay acquisition parameters

The Anisotropy Decay Acquisition dialog box

1 X
Experiment.._| ["DATAMAX22\HI23 e | Datafile. | | Bun
P
Start Freq [MHz) I End Freq [MHz] {100.00 ?utn :
- teqrat ave ave
Murnber of Freqz 10 Tnirﬁsra o (s] 1.000 Exp [ B
Sequence Duick -
" Linear  {* Log Eesl Lancsl
E scitation [rirm) |4BEI_EIEIEI |4BEI. 0oo 2
5 Exp Type...
Process by 6 3
& Discrete Pairs "~ Interleave SEaEeE. iz,

Set Pt Sid,

3 Dev(z) 1000 7 Unkrown |1 =l
G Factor (120 Lifetirme |4_|:||:|

bd ax Avg

]

ample and Real Time Procezzing Info

.
Anizotrpy Decay Acguisition Shutter... |
Setup File... | | Dark Offset [ .

— Start Time E ztimated o
 Immediate ™ Delay Tirne 018:00

J

Load or save previously defined experiments or data files
Run or save experiments

Set the frequencies

Set the wavelengths

Set the hardware parameters

Process algorithm

Determine the statistics

>Q ™0 QO O T O

Sample and real-time processing information
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Anisotropy Decay Measurements

a Load or save previously defined experiments or data files

Anizotropp Decay Acquisition

Epatirh, ||::ammrw|ﬁ><2.2xdf|t23.eup DataFile.. ||

Click Experiment... to load a saved
anisotropy-decay acquisition experi-

ment file. The experiment file

browser can also be reached using
this button to search for a desired
anisotropy-decay experiment file.
You may also type in a desired ex-

periment name (and path) to load in

the space provided.
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be saved during a run. You may also
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b Run or save experiments
Check the Auto Save _l Click Run to execute a
Exp box to overwrite lifetime acquisition.

. . Eun

automatlcal}y the experi \ | Click Save to save the
ment file with your cur- . _— . h .

t settings at the start of Sum ~ experlmenjt o o S
fent sething - u Save ment file listed in the Ex-
an acquisition. e

Quick periment box. To save the

Quick Scan is notused __—» Sean Cancel . experiment file to a differ-

for anisotropy decays. ent filename, type in the
name and path in the Ex-

Click Exp Type...tose- __———> EapType.. periment box, and click

lect the experiment type to the Save button.
define. For an anisotropy-

decay acquisition, click
Anisotropy Decay Ac-
quisition.

Click Cancel to go back
from the Anisotropy De-
cay Acquisition to the
main menu.
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C

For Start Freq (MHz), enter the starting
frequency in MHz. Anisotropy-decay scans
always progress from lower to higher fre-
quency. The frequency range is 0.1-310
MHz.

Set the frequencies

In Number of Fregs, enter the humber of
frequencies to be measured for the anisot-
ropy decay acquisition. Each frgquency rep-
resents one data point for both phase and
modulation measurements in the anisotropy
decay. The range is 3—

Start Freq [MHZ
Mumber of Freqs
Seqguence
" Linear

% Log

The Sequence specifies the frequencies used
are two allowable base settings for the seq

r

Log sets even spacing on a logarithmi
scale depending on the number of
quencies specified.

Anisotropy Decay Measurements

In End Freq (MHz), enter
the ending frequency in MHz.

Integration Time is the time
allotted for detegtion of each
average of the anisotropy de-
cay. Maximum integration

time is 99 s.

End Freq [MHz]
(5]

| nkegration
Tirne

Sequence...

the lifetime acqulsmon There

ce, Llnear and Log:

Llnear sets even linear spacing for the
frequenc1es specified. »

]|

Click the Sequence button to Frequencies
display the frequencies to be
measured. The frequencies may Start End Number
be customized before running IEEI.EI IEED.D |12
an acquisition:
" Linear
Choose the frequency to be ———— (20 | ~ilag
changed by clicking on it. 32:3
Enter the new frequency value géi | -
to measure. aneE |

5-9




Lifetime v. 2.0 (26 Apr 2001) Anisotropy Decay Measurements
p

d Set the wavelengths

E witation [nim] |49|:|_|:||:||:| E mizzion [nm] |4EEI. Qoo

Enter the chosen Excitation wave- Enter the chosen Emission wave-
length position (in nanometers) for length position (in nanometers) for
the acquisition. the acquisition.
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e Set the hardware parameters

Signals... | Slit...
b 4

H [on]

Under Sig"hnals , open the - ":vS"I:its leads to the Slits

Slgnal Choice dlalog box. wmdow

Signal Choice E3 |

|

Anisotropy Decay Measurements

le‘ck on HV to change the
Voltage for the detectors.

" Choose either S&T or T&S In each, the first listed emission
_ detector has its respectlve polarlzer set to horizontal, while
' the second listed emlssmn detector is set: to vertical.

Slits shows the available slits and their settihgs for the anisotropy-decay acquisition.
Set the slits according to how the unknown samples are balanced. The unit: 1s mllhme-

ters for anisotropy decays.

High Voltage adjusts the high-voltage bias setting for the detectors. The high-ﬁpltage
bias range for R928P PMT tubes in the lifetime detector housings is 300 to 1100 volts.

@Nﬁe: The high-voltage set-

ting for each detector
should have been deter-
mined during the balancing
procedure for the un-
known.

Slit Lnits: [Porn)

Intermediate

|4_nun

|5_nun

Lancel |

Cancel |

5-11




Lifetime v. 2.0 (26 Apr 2001) Anisotropy Decay Measurements

Process algorithm

Procesz by
’Vﬁ' Digcrete Pairs i Interleave

Process by can be ignored for anisotropy-decay acquisitions.
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Anisotropy Decay Measurements

Determine the statistics

Averages are the number of trials or measurements of the phase and modulation
data, for the standard versus the unknown sample, at each frequency, during an
anisotropy decay acquisition. The number of averages taken per frequency point
depends on the minimum and maximum number of averages specified and the
standard deviation for the measurement specified.

Min Avg is the mini-  Set Pt. Std. Dev.(%) is the standard de-  Set the Unknown to
mum number of aver-  viation threshold for the measured phase  the correct sample-
ages. The lowest and modulation data. If the standard de- holder position.

minimum number of  viation of the measurement is within the
averages is 3, so that a  specified threshold after the minimum
standard deviation can number of averages, then the experiment

be calculated.

in deeg |3
baw dwg |7

f

Max Avg is the

will move on to the next frequency point.
After the maximum number of averages,
the experiment will move on the next fre-
quency point automatically.

Set Pt Std. ’—L ‘L
Dewv. [z 1000 Uk o

B Fac% 1.20 Lifetime |4_|:||:|

Enter the steady-state G Factor measured  Enter the average sam-

maximum number of  at the selected excitation and emission ple Lifetime, measured
averages. The highest wavelengths (measured on the detector in nanoseconds.
maximum number of  with a polarizer set to vertical for the ac-

averages allowed is quisition), if this should not be done during

99.

the acquisition. The G factor is HV/HH.
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g Sample and real-time processing information

Enter any comments to include with the data The Shutter is always set to Auto Open.

file on this line. / \
—Sample and Real Time Proceszing Info / \
4 Shutter... |

Arizotrpy Decay Acquizition

Setup File... Doark Offzet [
_pere || .

Starf Time E stimated o
|7 " Immediate " Delay Time \ :18:00

AN

Setup File... loadsa In Start Time, setup the Dark Offset is Estimated Time

pre-defined set of po-  scan for Immediate not available for  displays the esti-
sitions for various starting, or Delay a anisotropy de- mated time to com-
accessories. specified amount of time. cays. plete this scan.
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Defining the anisotropy-decay experiment

While many of the parameters for an anisotropy-decay experiment are found from the
steady-state results and from optimizing the signals in the previous section, there are
additional parameters that may be set at the user’s discretion:

* number of averages

* number of frequencies

* sequence

* integration time

» acceptable standard deviation
Set all of the above based on the complexity of the sample being measured, and the
amount of signal observed while optimizing signals.

Samples with a single rotational correlation time that have acceptable signal will re-

quire the least time, frequencies and averages to acquire a good measurement. Samples
with multiple correlation times or less available signal for the measurement will require
more averages, frequency points and longer integration times to produce acceptable re-

sults.
Recommendations
Parameter Range Method
Frequency 6-99 More frequencies for more complex samples.
Averages 3-24 More averages when less signal is available.

Integration time  6-60 s Higher integration time when less signal is available

Most anisotropy-decay experiments use a logarithmic frequency-sequence. Further op-
tions are the linear sequence, or custom frequencies or sequences.

The acceptable standard deviation specified for the measurement as Set Pt. Std.
Dev.(%), specified the threshold of the observed standard deviation for averages that
will allow the acquisition to move to the next frequency point. As a default, 0.5% is
used. The user can specify higher or lower precision as dictated by the complexity of
the sample.

Refer to Chapter 8: Tutorial for some examples of the experiment settings for an actual
acquisition.
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Running an anisotropy-decay experiment

Lifetime Hi=]

File Collect

When an anisotropy decay scan is running, the system collects the differential phase
and ratio of modulated amplitudes (RMAs) across the frequency range specified. These
values may be used later in non-linear least-squares analysis to solve for rational corre-

lation times and fractional contributions for the sample.

The screenshot shown below shows the data output during an anisotropy-decay acquisi-
tion of perylene in glycerol.

Help

The Sequence Log
updates the data for each
/ average on the active fre-

Sum [(g.?” - C : quency point.
Sequence Log e Iﬁ Over-range indicator
DataFile: c:dougehanpergl 0 dst Freuences: |5 = — s
Start Freq: & nd Freq: 200 Frequency: 171
Indew: E OF 16 >,
# fve ) ¢, FMA == note: if an over-
.0 | 0o | 000 | 06058 range is de-
& () A& (] r tected, the over-
bversge: | 000 | 000 | 00000 | 0.0000 | 0.00 range indicator
turns red. Sto
Ay DLy ALy DEy the scan ang
noo | ooo 000 | 0o O check Stepie
levels in Reai
Summary Table Time Display.
MHa ¢ ) RMA i The steady-state
2| 540 1702 0539 088 0005 anisotropy is calculated
— o : : : : by the software to verify
| 3| 620 2368 0.265 05654 0.005 h fih
4| 1050 3962 0406 0585 0.004 ¢ accuracy of the meas-
B | 1340 4504 0743 0583 0.004 urement for each data
E point.
7
8
EN
10}
11

—

The Summary Table

shows the collected values for differential phase and RMA for the frequency data
points in the scan.
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A second window contains the graph of the differential phase-angles and RMAs across
the frequency range. As data points are added, the window is updated for these new
data.

File Edt Graphs Ophons Scale

Lifetirne
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While the scan is progressing, the data values and shape of the fit can provide clues as
to the nature of the decays observed. The figure shows a sample with a single exponen-
tial rotational correlation time. The differential phase-angle appears to be nearly a Lor-
entzian distribution, while the ratio of modulated amplitudes approaches the limiting
anisotropy as it hits a maximum at the high-frequency end of the scan.

More-complex decays show a convolution of their individual components, therefore
showing a departure from the basic shape for a single correlation time.

The data will indicate whether the measurement is progressing well, or if errors are be-
coming unacceptably high. Errors will increase as the scan progresses, because of the
gradual reduction in AC signals. Unacceptably high errors, such as spurious data points
or excessively high standard deviations for a data point, indicate that certain parameters
for the scan require better optimization. In some cases, these data may indicate that the
scan has been started at too low, or ended at too high a frequency.
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Anisotropy Decay Measurements

Modeling anisotropy-decay data

Anisotropy-decay data must be properly modeled in order to solve for the most accept-
able resulting rotational correlation time(s) and fractional contributions. Modeling ani-
sotropy-decay data may be performed using the Model software application in

DataMax, or an external package such as Globals Unlimited™. In either case, there are
several issues concerning properly fitting the anisotropy-decay data to yield acceptable

results.

Choose the Model icon in the Instrument Control Center. This opens the Model Win-
dows Application window:

F!,J, Model Windows Application - Model

File | Model Wiew Help
@ v Lifetime

Time rezolved

Lifetime rezolved

Anizotropy decay

| Paameters..
B

Choose Anisotropy decay to open the Anisotrdby Decay Model window:

Anizotropy Decay Model E

Input data

Input File... I I

* Use Measured Standard Deviations [from file)

" Enter Deviation  dPhase: I deg dMod: I

Anisotropy components: T ALiI‘Etime Components
Component count: 1 2 f'“.""3 4 Ro = IU 750
Fractional amplitudes urrelatlun times[ng]
Fract 1: [1.000 [ Fixed || Phit: | | [ Fixed
Fract. 2: h|2
Fract. 3: Phi 3
Fract. 4: Phi 4
Bun Model | Save [i"qtput...

I

Click on the index-card tab to adjust the

Lifetime Components:

Fix the lifetime as a single exponential
with the fractional amplitude set to 1.000,

For the modeling, it is necessary to
know the mean decay time
(average lifetime) and the limiting
anisotropy (7o) for the unknown.

A""""C___hoose the Anisotropy

Components. Enter the r value
fixed. Take a fair guess at the
fractional contribution of each
rotational component and leave
them variable. Always start the
analysis by modeling as a single
rotational component, and then add
rotational components, as dictated
by the residuals in the '
measurement and the reduced- ;(Z
value.

Anisotropy components T Lifetime Components:
Component count: 1 2 03 (4

Fractional amplitudes Lifeti [ns)

Fract. 1: |1.000 ¥ Fixed Taul: 0750 [ Fixed
Fract. 2 Tau2:

Fract. 3: Tau3:

Fract. 4: Taud:
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and the lifetime fixed at the known average lifetime.
Click Run Model to run the model with chosen parameters.

To save the model after running, click Save Output....
Users of the Globals Unlimited™ software have the option to perform global analysis
on a group of several anisotropy decays linked across a temperature gradient, or some

other variable parameter. Use of global analysis can allow the user to overdetermine the
rotational components found in the sample of interest.
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Optimizing anisotropy-decay acquisitions

Here are a few tips to obtaining the best possible results from an anisotropy-decay ac-
quisition.

1

Know the lifetime and steady-state characteristics of the unknown before col-
lecting the anisotropy-decay acquisition.

Ideally, try to understand the sample’s steady-state excitation and emission
characteristics, its lifetime components, and its response to various environ-
ments.

Use the polarizer on the exit end of the Pockels cell, removing the sample’s ex-
citation polarizer from the light path, to increase the excitation beam intensity.

To remove the sample’s excitation polarizer, enter Visual Instrument Setup.
Click on the excitation polarizer, which removes it from the optical path.

Use filters instead of monochromators to

increase emission throughput to the detector. Note: Measure

e For solution chemistry, substitute the T- the G factor for
channel as a “reverse” S-side. filters before use

e For front-face or full T-format fluorescence in place of the
measurements, substitute a filter for the S- monochroma-
channel monochromator. tors. Do not as-
¢ Turn off the power to the entire system. sume that G = 1.

¢ Remove the S-channel detector.

¢ Remove the monochromator, and shift it not far from the instrument.

¢ Install an FL-1031 filter-holder where the monochromator attaches to
the sample compartment.

¢ Secure the S-channel detector to
the FL-1031 filter-holder.

¢ With a#35154 25-pin-male-25-
pin-female ribbon cable,
electrically connect the sample
compartment to the removed
monochromator.

¢ Restart the system.

Open slits wider than with lifetime acquisitions, to increase the AC signal to ~ 1
V.

Increase the high-voltage bias slightly.

Adjust the Bertan™ HV-bias supply up to ~ 250 Warning: Do not
V. increase the HV-
bias > 300 V.

Integrate longer, up to ~ 30 s, per data point.
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6: Lifetime Resolved Measure-
ments

The Fluorolog®-Tau-3 Fluorescence Lifetime System has the capability to perform life-
time-resolved—otherwise known as phase-resolved—measurements. This type of
measurement is useful in separating the steady-state spectra from heterogeneous spe-
cies in a mixture of fluorophores. During a lifetime-resolved acquisition, the instrument
measures the phase and modulation values for the unknown sample at a user-specified
modulation frequency. The spectra for phase versus emission wavelength, and modula-
tion versus emission wavelength, are saved in separate data files. After the scan, the
data are modeled using a steady-state emission spectrum of the sample, to deconvolve
the steady-state contributions of each lifetime component in the sample.

Prepare for a lifetime-resolved acquisition

Before a lifetime-resolved acquisition, acquire a steady-state emission spectrum for the
sample across the same wavelength range. The lifetime of each component must be
known to model the data. Choose a proper standard and modulation frequency for the
measurement.

The standard sample must be a scattering solution of either Ludox® or glycogen. The
standard is used as a zero-lifetime (7= 0) reference for the measurement, with its val-
ues for modulation and phase entered by the user in the experiment definition. In the
experiment definition, the user has the option to enter the standard’s phase and modula-
tion values at the modulation frequency used for the measurement, or have the instru-
ment measure these values at the beginning of the scans.

The modulation frequency should be selected at the point where the phase-angle differ-
ence between the desired lifetime components to be isolated is greatest from the other
component(s). To find this point, compare modeled lifetime spectra for single exponen-
tial lifetime standards with similar lifetimes to the components. Try different modula-
tion frequencies in order to find the best one for isolating the desired lifetime compo-
nent(s).
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Check signal levels in Real Time Display

Like other lifetime acquisitions, we recommend optimization of instrument settings for
the sample in Real Time Display, before collecting a lifetime-resolved experiment.
There are a few differences between setting signals for an optimization scan and a life-
time acquisition.

o

[ B
When measuring the standard Egj
initially, it does not have to be ==l Note: The standard must be meas-
balanced with the unknown. A ured under the same optical condi-
good phase and modulation value tions, instrument settings, and
for the scattering sample for the modulation frequency as the un-
experiment is important. known, in order to be valid.

The instrument settings should be optimized to excite the unknown at an appropriate
wavelength, with the emission and reference signals in the 1-4 V DC range for both
standard and unknown, with as much modulation depth as possible. In order to main-
tain optical resolution, the high voltage on the detectors should be adjusted first to
achieve acceptable signal levels. Thereafter, the slits should be adjusted to bring the
signals up to a good level, if necessary.

Open the Run Experiment menu with Real Time Display still open, and choose Collect.
Under Collect, select Experiment...:

7] [ et m—— | | £ [ & [

Temperature Scan...

Microplate Scan...
Discover Scan...
Batch Scan...
Polar Scan...

Halt Scanning...

This opens the Lifetime Resolved Experiment window. Use the Transfer icon in Real
Time Display to move the settings directly into the experiment definition.
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Set the lifetime-resolved-acquisition scan
parameters

e Hezsolved Acq 0 =

1 Esperiment... | CADATAMAMRES EXP DataFile... | LRES.SPC Fun
Sean Startnim) |355_|:||:||:| Sean End(nm] |5|:||:|_ 0o At

Save [ Save

Incremnent(nm) |3_|:||:||:| [rr}lt-ﬁsratlun =] IEEI.EIEIEI Exp
Excitation [nm) |355.nun 3 2 Cancel

SEELETE, IEE'DD Measure Std Phase(deg] -45.50 5
4 [ Std M odulation 0.489

Murnber of Scans |1

Signals...l Slits... | H [an)

urkrown [3 <]

ILifetime Rezolved Acquisition of POPOP & Anthracene using LUDOX Scatter

Setup File... Paints: 4B,
_schmfe. || 6

IVStart Time

* |mmediate " Delay 4

Load previously saved experiment and data files
Run or save the experiment

Set the wavelengths

Set the frequencies

Set the hardware parameters

o O b WIN -

Sample and real-time processing information
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1 Load previously saved experiment and data files
Lifetime Hesolved Acquisition
Eeineiie | |::xDMAst><2.2xdf|tzn.exp DiataFile... | |

\

Click on Experiment... to load a saved Click on DataFile... to go to the file
lifetime-resolved acquisition experiment browser to select a prefix-filename for the
file. The experiment file browser can also  data files saved during an experiment run.
be reached using this button to search fora You may also enter the filename (and
desired lifetime experiment file. You may path) in the space provided. The lifetime-
also type in a desired experiment name resolved acquisition saves two data files
(and path) to load in the space provided. with an . SPC extension, one for modula-
tion versus emission wavelength, and one
for phase versus emission wavelength.
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2 How to run or save the experiment
| Click on Run to execute a life-
Click the Auto Save /T //time acquisition.
V' . .

Exp chp ckll)lox to Bun Click Save to save the experi-
ovgrwrltte ;1 © ext— A ment to the file listed in the Ex-

eriment file auto- uto [ .
fnaticall with vour Save [ Save €f— perlm‘ent window. Tq save the

y Wity Exp experiment file to a different

fﬁ:;g;:g?igzcatui_ filename, type in the name and

y q Cancel path in the Experiment window
sition.

\ and click Save.

Click Cancel to go back from
the lifetime acquisition to the
main menu of the software ap-
plication.
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3 Set the wavelengths

In Scan Start(nm), enter the start-
ing emission wavelength (in nano-

meters). \

In Increment Scan Start(nm]

(nm), enter the — 7> Inerement[nm]
wavelength
increment between
emission data
points.

1 0000

For Excitation (nm), enter the cho-
sen excitation wavelength position
(in nanometers).
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In Scan End(nm), enter the ending
emission wavelength (in nanome-

ters). l

Scan Endlnm] 4|:||:| noo
| ntegratian
Time 51 11.000

E wiitation [1irm) ISEEI Qoo

The Integration Time is the amount
of time the emission detector collects
signal for each data point. The rec-
ommended range integration times
for a lifetime resolved acquisition is
6-99 seconds.
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4 Set the frequencies

Enter the Frequency in MHz de-  In Measure, enter the standard’s phase and modula-
sired for the lifetime-resolved ac-  tion values or specify the excitation and emission
quisition. Choose the frequency so  wavelengths to measure these values before the scan. If
that the phase-angle difference be- checked, then prompts appear for the Excitation and
tween the desired component and ~ Emission wavelengths to measure for the standard. If
the undesired component(s) are not checked, then prompts appear for the Std
greatest. Phase(deg) and the Std Modulation measured al-
ready at the modulation frequency used for the scan.

Frequency ]3|:|_|:||:|
I Std Modulation 0.000

Murmber of Scans |1

Enter the Number of Scans (repetitions) to run during the acquisition.

Measure‘ 5td Phaze[deaq] &J
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5 Set the hardware parameters

Enter the sample
changer position for
the Unknown.

Enter the sample- Signals...

changer position for the
Standard. ————>5tandard

Slits... | H [on] l
,. A )
'- Unknown |

- "’S'v‘i’gnals. . opensi_the Sllts leads to Slits, HV is the high-voltage
Signal Choice_Window.__ showing the available  bias setting for the life-
" slits and their settlngs tlme detectors.

Signal Choice | There are two available 51gnal ch01ces in Slgnal Choice, S&R or

T&R (if available). The radio buttons show the:detectors that may
SR be selected for the lifetime scan. Choose the appropriate signal
C TLR detector to be compared w1th the reference R, detector for the
CSiT hfetlme acquisition. ; ‘ :
TS ‘
" niR
Cancel |

Slits

; Set the slits according to
Entrance Ezxit Igntermediate how the standard and
Exclation 14,000 |o.300 |+000 unknown are balanced.

Bt | |5 000 [5.000 Slits should be set in mil-
‘ ~ limeters for lifetime-
resolved acquisitions.

Sit Urits: (o]
. Lancel |

In High Voltage, the high-voltage [ High Voltage
settings for each detector should have Detector
been determined during the balancing s [BE0.000
procedure for the standard and R. |450.000
unknown. The limits for high-voltage T P00
bias for R928P PMT tubes in the Lancel |
lifetime detector housings are 300 to

1100 volts.

@Nate: If negative phase-angles or modulation values much
greater than one are observed, the standard and unknown are
probably reversed.
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6 Sample and real-time processing information

Enter any comments to include with the data file on ~ Shutter is always set to Auto Open.
this line. \

—Sample and Real Time Processing Info $

Lifetime Rezolved Acquisition

Setup File. .. | Dark Offzet [ Paintsz: 101.

¢ Shutter... |

|'Start Time

% |mmediate " Delay

In Setup File..., In Start Time, Dark Offset is not available for ~ Points: shows

load a pre-defined set up the scan lifetime scans, because the data the number of
set of positions of for Immediate are compared with the reference  data points to
Yarious accesso-  starting, or De- lifetigie detector for all instiu- be taken.

flies. lay a specified mental corrections during the

amount of time. measurement.

N
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Run the lifetime-resolved acquisition

When the experiment runs, the system either measures the standard’s phase and modu-
lation values, or proceeds directly to the unknown, depending on the selection in the
Measure checkbox.

The experiment measures the phaseangle difference and demodulation value for the
unknown, and displays them on the same graph, plotted versus the emission wave-
length. An example from the POPOP-and-anthracene-in-methanol acquisition in the tu-
torial chapter is shown below.

D _ |3l X

File Edit “iew Collect Peaks Search Ardthmetic Dptions Help

([T el e [N [£] 8 [E8[M ]

55

Data Browser
_+ | Fite List:
(=]

(W] prspoab.spe

Phase & Mod(x100)

380 460 4é0 4:!0 4éD 4éD 500

Wavelength Overlay ¥-Zoom CURSOR

File #1 = PRSPOAA 4/5/00 10:36 A Res=Mone
Lifetime Resolved Acguisition of POPOP & Anthracene using LUDOX Scatter Seale Al |

B | PrRsPOAA | Lifetime Resolved Acquistion of POPOP & Anthracene using LUDOX Scatter | 4500 | ¥-Zoom | CURSOR | 412100 | 10:14 AM

The data shown have been scaled (after the experiment) to fit on the screen together. In
practice, usually there is only one trace visible during data collection. The phase spec-
trum is given an “a” suffix while the modulation spectrum has a “b” suffix.
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Modeling lifetime-resolved acquisitions

In the Instrument Control Center, choose the Lifetime Modeling icon.
L‘! & Instrument Control Center - TAU LAY

System  Application:  Help
[
EI@ILLH 1e

Fun‘isual Setup

This_ﬂ(__)»per’iéw‘.[.he Lifetime Resolved Model dialog box:

Lifetime Resolved Model Enter or find the

~ Input data Spectral File, Phase
| File, and Modulation
| b File in this area.
|

Phasze File__.

Choose the Number of
components in the

M odulation File._.

odel.
Mumber of components: 2 v 3 ‘}
— Lifetimes [nz] Set the Lifetimes (in
Taul: I Tau 2- I Tau 3 I —nanoseconds) for each
component.
— Frequency

Here, for the
modulation frequency,
either Enter
frequency, or have the
software Read freq.

] from files.
Click Run Model to The Save Output... button is used to save
start the fitting proce-  the data in a text file that can be used by
dure. various applications for later processing.

* Enter frequency: I MHz " Read freq. from files

Bun Model | Save Output.__ |
i

The Lifetime Modeling software can model a lifetime-resolved acquisition for up to
three discrete lifetime components. The application requires a steady-state spectrum of
the mixture, the phase and modulation emission spectral files with the modulation fre-
quency used, and the lifetime of each component in the mixture. (Mixtures of only two
lifetime components do not use the modulation-emission spectral file to model the
data.) The phase used for the measurement can be read directly from the phase and
modulation emission spectral files. The model uses data files and lifetime values to fit
the steady-state spectral contributions of each lifetime component. These spectral files
are shown as the output.
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The example of POPOP and anthracene in methanol is shown below.

Lifetime Resolved Model
~ Input data

Spectral File... I IC:'\pranth.spc
Phase File... I IC:'\baIlesBa.spc

‘ Mumber of components: *2 3

— Lifetimes [nz]

Tau 1: |1.32 Tau 2: |4.1 Tau 3:

— Frequency
" Enter frequency: IBE. MHz & Read freq. from files

Bun Model | Sawve Output._.

Parameters for lifetime-resolved acquisition of POPOP and anthracene in MeOH.

809008 5
—0— Sum
P —o— Comp #1
€ 4089410/ —o— Comp #2
£
4875 6 : : : : :
365 392 419 446 473 500

Wavelength (nm)

Deconvolution of POPOP emission spectrum (Comp #1) and anthracene emission
spectrum (Comp #2) from the total spectrum (Sum).
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Lifetime Resolved Measurements

Optimizing lifetime-resolved acquisitions

Here are a few tips to obtaining the best possible results from a lifetime-resolved
acquisition.

1

Know the lifetime and steady-state characteristics of the unknown before col-
lecting the lifetime resolved acquisition.

Ideally, you should understand the sample’s steady-state excitation and emis-
sion characteristics, its lifetime components, and its response to various envi-
ronments.

Use a new scattering-solution, and with the appropriate excitation wavelength.
The sample measurements are only as good as the phase and modulation stan-
dard. Glycogen solutions do not last more than a day or two before becoming
contaminated. Ludox® is more stable, but cannot be used below 320 nm.

Match the optical settings for the steady-state emission spectrum as closely as
possible to the settings required for the lifetime-resolved acquisition.

The lifetime-resolved acquisition usually requires different slit-settings from a
typical steady-state emission scan. Keep the slits around the Pockels cell narrow
for optimal modulation ratios, while open other slits on the excitation and emis-
sion monochromators wide to achieve acceptable signal levels. Make the
steady-state scan with slits similar to the lifetime acquisition, so that similar op-
tical conditions are used, and the modeling algorithm works optimally.

Avoid using relatively narrow slits.

The lifetime modeling program will still model a steady-state spectrum with
relatively narrow slits, although there may be some error introduced because of
the differences in optical resolution between the steady-state and lifetime-
resolved scans.

Choose the modulation frequency carefully.
The chosen modulation frequency inherently determines the resolving power of
the lifetime-resolved acquisition.

Try to find the modulation frequency with a large difference between the life-
time components in the unknown.

If a modulation frequency is chosen where only a few degrees separate the
phase-shift of the various lifetime components, then the acquisition will not
separate the components acceptably. Use response curves for single exponential
decays that resemble the lifetime components in the unknown, to find the great-
est difference in phase angles. For example, look at the differences between
POPOP and perylene shown below. The maximum phase-difference would oc-
cur roughly in the 60-80 MHz range.
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7: Time-Resolved Acquisitions

The time-resolved acquisition for the Fluorolog®-Tau-3 Fluorescence Lifetime System
can fit time-resolved emission spectra (TRES) using the frequency-domain method.
The acquisition collects individual lifetime spectra across a user-defined emission
wavelength range. The modeling software fits these spectra with the specified decay
components and their lifetime contributions to a specified steady-state emission spec-
trum. The results are a series of emission spectra covering the lifetime of the excited
states. TRES data are useful for analyzing excited-state reactions, energy transfer, and
solvent effects.
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Setting up the time-resolved acquisition

Know the steady-state characteristics of the unknown being studied. The excitation and
emission maxima, as well as the range to be covered for the emission, should be avail-
able. We recommend that you run a lifetime acquisition for the unknown at a central
emission wavelength, in order to know the number of components and decay times for
the sample, before collecting the entire time-resolved acquisition. We recommend col-
lection of a steady-state emission spectrum (to be used for modeling the data) after col-
lection of the time-resolved acquisition. In this way, the steady-state slit settings can be
adjusted to match reasonably with the settings used for the time-resolved acquisition.
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Instrument settings and balancing for the
time-resolved acquisition

As with an individual lifetime acquisition, system settings must be optimized. A stan-
dard is used as a reference to correct for any instrumental bias affecting the unknown’s
response. Optimize signals and balance samples in Real Time Display, with the result-
ing high-voltage, slit, wavelength, and other settings transferred into the time-resolved
experiment definition. Adjust the reference detector to an appropriate level for the ex-
periment. See Chapter 4. Lifetime Acquisitions for more information on balancing
samples, and setting up the system for appropriate signal levels.

Balance the standard and unknown as much as possible, with the best signal levels
across the wavelength range used for the time-resolved acquisition, in order to obtain
the most reliable results. This can be difficult, for a time-resolved emission scan usu-
ally will cross wavelength regions of low fluorescence-emission from the unknown,
along with those wavelengths where the peak fluorescence is observed. In many cases,
a rough balancing of the samples across these regions of low emission is satisfactory to
fit the data properly after the experiment. In cases where a rough balancing is not suffi-
cient, consider collecting the lifetime scans at each emission wavelength one by one,
using the lifetime acquisition. In this way, each scan can have the signal levels opti-
mized, with the samples meticulously balanced, and the data still can be modeled using
the time-resolved fitting algorithm in the modeling application.

@Mﬂe: To acquire the scans separately:

Do NOT change the slit settings, aperture settings, or excitation wave-
length between each lifetime acquisition that will make up the time-resolved
acquisition. Only adjust high-voltage biases, the emission wavelength, and
the reference.

Name the filenames with a short prefix (e.g., TRESx .DAT), where X is an
incremented numerical suffix (e.g., 1, 2, 3, etc.) corresponding to increas-
ing wavelength. This is the easiest way to select these files from a large se-
ries of data for later modeling.

The standard can be specified to use a single excitation and emission wavelength-pair
for the entire time-resolved acquisition, or it may be specified to cover the same emis-
sion range as the unknown being measured. This choice is available in the Mono Posi-
tions dialog box in the time-resolved experiment definition.
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Time-resolved acquisition scan parameters
]|

Fur N

Time Hesolved Acquisition

Start Freg (MHz2] {10000 End Freq (MHz) [300.00 gutn
Mumnber of Freqgs  [5 [rr}lt-:sratlnn o [1.000 ETI':IE I_ Save
Sequence Quick -

’7 & Linear " Log 3 Scan Cancel

2

Mono Pozitionz. . 4

Sequence... H [off]

Signalz... |
. Cet Pt Std,
[ Min Avg (3 Etevt_[a/a; IEI.EEI Izl Standard Unknown ]

Process by
L’Vﬁ' Dizcrete Pairz i nterleayve

bax g |7

(Sample and Real Time Processing Info

Firzt lifetime time resolved acquisition screen Shutter. |
Setup File. . | I Dark Offset [

— Start Time Eztimated -
Time 0:08:10 7

‘ & Immediate Dielay

Load previously-saved data or experiments

Run and save experiments

Choose the frequencies for the experiment

Set up monochromators and processing

Set hardware parameters

Choose statistical parameters

~N OO O b WO DN -

Sample and real-time processing information
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1 Load previously-saved data or experiments

Time Rezolved Acquisition
Experiment... |I::hD.&Tﬁ.MﬁXE.E&detEE.E:-:p DataFile. . ||

\

Click on Experiment... to load a Click on DataFile... to go to the
saved lifetime acquisition experiment file browser to select a filename for
file. The experiment file browser can  the data file to be saved during an
also be reached using this button to experiment run. Enter the filename
search for a desired lifetime experi- (and path) in the space provided.
ment file. Type in a desired experi- Lifetime acquisition data files are
ment name (and path) to load in the saved with a . DAT extension.
space provided.
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2 Run and save experiments.

Click the Auto Save Exp I N NN >

| acquisition.

checkbox to overwrite auto-
matically the experiment file
with its current settings at the Auto

start of an acquisition. ~———— > SEE‘»*E r
#p

Click Quick Scan to change—> Quick -
the acquisition algorithm. All Sean
phase and modulation data for

each frequency point in the

scan are taken first for the

standard. Then the user is

prompted to insert the un-

known (with an automated

sample changer, it is auto-

matically moved into place),

and the unknown data are

taken. Some error may be in-

troduced, because the data for

each sample can be taken

separated by a long time.

Bun

Save

LCancel

Time-Resolved Acquisitions

Click Run to execute a lifetime

Click Save to save the experi-
ment to the experiment file
listed in the Experiment win-
dow. To save the experiment
file to a different filename, type
in the name and path in the Ex-
periment window and click the
Save button.

Click Cancel to go back from
the lifetime acquisition to the
main menu.

Click Exp Type... to select the
Experiment type to define. For
a lifetime acquisition, click
Lifetime Acquisition.

@Nﬁe: Use Quick Scan when the sample cannot be placed in an
automated sample changer (e.g., low-temperature measurements or
solids) to save the tedium of changing the standard and unknown

samples at each frequency point.
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3 Choose the frequencies for the experiment

In Start Freq (MHz), enter the starting In End Freq (MHz), enter the
frequency, in MHz. Lifetime scans al- ending frequency, in MHz.
ways progress from lower to higher fre-

quency. The frequency range is 0.1-310

MHz.

In Number of Fregs, enter the number  Integration Time is the time
of frequencies to be measured. Each fre-  allotted for detection of each
quency represents one data point for both sample during each average of

phase and modulation measurements. the lifetime acquisition. Maxi-
The allowable number of frequencies is mum integration time is 99 s.
from 3 to 99.
Start Freq [(MHz] {10000 End Freq [MHz] | 200 00
— Irkegrati
I‘* Mumnber of Freqz |5 Tr}rﬁegra o (5] 1.000
3 Seguence————————
{ ’7  Linear " Log
Sequence...

The Sequence specifies the spacing
of frequencies used for the lifetime
acquisition. There are two settings
for the sequence, Linear and Log.

Clicking on the Sequence button
displays the Frequencies dialog box: .

Frequencies |

Start End M urnber
|2n.n |2sn.n |12

* Log sets even spacing on a
logarithmic scale, depending on the
number of frequencies specified to
be measured.

» Linear sets even linear spacing for
the number of frequencies specified.

" Linear

. 411
To customize a frequency, choose the £2 o

frequency to be changed in the list of EE.4 [ Cancel |
frequency points by clicking on it. Then
enter the new frequency value to measure instead.
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4

Mono Positions... opens
the Mono Positions dialog
box:

Time-Resolved Acquisitions

Set up monochromators and processing

Mora Pasitions... Process by determines
the algorithm for collect-
ing the data for each in-
dividual average. Choose
from Discrete Pairs and

Interleave.

Process by > <

" |nterleave

|

¥ Dizcrete Pairs

Enter the monochromator values (in nm) here. These values should have been determined in the
balancing procedure for the unknown and standard.

In Std Emission Start, en-
ter the starting emission

wavelength for the standard.

In Unk Emission Start,
enter the starting emission
wavelength for the un-
known.

For Std Excitation, enter
the chosen excitation wave-
length position (in nanome-
ters) for the standard.

For Unk Excitation, enter.
the chosen excitation wave-
length position (in nanome-
ters) for the unknown.

Mono Positions E3
\ End oo <—T Std Emission End,
Std Emission 200,00 enter the ending emis-

{500,000 sion wavelength for the

standard.

Lirk Emisgsian I‘m':' Qoo

/—Mm’ 360,000

Uritz:  [rim)

SN

Cahcel |

*In Unk Emission End,
enter the ending emis-
sion wavelength for the
unknown.

Enter the number of lifetime Scans to be run. The
software determines the wavelengths to be used, by
interpolating between the starting and ending emission
wavelengths for the desired number of scans.

Discrete Pairs measures the phase-angle difference and demodulation of the standard,
then the unknown. From this, the phase and modulation data are saved and lifetimes are
calculated based on phase and modulation. The procedure for the next average is re-

peated: measuring the standard, then the unknown, saving the data, and calculating life-

times. Thus, with
dard, followed by

the discrete pair averages are non-shared measurements of the stan-
the unknown. Use discrete pairs when changing samples manually.

Interleave measures the phase-angle difference and demodulation of the standard, then

the unknown. Fro

m this, the phase and modulation data are saved and lifetimes are cal-

culated based on the phase and modulation. The standard is again viewed, but a new
average is measured, comparing with the previous unknown data. In this way, an aver-
age is generated each time the sample is changed. This is the recommended acquisition
when using an automated sample changer since it saves time with no effect on experi-

mental accuracy.
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5 Set hardware parameters

Signals... | Slits... | H [off]

»__C»l‘iévkﬁon Signals... - Sllts .. opens the Slits dia- H\/"-»-Qpens the High
* to open the Signal -~ log box. Voltage dialog box.
Choice dialog box. .

—Tﬁere are two availablfe sfgnal choices in this window, S&R or
I"&R (if available). The radio buttons show the detectors that may

be selected for the lifetime scan. Choose the appropriate signal
‘detector to be compared with the reference detector, R.

Slits _: ]
Entrance Exit Intermediate . .
Tzl AR T i Set the slits according to*how the
Emission1  [5.000 000 5000 standard and unknown were
balanced. Slits should be set in

" millimeters for lifetime acqui-
sitions. :

Slit Lrits: [rern]
Lancel |
High ¥oltage |
The settings for each detector should EELeE T
have been determined during the 3 w
balancing procedure for the standard Ro |/
and unknown. The limit for high- 1. |0.000

voltage bias for R928P PMT tubes is
300 to 1100 volts.
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Time-Resolved Acquisitions

6 Choose statistical parameters

Averages are the number of measurements of the phase and modulation data for the
standard versus the unknown at each frequency during a scan. The number of averages
taken per frequency point depends on the minimum and maximum number of averages
specified, and the standard deviation for the measurement specified.

Min Avg is the mini-
mum number of aver-
ages for the lifetime
scan. The lowest
minimum number of
averages is 3, so that a
standard deviation can
be calculated.

Min deeg |3
bax dwvg |7

Max Avg is the maximum number of averages for

Set Pt Std,
Dev.[] ID.ED

Unknown: Enter the
sample changer posi-
tion for the unknown.

Set Pt. Std. Dev.(%) is the standard de-
viation threshold for the measured phase
and modulation data. If the standard devia-
tion of the measurement is within the
specified threshold after the minimum
number of averages, then the experiment
moves on the next frequency point. After
the maximum number of averages, the ex-
periment moves on the next frequency
point automatically.

v

Standard |1 j Unknown |2 j

N\

Standard: Enter the sample-changer

the lifetime scan. The highest maximum number of  position for the lifetime standard.

averages is 99.

@Nm‘e: If negative phase angles or modulation values
much greater than one are observed, the sample-
changer positions of the standard and unknown are
probably reversed.
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7 Sample and real-time processing information
Enter any comments to include with the data file on Shutter... is always set to
this line. Auto Open.
—Sample and Real Time Procezzing Info v |
Firzt lifetime time resolved acquizition screen Shutter... |
Setup File.. | Dark Offset

Start Time

E ztimated

Time 0:02:10

& Immediate Delay
\
| \ |

In Setup File..., In Start Time, set  Dark Offset is not available  Estimated Time

1>

load a pre-defined  up the scan for for lifetime scans, because displays the esti-
set of accessory Immediate start- the data are compared with mated time to
positions. ing, or Delay a the reference detector for all  completion for
specified amount of  instrumental corrections dur-  this scan.
time. ing the measurement.
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Running the time-resolved acquisition

The time-resolved acquisition usually will take a long time, for it is essentially an array
of lifetime acquisitions with varying emission wavelength. As the acquisition pro-
gresses, one can observe the individual lifetime scans in progress, as the frequency-
domain phase and demodulation curves are collected across the specified emission
range. This is simply a series of lifetime acquisitions collected sequentially with an in-
cremented filename for the data. For reference information on the feedback provided
during the collection of lifetime data, refer to Chapter 4: Lifetime Acqusitions. The
modeling algorithm for TRES acquisitions requires:

e A series of lifetime acquisitions collected during the time-resolved acquisition

e Steady-state emission spectra to be used for modeling, and

e The lifetimes of each decay component.

MOdel | ng tl me- i} Instrument Control Center - TAU_LAY =] E
resolved acquisitions | Sstem applieations Help
In Instrument Control Center, ”_? |§ ;

click on the Model icon:

This opens the Time Resolved Fun Yisual Setup
Model dialog box:

Time Reszolved Model
Define the data to use for the fit.

Lifetime Files... |

* Use Measured Standard Deviations [from Lifetime files) Select Measured Standard
" Enter Deviation  dPhase: I deg dMod: I Egylatl?ns ct)lrl fixed errors for the
- itting algorithm.
Nomet of components = 4 < Plot with Masker: 1 Choose the Number of
! 2 3 * 41 ¥ Show File Legend | com ponents in the decay model.
~Decay times [ns] | [ Time dynamics——— | | Enter the Decay times (in ns) for

the components, and if each is to
be fixed in the model. Check
Linked Taus to link decay times
across the series of lifetime meas-

(_
Taul: I " Fixed Initial Time: Ill
Tau 2- | [ Fixed Final Time: |1.
Tau 3: | ™ Fixed # Time Points |2

nE
n:

: \ urements.
Tau 4: I L2 Choose the Time dynamics for
™ Linked Taus the model. Enter initial and ending
times for the TRES data, and the
Bun Model | Save Output.___ |
/ A number of spectra to generate.
Run the Save the Output... opens the
model. Save Modeling Output dialog box:
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Save Modeling Output |

1T In Spectra..., save the spectra generated by the model.
Spechral width. .. <—|—— In Spectral width..., save the widths generated by the model.

2 L In Center of gravity..., save the center of gravity information the
Center of gravity... (’I/ model generated
Save as Grams Hulti'i|34—— Click Save as Grams Multifile to save the entire model.

Close |

Below is an example of the output actually generated with the modeling software:

T2 Model Windows Application - Model
File Model Wiew Help

CHI SQUARE = 2.49
Taudl = 0217 Tauz2 =173 Tau2 =22 E Taud = 375,

Time-resolwed Spectra

0.00 ns

100000 n=
200000 ns
300000 n=
400000 n=
S000.00 n=
E000.00 R

Inten=ity

Wanvelength (nm)

200025

)
w
o
[N
§

Spectral Width (kK]

(331 Apaeln 4o 1mag

116377 22.43809
0237204 T T T T | 21.05170
0 1200 2400 3600 4300 6000
Time [n=]
For Help, press F1 [Time resolved

Example of TRES data modeled for time-resolved acquisition.

The outputs of the model in the upper graph are the TRES spectra calculated at each
decay-time point. The lower graph contains the calculated spectral width and center of
gravity with respect to decay time. The spectral width assists in identifying the type of
process that gives rise to the changes in the emission spectra during the lifetime of the
excited state. For example, in the data above, a two-state process seems to be occurring
because of the broadening of the spectral width centered at about 3 ps. In other cases,
the spectral width may remain constant throughout the lifetime of the excited state, in-
dicating a continuous relaxation process. The center of gravity helps to indicate the
shift of the fluorescence emission to higher (or lower) wavelengths at longer decay
times.
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8: Tutorial

Introduction

This chapter provides a set of experiments as a tutorial to help the user learn the main
acquisitions available.

Tutorial 1: POPOP versus Ludox®

This tutorial is a basic performance-validation lifetime scan of POPOP, also known as
1,4-bis[5-phenyl-2-oxazolyl]benzene, or 2,2'-p-phenylene-bis-[ 5-phenyloxazole], ver-
sus LUDOX" (colloidal silica in suspension). This information also may be used as a
reference procedure to test the performance of the lifetime spectrofluorometer.

Tutorial 2: 9-anthracenecarbonitrile versus Ludox®

This acquisition demonstrates the use of a long-lifetime compound, “9-CA”, versus a
Ludox” standard.

Tutorial 3: Lifetime acquisition of a solid sample versus
Ludox®

Solid samples present special mounting concerns in the sample chamber. This tutorial
shows how to set up a solid sample, and how to model a multi-exponential fit.

Tutorial 4: Time-resolved acquisition of an organic solid

Time-resolved acquisitions may be taken automatically, or, more commonly, by run-
ning a set of acquisitions, one per wavelength-pair. This tutorial demonstrates the
method of time-resolved acquisition, plus some hints in adjusting plots to get the best
view.

Tutorial 5: Anisotropy-decay acquisition of perylene in
glycerol

This tutorial shows how to do an anisotropy-decay acquisition using a large, flat mole-
cule (perylene) dissolved in glycerol. No reference is required. A comparison of one
anisotropy component versus two components in the fit is provided.
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Lifetime acquisition of POPOP vs Ludox®

Introduction

This lifetime acquisition is the standard scan used to verify system performance for the
Spex” Fluorolog®-Tau-3 in lifetime mode. The procedure consists of running a lifetime
standard (POPOP) versus a scattering reference (Ludox™).

Ludox" is colloidal silica in suspension, and is a useful inorganic scattering solution for
excitation wavelengths above 340 nm. Below 340 nm, Jobin Yvon® recommends using
a scattering solution of glycogen (e.g., type II from Oyster) in triple-distilled and deion-
ized water.

POPOP, or 1,4-bis[5-phenyl-2-oxazolyl]benzene, or 2,2'-p-phenylene-bis-[5-
phenyloxazole], is a single-exponential fluorescence lifetime standard with an expected
lifetime of 1.32 £ 0.03 ns in research-grade methanol. The excitation spectrum consists
of a broad absorption band centered at ~358 nm with shoulders on each side. (There is
also a large absorption band below 300 nm not used for this experiment. The emission
is broad and centered at 418 nm, with shoulders on each side, as well.)

If desired, start the system in a steady-state layout, and run the excitation and emission
spectra for POPOP before starting this experiment. Refer to the Fluorolog®-3 Opera-
tion Manual and DataMax Software Manual for more information on running these
scans in DataMax.

Equipment required:

POPOP [CAS 1805-34-4], may be purchased from Aldrich

Ludox® [CAS 7631-86-9], may be purchased from Aldrich

Methanol (research grade)

De-ionized or distilled H,O

Two 1-cm quartz cuvettes

400-nm cut-on filter, 1" x 2" (with 4-position sample changer), or 1" x 2" or 2" x 2"
(with 2-position sample changer), if desired.

Start-up

1 Be sure that the SpectrAcq, host computer, and
main electronics rack are switched off.

This prevents possible damage to these devices when the xenon lamp is ignited.

2 Start the xenon lamp.

a Turn on the power.
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b Allow the fan to run for about 45 seconds.

C Turn on the Main Lamp switch to ignite the xenon lamp.

The internal supply will repeatedly strike the lamp until it arcs. If the lamp does
not ignite within 10 seconds, then wait another 45 seconds and try again.

3 Make sure that the SpectrAcq has the proper
boot-up floppy disk in the floppy-disk drive.

4 Start the main electronics rack, SpectrAcq, host
computer, and any accessories to use.

The external RF amplifier for the Pockels cell and DC high-voltage supply are
often separate from the electronics rack (usually next to the Tau-3 modulator-
compartment), so they may have to be switched on using their respective
ON/OFF switches on the front panel of each device.

5  Start DataMax software.

Click on the DataMax icon on the desktop, or by selecting the Instrument Con-
trol Center within the DataMax folder in Start/Programs.

©  The Instrument Control Center window appears.

[/ Select a lifetime layout from the layout list in the
System/Load User Layout drop-down menu.

Select the lifetime software layout without other accessories (usually just Life-
time) when not using a programmable water bath or polarizers. Other lifetime
layouts will indicate support for certain automated accessories.

8  The instrument runs a calibration sequence for
~1 min.

@Note: One of the last steps of the calibration is
finding the home position for the 2-cell or 4-
cell sample holder, so keep hands away from
the sample compartment during this time.

Jobin Yvon® recommends allowing the system to warm-up for about 45 minutes before
taking measurements.
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Unknown and standard preparation

A Y e A
L T

== Note: Frequency-domain measurements are based on a differential tech-

nique in which a standard and unknown are measured alternately through-
out the experiment. The accuracy of experiments critically depends on the
quality of the standard.

1

Prepare a sample of POPOP in methanol.

The concentration of the POPOP should be sufficient to yield about 0.050 A at
358 nm in a 1-cm quartz cuvette. (In general, keep the absorbance below 0.1 A
for right-angle measurements with a 1-cm fluorescence cell.)

Prepare the standard sample of LUDOX® in de-
ionized water in the other 1-cm quartz cuvette.

Prepare a stock solution of Ludox™ (at somewhat higher concentration than ex-
pected to use for the experiment), a few transfer pipettes, a separate flask of the
de-ionized water, and a waste beaker. These items will be used later to balance
the standard emission signal to the unknown.

Place the unknown and standard cuvettes in
positions 1 and 2 for the 2-cell sample-holder (or
1 and 3 for the 4-cell sample-holder).

Decide whether to use the emission monochro-
mator, or the spatial filter-holder (FL-1031) on
the T-side of the instrument.

For the T-side, place a 400-nm cut-on filter on the T side. Place the filter in the

spring-clip holder on the sample changer, next to the unknown. The filter must

be positioned at the unknown so that it automatically moves out of the emission
path when the scattering standard is measured.

Check that the unknown and standard cuvettes
are filled high enough to prevent the excitation
beam from scattering off the top of the solution.

Such unwanted scattering prevents an accurate measurement of the modulation
and phase.
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Selecting and adjusting lifetime hardware

In addition to choosing one lifetime software layout, select and adjust up to six hard-
ware components to complete the instrument conversion to lifetime operation. The
hardware components include: the entrance and exit slits of the excitation monochro-
mator (the 180DF double-grating monochromator may have an intermediate slit), the
iris at the entrance to the Pockels-cell assembly, the Pockels-cell position, and the
manual bilateral slit located at the exit of the Pockels cell assembly.

St

@Note: The PMT base is automatically switched to lifetime operation
when any lifetime software layout is selected.

1 The monochromator slit units should be in mm.

To change units, go to Visual Instrument Setup, enter the Options menu, select
millimeters from the drop-down list, then click Apply. The actual slit settings
for the excitation monochromator are discussed in the next section.

2 Position the iris lever to
vertical, midway be-
tween left and right
limits.

3 Turn the Modulator Position
knob to Lifetime.

This brings the Pockels-cell light modulator into
the excitation light path. A full stop indicates that
the modulator is properly positioned in the light
path.

4 Turn the Source Position knob to
Xenon.

5  Set the manual
slit to 0.5 mm.
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Defining the experiment parameters

1 Click on the Tau icon M@ (Run Life-
time) to activate the lifetime functions and open
the two lifetime data-display windows, ISA Graph
and Lifetime Summary.

—

2  Select Run e
Experiment to open @No,e, Do not make any
the Lifetime Acquisition entries yet.
dialog box.

3 In the Instrument Control Center,
click the Real Time Display icon.

4 Make sure that the following dialog boxes within
the Real Time Display window are visible:

Signal Balance

OstA ®TeR CsaT O TS
AC s Mod

T |2.1722 |1.1921 |1.B222
A |2.4005 |1.527u |1.5721

Phase  |352.0282
[de)

=0,

Frequency |10.0000 FY
[MHz] -U

Monos (nm)

Monog [hm]
Increment Side Entrance

B 0000
[CEx1 [®agss =

=
[ClEM1 [ITT35T  |=

4

O
[350 =] Ex| [0 =

=i

[s20 l=] EM [+20

Set Unknown |

Lifetime

Set Standard |

Slits (mm]
@ Exl CIEMI

High Voltage

Slits (mm)

6000

13t Intermediate:

@Note: If a dialog box is missing, click on the appropriate toolbar
icon to open the dialog box, or re-arrange overlapping boxes by
dragging them with the mouse.
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Signal adjustment consists of two main steps: (1) unknown signal optimization and (2)
standard DC balance.

Shitz [mm] |
5  Click the EX1 radio button./’[‘@E><1 i

Side Entrance

This selects the excitation monochromator in the Slits B.O000 |

dialog box. Enter 6.0 mm for the Side Entrance and 0.5 sl Fol

mm for the Side Exit. If there is an intermediate slit, set it 05000 &

to 6.0 mm. Wait after each adjustment to allow the slit

change to finish, before adjusting the next. ~ Siits (mm)
LB (@) EM1

6  Click the EM1 radio button.——

This adjusts the emission monochromator on the S-channel.
Enter 6.0 mm for the entrance and 6.0 mm for the exit slit. Side Exit -
(Set the optional intermediate slit to 6.0 mm.) Go to step 9.

/ With a 400-nm cut-on filter on the T-channel (left
side of T-box), the filter should be in place on
the appropriate side of the POPOP sample, on
the sample changer’s filter mount.

There are no slits to adjust on the Tosid
emission T-channel with an optical fil- ~side

. . emission
ter. Here is a two-position sample ' *T

Side Entrar‘u:e
B.0000 =

compartment with the scatterer in the
active position and the unknown
inactive. The excitation light enters
from the right, and the T-side emission

)
. o ok
® o< i —

is at the top of the picture. Note the 1" | SN > | E’;;i;atlon
x 2" cut-on filter placed by the & \, - .
unknown, for collection on the T-side l/

(rotate 180° to active position).

" Lifetime
8 Click S&R (for S- | @si EET&H }jsm DI? TS »
channel detector
on the mono-

chromator) or
. Fhaze [180.0000
T&R (for filter on (deg)

Frequency |101.0000
the T-channel). iz /E%

/
9  Enter 10 in the Frequency (MHz) field.

Press ENTER after entering frequency values.

g |5.EIEIEIEI 4.9000 1.0204
E |2.EIEIEIEI 1.9000 1.0526
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10 Set up the Signal Balance dialog box.

a Store the optimal excitation and emission wavelengths, if necessary, and
the sample-changer’s position for the two samples.

" Signal Balance

b Reset the instrument by clicking _15tagda’g4—' I 'i'”kg':'wg )
the Set Standard or Set
Unknown button. Qe ee *o9e
30 =] |Ex% | [360 =]
e Set the standard EXcitation _—7|za0 =1 |gm| [420 =
and EMission for 360 nm and = A =
360 nm with Lud0X®. Set Standard | Set Unknown |
e Set the unknown EXcitation

and EMission to 360 nm and
420 nm, respectively, for POPOP.
e Set the POPOP EMission to 360 nm if using filters on the T-side.

—

@Note: If not using the emission monochromator, set the unknown to the
same emission wavelength as the standard, to avoid waiting for the emis-
sion monochromator to move unnecessarily during an experiment in which
the emission monochromator is not used.

|nteqration [zec]

"High“oltage™ |
d Set the PMT high voltages:

C Set the integration time to 1.0 second. 1.0000 =
S = 1000 if used, otherwise leave at 0—>
R =450

T = 850 if used, otherwise leave at 0 — \

If the HV On box is not checked, click HV On to send voltage to the PMTs.

e Click on the shutter icon Iﬂ'l in the toolbar to open the shutter.

When changing a parameter’s value, always double-check the status of the shut-
ter. It will automatically close while some of the parameters change.

f Watch the signal @
1£°1Veﬁ§ffe?0rtid M = Note: The settling time for the AC sig-
the Lifetime box. nals can be quite long—up to ~ 1

Look only at the AC and min—so be patient.

DC levels at this step;

don’t worry about modulation ratio or phase angle. Only values shown in black
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updated at the integration time should be considered. Signal values shown in
red, or that do not update, are not reliable data; allow the system more time to
settle signals.

After the signal stabilizes, adjust the slits, iris and high voltage to obtain
an AC level on T (or S) of ~ 1.5 volts.

e The recommended maximum AC or DC level is about 5 volts.
e An AC or DC level of 10

L o

indicates an over-range of

signal level. You must re- == Note: Do not lower the high

duce the high-voltage slits or voltage below 300 volts for
the iris to bring the signal on any channel.

scale before proceeding.

e Once the unknown’s signal is optimized, only adjust the R-channel high-
voltage and standard’s concentration to bring the R-channel AC- and DC-
levels to an acceptable level (i.e., 1-5 V AC and DC).

One possible procedure to adjust signal levels:

e If AC and DC are low, increase the slit-width on the emission monochroma-
tor (if using S channel). Go to 7.0 mm as necessary.

e Adjust slits and high-voltages in tandem so that no one parameter is at its
maximum, while others are far from their maxima. For example, to increase
the unknown AC signal from 0.1 to 1.5 volts then, starting from above:

* Increase high voltage from 750 V to 900 V

* Increase excitation-monochromator exit slit from 0.3 to 0.5 mm
* Increase manual slit from 0.5 to 0.7 mm

» Increase iris aperture by rotating counterclockwise 5°.

o If AC is still below 1.5 volts, then increment the parameters in the same se-
quence and about the same magnitude. Maximum high voltage is 1200 V.
Watch the R level as slits are opened. If R over-ranges, then reduce the R-
channel high-voltage.

@Nﬁe: When running at the maximum voltage on T-channel,
take extra care not to leave sample chamber lid open for
longer than necessary to insert sample cuvettes and filters.

h Once the unknown AC is ~1.5 V, check that the DC level is < 5 volts.

If DC> 5V, try reducing the manual slit and iris while increasing high-voltage,
to reach an AC-to-DC ratio (modulation ratio) of ~1.0 or higher. If you can’t
achieve modulation ratios of ~1, or AC levels of 1.5 V, you can still expect use-
ful results, although precision will decrease. Expect accurate results for simple
decays of several nanoseconds even if with a starting AC intensity < 0.5 V (be-
cause of low concentration or quantum yield).
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| Click on the Set Standard button of the Signal Balance dialog box.

This places the standard in the measurement position. Balancing involves set-
ting the DC signal on the emission detector for the standard (Ludox™) roughly
equal to the unknown (POPOP). Adjust the Ludox”™ signal by changing concen-
tration (add deionized water to decrease or stock Ludox® to increase concentra-
tion, or use neutral-density filters so that the DC level of the Ludox® standard is
within about 10-15% of the POPOP).

b

5]

\:——I/-,Note: Do not adjust slits, iris, or high voltages for the T-
channel (or S-channel) for this step, for this will change the
unknown’s optimized signal.

J Adjust the R-channel high-voltage to keep the R AC at 1.5-2.0 V.

Do not reduce the high voltage below 300 V. If required, keep R on scale by re-
ducing one or more slit widths, and redo the unknown signal by changing only
high voltage (do not forget to re-balance the standard sample signal to match
the unknown).

k Click on the transfer icon in the toolbar
to preset the following parameters:

e Lifetime channel selection (S&R or T&R)
e Monochromator slits

e Excitation and emission wavelengths

e High voltages

@Nate: The transfer function will work only when the Lifetime
Acquisition window is open (Step 3 in Defining Experiment
Parameters).

Close the Real Time Display window.
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Experiment setup and measurement

1

Activate the Lifetime Acquisition dialog box.

The signals, slits, high voltage, standard wavelengths, unknown wavelengths,
and sample changer positions were transferred from Real Time Display.

P =]

= wvote: I you did not select the transfer option from the Real Time
Display toolbar, either manually enter these parameters, or open
the Real Time Display and click the transfer icon.

2  Close Real Time Display.

3  Set the following parameter fields:

Lifetime Acquisition

| IE WDATAMARY I D ataFil 1,2 DataFIle
Experiment... - Popvgly. exp W B . .
- b. Integration Time
Start Freq MHz) [20.000 lnti;?ﬁ';roenq [MHz) |280.DDD h’“”m C. Sta rt Freq (M H Z)
Mumber of Fregz 10 T s |8 Exp ! i d E d F MH
Sequz.enc,c Quick r - n req ( Z)
CLinear & Log Sean Cancel e. Number of Freqs
Std Ex [nm] 360 Unknawn Ex [rm] 360 Evp Type 1 f Seq uence
Std Em{nm) 360 Unknaown Em{nm] 420
N — g. Process By
" Discrete Pairs * |nterlzave SIEEUERES. St | Sllis | I ] | h . M n AVg
Min &vg |3 S%teF\'.’t_'[;;d' |U-5D Standard |1 T Unknown i MaX AVg
M - Std Lifetime [ng] {0.00 . ) 0
| — j. Set Pt. Std Dev (%)
Sample and Real Time Processing Info . .
ILifetime Acquizition of POPOP vs. Glycogen or LUD DX Shutter... | k Std Llfetl me
Setup File... | I Doark Offset ™
Start Time E stimated
IV = & Immediate ¢ Delay Tﬁnlgna : 0:14:00

DataFile... button to open the
dialog box.

Enter a file name in the desired subdi-
rectory. Or, type a file name directly
in the DataFile field. Allow the
system to append the proper extension
(.dat) to the file name.

b

Set integration from 8—15 s.

8-11

ad  Click the
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C Define the frequency sequence used to find the frequency response of
the POPOP sample.

Enter the starting frequency, ending frequency, and number of frequencies.
Choose logarithmic (preferred) or linear. The following parameters assume that
at least one lifetime is between 5 and 20 ns. For samples with shorter lifetimes,
raise the End Freq. For samples with longer lifetimes, lower the Start Freq.
For systems more complex than a bi-exponential, add more frequencies to im-
prove separation of the individual decays.

e Start Freq (MHz): 20

e End Freq (MHz): 280

e Number of Fregs: 10

Sequence: Log

=3 Note: Interleave is a faster way
of averaging data pairs (stan-

dard & unknown).

N

Process by: Interleave.

Min Avg: 3

Q —™ O Ao

Max Avg: 5

h Set Pt. Std Dev (%): 0.5

The values entered in steps f through h work together to obtain a defined error-level in
a minimum time. The minimum of 3 averages is calculated and the resulting standard
deviation is compared to the set-point standard deviation. If the set-point standard de-
viation is less than the calculated standard deviation, then the next measurement is
completed and averaged. This continues until the set-point standard deviation is equal
to or greater than the calculated average, or until the maximum number of averages is
reached.

| Dark Offset: Do not use

J Std Lifetime (ns): Enter 0 ns for the Ludox® scattering standard. (Enter
the known lifetime, in nanoseconds, for a fluorophore reference.)

k As desired, enter one line of text @
in the Sample and Real Time Note: Do not change the
Processing Info field. default values of any

other field in this section.

| Click Run to start the
experiment.
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Following along with data-collection and modeling

1  Select the Run
Lifetime
program from
the Instrument
Control Center.

This opens the
Model
Windows 1=
Application —

Model

window:

Select
Lifetime.

Time resolved

Lifetime rezolved
Anizotropy decay

Parameters...
o

K Instrument Control Center - LAYOUTDS.LAY [M[=] E3

Fun Lifetime

F.j, Model Windows Application - Model

File | Model “iew Help

Select Lifetime model

|Lifetirme

This opens the Lifetime Model
window:

Lifetime Model 15<]

— Input data

Input File._. I Ilesl.dal

* Usze Measured Standard Deviations [from File]

" Enter Deviation  dPhase: I“-5 deg dMod: I'--'-[“-_I5

— Humber of components

1 2 3 4
— Fractional Amplitudesz —Lifetimes [ng]
Fract. 1: [0.2 [Fixed | Taul: [2 IV Fixed
Fract 2- [0.8 [Fixed | Tau2: [0 I Fixed
Fract. 3: Tau 3:
Fract. 4: Tau 4:
Bun Model Save Dutput._.
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Tutorial

Lifetime Model 5]

Enter the data —|_Input data

Input File... est.dat

file name of - - :
* Uze Meazured Standard Deviationz [from file)
the completed [ | centerbeviation  dphase: [75  deg dMod: [0.005 |
eXpen ment ﬁlumher of components
1 =2 3 4

Click Input File to use

— Fractional Amplitudes

the standard — Lifetimes [ng]
Windows™ file dialog el 1o CFived | | Tau1: [z ¥ Fined
Fract. 2: [0.8 Fived | | Tau2 [§ [ Fised
Se|eCt Enter Fract. 3: Tau
Deviation. Fract. & Tau 4
Bun Model Save Output__.

Enter dPhase
(phase error)

= 0.5 and
dMod (modulation error) = 0.005.

Enter the expected number of components.
Choose from 1 to 4 by selecting the appropriate radio button.

Enter the active fractional amplitudes and life-
times (in ns).

Fill in for all selected components (enter a non-zero value in every open field).

Click Run Model.

The results include reduced °, best fits for fractional contributions and life-
times for all selected species, and a graph of measured data (symbols) and
model data (solid lines). A second graph reveals the difference between meas-
ured and model for phase and modulation. A reduced z* ~ 1 with the residual
scattered evenly about zero suggests that a good description of the unknown
system’s fluorescence decay was found.

Click on the printer icon in the toolbar to gener-
ate a printout.

Close the Lifetime Model window.

Return to the lifetime window for further experiments.
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Lifetime acquisition of 9-
anthracenecarbonitrile versus Ludox®

Introduction

This lifetime acquisition examines a single-exponential-lifetime compound in lifetime
mode. The procedure consists of running a 9-anthracenecarbonitrile (also called 9-
cyanoanthracene and 9-CA) versus a scattering reference (Ludox®), toward the blue
end of the visible spectrum. 9-CA lifetime is relatively long, about 11.8 ns, which is a
factor of 10 larger than POPOP, thus illustrates how to deal with acquisitions of long-
lived fluorescence.

If desired, start the system in a steady-state layout, and run the excitation and emission
spectra for 9-CA before starting this experiment. Refer to the Fluorolog®-3 Operation
Manual and DataMax Software Manual for more information on running these scans in
DataMax.

Equipment required:

9-anthracenecarbonitrile [CAS 1210-12-4], may be purchased from Alfa Aesar
Ludox® [CAS 7631-86-9], may be purchased from Aldrich

Methanol (research grade)

De-ionized or distilled H,O

Two 1-cm quartz cuvettes

400-nm cut-on filter, 1" x 2" (4-position sample changer), or 1" x 2" or 2" x 2" (2-
position sample changer), if desired.

Start-up

Follow the procedure listed in steps 1-8 of the POPOP-versus-Ludox” tutorial on pages
8-2 through 8-3.
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Unknown and standard preparation

VD)

o
== Note:

- Frequency-domain measurements are based on a differential tech-

nique in which a standard and unknown are measured alternately through-
out the experiment. The accuracy of experiments critically depends on the
quality of the standard.

Prepare a sample of 9-CA in methanol.

The concentration of the 9-CA should be sufficient to yield about 0.050 A at
382 nm in a 1-cm quartz cuvette. (In general, keep the absorbance below 0.1 A
for right-angle measurements with a 1-cm fluorescence cell.)

Prepare the standard sample of Ludox® in de-
jonized water in the other 1-cm quartz cuvette.

Prepare a stock solution of Ludox™ (at somewhat higher concentration than ex-
pected to use for the experiment), a few transfer pipettes, a separate flask of the
de-ionized water, and a waste beaker. These items will be used later to balance
the standard emission signal to the unknown.

Place the unknown and standard cuvettes in
positions 1 and 2 for the 2-cell sample-holder (or
1 and 3 for the 4-cell sample-holder).

Decide whether to use the emission monochro-
mator, or the spatial filter-holder (FL-1031) on
the T-side of the instrument.

For the T-side, place a 400-nm cut-on filter on the T side. Place the filter in the

spring-clip holder on the sample changer, next to the unknown. The filter must

be positioned at the unknown so that it automatically moves out of the emission
path when the scattering standard is measured.

Check that the unknown and standard cuvettes
are filled high enough to prevent the excitation
beam from scattering off the top of the solution.

Such unwanted scattering prevents an accurate measurement of the modulation
and phase.
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Selecting and adjusting lifetime hardware
Follow the directions listed in steps 1-5 on page 8-5.

Defining the experiment parameters

1 Follow the directions on page 8-6 in the
POPOP-versus-Ludox® tutorial.

Signal adjustment consists of two main steps: (1) unknown signal optimization and (2)

standard DC balance.
[ Slitz [mm]

2 Click the EX1 radio button, —— 1 & C&"

Side Entrance

This selects the excitation monochromator in the Slits
dialog box. Enter 7.0 mm for the Side Entrance and 0.5 cide Exi
mm for the Side EXxit. Set the optional intermediate slit to 05000 -

7.0 mm. Wait after each adjustment to allow the slit
change, before adjusting the next.

3 Click the EM1 radio button. = [

This adjusts the S-channel emission monochromator. Enter | [7.0000 &

" Slitz [mm]

| P (E) EM1

7.0 mm for the entrance and 7.0 mm for the exit slit. Set Side Exit
the optional intermediate slit to 7.0 mm. Go to step 8. 7.0000 &

4 Place a 400-nm cut-on filter on the external T-
channel box, and a filter on excitation beam
the appropriate side of the §

9-CA sample, on the raide B Ludoxs.
sample changer. emission

With an optical filter, there are no slits to
adjust on the emission T-channel. Here is a
two-position sample compartment with the
scatterer in the active position and the
unknown inactive. The excitation light enters
from the top, and the T-side emission is at
the left. Note the 1" x 2" cut-on filter placed
by the 9-CA, for collection on the T-side
(when rotated 180° to active position). No
filter is used for Ludox® because the excitation and emission wavelengths are
identical.
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5 Click S&R (fOF S- @siR OTR] Oser OTes
channel detector > Hos
on the mono- c (5.0000 43000 1.0204
B |2.EII:IEIEI 1.3000 1.0526
chromator) or
- Fh
T&R (for filter on o
10.0000
the T-channel). R 3
©  Enter 10 in the Frequency (MHz) field.
Press ENTER after entering frequency values.
[/ Set up the Signal Balance dialog box.
a Store the optimal excitation and emission wavelengths, if necessary, and
the sample-changer’s position for the two samples.
" Signal Balance
b Reset the instrument by clicking _15“3':'*3’3 ) ' _'{'”kg':'wg )
the Set Standard or Set ®@C 0O 0@ OO0
Unknown button.
3582 % Ex | |382 E
e Set the standard EXcitation and —/fzgz ] EM | 242 =
EMission for 382 nm and 382 i
nm with Ludox®. Set Standard | Set Unknown |
e Set the unknown EXcitation

and EMission to 382 nm and
442 nm, respectively, for 9-CA.

e Set the 9-CA EMission to 382 nm if using filters on the T-side.

@Nate: If not using the emission monochromator, set the unknown to the
same emission wavelength as the standard, to avoid waiting for the emis-
sion monochromator to move unnecessarily during an experiment in which

the emission monochromator is not used.

C Set the integration time to 0.5 second.

d Set the PMT high voltages:

|ntearation [sec]

=

> [|u.5t|nn

hi:

................. o

S = 1150 if used, otherwise leave at 0 2 |1150.0000
~» B EE
R =380 > 2P

T =950 if used, otherwise leave at 0

HighWoltage

&

If the HV On box is not checked, click HV On to send voltage to the PMTs.
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e Click on the shutter icon Iﬂ'l in the toolbar to open the shutter.

When changing a parameter’s value, always double-check the status of the shut-
ter. It will automatically close while some of the parameters change.

f : >l
Watch the signal C ~4
levels reported in 13 —

the Lifetime box.

)

(1
\

Note: The settling time for the AC sig-
nals can be quite long—up to ~ 1
Look only at the AC and min—so be patient.

DC levels at this step;

don’t worry about modulation ratio or phase angle. Only values shown in black
updated at the integration time should be considered. Signal values shown in
red, or that do not update, are not reliable data; allow the system more time to
settle signals.

g After the signal stabilizes, adjust the slits, iris and high voltage to obtain
an AC level on T (or S) of ~ 1.5 volts. Follow the directions listed in
steps g and h on page 8-9 of the POPOP-versus-Ludox” tutorial.

h Click on the Set Standard button of the Signal Balance dialog box.

This places the standard in the measurement position. Balancing involves set-
ting the DC signal on the emission detector for the standard (Ludox™) roughly
equal to the unknown (9-CA). Adjust the Ludox® signal by changing concentra-
tion (add de-ionized water to decrease or stock Ludox® to increase concentra-
tion, or use neutral-density filters so that the DC level of the Ludox® standard is
within about 10-15% of the 9-CA).

@Note: Do not adjust slits, iris, or high voltages for the T-
channel (or S-channel) for this step, for this will change the
unknown’s optimized signal.

| Adjust the R-channel high-voltage to keep the R AC at 1.5-2.0 V.

Do not reduce the high voltage below 300 V. If required, keep R on scale by re-
ducing one or more slit widths, and redo the unknown signal by changing only
high voltage (do not forget to re-balance the standard sample signal to match
the unknown).

J Click on the transfer icon in the toolbar
to preset the following parameters:

Lifetime channel selection (S&R or T&R)
Monochromator slits
Excitation and emission wavelengths
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e High voltages

r '

= Note: The transfer function will work only when the Lifetime
Acquisition window is open (Step 3 in Defining Experiment
Parameters).

k Close the Real Time Display window.
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Experiment setup and measurement

1 Activate the Lifetime Acquisition dialog box.

The signals, slits, high voltage, standard wavelengths, unknown wavelengths,
and sample changer positions were transferred from Real Time Display.

P =]

= wvote: I you did not select the transfer option from the Real Time
Display toolbar, either manually enter these parameters, or open
the Real Time Display and click the transfer icon.

2  Close Real Time Display.

3  Set the following parameter fields:

Lifetime Acquisition a Data Flle
‘ Experiment... | IE:\DATAMAX\popngy.exp D ataFile... ﬁ"l EﬁﬁiﬁiTA\popvgl}l.spc Eun b . I nteg ratIOn TI me
Start Freq [MHz] |20.000 End Freq [MHz] [250.000 fUtU C. Sta I’t F req (M HZ)
Humber of Freas 10 pogEtn B Bp - ool (1 d. End Freq (MHz)
equx.enc:e Quick r N b f F
linear % Lag Scan Cancel e. umber o I'eC]S
Std Ex [nm) 360 Unknown Ex [nm) 360 T f Seq u e n Ce
Std Em{nm) 360 Unknaown Em{nm) 420 Eip L= g . P rocess By
— Process byﬁ .
" Discrete Pairs 1 |nterleave EIBTEAES Sl Ellis e h M In Avg
Mindva [3 | - S0,
Mal: A:E : Dev[%) (050 I Standard |1 nknawn 3 J Set Pt Std Dev (%)
Std Lifetime [ns] U oo k- Std Llfetl me
— Sample and Real Time Processing Info
ILifetime Acquisition of POPOP vz, Glycogen or LUD DX Shutter... |
Setup File... | I Dark Offset [
Start Time E stimated
IV = # Immediate ¢ Delay | Tﬁnlgna : 0:14:00

a Click the DataFile... button to open the dialog box.

Enter a file name in the desired
subdirectory. Or, type a file name di- @
rectly in the DataFile field. Let the Note: The detected Signa/s

system append the proper extension in lifetime experiments are
(.dat) to the file name. weaker than in steady-state
measurements, so we rec-

b Set integration from 815 s. ommend longer integration

times and averaging of sev-

eral readings (see step f
C Define the frequency sequence used below).

to find the frequency response of the
9-CA sample.

8-21




Lifetime v. 2.0 (1 May 2001) Tutorial

Enter the starting frequency, ending frequency, and number of frequencies.

Choose logarithmic (preferred) or linear. The following parameters assume that

at least one lifetime is between 5 and 20 ns. For samples with shorter lifetimes,

raise the End Freq. For samples with longer lifetimes, lower the Start Freq.

For systems more complex than a bi-exponential, add more frequencies to im-

prove separation of the individual decays.

e Start Freq (MHz) : 1

e End Freq (MHz) : 150 Y7

e Number of Freqgs: 16 ~——= Note: For 9-CA, the AC signal drops
by 150 MHZ, so there is no need to

Sequence: Log go to higher frequencies.

Process By: Interleave. P _
—= Nofe: Interleave is a faster way

of averaging data pairs (stan-
Min Avg: 3 dard & unknown).

Q@ —™ O A

Max Avg: 5

Set Pt. Std Dev (%): 0.5

The values entered in steps f through h work together to obtain a defined error-level in
a minimum time. The minimum of 3 averages is calculated and the resulting standard
deviation is compared to the set-point standard deviation. If the set-point standard de-
viation is less than the calculated standard deviation, then the next measurement is
completed and averaged. This continues until the set-point standard deviation is equal
to or greater than the calculated average, or until the maximum number of averages is
reached.

| Dark Offset: Do not use

J Std Lifetime (ns): Enter 0 ns for the Ludox” scattering standard. (Enter the
known lifetime, in nanoseconds, for a fluorophore reference.)

k As desired, enter one line of text in the @
Sample and Real Time Processing Note: Do not change the
Info field. default values of any
other field in this section.

| Click Run to start the experiment.
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Following along with data-collection and modeling

1

Follow steps 1 and 2 on page 8-13 of the
POPOP-versus-Ludox® tutorial.

Enter the data | Input data

. Input File. . -\regisi9ca-z.dat
file name of - :
" Use Measured Standard Deviations [from file]
the com pleted * Enter Deviation  dPhase: I“-5 deq dMod: I']-["--I5

experi ment_ ﬁiumher of components
(O | 2 i3 (gl |

Click Input File to use

the standard ~ Fractional Amplitudes ~ Lifetimes [ns)
Windows™ file dialog Fract. 1: [1 [Fixed | Taul: [10 [~ Fixed
Fract. 2: Tau 2:
Select Enter Fract. 3 g
Deviation. st Tau &
Bun Model I Save Dutput...

Enter dPhase
(phase error)
= 0.5 and

dMod (modulation error) = 0.005.

Choose the expected number of components.

Here we choose 1, because 9-CA follows single-exponential-lifetime decay.

Enter the active fractional amplitude and lifetime
(in ns).

Enter a non-zero value in every open field. We guess ~ 10 ns for the lifetime,
and the fractional amplitude must be 1, because there is only one lifetime to
model.

Click Run Model.

The results include reduced 7, best fits for fractional contributions and life-
times for all selected species, and a graph of measured data (symbols) and
model data (solid lines). A second graph reveals the difference between meas-
ured and model for phase and modulation. A reduced y* ~ 1, with the residuals
scattered evenly about zero, suggests that a good description of the unknown
system’s fluorescence decay was found.
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For 9-CA, we found that the signal was extremely low at 150 MHz (from its
longer lifetime) causing a large residual, so we opened the . dat file in Note-

pad, deleted that data point from the . dat file, and reran the model.

Below is the result from our model of 9-CA, after removal of the 150-MHz

data. Note the lifetime calculated as 11.81 ns.

F!;, Model Windows Application - Model

File Model Wiew Help

ENESERD

CHI SQULBRE = 1.57
Fractl =1.
Taut = 11.81

9_CA on S5-Channel

a0 -1.0
B =
-k} | =
= =
45 0s =
2 =
L] =
-
0 , — 0
10 00 1000
Fraquanay {MHz)
1
Residuals
5 R
E ni [n ?
= i o oo T ST T II{TU =
5 0.1
Frequency (MHz)
For Help, p\eas F1 Lifetime

|

&  Click on the printer icon in the toolbar to gener-

ate a printout.

9 Close the Lifetime Model window.

Return to the lifetime window for further experiments.
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Lifetime acquisition of a solid sample

Introduction

This lifetime acquisition examines an unknown solid sample in lifetime mode. The pro-
cedure consists of running the solid unknown versus a scattering reference (Ludox®),
toward the blue end of the visible spectrum. This tutorial illustrates the use of a solid
sample, and how to model multi-exponential fits.

If desired, start the system in a steady-state layout, and run the excitation and emission
spectra for the solid sample before starting this experiment. Refer to the Fluorolog®-3
Operation Manual and DataMax Software Manual for more information on running
these scans in DataMax.

Equipment required:

Solid unknown sample

Ludox® [CAS 7631-86-9], may be purchased from Aldrich

Methanol (research grade)

De-ionized or distilled H,O

One 1-cm quartz cuvette

400-nm cut-on filter, 1" x 2" (4-position sample changer), or 1" x 2" or 2" x 2" (2-
position sample changer), if desired.

Start-up

Follow the procedure listed in steps 1-8 of the POPOP-versus-Ludox” tutorial on pages
8-2 through 8-3.
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Unknown and standard preparation

&

—= Note: Frequency-domain measurements are based
on a differential technique in which a standard and
unknown are measured alternately throughout the
experiment. The accuracy of experiments critically
depends on the quality of the standard.

1 Choose an appropriate solid
unknown.

The unknown used in this tutorial is a thin film on a glass slide:

2 Prepare the Ludox® standard in de-ionized wa-
ter in a 1-cm quartz cuvette.

Prepare a stock solution of Ludox™ (at somewhat higher concentration than ex-
pected to use for the experiment), a few transfer pipettes, a separate flask of the
de-ionized water, and a waste beaker. These items will be used later to balance
the standard emission signal to the unknown.

3 Place the standard | s
cuvette in position

1 for the 2-cell '
Sample'hOIder-\ emission ﬁ'—“—'i_‘

3 ®

pE |

<]

4 Mount the solid
sample at a right
angle to the
Ludox®

Notice how the slide is tilted at 45° between the excitation and emission beams.

5 Decide whether to use the emission monochro-
mator, or the spatial filter-holder (FL-1031) on
the T-side of the instrument.

For the T-side, place a 400-nm cut-on filter on the T side. Place the filter in the
spring-clip holder on the sample changer, next to the unknown. The filter must
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be positioned at the unknown so that it automatically moves out of the emission
path when the scattering standard is measured.

©  Check that the standard cuvette is filled high
enough to prevent the excitation beam from
scattering off the top of the solution.

Such unwanted scattering prevents an accurate measurement of the modulation
and phase.
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Selecting and adjusting lifetime hardware

Follow the directions listed in steps 1-5 on page 8-5.

Defining the experiment parameters

1

Follow the directions on page 8-6 in the
POPOP-versus-Ludox® tutorial.

Signal adjustment consists of two main steps: (1) unknown signal optimization and (2)
standard DC balance.

2

" 5Slitz [mm]

Click the EX1 radio button. —— T©&1 O&M

This selects the excitation monochromator in the Slits S Eranze

70000 [
dialog box. Enter 7.0 mm for the Side Entrance and 0.4 E
mm for the Side EXxit. Set the optional intermediate slit to DI 43,]; —Ta]
7.0 mm. Wait after each adjustment to allow the slit
change, before adjusting the next. ~Gits [rmm]

WaS=0 20
Click the EM1 radio button.— | -

This adjusts the S-channel emission monochromator. Enter | |7.0000
7.0 mm for the entrance and 7.0 mm for the exit slit. Set Side E it

the optional intermediate slit to 7.0 mm. Go to step 5. 7.0000

O

(0

M cxcitation

Place a 400-nm
cut-on filter on the
external T-channel
box, and a filter on
the appropriate
side of the solid
sample, on the
sample changer.

With an optical filter, there are no slits to adjust on the emission T-channel.
Here is a two-position sample compartment with the unknown in the active po-
sition and the Ludox® (position 1) inactive. The excitation light enters from the
top, and the T-side emission is at the left. Note the 2" x 2" cut-on filter placed
by the solid sample, for collection on the T-side. No filter is used for Ludox®
because the excitation and emission wavelengths are identical.
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5  Click S&R (for S- [ @T&HJ R
channel detector AC bC hod
on the mono- T 21886 12598 17387
chromator) or Raswe [am sws
T&R (for filter on AR [EBE
the T-channel). Tz M

Press ENTER after entering frequency values.

a

Set up the Signal Balance dialog box.

the sample-changer’s position for the two samples.

Reset the instrument by clicking
the Set Standard or Set
Unknown button.

e Set the standard EXcitation
and EMission for 380 nm and
380 nm with Ludox®.

e Set the unknown EXcitation
and EMission to 380 nm and

Enter 10 in the Frequenc§ (MHz) field.

Store the optimal excitation and emission wavelengths, if necessary, and

" Signal B alance
TStandard— | [ Hnknown
1 2 1 2
®© O C®
a0 E Ex | |380
380 =] %r F20 =
SetStanday/ Set Unknown |

520 nm, respectively, for the unknown.
e Set the unknown EMission to 380 nm if using filters on the T-side.

@Noz‘e: If not using the emission monochromator, set the unknown to the
same emission wavelength as the standard, to avoid waiting for the emis-
sion monochromator to move unnecessarily during an experiment in which

the emission monochromator is not used.

C Set the integration time to 0.2 seconds—” [

d

Set the PMT high voltages:

S = 1150 if used, otherwise leave at 0—f >

|ntegration [zec]

|0.2000

==l

™ Hv On

i

R =550

T =1100 if used, otherwise leave at o—T

L

T

High%aolkage™ |

If the HV On box is not checked, click HV On to send voltage to the PMTs.

8-29




Lifetime v. 2.0 (1 May 2001) Tutorial

e Click on the shutter icon Iﬂ'l in the toolbar to open the shutter.

When changing a parameter’s value, always double-check the status of the shut-
ter. It will automatically close while some of the parameters change.

f : aa
Watch the signal C ~4

levels reported in S
the Lifetime box.

)

L
T

Note: The settling time for the AC sig-
nals can be quite long—up to ~ 1
Look only at the AC and min—so be patient.

DC levels at this step;

don’t worry about modulation ratio or phase angle. Only values shown in black
updated at the integration time should be considered. Signal values shown in
red, or that do not update, are not reliable data; allow the system more time to
settle signals.

g After the signal stabilizes, adjust the slits, iris and high voltage to obtain
an AC level on T (or S) of ~ 1.5 volts. Follow the directions listed in
steps g and h on page 8-9 of the POPOP-versus-Ludox” tutorial.

h Click on the Set Standard button of the Signal Balance dialog box.

This places the standard in the measurement position. Balancing involves set-
ting the DC signal on the emission detector for the standard (Ludox™) roughly
equal to the unknown. Adjust the Ludox® signal by changing concentration (add
de-ionized water to decrease or stock Ludox® to increase concentration, or use
neutral-density filters so that the DC level of the Ludox® standard is within
about 10—15% of the unknown).

@Note: Do not adjust slits, iris, or high voltages for the T-
channel (or S-channel) for this step, for this will change the
unknown’s optimized signal.

| Adjust the R-channel high-voltage to keep the R AC at 1.5-2.0 V.

Do not reduce the high voltage below 300 V. If required, keep R on scale by re-
ducing one or more slit widths, and redo the unknown signal by changing only
high voltage (do not forget to re-balance the standard sample signal to match
the unknown).

J Click on the transfer icon in the toolbar
to preset the following parameters:

Lifetime channel selection (S&R or T&R)
Monochromator slits
Excitation and emission wavelengths
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Tutorial

e High voltages

r '

= Note: The transfer function will work only when the Lifetime
Acquisition window is open (Step 3 in Defining Experiment
Parameters).

k Close the Real Time Display window.

Determine the frequency range

To decide what frequencies create an adequate signal, this step tries various fre-
quencies and tests the ensuing signals. Such a test provides a range of frequen-
cies for the experiment definition.

_LifEtimE .............
A At 10 MHz, a mid- Osth @is Ossr OTes
; ac DC Mad
range frequency, we
already have the T 21868 1259 1.7357
following signal on R 35044 13251 26448

the T-channel:

Fhase |[-13.1546
[deq]

Frequency |10.0000 §|
[kHz]

" Lifetime
b For a high-frequency CsiR @THR O 5T O TS

limit, try 200 MHz: AL 1 tod
Note how the T-cha% [T 01474 ] |1.5345 ||:|_|:|E||:|2
signal has dropped m 1.2103 |1.?9?5 |n.5?33
drastically. This indicates that SR
200 MHz is too high. F'[g-;t;? ~107.80071

Frequency | 200.0000 %
[MHz]
[ LII:EtImE .............

C  Lowerthe Frequency O 5tR ﬂ%él&ﬁ_; O saT ; E:) T4S »

to 150 MHz:
The T-channel signal is nearly 103 |H1EI2 |D'EEEEI
triple that at 200 MHz. e- R [13313 |1-E'3“3? |1-':"391
fore use 150 MHz as the upper D aren

. Phaze | -94 4501
limit. (deq]

Frequency | 150.0000 %
[rHz]
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d Try two low frequencies: 1 MHz, and 0.5 MHz:

There is little difference between the two T-channel signals, the phase, and the
modulation. Thus there is no advantage to including 0.5 MHz in the experiment,
and the lower frequency limit is set to 1 MHz.
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Experiment setup and measurement

1 Activate the Lifetime Acquisition dialog box.

The signals, slits, high voltage, standard wavelengths, unknown wavelengths,
and sample changer positions were transferred from Real Time Display.

P =]

= wvote: I you did not select the transfer option from the Real Time
Display toolbar, either manually enter these parameters, or open
the Real Time Display and click the transfer icon.

2  Close Real Time Display.

3  Set the following parameter fields:

Lifetime Acquisition

a. DataFile
Experiment. .. ||Ci\DATAMAX\d”t21-EKD DataFile.. P: Fun b Integ rat|0n T|me
Start Freq (MHz) [1.000 EndFia i) [150.0 Auto c. Start Freq (MHz)
ntegration —_——
Mumber of Freqz 15 Tims o 12.000 . ,.,gpk d End Freq (MHZ)
uic
Ol Lo €— Sen | Cancel e. Number of Fregs
- e U——BﬂLhJ_\
Std Ex [hm] 380,000 Unkravar Ex [fim) 380.000 Bl f Seq uence
PStd Em[;m] 380,000 Urknewn Emirm)  [520.000 i g. Process By
Tocess by .
’76’ Discrete Pairs £ Interleaye Sequence... Signals... | Slits.... | HY [on] | h . Mln Avg
. ———  SetPrsid )| . Max AVg
Min Avg |3 2 [050 Standard |1 Unk; 2 - .
[ Moo B Dev.l | l tandan W 1B Set Pt. Std Dev (%)
Sitd Lifetime [ns] |D.DD | k Std L|fet|me
Sample and Real Time Processing Info '
ISolid sample vs. Ludoy Shutter... |
Setup File... | I
Start Time Estimated
IV . & Immediate ¢ Delay | Tﬁﬂlzae L

a Click the DataFile... button to open the dialog box.

Enter a file name in the desired
subdirectory. Or, type a file name @
directly in the DataF"e ﬁeld Let Note: The detected Signals in

the system append the proper lifetime  experiments  are
extension (. dat) to the file name. weaker than in steady-state
measurements, so we rec-

b Set integration to 12 s. ommend longer integration

times and averaging of sev-

eral readings (see step f be-
C Define the frequency sequence low).

used to find the frequency response
of the solid sample.
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Enter the starting frequency, ending frequency, and number of frequencies.

Choose logarithmic (preferred) or linear. The following parameters assume that

at least one lifetime is between 5 and 20 ns. For samples with shorter lifetimes,

raise the End Freq. For samples with longer lifetimes, lower the Start Freq.

For systems more complex than a bi-exponential, add more frequencies to im-

prove separation of the individual decays.

e Start Freq (MHz): 1

e End Freq (MHz): 150 Y7

e Number of Fregs: 15 ~——= Nofte: For this unknown, the AC signal
drops by 150 MHZ, so there is no

Sequence: Log need to go to higher frequencies.

Process By: Interleave. P _
—= Nofe: Interleave is a faster way

of averaging data pairs (stan-
Min Avg: 3 dard & unknown).

Q@ —™ O A

Max Avg: 5

Set Pt. Std Dev (%): 0.5

The values entered in steps f through h work together to obtain a defined error-level in
a minimum time. The minimum of 3 averages is calculated and the resulting standard
deviation is compared to the set-point standard deviation. If the set-point standard de-
viation is less than the calculated standard deviation, then the next measurement is
completed and averaged. This continues until the set-point standard deviation is equal
to or greater than the calculated average, or until the maximum number of averages is
reached.

| Dark Offset: Do not use

J Std Lifetime (ns): Enter 0 ns for the Ludox” scattering standard. (Enter the
known lifetime, in nanoseconds, for a fluorophore reference.)

k As desired, enter one line of text in the @
Sample and Real Time Processing Note: Do not change the
Info field. default values of any
other field in this section.

| Click Run to start the experiment.

8-34




Lifetime v. 2.0 (1 May 2001) Tutorial

Following along with data-collection and modeling

1 Follow steps 1 and 2 on page 8-13 of the
POPOP-versus-Ludox® tutorial.

Z  Enter the data || etdt

. Input File... Ic:\lin\nrg—el\s}t.dat
fl Ie name Of " Use Measured Standard D eviations [from file]
the completed /[ | ¢ nterbeviation dphase: [05  deg dMod: [5-c-003.
eXpe” ment /;ﬁlumher of components

] 2 3 4

Click Input File to use
the standard

— Fractional Amplitudes — Lifetimes [ns]

Windows™ file dialo Fract. 1: |1. " Fized | | Tau1: |1|]_ [ Fized
V Fract. 2: Tau 2
3  Select Enter Fract. 3 Tau3:
Deviation. Fract. 4: Tau 4:

Bun Model Save Dutput._.

4 Enter dPhase
(phase error)
= 0.5 and
dMod (modulation error) = 0.005.

O Choose the expected number of components.
First try 1.

6  Enter the active fractional amplitude and lifetime
(in ns).

Enter a non-zero value in every open field. We guess ~ 10 ns for the lifetime.

[  Click Run Model.

The results include reduced 77, best fits for fractional contributions and life-
times for all selected species, and a graph of measured data (symbols) and
model data (solid lines). A second graph reveals the difference between meas-
ured and model for phase and modulation. A reduced 7* ~ 1, with the residuals
scattered evenly about zero, suggests that a good description of the unknown
system’s fluorescence decay was found.
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Below is the result from our model of the unknown. Note the lifetime calculated
as 3.749 ns. The mid-frequency range is not fitted well, supported by a large *

=5.85.

F.j, Model wWindows Application - Model

File Model “iew Help

2N (=[]

CHI SQUARE = 5.85
Fract1 = 1.
Taul = 2748

h |

'_I

Lifeti me Modeling

! r1.0
£ ] z
= o
FIELE FOS £
2 &
= 3

a T T ul
100 1000

Frequency [MHz)

Phas

Residuaks

Froquengy {MHz)
ForHelp. press F1 [Cifetime
Lifetime Model 5]
— Input data
H Input File.._ | |c:\lin\org-el\s3-t.dat
8 Retry the fit [ oput Pl |
th 2 " Use Measured Standard Deviations (from File]
Wi CompO' = Enter Deviation  dPhase: IF deg dMod: [5.¢-003
ne ntS : — Number of components
. . (| v 2 3 4
Click the radio button
for 2 components, and — Fractional Amplitudes — Lifetimes [ns]
guess at the fractional Fract. 1: |0.9 ™ Fixed Taul: |[3.7 [" Fized
amplitudes and possible Fract. 2: [0.1 [Fixed | Tau2: [0 I Fixed
lifetimes. Fract. 3: Tau 3:
Fract. 4: Tau 4:
Bun Model Save Dutput._.
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9  Click Run Model.

Tutorial

The y* is only a bit smaller, 5.02, and the mid-frequency fit is somewhat im-
proved. The two lifetimes found are 3.7 ns (98.98%) and a long 341.7 ns
(1.02%). But can we do better?

F.jl Model Windows Apphcation - Model
File  Model Wiew Help

2N [Ea]

CHI SQUARE =502
Fract1 = 09838 Fractz = 1.018=-002
Taul=37 TauZ=3417F

a0 5

Fhase [deg)
&

Lifeti me Modeling

0.5

uSE ROy

Frequency [rMHz ]

Phams

Rosidualks

FaorHelp, press F1

10 Retry the fit
with 3 compo-
nents:

Click the radio button for
3 components, and guess
at the fractional ampli-
tudes and possible life-
times.

Froquanay {MHz]
[Cifetirme
Lifetime Model
— Input data
Input File... I Ic:'\lin\nrg-el\s}l.dal
" Uze Measured Standard Deviations [from file)
* Enter Deviation  dPhase: IF deg dMod: Im
—Mumber of components
Ll 2 3 4
— Fractional Amplitudes — Lifetimes [ng)
Fract. 1: |0.98 [ Fixed Taul: |[3.7 [ Fized
Fract. 2: Im [ Fixed Tau 2 W [ Fized
Fract. 3: [1.e-002 [ Fixed Tau 3 (001 [~ Fined
Fract. 4: Tau 4:

Bun Model |

Save Dutput._. |
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11 Click Run Model.

F.J} Model Windows Application - Model
File  Model Wiew Help
CHI SQUARE =403
Fract1 =0.8581 Fract? = 2007002 Fract3 = 1.102e-002
\ Taul=3.763 Tauz= 1055 Taul=4.411=-005
Lifeti me hModeling
an e ri.o
T z
=) =]
— o
v as Los €
Jid &
[ g
#*
o ' e ; — ; ———————tn
1 10 100 000
Frequency [MHz]
Rezidualks
[0.1
R — 0o F
10 [ ] 1T: =
ol
Frequangy {MHz)
ForHelp. press F\1 [Lifetirne

The y* is yet smaller, 4.03, and the mid-frequency fit is further improved. The
three lifetimes found are 3.763 ns (98.1%), 1.055 us (1.1%), and a short 4.4 x
107 ns (1.1%). We conclude our modeling.

12 Click on the printer icon in the toolbar to gener-
ate a printout.

13 Close the Lifetime Model window.

Return to the lifetime window for further experiments.
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Time-resolved acquisition of an organic
compound

Introduction

This lifetime acquisition examines an unknown solid organic sample in time-resolved
mode. The procedure consists of running the organic unknown versus a scattering ref-
erence (POPOP). This tutorial illustrates the use of time-resolved mode, and how to
model multi-exponential fits.

If desired, start the system in a steady-state layout, and run the excitation and emission
spectra for the solid sample before starting this experiment. Refer to the Fluorolog®-3
Operation Manual and DataMax Software Manual for more information on running
these scans in DataMax.

Equipment required:

Solid unknown organic sample

POPOP [CAS 1805-34-4], may be purchased from Aldrich
Methanol (research grade)

One 1-cm quartz cuvette

Sample changer

Front-face accessory

Start-up

Follow the procedure listed in steps 1-8 of the POPOP-versus-Ludox” tutorial on pages
8-2 through 8-3.
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Unknown and standard preparation

1 Prepare a sample of POPOP in methanol.

The concentration of the POPOP should be sufficient to yield about 0.050 A at
358 nm in a 1-cm quartz cuvette. (In general, keep the absorbance below 0.1 A
for right-angle measurements with a 1-cm fluorescence cell.)

2 Choose an appropriate solid unknown.

The unknown used in this tutorial is an organic thin film.

3 Place the standard
cuvette in position 1 for
the 2-cell sample-holder.

¢ . .
Emission

4 Mount the il T —=>
solid
sample on
the front- /7—
face acces- :

sory, at a right angle to the POPORP.

5 Switch the instrument to front-face acquisition.
Rotate the knob on the sample compartment to FF.

6 Check that the standard cuvette is filled high
enough to prevent the excitation beam from
scattering off the top of the solution.

Such unwanted scattering prevents an accurate measurement of the modulation
and phase.

Selecting and adjusting lifetime hardware

Follow the directions listed in steps 1-5 on page 8-5.
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Defining the experiment parameters

Tutorial

1 Follow the directions on pages 8-6 through 8-7
in the POPOP-versus-Ludox® tutorial.

2 Set up the Signal Balance dialog box.

P

A I Wi

=2 wote: To run the full time-resolved acquisition across all emission and exci-
tation wavelengths automatically, the standard’s signal must match the un-
known’s signal to within ~20% across the entire desired wavelength range.
The wavelength range for the standard need not be the same as for the
unknown, nor need the interval between wavelengths be the same. The
standard’s signal need only match the unknown’s signal.

If this signal requirement is not met, do not balance the signal at one
wavelength and continue automatically. Instead, balance the signal at
each wavelength-pair, run a lifetime-acquisition at that wavelength-pair,
and rebalance the signal before acquiring at the next wavelength. Do the
procedure listed here (steps 2 and 3), then skip to “Manual experiment

setup and measurement’.

a

Store the optimal excitation and emission wavelengths, if necessary, and

the sample-changer’s position for the two samples. A previous steady-
state determination of the unknown gave an absorption peak at 375 nm,

and an emission peak at 530 nm.

Reset the instrument by clicking
the Set Standard or Set
Unknown button.

e Set the standard EXcitation to _>

375 nm and EMission to 530
nm with POPOP.

e Set the unknown EXcitation
and EMission to 375 nm and

" Signal B alance

" Standard = ™ Unknowr
1 2 1 2
® C O ®
(280 - E= | |380
380 |§| yr 520 %
SetStanday/ Set Unknown |

530 nm, respectively, for the unknown.

@Nate: If not using the emission monochromator, set the unknown to the
same emission wavelength as the standard, to avoid waiting for the emis-
sion monochromator to move unnecessarily during an experiment in which

the emission monochromator is not used.
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"Integratinn [sec]‘l
. . . 0.2000
C Set the integration time to 0.2 seconds—> | = ‘

d " High % oltage

Set the PMT high voltages: [ Hv On
S = 1150 if used, otherwise leave at 0—f IEE
R = 550 7 T

T =1100 if used, otherwise leave at o—T
If the HV On box is not checked, click HV On to send voltage to the PMTs.

e Click on the shutter icon Iﬂ'l in the toolbar to open the shutter.

When changing a parameter’s value, always double-check the status of the shut-
ter. It will automatically close while some of the parameters change.

f Watch the signal &

leVd? b orted in = Note: The settling time for the AC sig-
the Lifetime box. nals can be quite long—up to ~ 1
Look only at the AC and min—so be patient.
DC levels at this step;
don’t worry about modulation ratio or phase angle. Only values shown in black
updated at the integration time should be considered. Signal values shown in
red, or that do not update, are not reliable data; allow the system more time to
settle signals.

Continue balancing the POPOP standard and the organic unknown as on
pages 8-30 through 8-31, steps g through k.

3  Determine the frequency range as shown on
pages 8-31 to 8-32, step 8.

For this sample, the range 5-250 MHz was chosen, based on the signal and
modulation.
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Automatic experiment setup and measurement

1 Open the Time Resolved Acquisition dialog box.

The signals, slits, high voltage, standard wavelengths, unknown wavelengths,
and sample changer positions were transferred from Real Time Display.

P =]

= wvote: I you did not select the transfer option from the Real Time
Display toolbar, either manually enter these parameters, or open
the Real Time Display and click the transfer icon.

2  Close Real Time Display.

3  Set the following parameter fields:

Time Resolved Acquisition [ ]

: : a. DataFile
Erpeihai. | IC.\DATAMAX\det22.exD DatFile.. ﬂ"|“’5" B b. Inte gr ation Time
StatFreq(MHzl [soo0 | | tEndIireq[MHz] EE At c. Start Freq (MHZ)
Nunber ofFieas_[12 L o [ L‘ii“ii‘xp d. End Freq (MHz)
[ 2 EqUEnCE el .
M e. Number of Fregs
Moro Postons.._f¢ ——+1 f- Sequence
tano Positions... up Tvpe... 'y
S g. Mono Positions...
™ Discrete Pairs % Interleave SR I S5k I <= I SR I h Process By
i. Min Avg
. Set Pt Std.
Min &g |2 e[z |0-90 Standard |3 =l unknown |1 :
Max dwg [5 pevld tt e J MaX Avg
— e k. SetPt. Std Dev (%)
ample and Real Time Processing Info . .
IFirst lifetime time resolved acquisition screen Shutter... | | Std Llfetlme
Setup File... ||

Tt 0:21:36

|' Start Tine | Estimated

& Immediate ¢ Delay

a Click the DataFile... button to open the dialog box.

Enter a file name in the desired subdirectory. Or, type a file name directly in the
DataFile field. Let the system append the proper extension (. dat) to the file
name.

b Set integration to 12 s.

C Define the frequency sequence to scan the unknown.

Enter the starting frequency, ending frequency, and number of frequencies.
Choose logarithmic (preferred) or linear.
e Start Freq (MHz): 5
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e End Freq (MHz): 250
e Number of Freqgs: 12

d Sequence: Log
Start End
Std Emizzion |4E||j IMIj
e Mono Positions...: Fill in the |45IJ |EEID

. . Urk Ermission
dialog box to the right.

375

Std E xcitation Unitz:  [tim])

Unk Excitation 375

Process By: Interleave. Scans: 3] Cancel |

Min Avg: 3

o Q

Max Avg: 5

Set Pt. Std Dev (%): 0.5

The values entered in steps g through i work together to obtain a defined error-level in
a minimum time. The minimum of 3 averages is calculated and the resulting standard
deviation is compared to the set-point standard deviation. If the set-point standard de-
viation is less than the calculated standard deviation, then the next measurement is
completed and averaged. This continues until the set-point standard deviation is equal
to or greater than the calculated average, or until the maximum number of averages is
reached.

J Dark Offset: Do not use

k Std Lifetime (ns): Enter 1.32 ns for the POPOP standard.

| As desired, enter one line of @
text in the Sample and Real Note: Do not change the
Time Processing Info field. default values of any

other field in this section.

Ml Click Run to start the
experiment.

@Note: For automatic time-resolved acquisition, skip to “Following
along with data-collection and modeling”.
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Manual experiment setup and measurement

1 Activate the Lifetime Acquisition dialog box.

The signals, slits, high voltage, standard wavelengths, unknown wavelengths,
and sample changer positions were transferred from Real Time Display.

P =]

= wvote: I you did not select the transfer option from the Real Time
Display toolbar, either manually enter these parameters, or open
the Real Time Display and click the transfer icon.

2  Close Real Time Display.

3  Set the following parameter fields:

DataFile
Integration Time
Start Freq (MHz)
End Freq (MHz)
Number of Freqgs

x

Experiment... ||E:\DATAMAX\det21.exp DataFile... flunk45ﬂ Fun

Start Freq (MHz) |5.00 EndFreq (MH2) [25000 | Auto
Mumber of Freqs  [12 ITnitegratlon Nzom B ZENE

a.
b.
C.
d.
Mmc Quick
Usze B&f L
Std Ex [hm] 375.000 Unknown Ex [nm) 375.000 ] o f Sequence
StdEmfnm]  [400.000 Unknown Eminm) [450.000 J | — g. Set Monos
ocessoy— | = | o | : — h PrOCeSS By
& Discrete Pairs " Interle Sl T | T o . H
I.  Min Avg
[ Min Awg |3 S%te\,t_'[e/g;' |D.50 Standard J MaX AVg
M ax A
—— St Lifetime [ns) [132 k. Set Pt. Std Dev (%)
Sample and Real Time Processing Info I Std Llfet|me

ILifetime Acquisition at 400 nm Shutter... |
Setup File... | I
Start Time: Estimated =

|7 & Immediste ¢ Delay | Time 0:50:24

a Click the DataFile... button to open the dialog box.

Enter a file name in the desired subdirectory. Or, type a file name directly in the
DataFile field. Let the system append the proper extension (. dat) to the file
name.

b Set integration to 12 s.

C Define the frequency sequence to scan the unknown.

e Start Freq (MHz): 5
e End Freq (MHz): 250
e Number of Fregs: 12
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d Sequence: Log

e Set the monochromators:

STanDard EXCitation = 375 nm
STanDard EMission = 400 nm
UNKnown EXCitation = 375 nm
UNKnown EMission = 450 nm

f Process By: Interleave.
g Min Avg: 3
h Max Avg: 5

| Set Pt. Std Dev (%): 0.5

J Std Lifetime (ns): Enter 1.32 ns for the POPOP standard.

k As desired, enter one line of text @
in the Sample and Real Time Note: Do not change the
Processing Info field. default values of any

other field in this section.

| Click Run to start the
experiment.

4 Move to the next wavelength range.

O Rebalance the signals as in steps b to g, pages
8-41 to 8-42.

6  Take another lifetime acquisition as in steps 1-3
of this section, pages 8-45 to 8-46.

...and so on, till the complete wavelength range is covered.
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Tutorial

Following along with data-collection and modeling

1

K Instrument Control Center - LAYOUTDS.LAY [M[=] E3

Select the Run—=
Lifetime System
program from

the Instrument Fun Lifatime
Control Center.

Thls Oper_ls the ‘.'.j Model Windows Application - Model
Model Windows e | bodel view Helo
Application - —@ - isolved
Model WlndOW: Lifetime resolved
Anisotropy decay
2 Parameters...
Select ILAREEE
Time
Resolved.
Select Lifetime model |Lifetirne
This opens the Time Time Reszolved Model
— Input Data

Resolved Model win-

dow:

Litetime Files. .. |

¥ Usze Measzured Standard Deviations [from Lifetime files]

" Enter Deviation dF‘hagEjI deg dMod:

.

— MHumber of components

e e . a [ Plot with Marker:
E 2 e o ¢ Show File Legend
—Decay times [ng] [ Time dynamics

Tau1: I— I Fizxed Initial Time: 0. ns

Tau 2: I— I™ Fixed Final Time:
Tau 3 I I™ Fized # Time Points |2
Taud | [ Fixed

[ Linked Taus

ns

Bun Model Save Output___

a1
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3  Enterthe data |[™upa=

;Spechal File... I c:\in\taiwanhif-x375 spc

flle name Of E— m c:vhinktaiwan'2tres01_dat -
c:hlinstaiwan\2tres02_dat j

the com plete c:\lindtaiwan\2ties03. dat
. " Use Measured 5t 13k et 1
eXperI ment {* Enter Deviation dPhaze: Im deg dMod: IW
‘Numher of components I™ Plot with Marker:
d  InLifetime L o o 8 g
Files.. . clicking —Decay times [ng] ——— | Time dynamics ———
on a file name Taul: [08 I Fived | nitial Time: [0 ns
aUtomaticaHy Tau 2 |2— I Fixed Final Time: 01 ns
opens a series of : :
files. Tau 3 # Time Points IZU

Tau 4:

b " Linked Taus
For a set of B — :
manually Hun Model J Save Dutput... |
acquired files,
click Lifetime Files..., and select each file individually.

4 Select Enter Deviation.

5  Enter dPhase (phase error) = 0.5 and dMod
(modulation error) = 0.005.

© Choose the expected number of components.
Here we try 2.

[/ Enter the decay times (in ns).

Enter a non-zero value in every open field. We guess 0.8 ns for the first life-
time, and 2 ns for the second lifetime.

8  Enter the time dynamics for which the model is
to be run.

Use 0 ns to start, 0.1 ns to finish, and 20 time points between the start and end.

9  Click Run Model.

Below is the result from the unknown organic sample.
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T Model Windows Application - Model
File Model “iew Help
2]
CHI SQUARE = 1.71
Tau1=08 TauZ=2=2.
Time-resolved Spectra, t=0.1n=
= — o0o00ns
S — 001nm=
t — 0Dns
— 00Zn=
— 00Zn=s
— 003n=s
n] T T T T , —— O003ns
470 a0 510 g0 540 a70
Wiawelength [nm) — 0Mn=
O Os
— AzeE 18948002
= o
= g
£ i
b= =8
s 110887 19297058 5
£ g
a =
= =
w —_
=
1.07212+ T T T T 1931410 =
a 0.0z 0.04 0.05 0.0
Time [n=]
ForHelp, press F1 [Tirne resolved

10 Click Save Output... to —

|
save the graph for later Spectial width... |
proceSS|ng . Center of gravity.__ |

The Save Modeling Output window opens.
Choose Save as Grams Multifile to save the

fit. Cloze |
11 Rerun the Time Resolved

Model window, with time dynamics from O to 2
ns.

The model appears below:

, Save asz Grams Mulhhle |
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F.j, Model Windows Application - Model
File Model Wiew Help
2%
CHI SQUARE = 1.71
Taul =058 TauZz=2.
Time-resolved Spectra
1.0
=) — 000ns
5 054 — O01ns
t — 0Z21ns
— 032ns
— 04dZn=s
— 0453 n=
0 T T T T y —— 063ns
470 4a0 510 530 550 570
Wanselength [mm] —— 084ns
Iw =T
— AzeE 1948002
= [w)
= i
ES i
b= =
s [ER=icicinle] 1910571 5
b z
i -
o =
oy —_—
=~
070702 4 . ; ; . r1873140 =
ul 0.4 oz 1.2 1.6 2.0
Tirme [ns]
ForHelp. press F1 [Time resoksed

Note the difference between 0.1 and 2 ns.

12 Click Save Output... to save the graph for later

processing.

The Save Modeling Output window opens.
As before, choose Save as Grams Multifile to save the fit.
Let us try another length of time to model.

13 Rerun the Time Resolved Model window, with

time dynamics from 0 to 6 ns.

The model appears below:
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.“.j, Model Windows Application - Model

File Model Wiew Help

2N [El=]

CHI S3UARE = 1.71
Taul =08 TauZ=2.

Time-resolwed Spectra

Irtensity

- T T T T
470 420 410 520 250 570

Warvelength [mm) — 253ns
. 1.13918 19.93002
s [w]
- g
£ B
£ 53
o 02309 19.10336 o
3 £
) -
o =
o —
=
070702 4 ; T T T Fig7ze71 =
0 12 2.4 3.6 43 6.0
Tirme [ns]
For Help, press F1 [Time resohed

This time, compare this graph with the 0.1-ns and 2-ns plots.

14 Click Save Output... to save the graph for later
processing.

The Save Modeling Output window opens.
As before, choose Save as Grams Multifile to save the fit.

15 Close the Model Applications window.
16 Open the Run Experiment window.
17 In the main menu, choose File...

18 In the drop-down File menu, choose Open...
The Select Data File to Open dialog box appears.
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19 Enter the name of the file to plot in the Select
Data File to Open dialog box.

The spectral data
file has an

Select Data File to Dpen

File Mame:

Directories:

|

imellns.spc C:AMy Documentsh__ Asteye— 4

extension of — Concel |
. SPC. First, w¢E timeZns.spe
imebns. Info
choose to plot the metnsspe 2 8 Tutorial —l
data from the 0.1~ 7 steve ﬂl
ns model. -
2 O . / Drives:
CI ICk O K. = c: j
List Files of Type:
ISpectrum [=.SPC) j
A crude spectrum Arguments
appears on the
blank central area
in the Run
Experiment window:
i DataMax == E
File Edit Wiew Collect Peaks Search Avithmetic Options Help

]

i ] 1 A e [N =L =] 8 (2

Counts

20E+04-

T
480

File #1 : TIMEOTNS# @ O Seconds

Wavenumber (cim-1) Cwerlay ¥-Zoom CURSOR
Res=Mone

Secale All

||§|| TMEDINSRT | | [ ®-Zoom [ CURSOR [10M201 |

HOTPM |

8-52




Lifetime v. 2.0 (1 May 2001) Tutorial

271 In the View drop-down menu, choose 3-D View:

—

W] | TWMEDINS# | | [ ¥-Zoom | CURSOR | 10M2/01 | 310PM

The screen changes to a “3-D View”:
D ataM

W) | ThEQTNG# | | | %-Zoom | CURSOR||iom2m [SeP@ |

22 Click the Scale All Axes button.
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A three-dimensional view appears more clearly:
i DataMax ==

File Edit “iew Collect Peaks Search Arthmetic Options Help

1 Pl e A= | =] @ 2 W
20E+05-]
T 1]
80
CountsMavenumber (cm-1) Hide3D ¥-Zoom CURSOR
File# 1:TIMEDTNS# @ 0 Second Res=MNone
||§|| TMEOTNS# | | | ¥-Zoom | CURSOR | 104201 | 3:20PM | |

23 Click the hand icon, and place it on the plot.

With the left mouse-button down, change the axis angle.

24 Choose View, Limit Controls, Flip Z Limits.

File Edit | Yiew Collect Peaks Search Asnthmetic Options  Help

@ [52] 1 ppAR] [ 2] 8 2

Wiew Wizard

Overlay Wiew
3D View

T able Yiew
FErint Yiew

Load... Crl+
Load w/ Data...
Store...

Add Object. .. Clrl+,
Modify Object...  Cirl+hd
Fiemove Object... Shift+Del
Wiew Lock...

AYZ Settings...  Chrlx
Reverse x Limits  Shift+FE

‘whole Trace F5

Limit Controls

Autoscale Y Al+FS
LCenter Trace  F3

Trace Mode... F4

EEEDUEED RadarView  AlsF3
Image Toggle Al+FE ¢
G37711 FlipZ Limitz ~ Ctrl+F&
480 v Scroll Lock Scrall
24 Zoom Ins
CountsAavenumber (crm-1) dzaw U Hide3D Z-Zoom SCROLL

v ZorXy Zoom Both

Filed 1:TIMEDTNS# @ 0 Seconds Res=None

||§| | Reverse the Z axis for viswing behind TIMEDTNS#1 |
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This may aid viewing the time-resolved peaks in the fit.

25 Now adjust the plots for 2 ns and 6 ns.

@ DataMax M=

File Edit “iew Collect Peaks Search Arthmetic Options Help

iR R =N EE 0

CountsAVavenumber (cm-1) Hide3D Z-Zoom SCROLL
Filed 1:TIME2NS#5 @ 5263158 Seconds Res=Mone
||§|| TMEZMS#E | | | Z-Zoom | SCROLL | 10M201 | Z40PM | |

Lifetime-resolved spectrum for 2-ns model. Z-interpolation = 512.
@DalaMax M=

File Edit “iew Collect Peaks Search Asithmetic Options  Help

] T e [N =] 8 e

480 (525.85
CountsAWavenumber (cm-1) Hide3D ¥-Zoom SCROLL
File# 1:TIMEEBMS#3 & 6315789 Seconds Res=Mone
||§|| TMEENZ#3 | | | v-Zoom | SCROLL | 104201 | Z43PM | |

Lifetime-resolved spectrum for 6-ns model. Z-interpolation = 512.
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Anisotropy-decay acquisition of perylene in
glycerol

Introduction

This anisotropy-decay acquisition examines perylene, a yellowish solid organic com-
pound, dissolved in glycerol.

If desired, start the system in a steady-state layout, and run the excitation and emission
spectra for perylene before starting this experiment. Refer to the Fluorolog®-3 Opera-
tion Manual and DataMax Software Manual for more information on running these
scans in DataMax.

Equipment required:

Perylene (99+% Gold Label) [CAS # 198-55-0], can be acquired from Aldrich
Reagent-grade methanol [CAS # 67-56-1]

Reagent-grade glycerol [CAS # 56-81-5]

125-mL round-bottom flask

Laboratory hotplate with magnetic stirrer

UV-Visible spectrophotometer (optional)

One 1-cm quartz cuvette

Temperature bath or Peltier device for Tau system

‘Waming: Perylene is a carcinogen. Other reagents may be harmful.
Read all Material Safety Data Sheets and take all appropriate precau-
tions. Wear safety goggles and protective gloves when handling these
substances.

Start-up

Follow the procedure listed in steps 1-8 of the POPOP-versus-Ludox” tutorial on pages
8-2 through 8-3.
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Sample preparation

1 Ina 125-mL round-bottom flask, dissolve < 1 mg
of perylene in approximately 1 mL of reagent-
grade methanol.

2 Evaporate off the methanol, leaving a thin film of
perylene on the bottom of the flask.

3 Add 100 ml of reagent-grade glycerol to the
flask with the perylene

thin film. Gently heat ‘
(~50°C) and stiron a Warning: Take appropriate

precautions with unat-
laborato ry h otp late tended laboratory equip-

overnight. ment;
4 Letthe glycerol solution cool.
O Transfer the solution to a 1-cm quartz cuvette.
6 Measure the emission spectrum of this solution.

a Use 5-nm excitation and 5-nm emission bandpass slits; excite at 440
nm.

b Scan the emission from 455 to 500 nm.

C If the emission signal (without polarizers in place) is > 4 million cps, ad-
just the slits to smaller bandpass or dilute the sample with more glyc-
erol.

d Optional: If a UV-Visible spectrophotometer is available, obtain the ab-
sorption spectrum of the perylene in glycerol. The OD should not ex-
ceed 0.05.
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Selecting and adjusting lifetime hardware

Follow the directions listed in steps 1-5 on page 8-5.

Defining the experiment parameters

1 Follow the directions on page 8-6 in the
POPOP-versus-Ludox® tutorial.

2  Set the temperature controller to 30°C.

3 Click the EX1 radio button. —— JSem

This selects the excitation monochromator in the Slits

Side Entrance

dialog box. Enter 6.0 for the Side Entrance and 0.5 mm oo [
for the Side EXxit. Set the optional intermediate slit to 6.0 Side Exil
mm. Wait after each adjustment to allow the slit to change,
before adjusting the next. ~Sliks fram]
O Exty @IEHT;
) ) I
4 Click the EM1 radio button.

Side Entrance
This adjusts the S-channel emission monochromator. Enter B.0000 [
7.0 mm for the entrance and 7.0 mm for the exit slit. Set Side Exit

. . . : ™
optional intermediate slit to 7.0 mm. £.0000 ad

5  Place a 400-nm cut-on filter on the external T-
channel box, and a filter on the appropriate side
of the cuvette, on the sample changer.

With an optical filter, there are no slits to adjust on the emission T-channel.

O  Set the system’s parameters.

~ Monoz [nm]

o Increment
a Set the excitation monochromator to 406 nm. _E

/fl:glaams.nnnn %
b Set the emission monochromator to 466 nm. EMT {55

C Set the integration time to 1.0 s.

[nteagration [zec]

. (1.0000 =
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d Set the PMT high Higheltage |
voltages:

e S =0 (notused)
e R=425
e T=900

If the HV On box is not checked, click HV On to send voltage to the detectors.

e Follow steps e through h on pages 8-8 and 8-9.

f Follow steps j through 1 on page 8-9.
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Experiment setup and measurement

1 Activate the Anisotropy Decay Acquisition dialog

bOX H & Instrument Control Center - LAYOUTO5. LAY =] E3
In Instrument Control System fpplications  Help
Center,

W@l? T

The Lifetime and ISA Graph windows open.

R

&  Click the Tau
button.

b In the Lifetime window, choose Collect.

A drop-down menu appears.

C

Click Experiment.

Lifetime

Eile | Collect Help
Experiment
E Hal Wiflia ] (Ef==ip | [e|ete o |
" Sequence Log e
D ataFile: Frequencies: |
Start Freq.: 100 EndFreq: 500 Frequency: 300
Indew: 1 OF 93
i fve ‘#’unk ‘i’ ztd Mok Mstd

| | | |
I 5 N B £

Average: | | | |

StdaC SidDC UnkaC  Unk DC Fef4C  RefDC

" Summary Table

MHzl ¢ () M () T¢ &) TM N
I rs

EEEEEREEE

—
=

=
-

—
M

The Lifetime Acquisition dialog box opens.
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Lifetime Acquisition |
CADATAbAMIE2T  enp DataFile. . | I Bun
Start Freq [MHz] [1.00 End F_req [MHz] 110000 ?Utﬂ
Mumber of Fregs 'IIZI— ITr':It:Egratlnn (] w E?.::.E r Save
Sequence——————— Quick -
’7 CLinear  * Log Sean Lanos|
Use Bath [~
atdEx[om]  [350.000 Unknawn Ex[nm]  [420.000
Std Emlnm] (350000 Unknawn Emf{nm] 420,000 22 LUpE
Frocess by
’75 Discrete Pairs  Intereaye Sequence... Signals... | Slitz... H [on]
. Set Pt Std.
Min Awg |3 Dew[z (050 Standard Unknown |2 j
Max dwg |7
Std Lifetime [hz]
—Sample and Real Time Proceszsing Info
Lifetime Acquizition Shutter. . |
Setup File... | I
— Start Time E ztimated e
* Immediate ¢ Delay Tirne 0F) 52D
d Click Exp Type....
The Select Experiment Type dialog box opens:
€ Click the Polarization checkbox.
Select Experiment Type |

New experiment types
appear in the list. Lifetime Acquisition

Time Rezolved Acquizsition

Anizotropy Decay Acquizition
f Choose Anisot- —7
ropy Decay.

J  Click OK: P x|

The Select Experiment Cancel
Type dialog box closes;

the Acquisition dialog box changes into an Anisotropy Decay Acquisition dialog
box.
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2  Set the following parameter fields:

Anizotropy Decay Acquisition E
Experiment... | IC:\DATAMAX\deQS.exD QataFiIe..ﬁ"l:. Bun
Start Freq [MHz) |5 End Freq [MHz] 120 Auta
Integration ' _
Mumber of Freqs |24 e o ) Exp
Quick r
Linear Log Scan LCancel N
Excitation [rm) 406 Emizzion [nm] AGE —
Eon Tune
Process by I | |
(=g n_
 Digcrete Pairs & Interleave % i | - I ... | IR ) | .
E Set Pt Std.
Min Avg Dev[z] (05 Unknaowar
Maw fvg F
Steady State G o
Factor (/i) 11002 Lifetime [4.75
ample and Heal [ime Frocessing [nto L
IAnisotropy Decay Acquisition of perylene in oil Shutter... |
Setup File... | I
Start Time E stimated .
IV & Immediste " Delay | Time 0:33:36

a

a.

o

—ERT T TQme a0

3

DataFile

Integration Time
Start Freq (MHz)
End Freq (MHZz)
Number of Freqgs
Sequence

Set Monos

Process by

Min Avg

Max Avg

Set Pt. Std. Dev.(%)
Steady State G Factor

. Lifetime

Click the DataFile... button to open the dialog box.

Enter a name in the desired subdirectory. Or, type a file name directly in the
DataFile field. Let the system append the proper extension (. dat) to the file

name.

b
C

e Start Freq (MHz): 5
e End Freq (MHz): 180
e Number of Fregs: 24

Sequence: Log

e [Excitation = 406
e FEmission = 466

Process by: Interleave

Set the monochromators:

Set the integration time to 8 s.
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9

Steady State G Factor: Enter
the predetermined G factor;

for this system, we found G
=1.002.

Min Avg: 3
| Max Avg: 5

Set Pt. Std. Dev.(%): 0.5

Tutorial

£ 4

== Note: With filters, do not use
G = 1.000 exactly, for a dis-
torted spectrum can result.

Lifetime: Enter 4.75 (units are ns) for perylene in glycerol. This was

found from a steady-state experiment.

| As desired, enter one line of
text in the Sample and Real
Time Processing Info field.

Ci_

Note: Do not change the
default values of any
other field in this section.

]|

Signal Choice

Tl Choose the correct signals to record.
e Click Signals.... S8R
The Signal CWF T80
e Choose T&R.: 5T
This is reverse L-format. 745
e Click OK. L R
The Signal Choice window closes.
Cancel |
Slits
N Choose the slit
settlngs. Entrance Exit Intermediate
e Click Slits.... o B |o.500 [6.000
The Slits dialog Emission 1 [6.000 [6.000 [6.000
box opens.
e Set the slits as
shown.
e Click OK. Sirits——fmm =
LCancel |
O Click Run to start

the experiment.

As set up, the run time is ~ 30 min.
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Modeling the data

Tutorial

LAYOUTOS. LAY [M[=]

1 L"! fd Instrument Control Center -

Select the Run
Lifetime
program from
the Instrument
Control Center—

‘.'.j, Model Windows Application - Model

Suztern  Application:  Help

W@ILML_

Fun Lifetime

Thls Oper-ls the File | Model Yiew Help
Model Windows =L Lo
Applicatlon —_ Time resolved

Lifetime resolved

Model window:

72  Select

y Anizotropy decay

¢ Parameters...
i B

Select Lifetime model

|I_.vi‘1;et'img
Anisotropy decay.
This opens the Lifetime Model window:
3 Guess one w Lifetime Model =1 3
rotational Input File: C:\PERANI2Z.DAT
com pO ne nt Lifetime Components ]’&nisutmp}l Components
i # Components
exists. e e
a "~ Fractional Amplitudes /[ Lifetimes [nz] ]
(?hO'OSC 0 Fract.1: Tau 1: [ Fixed
lifetime.
Fract.2: Tau 2:
Fract.3: Tau 3:
b Set the frac- Fract 4 Tau 4:
tional ampli- y /
tude to 1, Chi Square: / Run Model |

8-64

/




Lifetime v. 2.0 (1 May 2001)

Tutorial

and make it fixed.

Set the previously determined lifetime fixed to 4.75 ns.

Click the Anisotropy Components tab.

m Lifetime Model M =] B3
Choose 1 Input File: C:APERANIZ DAT
anisotropy Lifetime Components T&nisutmp}l Components ]
component~_

# Components ]

®1 0203 C4 /,“n'
Try Ry = | ional Amplitudes " Comelation Times [nz]
0.4. ;wDr Fixed [~ Fixed

| Fract. 2:

Set the / Fract. 3:
fractional =
amplitude - )
to 1, but Chi Square: Bun Model
not fixed.

/

Guess a correlation time = 5 ns, not

Click Run Model.

Below is the result, using 45 data points from 1 to 180 MHz:
Note the odd fractional

amplitude, which is > 1y

. Lifetime Model
Input File: C:A\PERANI2 DAT

I [=] E3

QLifetimE Components

I omponents
@NC2 C3C4

B Fractil}gl Amplitudes

T&nisutmp}l Components

| [ Correlation Times [ns]
Fract. 1: :1-']2 ||_ Fixed Phi 1: [ Fixed
Fract. 2: Phi 2:
Fract. 3: Phi 3:
Fract. 4: Phi 4:
Chi Square: 046

On the next page is the fit:
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I5A Graph
File=  Edit

Lifetime
1.0
= L 0.8
[nk}
@
= 06 o
= =
o g T
[1sd
i
o L 0.2
—~—+ 0
1000
CAPEROHE.DAT
0.1
o =
" g
oo

Graphs  Optiohz  Scale

Tutorial

Note the systematic deviations > 50 ﬁHz, indicating an improper fit, and perhaps a
missing shorter component. Thus, the single-rotor model is inadequate to describe

perylene dissolved in glycerol.

Guess two rotational components exist.

w. Lifetime Model

Input File: C:A\PERAMI2. DAT

IS [=] B3

Leave the
lifetime \)(Lifetime Components

T&nisutrup}l Components

components set
to 1.

Select two /

components.

## Components
1 @2 (13 (4

Fractional Amplitudes

Fract. 1: I— Fixed
/l!ra-::t. 2: I_ Fixed

Fract. 3:
Fract. 4:

Try two
fractional
amplitudes, 0.3

Ro04 |
Cormelation Times [nz)
Phi 1: [ Fixed
Phi 2: [ Fixed

Phi 3:
Phi 4:

Chi Square: 0.46

l Run Model

and 0.7, both not fixed.

Try two correlation times, 0.5 ns and 4.0 ns, both unfixed.
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Click Run Model.

Here is the result, using
45 data points from 1 to
180 MHz:

Note that Chi Square
is reduced by a factor of
three:

I5A Graph
File Edit Graphz Options Scale

Fhasel(degrees)

w. Lifetime Model
Input File: C:APERANI2 DAT

=] E3

Tutorial

Lifetime Components

T&nisntmp}l Components

# Components
C1 @2 (3 (4

Fractional Amplitudes

Fract. 1: |_ Fixed
Fract. 2: [ Fixed

Fract. 3:

Re033 |
Cormrelation Times [nz]
Phi 1: [~ Fixed

Phi 3:
Phi 4:

Chi Square: > 0,16

CAPERANE2.DAT

FPhase

Frequency (MHzZ)

—— [
1000

0.1

oo

Wi

PO

Note the improved fit and the small random erlfors > 100 MHz. We conclude that there
are two types of perylene rotation: in-plane (0.62 ns) and out-of-plane (3.50 ns). The

in-plane rotation is faster, because it displaces fewer solvent molecules. Adding a third
component to the fit does not improve the fit.
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9: Accessories

Tau-3 systems may be used in steady-state mode with any accessory for the Fluorolog®-3 system.
This chapter focuses on dynamic (lifetime) accessories for the Fluorolog®-Tau-3 only. Refer to the
Fluorolog®-3 Operation Manual for specific information on accessories used for steady-state
measurements.

For up-to-date information on all available accessories, including new accessories released after
the publication date of this manual, or to find out more information about a particular accessory,
contact your local representative or go to our web page, http://www.jyhoriba.com/fluor.

Fluorolog®-Tau-3 Accessories for Lifetime Applications

Item Model Page
22.5° front-face viewing accessory FL-1001 9-2
Dual xenon lamp housing (CW and flash lamps) FL-1040 9-3
Emission filter holder and spatial filter FL-1031 9-4
Emission PMT detector, for lifetime measurements FL-1029 9-5
Filter holders, for excitation and emission light-paths FL-1010 9-6
Filter set, cut-on, 1" x 2" (370, 399, 450, 500, 550 1938 9-7
nm)
Four-position, automated thermostatted cell holder FL-1011 9-8
Globals Unlimited™ Software 9-9
Liquid-nitrogen Dewar accessory FL-1013 9-10
Liquid-nitrogen automated dual Dewar accessory FL-1041 9-11
Phosphorimeter accessory FL-1042 9-12
Polarizer, dual auto FL-1044 9-13
Polarizer, third for T-format FL-1045 9-14
Sample heater/cooler Peltier thermocouple drive F-3004 9-15
Solid sample holder 1933 9-16
T-channel optics for 2™ emission channel FL-1002 9-17
Temperature bath, programmable F-1000 or F-1001  9-18
Two-position, automated thermostatted cell holder FL-1012 9-19
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Model FL-1001 22.5° front-face viewing ac-
cessory

Optically dense samples, films, and solids cannot be measured using the traditional
right-angle geometry. Rotating the sample to 45° can be used to measure these samples,
but this introduces a large amount of scattered light into the measurement. The front-
face accessory provides a choice of collection positions—either right-angle or front-
face. In front-face mode, light is collected at 22.5° from the sample and directed to the
emission monochromator. This accessory may be used only on the S side of the instru-
ment.

When performing lifetime measurements on an unknown in front-face mode, the stan-
dard should be a fluorophore reference standard either in the unknown’s format or in a
cuvette. Scattering samples may not be used as a standard for front-face lifetime
measurements.
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Model FL-1040 dual xenon lamp housing

The FL-1040 is a lamp housing that contains both a continuous-wave (CW) xenon
source and a xenon flash lamp. Selecting between the two sources is as easy as a turn of
a knob, which changes the orientation of the collection mirror from one source to the
other. The FL-1040 contains the power supplies and power connections for both lamps
internal to the lamp housing. Also included are the modules and controller for phospho-
rescence measurements.

For fluorescence lifetime measurements, the CW xenon source (or an external laser
provided by the user) may be used. For delayed fluorescence or phosphorescence
measurements on the microsecond-to-second timescale, the xenon flash lamp and
phosphorimeter may be used. Measurements of decays with the phosphorimeter are
done using the pulsed method. Refer to the Model FL-1042 phosphorimeter accessory
below for more information.
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Model FL-1031 emission filter holder and
spatial filter

This emission filter-holder and spatial filter allows an emission lifetime detector to be
mounted directly to the sample compartment without an emission monochromator in
the light path. As the name implies, this accessory contains a filter-holder for 2" x 2" or
1" x 2" filters, and sets the emission detector at the appropriate focal length for the
emission beam from the sample. The accessory also has a manual shutter to protect the
detector from saturation.

This accessory is a basic tool for lifetime measurements when filters are used to select

the appropriate emissions from the standard and unknown (either in the sample com-

partment or on this accessory), rather than an emission monochromator. Advantages of

this method are:

» The narrow bandpass of a monochromator is generally not required for most life-
time measurements.

* Properly chosen filters exhibit much higher throughput than a monochromator.

Choose this accessory when more signal is required from the sample in order to make
measurements.
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Model FL-1029 emission PMT detector for
lifetime measurements

The FL-1029 is the emission photomultiplier-tube detector for lifetime measurements.
A second emission-PMT detector for lifetime measurements is added to a lifetime sys-
tem primarily for T-format collection of anisotropy decays. This is the best method for
anisotropy decay measurements, for it corrects for most of the artifacts that can affect
the data through simultaneous collection of VH and V'V for the decay. Other uses for a
second emission lifetime PMT are when different monochromator configurations or
grating types are used on an instrument, requiring more than one detector.

The FL-1029 includes the PMT housing and an R928P PMT selected for photon-
counting measurements. This detector requires FL-1002 T-Channel optics for the 2nd
emission channel, used on the T-side of the instrument, and the FL-1031 emission filter

holder and spatial filter, if used on the T-side without an emission monochromator on
the T-side.
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Model FL-1010 filter holders for the excita-
tion and emission light paths

These manual filter holders may be used to mount 1" x 2" or 2"-square filters in the ex-
citation or emission light paths. Several accessories contain filter holders with the ac-
cessory (the FL-1031, FL-1011, and FL-1012). The FL-1010 may be used to hold fil-
ters for anisotropy-decay scans and lifetime-resolved scans, in which only the unknown
is being measured. For lifetime scans and time-resolved scans, in which a standard and
unknown are being measured, consider geometry and samples when deciding where to
place filters for the acquisition. For example, when using a two-position sample-
changer with two samples with different excitation and emission characteristics, use the
filter holders on the sample changer itself.

The FL-1010 contains three filter-holders, one for the excitation light path, and two for
both emission light paths (S & T).
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Model 1938 cut-on filter set

The Model 1938 cut-on filter set consists of five 1" x 2" filters with different cut-on
wavelengths: 370, 399, 450, 500, and 550 nm. These filters are recommended for use
with the FL-1011 and FL-1012 multi-position cell-holders in lifetime systems for life-
time acquisitions. When these holders are used, the filters are placed on the cell-holder
at the sample positions to select the proper emission from the standard and unknown.

Jobin Yvon Inc. also offers a Model 1939 filter set with 2-inch square filters with the
same cut-on wavelengths. These filters are too large to be used with the FL-1011 or
FL-1012, but may be used with manual filter-holders or with the FL-1031 filter-holder.

Use these filters so that the emission detectors see only the emission from the sample
for lifetime measurements. An example of this is POPOP versus glycogen (a scattering
material). In this case, a 400-nm cut-on filter is placed on the POPOP sample position
to select the 420-nm emission peak, while removing the Rayleigh band. No filter is
placed at the glycogen position, because the Rayleigh band is the scatter signal of inter-
est.

Cut-on filters are also used to eliminate second-order effects of the gratings. For exam-
ple, if sample excitation is at 300 nm, a second-order peak will occur at 600 nm. If the
emission spectrum extends from 400 nm to 650 nm, a sharp spike will occur at 600 nm.
This peak is the second-order peak of the excitation spectrometer. To remove this un-
wanted peak in the emission spectrum, place a 370-nm filter in the emission slot.
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Model FL-1011 automated four-position
thermostatted cell holder

The Model FL-1011 Automated Four-Position Thermostatted Cell Holder provides four
standard cuvette positions on an automated sample changer. The active cell is thermo-
statted to keep a sample at a constant temperature from —10°C to +80°C. The tempera-
ture of the sample is maintained by an external circulating temperature bath, such as the
F-1000, purchased separately.

The holder also includes a magnetic stirrer, enabling mixing a turbid or a viscous sam-
ple while positioned in the light beam. Control for the stirrer is conveniently located on
the front of this sample mount.

The FL-1011 (and the FL-1012 described later in this chapter) is a mainstay for lifetime
systems, which inherently require a standard and an unknown for lifetime measure-
ments. The lifetime and time-resolved scan modes are set up to take advantage of an
automated cell changer, to reduce the amount of user interaction required during an ac-
quisition. The FL-1011 and the FL-1012 include filter holders for each cell position, so
that specific filters may be applied to certain samples during a measurement.
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Globals ™ Unlimited software

This software package, written by the Laboratory for Fluorescence Dynamics Group at the Univer-
sity of Illinois—Urbana, contains algorithms to fit advanced decay models. Use Globals™ to model
energy transfer, non-discrete decays, quenching, and other complex decay mechanisms not sup-
ported with the modeling software in DataMax.

9-9




Lifetime v. 2.0 (2 May 2001) Accessories

Model FL-1013 liquid nitrogen Dewar acces-
sory

In some experiments, samples are frozen at liquid-
nitrogen temperature (77 K) to observe fluorescence,
delayed fluorescence, or phosphorescence. The liquid-
nitrogen Dewar accessory is used to freeze and maintain
the temperature of the sample for this type of measur-
ement. For the Fluorolog®-3, the Dewar flask is placed
on a pedestal within the sampling module of the spectro-
fluorometer. The sample is placed in a quartz cell and
slowly immersed in the liquid-nitrogen-filled Dewar
flask. A white Teflon® cone in the bottom of the Dewar
flask keeps the quartz sample-tube centered in the
Dewar flask, while a Teflon™ cover on the top of the
Dewar flask aids in centering the quartz sample tube,
and holds excess liquid nitrogen consumed during the
experiment.

A special sample cover replaces the standard sample lid,
so that liquid nitrogen can be added conveniently to the
Dewar flask as needed. The Dewar flask holds liquid
nitrogen for at least 30 minutes with minimal outside
condensation and bubbling. A dry-nitrogen purge port for the sample compartment is
included to reduce water condensation.

Included in the FL-1013 Liquid Nitrogen Dewar Assembly are the quartz Dewar flask,
sample tube, pedestal, and light-tight lid.

Lifetime acquisitions performed with this accessory generally use the Quick Scan fea-

ture in DataMax, which only requires one swap of sample (or sample mount) during the
lifetime run, as opposed to swapping at every frequency point.
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Model FL-1041 liquid nitrogen automated
dual Dewar accessory

Designed specifically to automate lifetime measurements on samples at low tempera-
tures, this accessory consists of two liquid-nitrogen-Dewar accessories mounted on a
two-position sample-changer base. A special sample cover is also included to replace
the standard sample lid, to allow the addition of liquid nitrogen to the Dewar flask as
needed.

Dewar flasks may be selected automatically within the software to move to the active
position in the sample compartment. During lifetime measurements, these Dewar flasks
are swapped to a two-position automated cell-holder, to switch between the standard
and the unknown. An appropriate standard is chosen that can be measured in a Dewar
flask at liquid-nitrogen temperature (77 K) in order to minimize artifacts caused by this
sample geometry. Using this accessory can help to minimize the errors and time re-
quired by using the Quick Scan feature and swapping sample mounts for this type of
measurement.

Please refer to the description for the FL-1013 liquid nitrogen Dewar accessory below
for more information on the two Dewar flasks included on the FL-1041.
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Model FL-1042 phosphorimeter accessory

A

The phosphorimeter adds the ability to perform phosphorescence or delayed fluores-
cence measurements using a programmable pulsed-excitation source and selectable
signal gating from the signal photomultiplier tube. This provides time-discrimination
capability to remove competing luminescence emissions based on their lifetimes. The
FL-1042 consists of a dedicated xenon flash-lamp housing, acquisition controller, and
related electronics. The FL-1040 dual-lamp housing is required.

The duration of each exciting pulse from the
phosphorimeter is relatively short (about

3 microseconds), making this accessory useful
for measurements of phosphorescence lifetimes
on the microsecond-to-second timescales.
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Model FL-1044 dual auto polarizers

Dual autopolarizers on the Fluorolog®-Tau-3 add the capability for the measurement of
anisotropy decays, otherwise known as dynamic depolarization. Measurements of time-
resolved emission anisotropy (TREA) provide information about the rotational behav-
ior of molecules. Molecular size and shape, as well as the viscosity of the medium in
which the fluorophore is rotating, may be studied with this technique.

Each FL-1044 polarization kit includes two Glan-Thompson UV polarizers mounted in
fully-automated computer-controlled mounts. Polarizers can be positioned horizontally,
vertically, at the magic-angle settings of 35° and 55°, or at any other user-defined posi-
tion. Glan-Thompson polarizers offer a much wider transmission range and greater sta-
bility than film polarizers.

The polarizers are completely controlled through the DataMax software, from insertion

into the light path, to running calibration on the crystals, to conducting complex acqui-
sitions of anisotropy decays.
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Model FL-1045 automated third polarizer for
T-format

A third polarizer may be added when the T-box sample-compartment module is config-
ured with both emission paths active. This allows simultaneous measurement of verti-
cal and horizontal emissions during anisotropy-decay measurements, reducing the
amount of time required for these acquisitions, and removing artifacts that may be cre-
ated by not taking VH and VV simultaneously.
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F-3004 Sample Heater/Cooler Peltier Ther-
mocouple Drive

For rapid control of the sample’s temperature in the Tau-3’s sample compartment,
choose the F-3004 Peltier Drive. Instead of messy fluids, the Peltier device heats and
cools the sample thermoelectrically and fast! The temperature range is —10°C to
+120°C. To prevent condensation of moisture on chilled cuvettes, an injection port for
dry nitrogen gas is provided. All software is included, along with a controller and stir-
ring mechanism.

F-3004 Sample Heater/Cooler Peltier Thermocouple Drive.
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Model 1933 solid sample holder

The Model 1933 solid sample holder is designed for samples such as thin films, pow-
ders, pellets, microscope slides, and fibers. The holder consists of a base, upon which a
bracket, spring clip, and sample block rest. The user may rotate the holder for optimal
alignment of samples for measurements. Although this accessory can be rotated to 45°
for measurements, it is recommended that this accessory be used in conjunction with
the FL-1001 front-face viewing accessory to view the sample mounted on the Model
1933 at 22.5°.

9-16




Lifetime v. 2.0 (2 May 2001) Accessories

Model FL-1002 T-channel optics for 2™
emission channel

This accessory includes the necessary optics and electronics to complete the T-channel
2" emission for use with a detector. The only items not included in this accessory are
the emission detector, and the emission monochromator or spatial filter holder used in
this emission path.
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Models F-1000 and F-1001 program-
mable temperature bath

The F-1000/1 is offered as an accessory
for maintaining sample temperature as
well as for automating the measurement
of temperature curves and other heating-
or cooling-related assays. The bath is
controlled by the host computer via a
single serial (COM port) link. The bath
may be used with water or a solution of
ethylene glycol to control sample
temperature from about —15 to +80°C.
The F-1000 requires 110 V/60 Hz and the
F-1001 uses 220 V/60 Hz line voltage.

A sensor mounted in the thermostatted
cell-holder or sample-changer may be
used to monitor the temperature at the
sample. Monitoring the temperature in the
water bath is also possible. Ask Jobin
Yvon Inc.’s Fluorescence Applications
Group about custom sensors for
monitoring temperature within the sam-
ple.

For lifetime systems, the automated
temperature bath may be used to generate
temperature curves for global analysis of
lifetime or anisotropy-decay data. The
bath is fully controlled by DataMax soft-
ware.
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Model FL-1012 automated two-position
thermostatted cell holder

This accessory is identical to the FL-1011 automated four-position thermostatted cell
holder except it has two cell positions 180° apart. Refer to the description of the FL-
1011 for more information on the use of this accessory with lifetime systems.
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10: Troubleshooting

Because the lifetime system has many user settings and adjustable power supplies,
many apparent system failures are simply problems with the experimental setup, sam-
ple geometry, or choice of sample. If the symptoms indicate that a problem may be a
system failure, contact the Fluorescence Service Department, or your local distributor.

Refer to the Fluorolog®-3 Operation Manual and the DataMax Operation Manual for

help with troubleshooting problems in steady-state operation. This chapter is intended
to isolate and solve problems regarding lifetime (dynamic) operation only.
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Basic troubleshooting steps

When an apparent problem is first observed, follow the basic steps and suggestions out-
lined below to troubleshoot the initial problem. In many cases, shutting down the sys-
tem, carefully restarting, and redoing an experiment helps to remove an unseen or out-
side issue that was causing the apparent problem.

If the suggestions that follow do not help to remove the problem, note the steps that led
up to the problem, and proceed to the next section.

1 Reboot.

If this is the first time the problem has occurred, try restarting the system. Turn
off all components and accessories. After a cool-down period, turn the system
on and see if the failure persists. Many apparent software and hardware prob-
lems are actually conflicts with other software or peripheral devices currently
active on the system. For information on the proper start-up and shutdown se-
quence, please refer to Chapter 3: Getting Started.

2  Check the connections.

With the power to all components and accessories turned off, make sure all ac-
cessories and cables are attached and configured properly. Verify that line cords
provide the proper input AC voltage, and that all appropriate accessories and
power supplies are powered ON during use of the system.

3 Verify system performance.

Following the instructions in Chapter 3. Getting Started, verify that the system
is properly calibrated in steady-state mode. Check that the system operates
properly in lifetime mode by running a scan of a standard fluorophore versus a
scatterer. Print out each spectrum, and note the peak intensities and wavelength
positions for the steady-state scans, and the lifetime and reduced y* for the life-
time measurement.

4 Duplicate the error.

Try to duplicate the problem, and write down the steps required to do so. Our
service engineers will attempt the same with a test system. Depending on the
nature of the problem, a service visit may not be required.
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Problems and solutions

Each problem is explained in a later section of the chapter, with suggestions for how to

Troubleshooting

solve it and how to avoid it in the future.

Communications problems

No signal or very low signal

Detector is really saturated, but dis-
plays very low signal

Saturated signal

No modulation

Modulation >1 at low frequencies

Noisy or erratic phase or modulation
data

Poor lifetime results

Poor anisotropy-decay results

Loose connections on cables

Lifetime rack turned off

Improper power-up sequence

Windows™ conflicts

Improper software layout loaded

Loose connections on cables

Lifetime rack or one of its components turned off

HV Bias or RF amplifier switched off or improperly adjusted
No HV supplied to emission detector

Improper start-up sequence

Improper software layout selected

Pockels cell is not fully in light path or not aligned properly.
Lamp is not on

Improper experiment setup (slits closed, shutter closed, wrong
monochromator position, etc.)

Improper frequency setting
Poor choice of filters for sample being measured

Terminator missing on RF splitter when using only two lifetime
detectors

High voltage applied to detector is too high
Slits or iris open too wide

Loose cable connections between detector and splitter, or detector
and lifetime drawer

Lifetime rack not turned on

RF amplifier or HV bias not turned on or improperly adjusted
Pockels cell out of position or in need of adjustment
Improper frequency setting

No signal or low signal

Sample errors

Pockels cell out of alignment

Improper experiment setup (short integration time, low averages,
low number of frequencies, wrong wavelengths, improper slits,
etc.)

Poor choice of standard sample

Low signals or modulation

Poor choice of standard sample

Improper experiment setup

Low signals or modulation

Noisy or erratic phase or modulation data

Poor measurement geometry or choice of filters
Solvent effects

Improper modeling of data

Improper experiment setup

Poor measurement geometry or choice of filters
Polarizers out of alignment

Noisy or erratic phase or modulation data
Solvent effects
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Improper modeling of data

Communications problems

Problems with communication between the host computer and the SpectrAcq, or the
SpectrAcq and the lifetime-system components, can be common, especially when a
new host computer is set up for the system. Any changes in the configuration of the
host computer, or the addition of new components such as fax modems, network cards,
or new operating systems, can cause communications problems between the host com-
puter and the SpectrAcq controller.

Communications problems can be broken down into two types of difficulties:
» Failure to establish communication
* Intermittent communication failures during operation

1 Failure to establish communications is, by far,
the most common problem.

Determine if anything has changed the host computer configuration. If so, this
may be the cause of the communications problem.

72 Restart the entire system, including the Spec-
trAcq and the host computer.

While the system is shut down, verify that all connections are secure, especially
communcations cables and power cords. Restart the system in the proper se-
quence (see Chapter 3: Getting Started for the procedure), restart the software,
and often communication will be restored. Usually the cause of the problem is a
loose connection, a power switch in the OFF position, or a Windows™ [/O con-
flict that was corrected during the reboot.

@Note: While booting up the system, watch the floppy-drive-access light
on the SpectrAcq. The SpectrAcq should access the disk for 30 s to 1
min, loading drivers. If the drive light turns on and off quickly (< 10 s)
with no further access, or the light stays on continuously, then there may
be a problem with the boot disk itself.)

3 Try a different communications port on the host
computer for communication with the Spec-
trAcq.

To change the desired COM port, change the file SAQ. INT in the ISA_INI di-
rectory of DataMax™, to point to the appropriate serial port. Move the commu-
nications cable to the appropriate port on the host PC itself.
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Intermittent communications problems are usually caused by one of two issues:

4 Aloose connection between the instrument, the
SpectrAcq and the host computer.

5 A Windows™ /O conflict that has arisen during
the current session.

Both of these issues can be solved by switching off the system, checking cable connec-
tions, and rebooting the entire system.
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No signal or very low signal

We often hear from our customers that no signal or very low signal is observed on the
instrument. Our first suggestion to solve this problem is to go back to a standard sam-
ple, or preferably a scattering sample, to isolate the problem as peculiar to the instru-
ment, the particular sample, or experiment setup.

Instrumental problems

Instrumental problems usually are caused by not starting one of the lifetime compo-
nents such as the lamp, lifetime rack, RF amplifiers, or HV bias. In other cases, faulty
instrument setup usually is to blame.

1 Carefully review the instrument settings:

high-voltage bias to detectors, excitation and emission wavelengths, slit
settings, selected modulation frequency, shutter positions, etc.

2 Check that the system is set to the desired
mode:

dynamic or steady-state.

3 Verify the optical set-up:

Check that the Pockels cell is fully in or out of the light path, the laser mirror or
collimating lens is in or out of the light path, and the iris is in the proper posi-
tion.

4 Check that the measurement setup is correct:

Verify that a proper sample, filters, and software layout have been selected for
your desired measurement.

5 Switch off the complete system.

Carefully check cable connections, and reboot the system. A loose connection
or a software conflict can mimic a hardware failure.

Other tips for troubleshooting signal problems:

1 Make sure that the experiment settings match
the Real Time Display settings.

This may sound silly, but it does happen. Verify that the settings optimized in
Real Time Display before the experiment are properly transferred to the ex-
periment settings. Use the Transfer button in Real Time Display with Run
Experiment open.
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Troubleshooting

A saturated PMT may display low or zero signal
levels.

Reduce the HV bias to the detector to see if there is really too much signal.

A concentrated sample may be absorbing the
excitation before the focus.

This is the inner filter effect. Try using a dilute scattering sample to verify in-
strument performance, then check that the unknown is not optically dense, pre-
cluding a measurement in right-angle mode.

A 50-Q terminator may be missing on the RF
splitter.

This concerns users with one lifetime signal detector and one reference detector.
If switching between one and two lifetime emission detectors (S and T), make
sure that there are always three loads on the RF splitter. A 50-Q terminator is
placed on the third output when only one lifetime emission detector is used.

The RF settings have been changed.

The RF amplifiers and the HV bias are set at the factory, and optimized during
installation for best system performance (with the source we provide). Adjust-
ment of the output settings on these devices can have a detrimental effect on
signal. Contact Fluorescence Service if there is a suspicion that the RF settings
have been changed.
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Saturated (or very high) signal

Reduce the amount of light
Adjustments of the slit widths, apertures around the modulator box, high voltage to de-

tectors,

and even sample concentration or excitation/emission wavelengths can solve

this problem.

Slits and high-voltage levels

These are the easiest adjustments to make.

1

Narrow the excitation entrance slit and emission
slits.

Do this as desired to reduce the signal levels.

Reduce high-voltage bias levels.

Adjust slits and iris around the modulator box.

These are saved for last, for these usually are very narrow to begin with for life-
time measurements.

The sample

1

Use a neutral-density filter or screen to reduce
the emission signal from a sample.

Be sure the filter doesn’t fluoresce.

Lower the concentration of the sample.

Change the excitation or emission wavelength
of the sample.

This moves down the absorption or emission edge, to change the effective out-
put level while not changing the lifetime components.

Check hardware.

Hardware problems can mimic saturated signal. Switch off the system, check all
RF and signal cable connections, and then reboot the system with the appropri-
ate software layout.
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No modulation

A lack of modulation indicates that the AC component of the signal is missing. The
first question is whether the problem resides in the instrument or the sample. We sug-
gest using a scattering sample or a standard fluorophore to check the instrument, before
troubleshooting with the unknown. Depth of modulation is created by the lifetime rack
and its RF components. All components on the lifetime system must be on for the sys-
tem to work properly.

1 Check that the RF amplifiers and the external
DC high-voltage bias supply are ON.

2 The system must be set appropriately in lifetime
(dynamic) mode for good modulation.

Check that the Pockels cell is fully in the light path, the iris is closed down, and
slits are set properly for dynamic mode (especially the excitation entrance and
intermediate slits around the modulator box).

3 Be sure that an appropriate frequency has been
selected in the software.

Higher frequencies result in lower modulation values, and longer lifetimes re-
sult in lower modulation values at a discrete frequency. As an example, a sam-
ple of fluorescein will show very little modulation at 250 MHz, because it has a
lifetime of about 4.1 ns.

4 Lack of AC or DC signals may cause poor
modulation values.

Please see the troubleshooting sections above for further assistance.
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Modulation > 1 during acquisition

Modulation here refers to the demodulation factor measured during the lifetime acqui-
sition, not the modulation value observed in Real Time Display. The demodulation fac-
tor, labeled “modulation” in the experiment display, indicates the measured modulation
value for the unknown divided by the modulation measured on the standard, and then is
corrected to indicate demodulation as compared with a 0 ps lifetime. Therefore, a de-
modulation factor during the experiment greater than 1 should be impossible (because
it corresponds to a lifetime of < 0 ps).

There are two causes for this type of error.

Standard and unknown switched

If the phase angle > 90° throughout the experiment, then the standard and unknown po-
sitions in the experiment are probably mixed up in the experiment definition.

7

@Note: An improper standard (e.g., wrong lifetime) or a
poorly prepared unknown can cause this as well.

Misaligned Pockels cell

Finally, if this problem is still observed even after running a standard fluorophore ver-
sus scatter (see Chapter 3: Getting Started), then the culprit is probably misalignment
of the Pockels cell. See Chapter 11: Maintenance for suggestions on optimizing the
Pockels-cell alignment.
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Noisy or erratic phase or modulation data

High error-bars in the phase or modulation data are usually caused by poor experiment
setup, poor measurement geometry, or a weakly fluorescing sample.

Poor experiment setup

1 Use an appropriate integration time for the
measurement.

(usually between 6—24 seconds, depending on signal and complexity of the
sample).

2 Check that an appropriate number of frequency
points, averages, and standard-deviation toler-
ance has been set.

Set the experiment for 6 or more frequency points, depending on the complexity
of the unknown. Averages are usually set between 3 and 24, with a standard de-
viation around 0.5-1%.

3 Check other settings in the experiment defini-
tion.
They must match the settings found during balancing in Real Time Display.

Low signals or modulation levels
These are often the primary cause of erratic phase or modulation values. See the sec-
tions above for more troubleshooting information.

Choice of standard

The precision and accuracy of a measurement will only be as good as the standard. Er-
ratic phase or modulation (and corresponding lifetime results) is directly affected by the
quality and appropriate choice of a standard. Be sure that the standard is the correct
lifetime, at the correction excitation and emission wavelengths, and useful over the de-
sired frequency range. Refer to the lifetime chapter for help in selecting appropriate
standard.
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Poor lifetime results

A poor lifetime result is:

* Incorrect lifetime value(s), wrong number of lifetimes, or inappropriate fractional
contributions

« High # value

* Poor residuals

Each of these factors will be considered with respect to their effects on the measure-
ment parameters:

» The samples and measurement geometry

» Standard

* Experiment setup

*  Modeling the results

Incorrect lifetime value
Lifetime results are only as good as the samples and the measurement geometry se-
lected for the experiment.

1

Outside knowledge of the unknown is essential.

The excitation and emission characteristics of the sample can be measured on
the Fluorolog®-Tau-3. The concentration should be set to < 0.1 A, if possible,
for right-angle measurements through a 1-cm” cuvette. Know the sample’s solu-
bility characteristics, pH, photostability, and other appropriate information be-
fore a measurement, to choose the best geometry and the standard. Consider the
lifetime stability of the sample in different environments, such as varying tem-
perature, pressure, and pH.

Consider the solvent used for the unknown.

The sample must dissolve easily into (ideally) a homogeneous solution, and the
solvent should not contribute any artifacts (certainly no fluorescence emission)
to a measurement.

The measurement geometry should be appro-
priate.

Chapter 4: Lifetime Acquisitions considers different types of samples and ge-
ometries. A poor measurement geometry will lead to sub-optimal lifetime re-
sults. For questions or concerns in selecting a particular setup for a measure-
ment, please contact our Applications Group.

A poor standard may cause poor lifetime results.

For lifetime measurements, the standard is the basis for correcting instrumental
artifacts. Therefore, know the standard’s exact lifetime and its fluorescence
characteristics. The standard should be a well-characterized fluorophore with a
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single exponential decay or a scattering sample (0 ns lifetime). The standard
should be used only at appropriate excitation and emission wavelengths, across
its useful frequency range, and in an appropriate measurement geometry. For
example, the Applications Group frequently uses Ludox” as a standard. As a
scatterer, Ludox™ has a 0.0-ns lifetime, and is appropriate for right-angle-
cuvette-based measurements in de-ionized water. Ludox®, however, is known to
fluoresce in the deep UV, therefore, for measurements with excitation below
350 nm, we choose glycogen as a scattering standard, based on its fluorescence
characteristics.

O The experimental setup can cause poor lifetime
results.

Usually, a poor setup reveals itself in poor signal levels, poor modulation val-
ues, or erratic phase and modulation data. Review the suggestions from the sec-
tions above if you observe these problems, before proceeding further in this sec-
tion.

Check the instrumental setup, to make sure that the components are set in dy-
namic mode (slits, iris, Pockels cell, laser mirror, supplies, etc.). Review the ex-
periment definition to verify that the entire scan definition is appropriate.

@Noz‘e: Make sure the samples are in the sample-changer posi-
tions indicated in the scan definition, otherwise unexpected re-
sults may occur. Be sure that the correct standard lifetime is
defined in the scan.

High 7’ value

Modeling the data is the last step in a lifetime measurement. The results (and the 7
are only as good as the model defined by the user and the method used for the model.
The modeling program supplied with DataMax performs non-linear least-squares
analysis on frequency-domain lifetime data with the option of using fixed or variable
errors. The user may choose up to three discrete lifetime components and their associ-
ated fractional contributions for the decay scheme.

When modeling data, start from the least-complex model and move to more-complex
models only when a significant improvement in the reduced * value is observed. This
means that, unless outside information on a sample is known, a less-complicated decay
scheme is more plausible than a more-complicated one, given the same reduced y*
value.

During modeling, non-linear least squares analysis moves across the error surface look-
ing for a statistical local minimum in the reduced »* value. In some cases, the local
minimum may not be the best fit across the entire surface. Therefore, try the model
with different initial conditions (i.e., lifetime and SAS values) to certify that the best fit
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has been found. Be careful of the values that are fixed for the model. These components
will not be adjusted during actual modeling of the data. Therefore, with fixed errors,
enter realistic values. Typically, we use ~ 0.5° phase-shift and 0.5% modulation for
fixed errors.

Complex samples may require global analysis to measure properly their decay charac-
teristics. Global modeling consists of overdetermining the lifetimes while varying out-
side environmental conditions such as temperature, pressure, and pH on repeated life-
time acquisitions. Modeling these acquisitions together (i.e., globally) with their life-
time values linked, allows more accurate determination of decay characteristics.

High residuals

Scatter in the emission also can cause incorrect lifetime results, by weighing down the
high-frequency phase and demodulation values with essentially a 0.0-ns lifetime. This
can be removed during modeling. To add a scatter component to the measurement, add
a separate decay with a 1-ps lifetime (fixed) and ~ 0.5% fractional contribution (vari-
able). Generally, with a good experimental setup and measurement geometry, the
amount of scatter seen from the unknown can be kept to a minimum.

Lastly, if the sample’s decay mechanism is more complex than a single or multi-
exponential decay, then use a more comprehensive algorithm to model it properly. A
software program from the LFDG called Globals provides for other decay mechanisms
such as quenching, energy transfer, and other processes not properly modeled in
DataMax.
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Poor anisotropy-decay results

In essence, anisotropy decays follow a similar procedure to lifetime measurements,
with only two significant differences:

* o standard, and

» autopolarizers are used.

Therefore, the discussions on how to set up a lifetime scan, and how to troubleshoot
poor lifetime results, may help to correct poor anisotropy-decay results.

The indications of poor anisotropy-decay results are:

«  High reduced-* value

» Incorrect rotational correlation times, fractional contributions, and limiting anisot-
ropy values

* Poor residuals

The components of an anisotropy-decay that can cause poor results are:
* The sample itself and the chosen measurement geometry

» Polarizer alignment

* Experiment setup

* Modeling the results

As with lifetime acquisitions, knowledge of the unknown and the choice of an appro-
priate measurement geometry are essential for good results. In addition to the sample
characteristics that must be known for a lifetime acquisition, the anisotropy-decay ac-
quisition requires that the mean decay time of the unknown be known accurately. This
usually means that the sample’s lifetime has been measured on the Fluorolog®-Tau-3
before measuring the anisotropy decay. In addition, the steady-state G factor for the
instrument at the wavelengths used for the acquisition must be measured before the
decay acquisition, even if filters are employed. Errors in the G factor can ruin the
measurement of RMA values during the acquisition.

Autopolarizers

Naturally, the measurement geometry for the anisotropy-decay acquisition must include
autopolarizers. There are a few different options for the number of polarizers in the
light path, involving a trade-off between accuracy and the amount of signal available
for the measurement. At minimum, an autopolarizer must be located in the emission
light path that will be changed from H to V throughout an L-format measurement. An
excitation polarizer is not essential because the output from the Pockels cell is
vertically polarized. Other options include two polarizers or three polarizers in the
classic T-format measurement geometry. Improperly aligned polarizers affect the
results. See the autopolarizer manual for instructions on verifying polarizer alignment,
and using the automated alignment procedure in Visual Instrument Setup, if necessary.

Experimental setup

A proper experimental setup is just as critical for the anisotropy decay as it is for a life-
time scan. The steady-state G factor is an additional parameter to be specified properly
for good results with anisotropy-decay measurements. The G factor should be calcu-
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lated as HV/HH for DataMax; do not enter the inverse of the G factor! The mean fluo-
rescence lifetime must be entered in the experiment setup. An inaccurate mean fluores-
cence lifetime also can lead to poor data in both phase and RMA values. Refer to the
poor-lifetime-results troubleshooting section for more information on properly setting
up the other experiment parameters.

567

= Note: To verify that the acquisition is proceeding well, compare the
steady-state anisotropy calculated during the experiment with a value
measured in steady-state mode. The software uses the steady-state
G factor specified in the experiment definition and the measured VH
and VV DC signals, to compute steady-state anisotropy at each fre-
quency point.

Modeling the results

When modeling the results of an anisotropy-decay scan, the mean lifetime decay should
be entered as a fixed value, because it should be known before the experiment. Always
start from a simpler model with a single rotational correlation time, and work towards a
more-complex model based on the resulting reduced- values. Another parameter that
can be used to indicate the validity of the model and fit for an anisotropy-decay is the
limiting anisotropy (7o) value. This value can be measured in steady-state mode for the
sample by cooling the sample to a temperature that effectively restricts rotational diffu-
sion. If the value for 7 calculated while fitting the data agrees with the value measured
previously, it should serve as an endorsement of the fit, along with an acceptable re-
duced- /* value.
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Further assistance...

Read all software and accessory manuals before contacting the Jobin Yvon® Fluores-
cence Service Department. Often the manuals show the problem’s cause and a method
of solution. Before contacting the service department, however, complete the following
steps.

1 Find the serial number for the core instrument, on the back of the sample com-
partment. Collect the serial numbers for the host computer and all automated
accessories (e.g., temperature bath).

2 Note the system configuration with all accessories.

3 Determine the brand name and type of host computer, along with processor
speed, free RAM, and hard-disk space, and whether the computer was pur-
chased from Jobin Yvon®.

4 Write down the experimental configuration and what samples are under study.
Be prepared to fully describe the samples and their spectral characteristics, as
well as the specific instrument setup and sample geometry.

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

6 If an error dialog box appears in DataMax, write down the exact error dis-
played. Note whether the error was in GRAMS or Windows™.

7 In DataMax, in the Instrument Control Center toolbar, choose Help. Under
Help, choose About Instrument Control Center. This opens the About In-
strument Control Center window. The version of the software is listed here.

About Instrument Control Center

Instrument Control Center Yersion 2.2.9.1
Copynight 2 2000 Jobin ¥von, Inc.

Spectiicg Software YWersion: ¥4.13 Spectréicg
Temperature Controller S oftware Yerzion: Unavailable
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8 In Run Experiment toolbar, open the About DataMax window. Make a note of
the software’s and instrument’s serial numbers, and instrument configuration,

including all accessories.

About D ataMax E |

rEm DataMax
4 u'l" for Microsoft Windows
DataMax Yersion 2.20
Copyright 1997
Instruments 54, Inc.

Grams/32 ® Yersion 414 Level Il

Copyright © 19911997
Galactic Industries Corporation
All Rights Reserved

Licensee:
Sal Atzeni
JY Inc.
D241 407 250003-0F 0001

Free Memory.....32216K

If the problem persists or is unlisted, call the Fluorescence Service Department at (732)
494-8660 x 160, fax us at (732) 549-5157, or e-mail us at

fluorescence_service@jyhoriba.com.
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11: Maintenance

Proper maintenance of the Fluorolog®-Tau-3 system will ensure good performance for
years to come. Maintenance of the fluorescence lifetime system consists of two basic
components:

* Maintenance of the steady-state system

* Maintenance of the lifetime portion of the system.

Basic maintenance for the steady-state system (e.g., lamp replacement) is covered in
the Fluorolog®-3 Operation Manual. For dynamic operation, there are a few additional
recommended maintenance procedures to follow. These include:

* Realignment of the Pockels cell and modulator box

» Setting optimal levels for the HV bias

» Setting up an optional external laser source for use with the lifetime system.
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Pockels-cell alignment

Introduction

Optimizing the Pockels-cell alignment is required to maximize the depth of modula-
tion, giving the highest precision to lifetime measurements. This procedure involves
setting the pitch and yaw for the cell in the modulator box, so that the cell is centered
precisely on the optical axis. Realignment of the cell may be required periodically, if a
drop in the modulation depth is noted, or if the overall performance of the lifetime sys-
tem appears to drop off.

If poor alignment is suspected, then, before realigning the Pockels-cell modulator, per-
form a test of system performance in both steady-state and dynamic modes of opera-
tion. The water Raman scan and xenon-lamp scan will verify system calibration and
signal-to-noise in steady state mode. In dynamic mode, a lifetime scan of POPOP ver-
sus Ludox” serves as a good indicator of system performance. Instructions for perform-
ing these scans are found in Chapter 3: Getting Started. Typical signs from this scan
that indicate a need to optimize the Pockels-cell alignment are:

* Demodulation values > 1.0 during a scan at the lower-frequency points on the scan
* A systematic split between the phase and modulation data

* A systematic error in the data in the higher-frequency portion of the scan.
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Procedure

£

Maintenance

— Note: A visual inspection of the isogyre pattern is de-
scribed in Chapter 17: Visual Inspection of the
Isogyre Pattern. Do not inspect the isogyre pattern
without permission of the Fluorescence Applica-

tions Department.

Optimize Pockels-cell
alignment on a scatterer.

Optimize the alignment of the modulator for
the maximum depth of modulation using a
scattering standard of glycogen or Ludox”.

—

i -

—=I Note: Proper align-
ment of the Pockels
cell is essential for
good results.

Make very gradual adjustments on the Pockels cell. Adjust to the center posi-

tion of the peak in modulation.

a System setup
Monochromators:
Excitation
Emission
Slits:
Excitation entrance and intermediate (if
applicable):
Excitation exit:
Iris setting:
Manual slit at end of modulator:
Emission slits (if applicable):
High voltage:
Reference detector:

Emission detector (monochromator side):

Emission detector (filter side):
Bias voltage to Pockels cell:

Sample:

370 nm
370 nm

6 mm

0.3 mm
2/3 closed
0.5 mm

6 mm

400 V

900 V

750 V

See System Performance Re-
port.

Dilute Ludox® in de-ionized water (same sample as for the lifetime scan of

POPOP versus Ludox®).

b Remove the knobs
and lid of the
modulator box.
The Pockels cell
should be shifted
to the right (life-
time position) as
shown here:
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C Adjustment
Gently fine-tune both
adjustments for the Pockels-
cell mount, while observing
the signal channels in Real
Time Display, for the
maximum signal on the AC
channel and modulation.
e The vertical knob,
typically a coarser
adjustment, controls the
yaw for the Pockels cell.

e The horizontal knob,
generally a finer
adjustment, controls the
pitch of the modulator.

@Nom: If there are 2 de-

tection channels (S and
T) re-optimize for that
channel after switching
to that channel.

When complete, the
modulation should be >1.0 for a xenon-lamp source, and >>2.0 for an external
laser source.

2 Set the high-voltage DC bias to the Pockels cell.

Optimize the high-voltage bias in

order to provide the system with the @
highest depth of modulation Note: Normally, the high-

available or to help increase the voltage DC bias on the ex-
signal levels observed through the ternal Bertan™ power sup-
system. Only if: ply should be kept at the
e An external laser is turned into factory-set value. Keep the

the light path, or dial for adjusting this setting
e The Pockels cell needs to be in the locked position.

adjusted, or
e The signal is extremely low,
should this bias level be optimized.
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Use a scattering sample of glycogen or Ludox® in this procedure. No other tools
or targets are required.

a Enter Real Time Display, and optimize the system settings for the meas-
urement of the scattering sample at 370 nm. (See Chapter 3: Getting
Started for more information on settings).

When properly set up, 1-4 V DC and AC should be seen on the R and S (or T)
channels. :

b Unlock the dial on the _ i T
Bertan™ power supply, -
and gradually adjust the
setting until the greatest
modulation value is
achieved.

HIGH VOLTAGE POWER SUPPLY
Series 230

oM —
GROUND

DANGER =
HIGH "R
VOLTAGE
FF

ouUTPUT

C If a detector’s signal falls
to <1V, increase the re-
spective PMT’s high-
voltage bias in Real
Time Display.

In cases where low

fluorescence-yields from an

unknown mean that the DC
signal is more important

than modulation depth, the

high-voltage DC bias to the

Pockels cell may be increased to improve the AC and DC levels, although this

lowers the modulation.

‘Waming: Do not increase the HV DC
bias level to the Pockels cell above
350 V. Higher voltages can damage
the Pockels-cell electronics.

3 Set up an external laser source for lifetime
measurements

‘Waming: Strictly adhere to all required safety precautions re-
lated to working with laser sources while using a laser with the
lifetime system.

A portion of the laser beam directed through the beamsplitter to
the photodiode can be reflected off the outer coating of the pho-
todiode and out of the top of the sample chamber. Avoid expo-
sure to this reflection (and any other portions) of the laser beam
when working with samples to be measured.

11-5




Lifetime v. 2.0 (3 May 2001) Maintenance

Introduction
An external continuous-wave laser source can be helpful for measuring life-
times and anisotropy-decays for weakly fluorescing samples. Laser choice de-
pends on the particular excitation wavelength(s) required. The modulator box
includes a turning mirror to bring the external laser beam into the system and
direct it through the Pockels cell on the same optical axis used for the xenon
source.

In this example, a multi-wavelength argon laser (457, 488, 514 nm) is set up.

The beam is set up
to enter the
modulator box
with horizontal
polarization (90°).
Most lasers emit
vertically po-
larized light.
Therefore, the
polarization of the
laser must be
rotated, for exam-
ple, with two 45°- I N
mirrors, rotated e

90° apart, just outside the laser port on the modulator
port. This procedure assumes the beam is polarized at
90°, and aligns this horizontally polarized beam entering
the laser port on the modulator box.

Equipment Lower hole is for
Two laser targets, as shown at right: alignment of Tau-3
Procedure

a Insert the circular pinhole target into the laser
entry port just below the RF- ' '
splitter module. ;

b Insert the vertical target into
the alignment hole on the
laser mirror mount.

Align the laser through these
two targets.

Remove the vertical target and replace the laser turning mirror.

@D

Adjust the laser turning mirror carefully, directing the beam
e Through the center of the Pockels cell,
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e Out of the modulator box,
e Through the center of the manual slit, and
e Into the sample compartment.

Double-check the alignment: the beam should be centered on a Ludox®
sample.

Go into Real Time Display in the DataMax software.

oQ 2~

Adjust the settings in Real Time Display to yield 1-4 V AC on both the
R and S channels. Use a narrow manual slit setting (< 0.5 mm).

Monitoring the AC signal and modulation on the R & S channels, adjust
the Pockels cell for the highest AC and modulation possible.

If the AC levels increase beyond 6 V AC, then adjust the bias to that particular
detector, before continuing with the alignment of the Pockels cell.

J When properly aligned, high modu-
lation values (> 2.0) should be ob-
served, because of a highly colli-
mated laser beam, with small spot
size, propagating directly through
the center of the Pockels cell.

k Set the DC high-voltage bias to the SN ‘
Pockels cell for the highest modula- SN

tion on S&R. This nearly always involves reducing the DC HV bias.

@Note: The Pockels cell has different optimal positions between the laser and
the xenon lamp because of beam-collimation differences between these
sources. Therefore, when switching between measurements with the laser
and xenon lamp, always realign the Pockels cell on a scattering sample, and
re-optimize the DC HV bias.

Experimental settings with an external laser as the source are very similar to
those with the xenon lamp, with the following exceptions:
= Keep the excitation slits and iris closed when using a laser entering the
modulator box.
= Reduce high-voltage biases to the PMTs to~ 1 V DC.
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12: Technical specifications

Each Fluorolog®-3 system consists of an excitation source, an excitation spectrometer,
a sampling module with reference detector, and at least one emission spectrometer and
emission detector. Each system is controlled by an IBM PC-compatible computer and
may include a printer.

Important

The Fluorolog®-3 spectrofluorometer system is designed to comply with the require-
ments of the Low Voltage Directive 73/23/EEC and the EMC Directive 89/336/EEC
and, as of 1 January 1997, carries the CE marking accordingly. The system was tested
using standard (JY-authorized) components, cables, etc.
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Technical Specifications

Spectrofluorometer system

The Fluorolog®-Tau-3 spectrofluorometer consists of the steady-state Fluorolog®-3
spectrofluorometer plus additional components for lifetime measurements. The entire
system is controlled by DataMax software for Windows™,

Excitation Source 450-W xenon short arc, mounted vertically in an air-cooled

Spectrometers

Sample module

Detectors

Lifetime

Sensitivity

housing. Light collection and focusing by off-axis mirror for
maximum efficiency at all wavelengths.

Single-grating excitation and emission spectrometers (stan-
dard). Spectrometers are Czerny-Turner design with kinematic
gratings and all-reflective optics.

The following specifications are based on 1200-groove/mm
gratings:

Resolution 0.2 nm
Accuracy 0.5 nm
Speed 150 nm/s
Range 0-1300 nm
Gratings*

Excitation 330-nm blaze (200—700 nm range)
Emission 500-nm blaze (300—1000 nm range)

Optional double-grating units are available for highest stray-
light rejection and sensitivity.

*Other gratings are available for wavelengths > 1000 nm.

T-format sample module with excitation reference detector. The
T-box design allows a second emission detection channel to be
incorporated. The sample module also has a removable gap-bed
assembly for sampling accessory replacement.

Optional front-face collection assembly available.

Photodiode for excitation correction between 240 and 1000 nm.
Emission detector is an R928P for high sensitivity in photon-
counting mode (240—-850 nm).

Lifetime Range: 10 picoseconds to 10 microseconds
Frequency Range: 0.1 to 310 MHz

Water Raman 4000:1 S/N at 397 nm, 5-nm bandpass. Back-
ground noise 1% standard deviation at 450 nm.
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Optics

Dispersion

Spectrometers

Excitation wavelength range

Emission wavelength range

Wavelength accuracy
Minimum step size
Wavelength repeatability
Resolution

Slit settings

Signal detector

Reference detector

Signal-to-noise ratio

High voltage

Excitation shutter (standard)
Integration time

Step size

Maximum Scan Speed

Dimensions (not including computers or
electronics)
311-Tau, 312-Tau

Technical Specifications

All reflective optics for focusing at all
wavelengths and precise imaging for mi-
crosamples

2.1 nm/mm (with 1200-groove/mm grat-
ings)

173.6 plane-grating Czerny-Turner
0-950 nm (physical); 220-600 nm (opti-
cally)

1200-groove/mm grating optimized for 330
nm

0-950 nm (physical); 290-850 nm (opti-
cally)

1200-groove/mm grating optimized for 500
nm

0.5 nm

0.0625 nm

0.3 nm

0.3 nm

0-30 nm continuously adjustable from
computer

Side-on R928P PMT, 180-850 nm re-
sponse. Linearity to 2 x 10° cps; < 1000
dark counts/second

Photodiode 200—-980 nm range selected for
stability

A minimum of 4000:1 on water Raman us-
ing 397 nm peak, excitation = 350 nm,
bandpass = 5 nm; integration time =1 s.
[signal-to-background-noise (1* standard
deviation)]

S or T detectors, < 1200 V for R928P
Computer-controlled

I msto 160 s

0.0625-100 nm

200 nm/s

55.5" long x 44" wide x 13.5" high
141 cm long x 112 cm wide x 34.3 cm high
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3-21-Tau 63.5" long x 44" wide x 13.5" high
161 cm long x 112 cm wide x 34.3 cm high
3-111-Tau 55.5" long x 54" wide x 13.5" high
141 cm long % 137 cm wide x 34.3 cm high
3-222-Tau 65.5" long x 71" wide x 13.5" high
166 cm long x 180 cm wide x 34.3 cm high
Dimensions (sample compartment) 5.5" long x 7" wide x 7" high
14 cm long x 17.8 cm wide x 17.8 cm high
Ambient temperature range 15-30°C
Relative humidity maximum 75%
Power requirements 1500 W

50/60 Hz single-phase
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Computer

Although JY offers state-of-the-art computer systems and loads all software prior to
shipment, you have the option of providing your own computer and installing the soft-
ware. Make sure that the computer meets the following minimum requirements:

Microprocessor/clock speed Pentium or higher recommended.

Operating system and environment Windows™ 95 or 98, NT 4.0 or
greater.

Floppy drive A 3%" floppy-disk drive.

Fixed disk A hard disk with at least 60 mega-
bytes of free storage.

Memory 16 MB RAM.

Graphics adapter SVGA monitor and interface card.

Keyboard A 10- or 12-function keyboard.

Available ports One parallel port for a dot-matrix
printer

One serial port capable of 115 kilo-
baud for connecting to the SpectrAcq
One serial port for optional plotter or
mouse
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Quick Guide

13: Quick Guide to Anisotropy-
Decay Measurements

Start-up

1

B~ W

0 NO O

Make sure that the SpectrAcq, host computer,
and main electronics rack are switched off.

This prevents possible damage to these devices when the xenon lamp is ignited.
Start the xenon lamp.
d

Start the Lifetime Electronics Rack.
Start the SpectrAcq.
a

b Push in the power button. The green LED indicator should glow.

Start other lifetime power supplies not con-
nected to rack.

Start all automated accessories.

Switch on the host computer and peripherals.
The SpectrAcq takes ~ 1 min to load the drivers on the boot disk.

Click on the DataMax icon.

The Instrument Control
Center appears after the
DataMax boot sequence.

The Layout
Selection dialog
box appears.

Select one lifetime layout.
Select the lifetime soft- |
ware layout without other

Switch on “power”.

Ignite “main lamp”.

Put the boot disk in the floppy drive.

Layout Selection

Select configuration to wark, with:

FL3-22 Genenc Layout
FL3-22 with 2-Position 5ample Changer
FL3-22 with Autopalarizers

FL3-22 with 2-Position Samile Ehanier and .ﬁ.utnﬁnlarizers

Lifetime with Autopolarizers

A

2k, Cancel Browse...
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accessories (usually plain Lifetime) when not using a programmable water-bath
or polarizers. Other lifetime layouts indicate support for automated accessories.

10 The instrument performs a calibration sequence
for ~ 1 min.
i
== Nofe: One of the last steps of the calibration is to find the home

position for the 2-cell or 4-cell sample holder, so keep hands
away from the holder during calibration.

11 Let the system warm up for ~ 45 minutes before
taking measurements.
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Unknown and standard preparation

When preparing the unknown, keep the absorbance below 0.1 A for right-angle meas-

urements in a 1-cm cuvette. Higher absorbances tend to generate artifacts by the inner-
filter effect. For samples with an absorbance greater than ~ 0.1 A, use a microcell. For
very-high-absorbance solutions or solids, use the Spex” front-face option.

Ll
D °¢]

= Note: Frequency-domain measurements are based on a differential
technique in which a standard and unknown are measured alter-
nately throughout the experiment. The accuracy of experiments de-
pends critically on the quality of the standard.

1 Prepare the standard.

The standard can be a dilute solution of a scattering material such as Ludox®
(colloidal silica suspension) or glycogen. A well-characterized fluorophore can
be substituted for the scatterer. A fluorophore standard must exhibit a single ex-
ponential fluorescence-decay constant over temperature and excitation and
emission range. Prepare a stock solution of the standard (at somewhat higher
concentration than expected for the experiment), a few transfer pipettes, waste
beaker, and a separate flask of the solvent used to prepare the standard.

Z  Place the unknown and standard cuvettes in the

sample holder.

Use positions 1 and 2 for the 2-position sample holder, or 1 and 3 for the 4-cell
sample-holder.

3 Place the optical filter in the spring-clip holder
on the sample changer next to the unknown.

An optical filter for emission-wavelength selection should be on the T side. The
filter must be positioned at the unknown, so that it automatically moves from
the emission path when the scattering standard is measured. This is unnecessary
when a fluorescent standard with emission characteristics similar to the un-
known is used.

4 Place one filter in the external filter-holder (FL-
1031) between the PMT housing and T-box.

O Check that the unknown and standard cuvettes
are filled high enough to prevent the excitation
beam from scattering off the top of the solution.

This unwanted scattering prevents an accurate measurement of the modulation
and phase.
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Selecting and adjusting lifetime hardware

Select and adjust up to six hardware components to complete the instrument conversion
to lifetime operation. The hardware components include the entrance and exit slits of
the excitation monochromator (the 180DF double-grating monochromator also may
have an optional intermediate slit), an iris at the entrance to the Pockels-cell assembly,
Pockels-cell position, and the manual bilateral slit at the exit of the Pockels-cell assem-
bly. The procedure requires positioning all the hardware and then fine-tuning the set-
tings (see the next section, “Defining the experiment parameters”).

i

B Y

\ ¥

/Vote: The PMT base is automatically switched to lifetime operation
when any lifetime software layout is selected.

1 The monochromator slit units should be in mm.

To change units, go to Visual Instrument Setup, enter the Options menu, select
millimeters from the drop-down list, then click Apply. The actual slit settings
for the excitation monochromator are discussed in the next section.

2 Settheiris adjustment lever to verti-
cal.

3  Rotate the Modulator Position

knob to Lifetime.

This brings the Pockels-cell light modulator into the
excitation light path. A full stop indicates that the
modulator is properly positioned in the light path.

4 The Source Position knob should
point to Xenon.

5  Set the manual slit to
0.5 mm.
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Defining the experiment parameters

1 I n Instru ment K.Z Instrument Control Center - LAYOUTOS. LAY [S[=]

gtern  Applications  Hel
Control Center,  — = -
click once on

the Tau icon.

This opens the two data display windows, ISA Graph and Lifetime.

ifetime 1 [=]
2 In the Eile Help

Lifetime B

WI n d OW ) _/?ég;ﬁ;ce e Frequencies: |

Sta__it Freq: 100 End Freq: EDC_I Frequency: 300

C h Oose ﬂ;ﬂve P unk ¢ otd Munk Aqr;ctldex: 1 OF 33
' [ ) X
Experiment.” ', "o &

Af;ferage: | | | |
SidAC  StdDC UrkaC  Unk DC Hef'ht Fef DC

o0

I 5ummal_l,l Table

[Elear, | [Welete Fay

MHz) ¢ 1 M ) T 6 TM @)

q I -
|3 |
14|
5]
(L
S
|18
N
[0}
]
iz] -
;. |
Lifetime Acquisition [x]
Experiment... | IC SDATAMAR popvgly. exp DataFile... | IAMAX\DATA\Dopngy pc B
Start Freq [MHz] 20 o0 End Freq [MHz) 230 oon ?uto
1 — Integrati —— ave iS5
This opens the Bl T P e || :
- - - - BgQuEnCE Qulck
Llfetl me Acq uisi- Cilinear % Log Scan r LCancel
tl 0 n Wll’ldOW. \ Std Ex [nhm) 360 Unlknown Ex [nm] 360
Don’t make any Std E m[nm) 360 Unknown Em(nmm] 420 B Lgr=.
. Processby———————
entrleS yet. ’7(- Discrete Pairs & Interleave Sequence. . Signals... | Slits... | HW [an] |

Ut |3 Do %0 Standard Unknewn

Max dvg |5
Std Lifetime [hs) IU_UU
Sample and Real Time Processing Info

Lifetime Acquisition of POPOP vs. Glycogen or LUDOX Shutter... |
Sehup File | Dark Offset [

Start Time Estimated .
IV ® Immediste ¢ Delay Time 0:14:00
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3 C||Ck on the i:lnstrument Control Center - LAYOUTOS LAY =] E3
Real Time Systemn  Applications  Help
. . . [
Display icon in | gl T
Instrument Con- Run CVWA

trol Center.
This opens the Real Time Display.

4 Make sure that these dialog boxes are visible in
Real Time Display: Yo nn

Slit >/ _ -
Iniesgﬁirgl (sec) == Note: If a dialog box is missing,
High Voltage click on the appropriate toolbar
Lifetime icon to open the dialog box, or
Monos (nm) rearrange overlapping boxes by

Signal Balance dragging them with the mouse.

Signal adjustment consists of two main steps:
(1) unknown signal optimization, and
(2) standard DC balance.

5 Click on the EX1 radio button in the —»®ex. e

S|itS dla|Og bOX Side Entranu:e
This selects the excitation monochromator. E

O  Enter 7.0 for the Side Entrance and
0.3 for the Side Exit.

Set an optional intermediate slit to 7.0 mm. Wait after each adjustment to allow
the slit change to finish before adjusting the next.

= Slitz [mm]

Select the EM1 radio button. EERD> @ EM

This adjusts the emission monochromator on the S-channel.

Side Entrance

Enter 5.0 mm for the Side Entrance

. . Side: Exit
and 5.0 mm for the Side Exit.
An optional intermediate slit should be 5.0 mm. Go to step
11.

9  For an optical filter on the T-channel (left side of
T-box), make sure that the filter is in place.

There are no slits to adjust on the T-channel when using an optical filter.

10 Find the Lifetime dialog box.
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11

12
13

14

15

16

Quick Guide

& Click either the S&R [ Lifetime
radio button for the S- ﬂ@ SER E: TeR O 54T ; [(::I TS »
channel detector on

the monochromator, or* | 5 |5.EIEIEIIZI 4.9000 1.0204
the T&R radio button 1 o poap 1.9000 1.0526
if using a filter on the
T-channel. Phaze 1800000

(deq)

b Enter 10 in the W 10.0000 %I

Frequency (MHz) —
field.

C  Press Enter after entering fre- Sleel BEleree
quency values. [ Standard " Unknow

1 2 3 4 1 2 3 4

Set up the Signal Balance " |® © OO eoNeNe
H 360 Ex | |360

dialog box. o |
Store the optimal excitation and emission b
wavelengths and the sample-changer Set Standard | S et Unkrown |
position for the two samples. Then click

the Set Standard or Set Unknown but-
ton to reset the instrument.

Set Integration time to 1.0 s. \HTESE’S“ |
Set the PMT high voltages: |

ad  SetRto350

b Set S to 900 if used, otherwise leave at 0
C Set T to 750 if used, otherwise leave at 0

d If the HV On box is not checked, click on the box to send current to the
PMTs.

Click on the shutter icon in the toolbar to open
the shutter.

When changing a parameter’s value, always double-check the status of the shut-
ter. The shutter will close automatically when changing some of the parameters.

Monitor the signal levels in the Lifetime box.
Look only at the AC and DC levels at this step; don’t worry about the modula-

tion ratio or phaseError! Bookmark not -

Let the Slgnal stabilize. @ Note: The settling time for
the AC signals can be
quite long, up to ~1 min,
So be patient.
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17

18

Quick Guide

Adjust the slits, iris, and high voltage to obtain
an AC-levelon T (or S) of ~1.5 volts.

—

&7

= Note: The recommended maximum AC or DC is ~5 volts. An
AC or DC level of 10 indicates an over-range of signal level.
Reduce the high voltage slits or iris to bring the signal on-
scale before proceeding.

Once the unknown sample’s '

signal is optimized, only adjust ‘

the R-channel high-voltage and

concentration of the standard. Warning: Do not reduce the high

voltage below 280 volts for any

Here are a few suggestions for channel!
adjusting the signal level:

a If AC and DC are low, increase the slit width (up to 7.0 mm) on the
emission monochromator (if using S channel).

b Adjust slits and high voltages in tandem, so that no one parameter is at
its upper limit, while others are far from their maxima.

For example, to increase the unknown’s AC from 0.1 to 1.5 volts, then, starting

from the above:

= Increase high voltage from 750 to 900.

= Increase excitation-monochromator exit-slit from 0.3 to 0.5 mm.

* Increase manual slit from 0.5 to 0.7 mm.

= Increase iris by rotating counterclockwise 5°.

C If AC is still below 1.5 volts, then re-increment the parameters in the
same sequence and about the same magnitude.

@Note: Maximum high voltage is 1200 V. When running at the
maximum voltage on the T-channel, do not leave the sample
chamber lid open for longer than required to insert sample
cuvettes and filters.

Watch the R level as the slits are opened. If R over-ranges, then reduce the R-
channel high-voltage.

Check that the DC level is below 5 volts.

a If DCis > 5V, try reducing the manual slit and iris while increasing
high voltage, to reach an AC to DC ratio (modulation ratio) of ~ 1.0 or
higher.
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19

20

21

22

Quick Guide

b If you can’t achieve modulation ratios of about 1, or AC levels of 1.5
volts, you can still expect useful results, although precision will de-
crease. Accurate results for simple decays of several nanoseconds can be
obtained, even with a starting AC-intensity lower than 0.5 (because of
low concentration or quantum yield).

Click on the Set Ssg'fd' ™
. . " atandar I NE0AE

Standard button in Signal |[1 2 3 4 123 4
Balance ® O 00 C® 00

) 360 Ex | [360
This places the standard in the 0 = ew| 420 l%l
measurement position. |§|
Adjust the standard’s signal by changing S et Standard | S et Unknown |
concentration or using neutral-density

filters, so that the DC level of the
standard is within about 10—15% of the unknown.

b=

@ Note: Do not adjust slits, iris, or high voltages for the
T-channel (or S-channel), for this will change the op-
timized, unknown sample signal.

Adjust the R-channel high-voltage to keep the R
AC between 1.5and 2.0 V.

e Do not reduce the high voltage below 280 V.

e Asnecessary, keep R on-scale by reducing one or more slit widths, and redo
the unknown signal by changing only high voltage. Do not forget to re-
balance the standard’s signal to match the unknown.

Click on the transfer icon in the
toolbar to pre-set the following parameters:
Lifetime channel selection

(S&R or T&R) @

Monochromator slits Note: The transfer icon will
Excitation and emission wave- work only when the Lifetime
lengths Acquisition window is open.
High voltages

Close the Real Time Display window.
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Experiment setup and measurement
(’j
== Nofe: If, in the previous section, you did not select the transfer
option from the Real Time Display toolbar, you can either

manually enter these parameters or open the Real Time Dis-
play and click the transfer icon.

1 Activate the Lifetime Acquisition dialog window:

Lifetime Acquizition

E=perimeri... | IE:HD.&T&MMHprVgI}I.EHp DataFile. .. | I'.&MM'\D.ﬁ.Tﬁ.Hprvgly.spc

Bun
Start Freq [MH2] [20.000 End Freq (MH2) 220000 Auto
Murrber of F - |ntegratiaon —— Save r
umber of Freqs 10 Tine (5] a Evp
Seguence Quick -
’V " Linear ¥ Lag Sean Cancel
Std Ex [rm] 360 Unknown Ex [nim] 360
StdEmlnm] |30 Unknown Erafrm]— [420 Exp Type...
Frocess by
’7(- Discrete Pairs & Interleaye Sequence... Signals... | Slitz... | HY [on]
: Set Pt Std.
Minfva |3 Dev(z] 050 Standard Unknown |3 7]
Max bvg (5

Std Lifetime [hz] ||:|_|:||:|

—Sample and Real Time Processing Info

ILifetime Acquizition of POPOP we. Glycogen or LUD O

Setup File.. || Dark Offsst [

|' Start Time

Shutter...

L

E ztimated .
& Immediate ¢ Delay Tirre: 0:14:00

2  Close Real Time Display.
3 Set the following parameter fields:
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a Click DataFile to open the Windows file dialog box.

Enter a file name in the desired subdirectory, or, type a file name directly into
the DataFile field. Let the system to append the proper extension (. dat) to the
file name. —

b Integration Time: Set @Nate: The detected signals in life-

between 8 and 15 time experiments are always of
seconds. much-lower intensity than
Steady-state measurements, so
we recommend longer integra-
tion times and averaging of sev-
eral readings (see step e below).

C Define the frequency
sequence to find the
frequency response of
the unknown.

Start Freq [MHz] [20.000 EndFieaMHa) [0 000 | 1S sequence
Mumber of Frec@ 10 Tr;lt_ﬁgrat“:'” A[s] FE assumes one
Sequence Or more
’V ~ L'% &l lifetimes of 5
s Dg to 20 ns. For

samples with
shorter \lifetimgs, extend the End\Freq. For samples with longer lifetimes, lower
the Staft Freq. If the system is mdre comple¢x than a bi-exponential, then add to
the Number of Fregs to improve rgsolution] of the individual decays.

Start Freq (MHz): 10 End Freq (MHz): 200
Sequence: Log Number of Fregs: 10

| e L Ihluu —t

Process by: Set to Interleave. ess by
\Tfm ¥ |nterleave

@ Nofte: Interleaving is a much faster way of averaging data
pairs, i.e., the standard and the unknown.

€  Min Avg: Set to 3.
f Max Avg: Setto 5.

Set Pt. Std Dev(%): Set to 0.5.
The values entered in steps e through g work together to obtain a defined error-level in
a minimum time. The minimum of 3 averages is calculated and the resultant standard
deviation is compared to the set-point standard deviation. If the set-point standard de-
viation is less than the calculated standard deviation, then the next measurement is
completed and averaged. This continues until the set-point standard deviation is equal
to or greater than the calculated average, or until the maximum number of averages is
reached.
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h Dark Offset: Do not use

I Std Lifetime (ns)
Enter O for a light-scattering standard. Enter the known lifetime, in nanosec-
onds, for a fluorophore reference.

J Enter one line of < T4
text in the note
== Notfe: Do not change the default val-

field in the Sam-

ple and Real

Time

Processing Info field.

4 Click Run to launch the experiment.

Now sit back and watch the action.

ues of any other field in this section.
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Following the data collection and modeling

You can follow the course of the experiment as the raw data are measured, corrected
for instrument bias, and tabulated. At the completion of the run, you will activate the
modeling program to determine the number of species, contribution to the total fluores-

cence signal, and each lifetime.
g l-‘! & Instrument Control Center - LAYOUT05. LAY M= E3

1 From the System  Applications  Help
Instrument r"‘
Control Center, @w\%’uu
click the Run

Lifetime Modeling icon.
This opens the Model Windows Application — Model window:

B Model Windows Application - Model

File | Model Wiew Help
=l
— Time resolved
Lifetirme resalved
Linizotropy decay

Pararneters. .
Eom

Select Lifetime model \ |Litetime

\
2  Under Model, select Lifetime.

This opens the Lifetime Model window:
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3 Input the data_[ETTEEN —
file’s name of

Input File... I Ite’st.dat
yOU r 7 + Usze Measured Standard Deviations [from File]

Com pleted eX_ " Enter Deviation dPhase: Il].5 deg dMod: ID-DUE

— Number of components

periment in . o . a0

the fleld . — Fractional Amplitudes — Lifetimes [ns]
Click Input File to find Fract. 1: Il].2 [~ Fixed Tau 1: |2 [ Fixed

the file. Fract 2- [0.8 ™ Fixed | | Tau 2 Iﬁj— " Fixed
4 Click the

Enter Devia- Fract. & fou s

thﬂ rad IO Bun Model Save Dutput__.

button.

Enter a phase error of
0.5 and modulation
error of 0.005 in dPhase and dMod fields respectively.

5  Enter the expected number of components
(from 1 to 4)

6  Fill in the active Fractional Amplitude fields and
Lifetimes (ns)

Fill in for all selected components. Enter a non-zero value in every open field.

[/ Click Run Model to start modeling.

The results include reduced- )(2, best fits for fractional contributions, lifetimes
for all selected species, and a graph of measured data (symbols) compared to the
model (solid lines). A second graph reveals the difference between measured
and model for phase and modulation. A reduced-»* ~1 with residual scattered
evenly near 0 suggests that a good description of the unknown’s fluorescence-
decay is found.

8  Click on the printer icon in the toolbar to gener-
ate a printout.

9 Close the modeling window.
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14: Glossary

Absorption

Absorbance

Acquisition modes (R, S,
T, A channels)

Anisotropy (<r>)

Autopolarizers

Bandpass

The electronic transition from the ground state to the ex-
cited singlet state, by absorption of a photon of a particular
energy. This process typically occurs in ~107" s.

The extent of light absorption by a substance, —log 7,
where 7 is the transmittance of the sample. Absorbance is
also synonymous with optical density, OD. Absorbance is
defined as

A=¢el=0D=-logT

where s the extinction coefficient (M ' cm™), C is the
sample concentration (M), and / is the path length (cm).

The logical input channels used on the spectrofluorometer
to input collected signal from the various detectors present
on the system. Commonly the detectors are assigned as the
reference detector connected to channel R, the first emis-
sion connected to channel S, the second emission con-
nected to channel T, and finally, an auxiliary input avail-
able as channel A. These logical channel names are used in
the collection of data in most applications of the software.
The user may create algebraic expression on these input
channels when defining experiments in DataMax (e.g.,
S/R).

A measurement of the fluorescence polarization of a sam-
ples, defined as the linear-polarizer’s component’s inten-

sity divided by the total light intensity. The measurement

of anisotropy can provide insight into molecular size and

shape, as well as the environment that surrounds it.

An automated device used to hold and precisely rotate a set
of polarizers to acquire anisotropy (or polarization) meas-
urements. FluoroMax"-3 systems with autopolarizers con-
tain two automated polarzer mounts, one for the excitation
polarizer and one for the emission polarizer. Both of these
are located between the sample compartment and their re-
spective monochromators. Their calibration is maintained
by optical sensors that are offset in the software. Autopo-
larizers on the FluoroMax®-3 may be inserted into and out
of the light path in DataMax, in the Visual Instrument
Setup software application. Automated realignment of the
polarizers may also be performed in Visual Instrument
Setup.

The range of wavelengths of light passing through the ex-
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Bandpass filter

Bioluminescence

Blank subtraction

Blaze wavelength (of grat-
ings)

Chemiluminescence

Concentration determina-
tion

Constant wavelength
analysis (CWA)

citation and emission spectrometers, usually expressed in
nanometers (nm). This value is dependent on the size of all
slits in the monochromator, as well as the dispersion of the
monochromator. For spectrofluorometers, both slits on the
monochromator should be set equal to properly set the
bandpass, if this is not done automatically through the
software. When adjusting the bandpass for samples, the
wider the bandpass, the higher the signal intensity, with a
trade-off in lower resolution.

An optical element which selectively transmits a range of
wavelengths, while absorbing light of higher and lower
wavelengths.

Emission of light originating from a chemical reaction in a
living organism.

The removal of the spectral response of the solvent (and
sample container) from the sample’s spectral response. To
accomplish this, an identical scan is run on the solvent just
before running the actual sample. Proper use of a blank can
remove solvent luminscence artifacts, scattering events,
and any artifacts from the sample cuvette or container. In
the experiment portion of the software, click on the Blank
button to recall a previously acquired blank spectrum.

The wavelength at which a grating is optimized for peak
efficiency. As a rule of thumb, gratings are usable from
2/3 of the blaze wavelength to twice the blaze wavelength.
The excitation and emission gratings for the FluoroMax®-
3 are blazed for efficiency in the UV and visible.

Emission of light originating from a chemical reaction.

A function of the Constant Wavelength Analysis software
application, that calculates an unknown sample’s concen-
tration. The user runs known samples and enters the con-
centration in order to calibrate the routine. Then an assay
may be completed with the measurements based on con-
centration.

The DataMax software application designed for perform-
ing single-point measurements at discrete wavelength
pairs. The data are acquired as single points at a user-
defined set of excitation/emission wavelength pairs for a
user-defined number of samples. These data are displayed
in either spreadsheet format, or in a plot. This application
is perfect for MicroMax or FluoroMax"-3 users who rou-
tinely perform assays on a large number of samples. Addi-
tional options such as Variable Time Kinetics make this
application even more flexible.
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Corrected emission scan

Corrected excitation scan

Correction factors

CTI card

Current input module
(DM303)

Dark counts

An emission scan that has been corrected for the wave-
length response of the emission monochromator and the
signal detector. To obtain a corrected emission scan, an
emission spectrum is multiplied by the appropriate emis-
sion correction factor file. A set of emission correction fac-
tors is supplied with your instrument and stored under the
name MCORRECT . sPC on the software disks.

An excitation scan corrected for the wavelength-
characteristics of the xenon lamp, the aging of the xenon
lamp, and the gratings in the excitation spectrometer. To
obtain a first-order correction of the excitation scan, the
emission detector signal is ratioed to the reference signal
(i.e., S/R). This provides correction for the lamp and exci-
tation-monochromator spectral response, which is ~95% of
the required correction. To obtain a completely correct
scan, the excitation scan acquired in the S/R acquisition
mode is multiplied by excitation correction factors. A set
of excitation correction factors (xCOrRRECT . sPC) is included
on the software disks.

A spectral set of multiplicative factors used to compensate
for the instrumental wavelength-response from detectors
and optics. These correction factors are specific to a par-
ticular optical configuration for the instrument, and must
be run for each detector in the spectrofluorometer system.
Excitation and emission correction factors are included by
default with each new spectrofluorometer. Their default
filenames and XCORRECT . sPC and MCORRECT . SPC, respec-
tively.

This acquisition and control card, located in the rear of the
FluoroMax"-3, is the counter-timer-integrator board. It
handles all spectrofluorometer control, timing, and data
acquisition for measurements on the system. The boards
carry by default two acquisition channels, and are linked to
all monochromator and accessory control boards on the
underside of the instrument. The CTI card fits into an ISA
slot in the motherboard on the rear of the FluoroMax"*-3.

The current input module collects the current signal from
the reference photodiode, digitizes the data, and sends it to
the CTI card for data-processing. This module is located
directly behind the reference photodiode. It has linear re-
sponse from 0-10 pA.

Inherent background signal measured in counts/second
(cps) observed on the photomultiplier tube when high volt-
age is applied. Cooling the detector in a Peltier housing can
be used to decrease the dark counts on a Fluorolog®-3 sys-

14-3

Glossary




Lifetime v. 2.0 (8 May 2001)

Dark offset

Datafile

Dispersion

Emission monochromator

Emission scan

Energy transfer

Excitation/emission ma-

tem. Typically, the R928P photomultiplier tube used for
the FluoroMax“-3 system has dark counts of < 1000 cps.

The software correction used to subtract dark counts (or
dark signal) on a detector from a spectral acquisition. This
option usually appears as a checkbox in the DataMax soft-
ware. Use a corrected signal channel for the acquisition
(e.g., S) in order to run the dark offset correction.

A file used to store spectral data, constant-wavelength
analysis data, or other recorded data. In DataMax, the most
common datafile is the spectral file (. SPC). This is the
file-type that contains spectra acquired from a scan run
from the Run Experiment menu (e.g., emission scan, time
base scan, multigroup, etc.). Datafiles contain all of the
information regarding the instrument setup for a scan as
well as the spectra (see File Information in the DataMax
Software Manual). Multifiles are three-dimensional data-
files that contain an array of spectral files.

The range of wavelengths of light across the field of view
of the entrance and exit apertures. Dispersion depends on
the focal length of the monochromator, the groove density
of the optics, and the f~number (or speed) of the mono-
chromator. Dispersion is usually expressed in nanometers
of spectral coverage per millimeters of slit width (nm/mm).

The monochromator located after the sample compartment
used to isolate discrete wavelength components of the
sample’s fluorescence, and may be used to scan the emis-
sion from a sample. The emission monochromator on the
FluoroMax®-3 is a 0.18-m single monochromator with a
Czerny-Turner design: the monochromator includes a col-
limating mirror, the reflection grating (blazed at 500 nm),
and a focusing mirror, with slit apertures at the entrance
and exit. The emission-photomultiplier detector is con-
nected to the exit of this monchromator to measure the
fluorescence emission.

An acquisition that shows the spectral distribution of light
emitted by a sample. During an emission scan, the excita-
tion spectrometer remains at a fixed wavelength while the
emission spectrometer scans a user-selected region.

The inter-molecular or intra-molecular transfer of the ex-
cited energy from a donor to an acceptor. The transfer oc-
curs without the appearance of a photon and is primarily a
result of dipole-dipole interactions between the donor and
acceptor.

A three-dimensional plot showing the total luminescence
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trix (EEM)

Excitation monochromator

Excitation scan

Excited state (S1)

Experiment file

Extrinsic fluorescence

from a sample across all useful wavelengths. The FL-3D
instrument can acquire EEMs with excitation from 250—
550 nm and emission from 250-750 nm. Total lumines-
cence spectroscopy is devoted to measurements of these
EEMs for various materials. See also: Multifile, Total Lu-
minescence Spectroscopy

The monochromator, located between the xenon lamp and
the sample compartment, used to isolate discrete wave-
length components of the excitation beam. This beam is
directed to the sample, during which the excitation mono-
chromator may be used to scan the excitatioin spectrum
from a sample. The excitation monochromator on the
FluoroMax"-3 is an 0.18-m single monochromator with
Czerny-Turner design. This means that the monochromator
includes a collimating mirror, the reflection grating (blazed
at 330 nm), and a focusing mirror, with slit apertures at the
entrance and exit. An excitation shutter is located directly
after the excitation exit slit to protect the sample from
photobleaching. The reference detector looks at a fraction
of the light exiting the excitation monochromator to correct
for the lamp response, if desired.

A scan that reveals the spectral distribution of light ab-
sorbed by the sample. The scan is collected by rotating the
excitation grating while holding the emission monochro-
mator fixed. For non-ratiometric acquisitions, acquire the
scan using S/R to correct for the the spectral response of
the lamp.

The energy level to which an electron in the ground level
of a molecule is elevated after the absorption of a photon
of a particular wavelength. Subsequently, fluorescence will
occur if the molecule returns to the ground state via a ra-
diative transfer from the S; state to the ground state.

A file that contains specific information on the experimen-
tal setup for an acqusition defined in Run Experiment. This
file is saved with a default * . EXP extension. In addition
to basic scan parameters, this file saves system defaults
(such as slit units), and some accessory settings for the ac-
quisition. Each acquisition type in the Run Experiment
menu has its own default experiment file (e.g.,

DFLTO .EXP is the default emission-scan definition).
These are the default experiments that appear in the Ex-
periment menu on startup. Use experiment files to archive
scan settings for acquisiitions that are performed on a rou-
tine basis.

Inherent fluorescence of fluorescent probes added to a sys-

~ laall 1
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Filter

Flash lamp

Fluorescence

Fluorescence lifetime

Fluorophore (fluorescent
probe)

Frequency-domain fluo-
rescence lifetime
measurements

Front-face detection

Grating

tem to study non-fluorescent molecules. These probes have
gained acceptance in a variety of applications.

An optical element that is used to select certain wave-
lengths of light. Types of filters include high pass, low
pass, bandpass, and neutral density.

A source that provides pulsed light to excite a sample for
phosphorescence or fluorescence measurements. The repe-
tition rates and time response of the source determine the
useful range of the source for these measurements. The
lamps can be used in either “free running” or “gated”
modes depending on the support electronics.

The emission of light during the transition of electrons
from the excited singlet state to the ground state from
molecules originally excited by the absorption of light.
Fluorescence typically occurs within ~10~ seconds.

(Symbol is t.) The average length of time that a molecule
remains in the excited state before returning to the ground
state.

A molecule or compound that has a known fluorescence
response. These probes comes with various sensitive areas
depending on the peak exictation and emission wave-
lengths and their fluorescence lifetimes. Fluorophores are
used to provide information on concentration, size, shape,
and binding, in a particular medium. Good fluorophores
are stable over wide pH and temperature ranges.

A technique for measuring fluorescence lifetimes, in which
a sample is excited with light whose intensity is modulated
sinusoidally. The emission is an easily-detected forced re-
sponse to the excitation. Fluorescence lifetimes are calcu-
lated from both the phase-angle difference between the
sample and a standard, and the demodulation factor for
sample and standard.

A mode of detection in which fluorescence is collected off
the front surface of the sample. Front-face detection is usu-
ally selected for turbid samples in solution (e.g., blood),
samples of high concentration, or solid samples such as
powders, thin films, pellets, and cells on a coverslip. Front-
face detection collects fluorescence off the sample at a
22.5° angle to minimize reflections and scattering.

An optical element in a monochromator that uses finely-
etched vertical grooves to disperse incident light into its
constituent wavelengths. Reflection gratings (grooves
etched on a highly reflective surface) are used in the
FluoroMax®-3. Gratings are scanned by rotating their opti-
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Ground state (So)

High-pass filter

Increment

Inner filter effect

Integration time

Internal conversion

Intersystem crossing

Intrinsic fluorescence

Jabfonski (energy) dia-
gram

cal centers about the optical axis of the instrument, with
the incident angle of the entrance beam determining the
wavelength of light directed to the exit aperture. Gratings
come in a variety of formats and are commonly made by
physically ruling (scribing) the grating, or holographically
etching the grating grooves.

The lowest energy level in a molecule. For fluorescence to
occur a molecule absorbs a photon of light, thereby excit-
ing it to the S; level. A fluorescence emission occurs dur-
ing a transition from an excited state S, to the ground state
So.

Optical component which passes light of a higher wave-
length.

The spacing between adjacent measurement points in an
acquisition, as specified in the experiment definition. Typi-
cally, increments are in the form of wavelength (nm) or
time (s or ms).

The scattering of the excitation or emission beam from a
concentrated sample by the individual molecules in the
sample. This reduces the apparent signal intensity from the
sample creating an artifact in the data. For this reason, we
recommend using concentrations of <0.05 OD in a 1-cm-
pathlength cell. Samples measured in higher concentrations
should be measured in a reduced-pathlength cell, or in
front-face mode.

The amount of time that each datapoint is collected from
the detector(s), specified in either seconds or milliseconds.
Longer integration times can help improve the signal-to-
noise ratio for a measurement, while shorter integration
times reduce the amount of time required for a scan.

Electronic transitions within an excited molecule that do
not result in emission. Also called a “non-radiative transi-
tion”, this usually involves changes in vibrational levels.

The electronic transition from the excited singlet state to
the excited triplet state prior to returning to the ground
state. This transition involves a change of spin that is quan-
tum-mechanically forbidden, giving a much longer time-
scale than fluorescence. This transition causes phosphores-
cence on the timescale of microseconds to seconds.

The natural fluorescent properties of molecules.

A diagram that illustrates various energy levels and elec-
tronic transitions available in a particular molecule. Possi-
ble paths for fluorescence, phosphorescence, and non-
radiative transfers are shown on this diagram, along with
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Laser

Linearity

Low-pass filter

Luminescence

MCD shutter

Mercury lamp

Mirror-image rule

Molar extinction coeffi-
cient (&)

Multifile

the various vibrational sub-levels available around each
energy level.

A monochromatic light source which provides high excita-
tion intensity.

(1) Signal response; the desired response from a light de-
tector is a linear relationship. For example, when detector
response is linear, if the light intensity doubles, the de-
tected signal also doubles. Most detectors exhibit non-
linear behavior near saturation. On the FluoroMax®-3, the
emission PMT is linear up to 2—4 million counts per sec-
ond. Above this, pulse pileup occurs on the photon-
counting module (when multiple photons are counted as
one). This results in a non-linear response, and the detector
efficiency drops. (2) Spectral positioning accuracy or
tracking error of a spectrometer drive mechanism. See
Spectral Calibration.

Optical component which passes light of a lower wave-
length.

The emission of light from matter excited from a variety of
processes, resulting in an electronic transition within the
molecule to a lower energy state. See also: Biolumines-
cence, Chemiluminesence, Fluorescence.

Multi-channel device shutter. The Uniblitz shutter is used
for its rapid cycle time.

A light source which offers discrete narrow lines as op-
posed to a broadband radiation (e.g., xenon). Mercury
lamps are often used to verify the accuracy and resolution
of a spectrometer or spectrograph.

A sample that absorbs light for certain energy-level transi-
tions usually exhibits an emission profile that appears to be
the mirror image of the absorption spectrum. The reason is
that the same energy-level transitions are used for excita-
tion and emission, with the transitions returning to the
ground state as the complement to the those in the excited
state.

The absorptivity of a particular substance, in M ' cm™".

The three-dimensional acquisition datafiles collected by
the software using matrix scans or temperature scans,
stored as an array of datafiles. A multifile is still stored
with an . SPC extension. Multifiles may be used in their
entirety in DataMax as 3D files, or they may be split up
into individual two-dimensional spectra using multifile
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Multigroup scan

Neutral-density filter

Optical-density effects
(Inner filter effect)

Phase-modulation method

Phosphorescence

Photobleaching

Photoelectron

Photon-counting detection

utilities.

This experiment type allows a time-base scan to be ac-
quired across more than one excitation/emission pair. Up
to 16 different wavelength pairs may be entered for a mul-
tigroup scan. The spectrofluorometer will cycle through
each pair, integrating for the specified time, before moving
on to the next point. Use the multigroup scan for measur-
ing ratiometric probes (such as Fura-2 or BCECF).

An optical element which absorbs a significant fraction of
the incident light. These filters usually are characterized by
their optical density. For example, a filter with OD =1
transmits 10% of the incident light. Ideally, these filters
absorb all wavelengths equally. See also Absorbance.

Fluorescence intensities are proportional to the concentra-
tion over a limited range of optical densities. High optical
densities can distort the emission spectra along with appar-
ent intensities. For fluorescence measurements in a 1-cm-
pathlength cell, samples should have an OD of 0.05 or less.
See also: Inner filter effect.

See Frequency-domain lifetime method.

The emission of light or other electromagnetic radiation
during the transition of electrons from the triplet state to
the ground state. Phosphorescence is generally red-shifted
relative to fluorescence and occurs within ~107° to ~1 sec-
ond. To enhance phosphorescence, samples are often fro-
zen at liquid-nitrogen temperature (77 K).

The reduction in fluorescence from a photosensitive sam-
ple overly exposed to excitation light. Not all samples
photobleach, but if so, take great care to keep the sample
out of room light, and to use the excitation shutter and its
photobleach modes on the spectrofluorometer to protect
the sample from excessive exposure.

An electron released through the interaction of a photon
with the active element of a detector. The photoelectron
may be released either from a junction to the conduction
band of a solid-state detector, or from the photocathode to
the vacuum in a PMT. A photoelectron is indistinguishable
from other electrons in any electrical circuit.

A method of detection used primarily with photomultiplier
tubes, in which discrete current pulses from the tube are
integrated and “counted up”. With this method, noise in-
herent to the detector can be minimized, resulting in much
more sensitive detection than used in traditional current- or
voltage-detection modules. A limit to photon-counting is
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Polarization (P)

Quantum yield (Fluores-
cence quantum yield)

Quenching

Raman scattering

Rayleigh scattering

Real Time Display

Reference detector

when pulse pileup occurs, that is, when two counts occur
too fast for the module to count them individually. This
creates non-linearity in the detector at high signal-levels.

A measurement of the fluorescence polarization of a sam-
ple defined as the linear polarizer’s component’s intensity
divided by the natural light intensity. The measurement of
polarization provides insight into molecular size, shape,
and the environment surrounding the molecule. Another
unit, called millipolarization (mP), is used to monitor small
changes in polarization. P = mP x 1000.

The efficiency of the absorption of a photon to be emitted
(fluoresced). Quantum yields are typically expressed as
percents. The fluorescence quantum yield is the percentage
of photons absorbed that actually lead to fluorescence. This
number is reduced by scattering, quenching, internal con-
version, and non-radiative effects, along with several other
specialized processes. Measurements of quantum yields
usually require the comparison of a sample with a known
fluorophore such as Rhodamine-B or Ru(BPY)s.

Reduction in the fluorescence intensity of a sample by a
variety of chemical or environmental influences. Quench-
ing may be static, dynamic, or collisional in nature.

Scattering caused by vibrational and rotational transitions.
Raman bands generally appear red-shifted relative to the
incident electromagnetic radiation. The primary character-
istic of Raman scatter is that the difference in energy be-
tween the Raman peak and the incident radiation is con-
stant in energy units (cm ).

Light scattering from particles whose dimensions are much
smaller than the wavelength of incident light. Rayleigh-
scattered light is of the same energy as the incident light.
The scattered radiation’s intensity is inversely proportional
to the 4™ power of the wavelength of incident radiation.

The DataMax software application that gives the user full
control of the system in real-time in order to optimize the
system setup for a particular measurement. Use Real Time
Display to find the optimal slit widths for sample meas-
urements, or to check that the excitation beam is striking
the sample properly.

The detector used to monitor the output of the xenon lamp.
A silicon photodiode with enhanced-UV response is used
for the FluoroMax“-3, and is connected to input channel R.
Use S/R to correct for the xenon-lamp response during an
excitation scan.
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Resolution

Right-angle detection

Sample changer (auto-
mated)

Saturation

Signal channel
Signal photomultiplier

Signal-to-noise (S/A) ratio

Singlet state

The ability of a spectrometer or spectrograph to separate
two closely-spaced peaks. Resolution can be improved by
decreasing the number of pixels binned together or the slit
widths in the instrument.

Collection of fluorescence at 90° to the incident radiation.
Right angle detection is typically selected for dilute and
clear solutions in order to minimize the scatter component
in the detected emission.

An automated accessory that automatically positions up to
four cuvette samples held in the sample compartment. Use
this accessory to run up to four samples at one time for a
small assay, or to run blanks with your samples simultane-
ously. Automated sample changers are thermostatted and
possess magnetic stirrers.

The effect of having too much signal incident on a particu-
lar detector. Saturated detectors give an erroneous result
and no longer show any response for small changes in sig-
nal. In some cases, saturation can be damaging to a detec-
tor’s performance, so avoid saturation whenever possible.
The R928P PMT used on the FluoroMax"-3 saturates at 1
x 107 cps.

See: Acquisition modes.

Detector used to measure excitation and fluorescence from
the sample, operated in photon-counting mode to provide
the highest sensitivity. Different detectors can be used to
optimize different wavelength regions.

The measurement of the signal observed divided by the
noise component seen in that signal. Generally, the better
the S/N ratio, the better the measurement. This is accom-
plished by using photon-counting detection with the proper
high-voltage bias for improved sensitivity during fluores-
cence measurements. The user then optimizes the sample
signal to the higher area of the linear range for the detector,
typically between 100 000 and 2 000 000 cps. Next, dark
offsets or blank subtraction may be used to improve the
S/N. Finally, increasing the integration time or repeating
the same scan several times can improve the signal to
noise. For specifications, signal-to-noise may be repre-
sented as signal to peak-to-peak noise, or signal to noise at
first standard deviation (FSD).

The spin-paired ground or excited state. The process of
absorption generally produces the first excited singlet state,
which takes time to fluoresce, and may undergo intersys-
tem crossing to form a triplet state.
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Spectral calibration

Spectral correction

Spectral response

Spectrofluorometer

Stokes shift

Synchronous scan

The accuracy of a monochromator with respect to its wave-
length alignment. This is a measure of the monochromator
being at the correct wavelength when it is set there. Mono-
chromators are traditionally calibrated using line-spectra
sources, such as mercury lamps. Spectrofluorometers may
be calibrated by performing two scans, one of the source,
and one of a standard (such as water) to calibrate all of the
monochromators. For Spex® spectrofluorometers, the xe-
non-lamp scan is performed on the excitation with the
467.1-nm peak assigned as such in the software. The water
Raman band is scanned with 350-nm excitation, and the
397-nm peak is assigned as such in the software for the
emission monochromators.

The removal of the wavelength sensitivity of detectors, op-
tics, sources, and backgrounds from the spectrum taken on
a sample. When spectral correction has been properly per-
formed, the true theoretical spectra from a sample should
be all the remains. Spectral correction is accomplished
with a variety of options on Spex” spectrofluorometers.
Excitation and emission correction factor files are provided
to remove the wavelength sensitivity of detectors and their
optics. The reference detector is present to remove the
lamp and excitation optics response. Blank subtraction and
dark offset are used to remove background levels and re-
sponses.

Most detectors have a higher sensitivity to some wave-
lengths than to others. The spectral response of a detector
is often expressed graphically in a plot of responsivity ver-
sus wavelength.

An analytical instrument used to measure the fluorescence
properties of a molecule or substance. The device consists
of at least two monochromators, a source, sample com-
partment and detection electronics. The instruments may
be scanned on the excitation, emission or both to provide
insight on the characteristics of the sample being studied.
Newer spectrofluorometers provide many more automated
options, including polarization, temperature, titer plates,
pressure, and many more. Today, these instruments are
computer-controlled, allowing easy control of assays and
complex experiments.

The energy difference between the absorption peak of low-
est energy and the fluorescence peak of maximum energy.

Scan type which characterizes the overlap between the ex-
citation and emission. The excitation and emission spec-
trometers are scanned at the same time, with a constant
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Technical spectrum

Temperature scan

Throughput

Time-based scan

Total luminescence spec-
troscopy (TLS)

Transmission

Triplet state (T1)

Tyndall scattering

Variable time kinetics

offset specified in either nanometers (wavelength units) or
in cm ™' (energy units).

A spectrum acquired on research instrumentation with in-
strumental bias in the measurement. This spectrum must
undergo proper spectral correction in order to match up
with the theoretical spectrum. Spex™ spectrofluorometers
offer various methods for such correction, including spec-
tral correction, dark offset, blank subtraction and others.

A DataMax 3D scan-defintion that consists of a particular
scan made across a user-defined temperature range. This
scan may be used to monitor a sample’s temperature re-
sponse, or, more specifically, to perform a melting curve
for a sample. Temperature scans require an automated bath
compatible with DataMax to be attached to the spectro-
fluorometer system along with a thermostattable sample
mount.

The amount of light that passes through the spectrofluoro-
meter for a particular measurement. The throughput is usu-
ally measured as the counts per second measured on the
water Raman band at 350-nm excitation with 5-nm band-
pass. As bandpass increases, so will the throughput. Like
bandpass, throughput has an inverse relationship with reso-
lution. When the throughput is increased, the resolution
will decrease.

Scan type in which the sample signal is monitored as a
function of time, while both the excitation and the emission
spectrometers remain at fixed wavelengths. Time-based
data are used to monitor enzyme kinetics, dual-wavelength
measurements, and determine reaction-rate constants.

Spectroscopy devoted to monitoring changes to the entire
excitation/emission matrix of luminescence on a sample.
This discipline is best applied to fast kinetics measure-
ments of samples during reactions, temperature curves, or
changes in other parameters.

Light that passes through a sample without being absorbed,
scattered, or reflected. Transmission is usually measured as
a percentage of the incident light at a certain wavelength.

The spin-paired ground or excited state formed from the
excited singlet state, in which electrons are unpaired. The
triplet state gives rise to phosphorescence.

Scatter that occurs from small particles in colloidal suspen-
sions.

A special measurement menu in the Constant Wavelength
Analysis software application. The user defines measure-
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Vibrational states

Xenon lamp

Xenon-lamp scan

ments that occur at specific times, for specific durations,

and with different integration times. Those measuring as-
says can do the actual measurements at the desired times.
Refer to the DataMax™ software manual for more infor-
mation.

Sublevels within an electronic energy level that are the re-
sult of various types of motion of the atoms in a molecule.
Transition between these states at a particular energy level
does not involve a large change in energy, and typically is
a non-radiative transition. In larger electronic transitions
such as fluorescence, a molecule drops from the lowest vi-
brational level of the excited state to the highest vibrational
level of the ground state. This emission is termed the
Stokes shift between the S; and ground states.

A high-intensity lamp that produces a continuum of light
from the ultraviolet to the near-infrared for sample excita-
tion. A xenon lamp is classified as a broad-band source.

A profile of the lamp output as a function of wavelength.
The lamp scan is acquired using the reference detector
while scanning the excitation spectrometer. The maximum
xenon-lamp peak at 467 nm can be used to determine
proper calibration of the excitation spectrometer.
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16: DataMax Initialization Files

This chapter contains printouts of the main initialization files for the Fluorolog®-Tau-3
in the ISA_INI directory for the lifetime system. These printouts are included for
reference purposes only. The files should not be modified unless directed to do so by a
Fluorescence Service Engineer.
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HARDWARE.INI

This file specifies the type of communication, controller device and DataMax virtual
instrument information. The default controller is the CCD-3000 using IEEE-488

’

’
’
I

’

communication.

SAQ.ini file which defines the structures and the

number of ports available
SERIAL=1
IEEE488=2
SCSI=3

[INFO]
NAME=CCD_ LOCAL

[COMMUNICATION]
TYPE=2
CHAN_ NUM=5

’

’

Specifies the controller type
HC135=509 (Photon counter - Hamamatsu)

LOCKIN=508 (SR510, SR810

SAQ TRIAX=507 (Direct Drive)
DS_TRIAX=506 (Direct Drive)
CCD 3000=505 (IEEE-488 addr 5 only)

TempBath=504

CCD 2000=503 (see also [ISA CCD Driver]

SPECTRAQ=502

)

entry in SYSTEM.INI)

DATASCAN=501 (DS1010 or CCD3000 External Input)
[CONTROLLER]
TYPE=505

2 CTI cards, 2 HV cards and a CCD controller
[PORTS]

NUM MOT CHANNEL PORTS=8
NUM ACQ CHANNEL PORTS=5
NUM HV CHANNELS= =2

NUM CONTROL CHANNELS=0
NUM LIGHT CHANNELS=0

Number of ports is max(8,5,3)

mc_ports =>1..8
acq ports==> 1..5
hv _ports==> 1..2

-—> 8

In api, would create 8 port objects with command channels

equal to 0..7
mc_command channels 0.
acq command channels 0.
hv commmand channels 0.

L7

4
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LIFETIME.INI

Initialization Files

This file defines the CCD-chip size, pixel-spacing and linearization parameters for the
Spex-3D. This file is instrument-specific because linearization is performed on each

new instrument.

[CCD]

XPixels=512
YPixels=512
XSpacing=240
YSpacing=240
;BorderLeftX=0
;BorderRightX=0
;BorderTopY=100
;BorderBottomY=100

[Instrument]

SPC Centerx=500
SPC_CenterY=500
SPC_RangeX=400
SPC_RangeY=250
PolynomialXC1=-0.00002
PolynomialXC2=0.9877
PolynomialXC3=243.18
PolynomialYC1=0.000008
PolynomialYC2=1.2875
Polynomial¥YC3=124.57
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768

512
512
15
15

CC

I

’

’

DLOAD.INI

Initialization Files

This file contains specific information about the CCD chip: the chip size, pixel spacing,
and signal collection. The file also has limits set for shutter opening (exposure time)

and allowable temperature range for the chip.

file: CCDLOAD.INI
CCD hardware (chip and controller) parameters
CCD Number

Base address of RISC board (300 hex = 768 dec)

Number of pixels

total active x pixels (in the horizontal direction)
total active y pixels (in the vertical direction)
number serial pxls before active area

number serial pxls after active area

number parallel rows before active

number parallel rows after active

readout register location and direction
add one from each of the following:

register location = 0 left
1 top
2 right
3 bottom

direction is relative to our standard configuration
with the readout register in the left position

direction = 0 top to bottom

4 bottom to top

* *hokokk ok k>
* \ | | | * | |
* \ | | | * | |
* \ | | | * | |
* \ | | | * | |
* 0 [ 1 | 2 = | 3
* \ | | | * | |
* \ | | | * | |
* \ | | | * | |
* ‘ | | | * K=Kk KKk xkk Kk
|
\Y
A
K=k KKk xkkh*k *
* \ | | | * | |
* \ | | | * | |
* \ | | | * | |
* \ | | | * | |
4 | S | 6 ~* 7
* \ | | | * | |
* \ | | | * | |
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* | ! ! | * !
| [ [ | * *ok kK kK k>

*
\
; \

; Limit checking for driver calls

0 ; Minimum temperature in degrees K

300 ; Maximum temperature in degrees K

1 ; Minimum shutter time in milliseconds
400000000 ; Maximum shutter time in milliseconds
0 ; Minimum Gain

4 ; Maximum Gain

; Returned in driver call. Currently not used by the driver.
; pixel spacing/size in tenths of um

240 ; horizontally

240 ; vertically
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17: Visual Inspection of the
Isogyre Pattern

Introduction

This test examines the isogyre pattern created by the Pockels cell itself. The orientation
and location of this pattern on the manual slit are primary indicators that the system is
in near-perfect alignment. A dental mirror (diameter < 2.5 cm) is recommended. For a
routine adjustment of the Pockels cell, skip this chapter; instead do step 1 in Chapter
11: Maintenance.

‘Waminy: Do not attempt to do this procedure without permission of the
Fluorescence Applications Department. The telephone number is (732)
494-8660 x 144.
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Procedure
1  Set the excitation monochromator to 540 nm.
2 Open all excitation slits to 4 mm.
3 Open the iris to its maximum
aperture size.
@Note: Some irises open to the right.
4 Remove the lid to the modulator compartment.
O Turn OFF the external high-voltage DC bias to
the Pockels cell.
6  Using a 1/16" Allen @
wrench, remove the Note: Remove three of the
mask over the screws holding the mask on,
. loosen the fourth one turn, and
manual slit. rotate the mask out of the way
In this way, the isogyre pattern without removing it completely.
can be observed.
/ Remove the Pockels-cell mount from the light
path.
8 Check that all detector HV-biases are OFF.
9  Close the manual , g —
slit.
10 Open the excitation

shutter.

Green light should be visible
passing through the modulator
compartment, and centered on
the blades of the manual slit. If
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this image is not centered on the slit, there is an optical misalignment in the ex-
citation monochromator, lamp housing, or the modulator compartment lenses.

11 Slowly close the iris while observing the isogyre
image.

As the iris is closed, the image of the
1sogyre should shrink until only the
crosshairs are visible. If the crosshairs
are cut off, then the height of the
Pockels cell needs adjustment.

Isogyre pattern on
metal target in sam-
ple compartment.

12 Move the Pockels-cell mount into the light path.

» The green light now should pass through the Pockels cell with an isogyre
pattern visible on the blades of the manual slit.

» The crosshairs ought to be perfectly horizontal and vertical, crossing in the
center of the slit. Crosshairs that are perfectly horizontal and vertical, but
not centered, indicate a need to realign the Pockels cell. Move the two ad-
justments on the Pockels cell to center the isogyre pattern on the manual slit.

Good alignment Requires height  Requires lateral Call Fluores-

of Pockels cell.  adjustment. adjustment. cence Service
(polarizers or
collimating
lenses need
realignment).

_— F =

Adjustment of the horizontal Adjustment of the vertical
knob. knob.
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13 Turn on the external high-voltage DC-bias sup-
ply for a moment to see how the isogyre pat-
tern rotates with this bias applied.

Properly aligned Pockels Rotation: poor polarizer
cell alignment around Pockels
cell

14 Turn off the external HV DC-bias supply to con-
tinue alignment.

@ Note: If you have any questions or difficul-
ties with this procedure, call Fluorescence
Applications at (732) 494-8660 x 144.
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18: Index

Key to the entries:

Times New Roman font subject or

keyword
Arial font command,
menu choice,
or data-entry
field
Arial Condensed Bold font  dialog box
Courier New font file name or
extension
1
I8ODF ..o, 8-5,13-4
X

7 1-13,5-2, 5-18, 8-36-38, 8-67, 10-2 and ff

A
A (detector)....cuvevieeciieeiieiieeiieennen. 14-1, 14-2
About DataMax..............ccccccevevieninenene 10-18
About Instrument Control Center........... 10-17
Add/Remove Programs icon................ 2-20
Add/Remove Programs Properties.......... 2-20
amPlitude .....eeeevieriieieeieeeceee 1-34
anisotropy...... 1-1 and ff, 5-1 and ff, 10-15-16
Anisotropy Components tab....... 5-18, 8-64

anisotropy decay 1-9, 5-1 and ff, 8-1, 8-56, 8-
64, 9-6, 9-14, 9-18, 10-3, 10-15-16, 11-6,
13-1

Anisotropy decay.........cccceeveevieniieennn. 5-18

Anisotropy Decay Acquisition........ 8-60—61

Anisotropy Decay Acquisition.5-6, 5-8, 8-60—
61

Anisotropy Decay Model.......................... 5-18

anthracene..........ccceveeevnnenen.. 3-27, 6-10, 6-12

Index
APPIY o, 8-5,13-4
Auto Open................... 4-17, 5-14, 6-9, 7-11
Auto Save Exp ................ 4-11, 5-8, 6-5, 7-6
Autorun.........cooooviiiiiiiiie, 2-18,2-20

B
balldriver .....uvvveveiiiiiii 2-12
BCECF ..o 14-9
beaker.....ccocvvvveveeeeennnne 8-4, 8-16, 8-26, 13-3
BlanK ... 14-2
C

O-CA .o, 3-27, 8-1 and ff
Calibrate........ccccocoveviivciiiieene. 3-12, 3-19
Cancel ......cooovvvveveeenen, 4-11, 5-8, 6-5, 7-6
CAS NUMDET ..., 3-27
CCD e, 16-2-4
CCD-3000 ... 16-2
CCDLOAD . INT ciiiieiieeeeeeeeeeeeeeen, 16-4
CD-ROM......ccovvviiieiieeeeeeeen. 2-18, 2-20
CE marking........ccccoevvvevieeciienieeieenreennenn 12-1
center of Eravity.....occeeveeeviieneeeieenieeenn 7-13
Centerof gravity.......cccooveeieiieieis 7-13
ChiSquare........ccocoovveveeeeeeeceeeen 8-67
COllEC......oiiieeieeeeeeeeeeeee 6-2, 8-60
colloidal silica........cccevvveeeviviinnnnnns . See Ludox
color effect..........oovvvvveieeiinieeeeeieeeeee 4-3-4
COM POTt et 10-4
COMMENTS........cevvvvveeennnes 4-17,5-14, 6-9, 7-11

Constant Wavelength Analysis 3-2, 5-3, 14-2,
14-14

Control Panel ...............c.ooovveiieiin 2-20
counter-timer-integrator .......................... 14-3
(o7 o 1S SRS UUURURPRSR 3-4
cross correlation ...........coeeeuveeee. 1-1, 1-16-17
CIYOSEAL .oveieeeiiiiee e 4-3-4
cut-on filter.........oovveeieeiiiiieeeeeeeee, 9-7

cuvette ... 3-14, 5-3, 8-2 and ff, 9-2, 9-8, 9-15,
10-12-13, 13-3, 14-2, 14-11
Czerny-Turner ..........ccceeuvee.. 12-2-3, 14-4-5
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D
damage ........cooeeeiieiieeeee e 0-3
dAN@ET.....eeeeiieiieeieeeeee e 0-3
dark counts........ccccceeevvvvnvveeeeenennnn. 12-3, 14-4

Dark Offset4-17, 5-14, 6-9, 7-11, 8-12, 8-22,
8-34, 8-44, 13-12

.DAT4-1, 4-10, 5-1, 5-7, 7-5, 8-11 and ff, 13-
11

DataFile..4-10, 5-7, 6-4, 7-5, 8-11 and ff, 13-
11

DataFile........ccoooevveiieiieiee 8-11 and ff

DataMax....0-1, 1-15, 2-12 and ff, 3-1, 3-5, 3-
22,4-20, 5-18, 8-2 and ff, 9—10 and ff, 10-1
and ff, 11-7, 12-2, 13-1, 14-1-2 and ff, 16-
1-2

DataMax boot disK.........cccccveeeeuveernneenne. 1-15
DataMax icon........ccccoeeeveeeeieieieieene 13-1
Decay times (NS)......cccovvecvevvevrieiennee. 7-12
deconvolution..........cceeeveeecieencieesieeee. 1-3
degrees of freedom....................... 1-13, 5-2-3
Delay ......ccccoevveirenennne. 4-17,5-14, 6-9, 7-11

demodulation. 1-1, 1-16, 4-1 and ff, 7-8, 7-12,
9-1,9-10-11, 10-10, 10-14, 11-2, 14-6

dental MIrror..........ccovevvveviierciierieeieeeeas 17-1
DELTO .EXP .iiiiieiiiiiiieeeeeeeeeeviieieneeeeeeeens 14-5
differential phase..........ccccceveeennen. 1-10, 1-14
dipole-dipole interactions............ccc.c....... 14-4
Discrete Pairs......cccccccoovevvveveennnn. 4-14,7-8
dMod.......ccevieee 4-21, 8-14 and ff, 13-14
DM302 ..ot 2-12
dPhase.......ccccce... 4-21, 8-14 and ff, 13-14
dual-channel synthesizer................... 1-15-16
dummy terminator.............cceeeeeveeeeveeennne. 1-16
dynamic depolarization.................... 5-1,9-13
E
EMT 8-7 and ff, 13-6
EMIisSSioN ....coooovveeiieeeeeeeeeee 5-10, 6-7
Emission Acquisition ............. 3-6-7, 3-14-15
EeMUIALION. ....ocviiiieiiieiie e 2-22
End Freq (MHz) 4-12, 5-9, 7-7, 8-11-12 and
M, 13-11
Enter Correct Position.................... 3-12, 3-19
Enter Deviation ................ 8-14 and ff, 13-14
Enter frequency .......ccccooovieieieiennnn. 6-11
(S (0] ST 10-3, 10-13-14, 11-2

Index

Estimated Time. .................. 4-17, 5-14, 7-11
ethylene glycol........coocveiiiniiiniiiiiee 9-18
europium(IIl) chloride hexahydrate ........ 3-27
EXT 8-7 and ff, 13-6
Excitation.........ccccooviivviiiiiis 5-10, 6-7
Excitation Acquisition................................ 3-7
excitation spectrometer
calibration.........ccceveevvieenicnneeniceeen 3-11
Excitation(nm).........cccceeveeeenieninieienee. 6-6
excited state ........ccceeeveeeeieennnnn. 14-6-8 and ff'
EXIt oo 2-19

CEXP e 14-5

Exp Type......3-6, 3-14, 4-11, 5-8, 7-6, 8-61

Experiment.4-8, 4-10-11, 5-7-8, 6-2, 6-4-5,
7-6, 8-60, 13-5, 14-5

Experiment... ... 7-5
Experiment button...........c...cc.......... 3-6, 3-14
exponential decay ........ccocceevveriiennans 1-5, 1-9
extinction coefficient...................... 14-1, 14-8
F
failure.....cocovveeeeiiiiiiieeeee, 10-1-2, 10-6
feature pack .......ccocoeeeeiieiieniieniee, 2-18-19
FF oo 8-40
fIber OPLICS .oovvieeiieiieeiiee e, 4-4
File o 4-17,4-24, 8-51
File. .o 8-51

filter 4-4, 4-6, 8-2 and ff, 9-1, 9-4-8, 10-3 and
ff, 13-3 and ff, 14-6, 14-9

filter holder 5-20, 8-4, 8-16, 8-26, 9-1, 9-4-8,
9-17, 13-3

FINISh oo, 2-20
FiXed ..o 4-22
flash lamp .......ccoveviieiiiiniieens 9-1, 9-3,9-12
flask ...ocoeviiniiees 8-4 and ff, 9-10-11, 13-3
Flip Z LImitS....cc.oooviiiiiieeeeeee 8-54
fluOreSCeIN ..vvvvveiiiiieieiiieeeee e, 3-27,10-9

fluorophore ... 3-25, 4-3-4, 6-1, 8-12, 8-22, 8-
34,9-2,9-13, 10-2 and ff, 13-3, 13-12, 14-
6

Fourier spectrum............cccoeeveeciienienneennen. 1-4
Fourier transform..............ccocoeeeeinneennnn. 1-4
Fourier transformation...................... 1-4,1-12
Frequencies...........c..cooeeeieieeicccieeene. 7-7
Frequency ..., 6-7
frequency domain...... 1-1-4,7-1,7-12, 10-13
Frequency (MHz)......... 8-7, 8-18, 8-29, 13-7
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front-face/right-angle accessory3-16, 3-23, 8-
39-40, 9-1-2, 9-16, 12-2, 13-3

Fura-2....oooiiiin 14-9
G
G factor................ 5-1, 5-3, 5-13, 8-63, 10-15
G Factor......cococveneiiccce, 5-13
geometry ....4-2-5, 5-3, 9-2 and ff, 10-1 and ff
Glan-Thompson .........cccecvevieerienieeneenne. 9-13
Globals Unlimited.....4-20, 5-18-19, 9-1, 9-9,
10-14
glycerol .......... 4-21, 5-16, 8-1, 8-56-57 and ff

glycogen...3-22-24, 3-27, 4-4, 6-1, 6-13, 8-2,
9-7,10-13, 11-3, 11-5, 13-3

goodness of fit.........ccccueevieriieiieniieiene 1-13
GRAMS ... 10-17
grating ..........ceeueee. 9-7, 12-2-3, 14-2-5, 14-7
Grating/Turret .................... 3-12-13, 3-19-20
ground (earth) .........cocceevieviiiiiinieee 2-10
ground state.............. 1-2, 14-1, 14-5-9, 14-14
H
hand icon........cccocoveeieeiiiceiceeeeee, 8-54
HARDWARE . INT .ooiiiiiieceeeeeeeeeens 16-2
hazardous condition.............cccceeevevieeenennnns 0-3
Help o 10-17
High Voltage ............................. 5-11, 6-8, 7-9
hindered rotator..........ccccoeeeeviieeiieinneeeen, 1-12
hiStogram ..........cccceeevverieeciieniicieeee e 1-3

host computer....0-1, 2-1-2 and ff, 3-1, 8-2-3,
10-4-5, 10-17, 12-1, 13-1

hotplate........cocvveviiiiiiieeeeee 8-56-57
HV e, 4-15, 5-11, 6-8, 7-9
HV ON oo, 8-8 and ff, 13-7
1
I/O conflict....cuveeeeeeieeiieeeieeeeeeeees 10-4-5
TIEEE-488 ..ot 16-2
imaginary component ................. 1-4,1-6, 1-9
Immediate......cccceeveeneeennn.. 5-14, 6-9, 7-11
Immediately.......cccccovveeieiiieiee, 4-17
Increment (NM) .....coeevieiiiiiicee, 6-6
INTdisK eeeieiieieeeece, 2-18
initialization file........c.ccccceeveveeniieenins 16-1

inner filter effect..........ccoovvvvunnennnnnn. 5-3,10-7
Input File... ....4-21, 8-14, 8-23, 8-35, 13-14
Install Datamax ..........cccccoeeevieeiineenenn. 2-18
InStall......c.oooveieeeeeeee e, 2-20
installation ...........ccceeeeeeiieiiiinnnnen. 2-1 and ff

Instrument Control Center. 3-1-2, 4-20, 5-18,
6-11, 7-12, 8-3 and ff, 10-17, 13-1 and ff'

instrument disk ...........ccceeennen. See INI disk
instrumental reSponse.........cecceeevveereeenennne 1-3
Integration.................ccoooeviiiiii 3-23

integration time4-6, 5-9, 5-15, 7-7, 8-8 and ff,
10-3, 10-11, 12-3, 13-7, 14-7, 14-14

Integration Time3-7, 3-15, 4-12, 5-9, 6-6, 7-
7,13-11

Interleave ......... 4-14,7-8, 8-12 and ff, 13-11
INterpolation.........ceceveeeeieeeeieeeeiee e, 8-55
INtersystem CroSSiNg ........ccceevveerveerveennneene. 1-2

iris 3-3, 3-22, 3-25, 4-4-7, 5-5, 8-5 and ff, 10-
3andff, 11-3, 11-7, 13-4, 13-8, 17-2-3

ISAGraph..........cccoveveie. 8-6, 8-60, 13-5
ISA SIOt.cceiiiicieeeee 14-3
ISA_INI ..o 10-4, 16-1
ISOZYTC c.vvveeeirieeeiieeereeeereeeereeeneveeeneeeas 17-1-4
1SOtrOPIC TOtator ...eeeeeeieeiieeeeeeeeen 1-11
J
Jabtoniski diagram............cccceeeieeiiennnnnen. 1-2
K
kinematic gratings ..........ccccceeeverveenneennen. 12-2
L
L-format........ccooeeviiiiiiiiiieeeceee 10-15
lamp housing ................... 9-1, 9-3,9-12, 17-3
lamp scan......... 3-7and ff, 11-2, 14-12, 14-14
Lamp . EXP eeeeeeeeeeeerrereeeeeeeeerneeeeens 3-7,3-21
LaAMP . SPCattiieeeeeecciieeeee e e eeecrrreee e e e e e 3-7
JASET e 11-1, 11-4-7
laser targets.......coccveevvercvieniieeieenen. 2-12,11-6

layout...3-2-3, 3-22, 8-2-3 and ff, 10-3, 10-6,
10-8, 13-1-2

Layout Selection.............................. 3-2,13-1

LDS 750 o 3-27
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Lifetime...3-22, 4-20, 5-13, 13-2, 13-4-7, 13-
13

Lifetime............cooooiii 8-1 and ff

Lifetime Acquisition............cccccceevenennen. 7-6

Lifetime Acquistion....4-8, 8-6, 8-11, 8-21, 8-
33, 8-45, 8-60, 13-5, 13-10

Lifetime Components tab..................... 5-18
Lifetime Files... ..o 8-48
LIFETIME. INT . coooiecieieieieeereere e 16-3

Lifetime Model. 4-21, 8-13—14, 8-24, 8-38, 8-
64, 13-13

Lifetime Modeling icon ..........c..c........... 6-11
Lifetime Resolved Experiment ................. 6-2
Lifetime Resolved Model ....................... 6-11
lifetime-resolved.........c.cccvveneeee. 6-1-4 and ff'
Lifetime Summary ................................... 8-6
Lifetimes......ccccovevvieeiiiiee 4-21, 6-11
Limit Controls.........ccceevveviiieiee 8-54
Linear .......cccooevveveiviiieeeee 4-12,5-9, 7-7
Linked TaUS.......ccooeeveeeeeeeeeee e, 7-12
location...................... 2-1-2,2-11, 2-13, 2-17
LOG ..o 4-12,5-9,7-7, 8-12 and ff
Low Voltage Directive.........cccccveeeneennnee. 12-1

Ludox®3-22-23, 3-27, 4-4, 6-1, 6-13, 8-1 and
A, 10-13, 11-2-3 and ff, 13-3

M
magnetic stirrer ........... 8-56, 9-8, 9-15, 14-11
main lamp.........coeceeeeeenieeneenen. 3-1, 8-3, 13-1
MAINTENANCE ...evvvvvveeieeeeeeeeeiieeeeeeeeeeeeanns 11-1

Max Avg.... 4-16, 5-13, 7-10, 8-11-12 and ff,
13-11

MCORRECT « SPC cuvuurrrreeeeeeeeeseirnrrreeeeeeeesnnnnns 14-3
(Me)2POPOP......coveeeeeeeeeeee e, 3-27
mercury lamp ......ccoceveeeeieeenneennee, 14-8, 14-12
MEASUIE ... 6-7, 6-10
Measured Standard Deviations.......... 7-12
methanol...........c........... 6-10 and ff, 8-2 and ff
microcell .....ooovvvviiieiiiiiiiiiiinnen, 4-3, 5-3,13-3
MIiCroMaX .....coooevvvveeieeeieiieeeieeeeen. 3-1, 14-2

Min Avg 4-16, 5-13, 7-10, 8-11-12 and ff,13-
11

0011 0 DR 8-5 and ff, 8-58
Model.......ooooviieiiiieeeee, 4-20, 13-13
Model ............oooe, 5-18
Model icon........cccoeeevviieiiiiciiicieeci, 7-12

Index

Model Windows Application — Model 4-20, 5-
18, 8-13, 8-47, 8-64, 13-13

MODEL . EXE 1ovvievieeeeeeeeierieneeieieseesve e 4-20

modeling....4-20, 5-18, 6-13, 7-1-3, 7-12—13,
10-3, 10-12—-16, 13-13-14

modulation..1-7, 1-13—14, 1-16, 3-22-26, 4-1
and ff, 5-1 and ff, 6-1-2 and ff, 7-10, 8-4
and ff, 10-3 and ff, 11-2-5, 11-7, 13-3—-14

modulation error................. 8-14 and ff, 13-14
Modulation File.........cccoovviivviiiiie. 6-11
modulation lifetime .........veeeeeeeeeevvinn... 1-7

modulation ratio...1-14, 3-25, 8-8, 8-19, 8-42,
13-7-9

Modulator Position knob.3-3, 3-22, 8-5, 13-4

Mono Positions................... 7-3, 7-8, 8-43-44

monochromator.. 1-15, 2-12—13, 3-2 and ff, 4-
4-7,5-1, 5-4, 5-20, 6-13, 7-4, 7-8, 8-4-5
and ff, 9-2 and ff, 10-3, 11-3, 13-4, 13-6-9,
14-1-6, 14-12, 17-2-3

multi-exponential.................... 8-1, 8-25, 8-39

multi-exponential decay ................... 4-3,4-22

MUItiroup ..occvvevvieieeiieieeieee 14-4, 14-9
N

NADH. ..ot 3-27

neutral-density filter ...8-10, 8-19, 8-30, 10-8,
13-9, 14-6

Notepad ..............covvei, 8-24
Number of components .. 4-21-22, 6-11, 7-
12

Number of Fregs.....4-12, 5-9, 7-7, 8-11-12
and ff, 8-62, 13-11

Number of Scans ..........ccccceveviiireeeens 6-7
o

OK.......... 2-22,3-7-8 and ff, 8-52, 8-61, 8-63

OPEN... e 8-51

optical density........cccceveevrverrienennne. 14-1, 14-9

Options ......ccceeevveeveenn, 3-8, 3-16, 8-5, 13-4

Over-range indicator...........ccceevvereveennennne. 4-18
P

packing list.......ccceeeeveeeiieeeiiieeiee e 2-14
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path length.........cccoooiiiiiiiiiis 14-1
PellEt. e 4-3
Peltier.....ccoceveeveniennne 8-56, 9-1, 9-15, 14-4
performance test report.................... 3-5,2-12

perylene.... 4-21, 5-16, 6-13-14, 8-1, 8-56-57
and ff

PHu o 5-4,10-12, 10-14, 14-6

phase 1-4, 1-6, 1-13—14 and ff, 3-22, 4-1, 4-3,
4-11-12 and ff, 5-9, 5-13, 5-16, 6-1-2 and
ff, 6-13,7-7-8, 7-12, 8-4 and ff, 10-3, 10-
11, 10-13-14, 10-16, 11-2, 13-3, 13-14

phase angle..4-18, 5-1, 5-16-17, 8-8, 8-19, 8-
42,10-10, 13-7, 14-6

phase-angle difference .4-14, 4-18-19, 5-1, 6-
1, 6-7, 6-10, 7-8

phase error........ 8-14, 8-23, 8-35, 8-48, 13-14
Phase File... ... 6-11
phase lifetime..........c.cooceeeiieniiiinieniceee 1-7
phase modulation............ccceeevveeueennnennen. 1-2-3
phase-resolved ..........cooeeeeiieniienieniieee, 6-1

phase shift 1-1, 1-3, 1-17, 4-1, 4-21, 6-13, 10-
14

phosphorimeter .................. 1-3,9-1,9-3,9-12
photobleaching............cccooceeiiiiiinenien. 14-5
photodiode ............... 3-6, 12-2-3, 14-3, 14-11

photomultiplier tube...1-15-17, 3-14, 3-25, 4-
15,9-5,9-12, 10-7, 14-3, 14-8-9, 14-11

photon-counting.....9-5, 12-2, 14-8, 14-10-11
photon-counting module.......................... 2-12
pipette.....ccovveieriieienene 8-4, 8-16, 8-26, 13-3
PMT ..o, See photomultiplier tube

Pockels cell 1-15-17, 2-2, 2-15, 3-3, 3-25-26,
4-1, 4-4-6, 5-1, 5-5, 5-20, 6-13, 8-3, 8-5,
10-3 and ff, 11-1-7, 13-4, 17-1-4

POINtS: oo 6-9
P0iSSON StAtISTICS .uuveeeeeeveeeieeeeeeeeeeeeeeeennn 1-3
Polarization ..........ccccovvvveeeeeeeeee, 8-61

polarizer .4-4, 5-1, 5-4-5, 5-11, 5-13, 5-20, 9-
1,9-13, 9-14, 10-3, 10-15, 13-2

POPOP .3-22 and ff, 6-10 and ff, 8-1 and ff, 9-
7,11-2-3

POWET ..t 4-3
potassium dihydrogen phosphate............. 1-16
PPD e 3-27
PPO . 3-27
pre-exponential ..........ccceeeeerieeneenen. 1-5, 1-6
printer icon................. 8-14, 8-24, 8-38, 13-14
Process by.................. 4-14, 5-12,7-8, 13-11

Index

p-Terphenyl .......ccocoovviiiiiiiniiiiiee 3-27

pulse method........cccoeevvevciieniiiiieeee, 1-2-3

pulse shape .......cccoeevveviieiiiicieeee, 1-3

pulse width .......ccooviieiiiiie 1-3

PULEE POIL et 9-10, 9-15
0

quantum yield.........c........... 8-9, 13-9, 14-10

quartz....... 8-2 and ff, 8-39—-40, 8-56-57, 9-10

Quick Scan ........... 4-11, 5-8, 7-6, 9-10, 9-11
R

R (detector).. 3-4, 3-8, 3-23, 4-6, 4-15, 5-1, 6-
8,7-9, 8-8-10, 8-18-19, 8-29-30, 8-42, 8-
59, 11-5, 11-7, 13-7-9, 14-1, 14-11

R928P4-15, 5-11, 6-8, 7-9, 9-5, 12-2-3, 14-4,
14-11

Raman....3-5, 3-14-15 and ff, 3-27, 4-2, 11-2,
12-2-3, 14-10, 14-12-13

ratio of modulated amplitudes........ See RMA
Rayleigh scatter ............. 3-17, 4-2,9-7, 14-10
Read freq. from files........c.cccoeeeieni. 6-11
real component..........ccoeceevieenennne 1-4-6, 1-9

Real Time Display..3-2, 3-4-5, 3-11, 3-18, 3-
22-23,4-5-7,6-2, 7-3, 8-6, 8-10-11, 8-
20-21, 8-31, 8-33, 8-43, 8-45, 10-6, 10-
10-11, 11-4-5, 11-7, 13-6, 13-9-10, 14-10

Real Time Display icon.................... 8-6, 13-6
recalibration.............cceeeuuveeee.. 3-5,3-11, 3-18
reference detector ..........cooevveeeeeivieeeennnn. 1-17
relative humidity........cccoooevveeiiiieiniiiiiees 2-9
requirements

electrical .......coovvvvveiiiiiiiiiiee, 2-10

ENVIFONMENT.....ccvvveiiiieeeeeereeieeieeee, 2-1,2-9
reverse L-format........ccccccevveiiennnnnns 5-20, 8-63
Rhodamine-B..........ccoccoeeeviiiiiiiiieeeen, 14-10
ribbon cable ........coovviviiiii 5-20
RMA. ..o 1-10, 5-1, 5-16, 10-15-16
rose Bengal........cccoeeviiiiiiieieee 3-27
round-bottom flask ...............cceuveeeen. 8-56-57
RUBPY )3uuiieiieieeieeeieeeeeeeeeee e 14-10

Run3-8, 3-16, 4-11, 4-18, 5-8, 6-5, 7-6, 7-12,
8-6 and ff, 8-44 and ff, 8-63, 13-12
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Run Experiment 3-2 and ff, 4-8, 6-2, 8-51-52,
10-6, 10-18, 14-4-5

Run Installation Program....................... 2-20
Run Lifetime ......................... 8-13, 8-47, 8-64
Run Lifetime Modeling icon......... 4-20, 13-13

Run Model 4-21, 5-19, 6-11, 8-14 and ff, 13-
14

S

S (detector) . 3-4, 3-15, 3-23, 3-25, 4-4 and ff,
8-7-9 and ff, 8-42, 8-58-59, 9-2, 9-6, 10-7,
11-5,11-7, 12-2-3, 13-6-8, 14-1, 14-4

S&R............... 6-8, 7-9, 8-7 and ff, 13-7, 13-9
S&T e 5-11
sales Order ....cuvvvvveeeiiviviiiiiiiieeeeen, 2-12,2-14

Sample and Real Time Processing Info 8-
12, 8-22, 8-34, 8-44, 8-46, 8-63, 13-12

sample changer. 3-5, 3-14, 3-22-23, 4-4-5, 4-
11, 4-16, 5-13, 7-6 and ff, 8-2 and ff, 8-58,
9-1 and ff, 13-3, 13-7, 14-11

sample compartment 1-15, 2-12, 3-14, 5-1, 5-
20, 9-10, 9-14, 11-7, 12-2, 14-1 and ff

57N O I S 10-4
Save ..o 4-11, 5-8, 6-5, 7-6
Save as Grams Multifile ....... 7-13, 8-49-51
Save Modeling Output ............. 7-12, 8-49-51
Save Output4-24, 5-19, 6-11, 7-12, 8-49-51
Scale All Axes button............ccocevveene.n. 8-53
Scan End(Nm)......cccovieiiiinieieeeee. 6-6
Scan Start(nm)........cccooeeeeeieicieeiee. 6-6
SCANS ..o 7-8

scatterer...3-22 and ff, 4-38-7, 8-17, 10-2, 10-
13,11-3,13-3

scattering block ..........cccoevvieiiiniiiiienn, 4-4
second-order effects..........ccccviiiiiiinnnnnn, 9-7
Select Data Fileto Open................... 8-51-52
Select Experiment Type ......3-6-7, 3-14, 8-61
SequEeNCe ........cccoeevveevveeenn. 4-12, 5-9, 7-7
Sequence LOg.....ccoceeeeevieieeieieieee, 5-16
serial number............cccceeeeeiiiieeenn, 10-17-18

Service Department10-1, 10-7, 10-17-18, 16-
1,17-3

Set Pt. Std. Dev. (%)4-16, 5-13, 5-15, 7-10,
8-11-12 and ff, 13-11

Set Standard 4-7, 8-8 and ff, 8-29-30, 8-41,
13-7, 13-9

Set Unknown................. 4-7, 8-8 and ff, 13-7

Index

Setup File..........c......... 4-17, 5-14, 6-9, 7-11

SETUP .EXE oitecieeeeeeee e 2-20

shutter1-15, 9-4, 10-3, 10-6, 12-3, 13-7, 14-5,
14-8-9, 16-4-5, 17-2

Shutter... ....ccccceeveneennnn. 4-17,5-14, 6-9, 7-11
shuttericon.........ccccoeeveennenne. 8-8 and ff, 13-7
Side Entrance............. 8-7 and ff, 8-58, 13-6
Side Exit ........ccvene.. 8-7 and ff, 8-58, 13-6

Signal Balance .4-5, 4-7, 8-8 and ff, 8-29-30,
8-41, 13-6-7, 13-9

Signal Choice .................. 5-11, 6-8, 7-9, 8-63

Signals.....3-8, 3-15, 4-15, 5-11, 6-8, 7-9, 8-
63

Signals.........ccooooeviiiiiieee, 3-8, 3-15
SINGIEt ..o 1-2, 14-1 and ff
SHAE ..o 8-26,9-16

slits.... 1-15, 3-2-3 and ff, 4-4-7, 4-15, 5-5, 5-
11, 5-20, 6-2, 6-8, 6-13, 7-2-3, 7-9, 8-5
and ff, 10-3 and ff, 11-3, 11-7, 13-4 and ff,
14-4-5, 14-10-11, 17-1-3

Slits.......3-8, 3-15, 4-15, 5-11, 6-8, 7-9, 8-63

Slits 3-8, 3-15, 5-11, 6-8, 7-9, 8-7, 8-17, 8-28,
8-58, 8-63, 13-6

SOTIKEY v 2-21
solid sample holder..........c.cccceueenneen. 9-1,9-16
Source Position knob........ 3-3,3-22,8-5,13-4

SPC eieeeieeeeeeeeieeieenee 6-4, 8-52, 14-4, 14-9
SPECIfICAtIONS ...eeeveeeiieeiee e, 12-1
SPECHra... oo, 7-13

SpectrAcq.0-1, 1-15-16, 2-1-2 and ff, 3-1, 8-
2-3,10-4-5, 12-5, 13-1

Spectral File........ccooevevieiiiiieee. 6-11
Spectral width... ... 7-13
spectrophotometer ...........ccceevvveenenn. 8-56-57
spring-clip holder........... 8-4, 8-16, 8-26, 13-3
Standard.........ccccevvveeiiennnnn 4-16, 6-8, 7-10

standard deviation. 4-16 and ff, 5-13 and ff, 8-
12, 8-22, 8-34, 8-44, 10-11, 12-2-3, 13-11,
14-12

standards.........ccoveeiiiii 3-27

Start Freq(MHz)4-12, 5-9, 7-7, 8-11-12 and

1, 8-62, 13-11

Start Time......cc.......... 4-17, 5-14, 6-9, 7-11
SEATEUD weeeieeeiee et 3-1
Std Em (M), 4-13
Std Emission End ...........ccooveiiiiiiinnennen 7-8
Std Emission Start..........ccccoeeeeviiienennnn 7-8
Std EX (NM) oo, 4-13
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Std Excitation..........ccecvevevieieneiee, 7-8
Std Lifetime (ns) .....4-16, 8-12 and ff, 13-12
Std Modulation............ccccevvevieviiniieee. 6-7
Std Phase(deg).......ccoevveeeeiieieiicie, 6-7
Steady State G Factor...........c..c........... 8-63
Steady State LED........ccceoevieniininicnenne. 3-3
Stokes shift........ccoovvvveveeeiiinnnnns 4-5,14-13-14
SEYTYL 7o 3-27
Summary Table..........cccoevveeveiieie. 5-16
SUTZE PIOLECTOT v 2-15
SYMDBOL...ciiiiiiieiieieceeeee e 0-3
T

T (detector)3-23, 3-25, 4-4 and ff, 8-4 and ff, ,
8-42, 8-58-59, 9-1 and ff, 10-7, 12-2-3,
13-3, 13-6-8, 14-1

T&R...... 6-8, 7-9, 8-7 and ff, 8-63, 13-7, 13-9

Tau icon......ooeeveeeeeeeiieeene, 8-6, 8-60, 13-5

temperature bath .2-2, 2-16, 3-1, 4-4, 8-56, 8-
58,9-1, 9-8, 9-18, 10-17, 13-2, 14-13

terminator, 50-C2 .......coovvvvveeiiiiiiiiiiineen, 10-7

T-format......5-20, 9-1, 9-5, 9-14, 10-15, 12-2

thin film....4-3-4, 8-26, 8-40, 8-57, 9-2, 9-16,
14-6

3-DVIieW ... 8-53
time-correlated single-photon counting.1-2-3
time domain .........cceeeeveeeeieeenneeeeieeeene 1-2-3
Time dynamics ........ccccooeevevvvecieeienennn. 7-12
time resolved...7-1-4, 7-12—13, 8-1, 8-39 and
11, 9-6, 9-8, 9-13
Time Resolved Acquisition..................... 8-43
Time Resolved Model.....7-12, 8-47, 8-49-50

Transfer button .... 4-5, 6-2, 8-10, 8-19, 8-30,
10-6, 13-9

triplet state........ 1-2, 14-7, 14-9, 14-12, 14-14
troubleshooting ..........cccoeveeeveenieeiiennnne, 10-1
U
Uniblitz Shutter ........oovveeemeeeeeeeeeeeennn. 14-8
UNIES oo 3-8, 3-16
Unk Emission End.......cccvvevvveiiieeeeeee. 7-8
Unk Emission Start .......ccoevveevivveeien. 7-8
Unk Excitation.........cooovvveveeeiii 7-8

Index

unknown...4-1-9 and ff; 5-1 and ff, 6-1-2 and
[, 6-13, 7-2-3 and ff, 8-4 and ff, 8-62, 9-2
and ff, 10-7 and ff, 13-3 and ff, 14-2

UnNKNown ........cccocvvviiviineenns 5-13, 6-8, 7-10

Unknown Em (NM)......cccocoveeieieeneenee. 4-13

Unknown EX (NM) ....coooviiieiiieieeieeee 4-13

UNPACKING ..cvvviieiiiiecieeieeeee 2-11, 2-13
V

Variable Time Kinetics .........cccocue..... 14-2

VIBW ..ot 8-53-54

Visual Instrument Setup 3-2 and ff, 5-20, 8-5,
10-15, 13-4, 14-1

w
WALET . XD tiriveecieeieeee e, 3-15, 3-21
WALET . SPC i, 3-15

Windows....0-1, 1-15, 2-18 and ff, 4-24, 8-14,
10-3-5, 10-17, 12-2, 12-5

Windows file.........oooevoeeeeieeeee 13-11
X
XCORRECT « SPCrueeeeeneeeeeeeneeeereeeeseennnaaeanes 14-3

xenon lamp 2-1, 2-12, 2-15, 3-1 and ff, 4-4, 4-
6, 8-2-3, 8-5,9-1 and ff, 11-2 and ff, 12-2,
13-1, 14-3 and ff
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