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0 : Introduction

Introduction

About the Quanta-@ integrating sphere

This manual explains the theoretical and practical issues of operating and maintaining
the Quanta-¢ integrating sphere. The Quanta-o is used with the Fluorolog®-3, Fluoro-
Max®-3 and -4, and Fluorolog®-Tau-3 spectrofluorometers to study fluorescence from
solid, powder, thin-film and liquid samples. The main purpose of the Quanta-¢ is the
measurement of photoluminescence quantum yields of such materials.

The Quanta-¢ integrating sphere accessory is external to the spectrofluorometer. Light
from the sample compartment is directed into the sphere via a fiber-optic cable and the
F-3000 Fiber-Optic Adapter, and returned to the sample compartment (and then to the
emission monochromator) via a second fiber-optic cable and the F-3000.

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

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

You are responsible for understanding the information contained in this document. You
should not rely on this information as absolute or all-encompassing; there may be local
issues (in your environment) not addressed in this document that you may need to ad-
dress, and there may be issues or procedures discussed that may not apply to your situa-
tion.

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

responsible for yourself and your actions and all resulting consequences. If you rely on

the information contained in this document, you are responsible for:

e Adhering to safety procedures

e Following all precautions

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

As a condition of purchase, you agree to use safe operating procedures in the use of all
products supplied by HORIBA Jobin Yvon, including those specified in the MSDS
provided with any chemicals and all warning and cautionary notices, and to use all
safety devices and guards when operating equipment. You agree to indemnify and hold
HORIBA Jobin Yvon harmless from any liability or obligation arising from your use or
misuse of any such products, including, without limitation, to persons injured directly
or indirectly in connection with your use or operation of the products. The foregoing
indemnification shall in no event be deemed to have expanded HORIBA Jobin Yvon’s
liability for the products.

HORIBA Jobin Yvon products are not intended for any general cosmetic, drug, food, or
household application, but may be used for analytical measurements or research in
these fields. A condition of HORIBA Jobin Yvon’s acceptance of a purchase order is
that only qualified individuals, trained and familiar with procedures suitable for the
products ordered, will handle them. Training and maintenance procedures may be pur-
chased from HORIBA Jobin Yvon at an additional cost. HORIBA Jobin Yvon cannot
be held responsible for actions your employer or contractor may take without proper
training.

Due to HORIBA Jobin Yvon’s efforts to continuously improve our products, all speci-
fications, dimensions, internal workings, and operating procedures are subject to
change without notice. All specifications and measurements are approximate, based on
a standard configuration; results may vary with the application and environment. Any
software manufactured by HORIBA Jobin Yvon is also under constant development
and subject to change without notice.

Any warranties and remedies with respect to our products are limited to those provided
in writing as to a particular product. In no event shall HORIBA Jobin Yvon be held lia-

0-2
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ble for any special, incidental, indirect or consequential damages of any kind, or any
damages whatsoever resulting from loss of use, loss of data, or loss of profits, arising
out of or in connection with our products or the use or possession thereof. HORIBA Jo-
bin Yvon is also in no event liable for damages on any theory of liability arising out of,
or in connection with, the use or performance of our hardware or software, regardless
of whether you have been advised of the possibility of damage.

0-3
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Safety summary

Introduction

The following general safety precautions must be observed during all phases of opera-
tion of this instrument. Failure to comply with these precautions or with specific warn-
ings elsewhere in this manual violates safety standards of design, manufacture and in-
tended use of instrument. HORIBA Jobin Yvon assumes no liability for the customer’s
failure to comply with these requirements. Certain symbols are used throughout the text
for special conditions when operating the instruments:

A ‘L‘aulion:
& ‘Caution:

@ Nofe:

A WARNING notice denotes a hazard. It calls
attention to an operating procedure, practice, or
similar that, if incorrectly performed or adhered
to, could result in personal injury or death. Do
not proceed beyond a WARNING notice until
the indicated conditions are fully understood and
met. HORIBA Jobin Yvon Inc. is not responsi-
ble for damage arising out of improper use of the
equipment.

A CAUTION notice denotes a hazard. It calls
attention to an operating procedure, practice, or
similar that, if incorrectly performed or adhered
to, could result in damage to the product. Do not
proceed beyond a CAUTION notice until the
indicated conditions are fully understood and
met. HORIBA Jobin Yvon Inc. is not responsi-
ble for damage arising out of improper use of the
equipment.

Intense ultraviolet, visible, or infrared light!
Wear light-protective goggles, full-face shield,
skin-protection clothing, and light-blocking
gloves. Do not stare into light.

Wear protective gloves.

General information is given concerning opera-
tion of the equipment.

0-4
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Risks of ultraviolet exposure

A% ‘L‘autian:This instrument is used in conjunction with ultra-
violet light. Exposure to these radiations, even reflected

or diffused, can result in serious, and sometimes irre-
versible, eye and skin injuries.

Overexposure to ultraviolet rays threatens human health
by causing:

e Immediate painful sunburn

e Skin cancer

Eye damage

Immune-system suppression

Premature aging

Do not aim the UV light at anyone.

Do not look directly into the light.

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

Light is subdivided into visible light, ranging from 400 nm (violet) to 700 nm (red);
longer infrared, “above red” or > 700 nm, also called heat; and shorter ultraviolet
radiation (UVR), “below violet” or <400 nm. UVR is further subdivided into UV-
A or near-UV (320-400 nm), also called black (invisible) light; UV-B or mid-UV
(290-320 nm), which is more skin penetrating; and UV-C or far-UV (< 290 nm).

Health effects of exposure to UV light are familiar to anyone who has had sunburn.
However, the UV light level around some UV equipment greatly exceeds the level
found in nature. Acute (short-term) effects include redness or ulceration of the skin.
At high levels of exposure, these burns can be serious. For chronic exposures, there
is also a cumulative risk of harm. This risk depends upon the amount of exposure
during your lifetime. The long-term risks for large cumulative exposure include
premature aging of the skin, wrinkles and, most seriously, skin cancer and cataract.

Damage to vision is likely following exposure to high-intensity UV radiation. In
adults, more than 99% of UV radiation is absorbed by the anterior structures of the
eye. UVR can contribute to the development of age-related cataract, pterygium,
photodermatitis, and cancer of the skin around the eye. It may also contribute to
age-related macular degeneration. Like the skin, the covering of the eye or the cor-
nea, is epithelial tissue. The danger to the eye is enhanced by the fact that light can
enter from all angles around the eye and not only in the direction of vision. This is
especially true while working in a dark environment, as the pupil is wide open. The
lens can also be damaged, but because the cornea acts as a filter, the chances are re-
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duced. This should not lessen the concern over lens damage however, because cata-
racts are the direct result of lens damage.

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

%% ‘L‘aution: UV exposures are not immediately felt. The us-
er may not realize the hazard until it is too late and the

damage is done.

Training
For the use of UV sources, new users must be trained by another member of the labora-
tory who, in the opinion of the member of staff in charge of the department, is suffi-
ciently competent to give instruction on the correct procedure. Newly trained users
should be overseen for some time by a competent person.

0-6
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Additional risks of xenon lamps

AA £Wg s

are dangerous. Please
read the following pre-

Among the dangers associated with xenon lamps cautions.

are:

e Burns caused by contact with a hot xenon lamp.

e Fire ignited by hot xenon lamp.

e Interaction of other nearby chemicals with intense ultraviolet, visible, or infrared

radiation.
e Damage caused to apparatus placed close to the xenon lamp.
e Explosion or mechanical failure of the xenon lamp.

Visible radiation

Any very bright visible light source will cause a human aversion response: we either
blink or turn our head away. Although we may see a retinal afterimage (which can last
for several minutes), the aversion response time (about 0.25 seconds) normally protects
our vision. This aversion response should be trusted and obeyed. NEVER STARE AT
ANY BRIGHT LIGHT-SOURCE FOR AN EXTENDED PERIOD. Overriding the
aversion response by forcing yourself to look at a bright light-source may result in per-
manent injury to the retina. This type of injury can occur during a single prolonged ex-
posure. Excessive exposure to visible light can result in skin and eye damage.

Visible light sources that are not bright enough to cause retinal burns are not necessari-
ly safe to view for an extended period. In fact, any sufficiently bright visible light
source viewed for an extended period will eventually cause degradation of both night
and color vision. Appropriate protective filters are needed for any light source that
causes viewing discomfort when viewed for an extended period of time. For these rea-
sons, prolonged viewing of bright light sources should be limited by the use of appro-
priate filters.

The blue-light wavelengths (400-500 nm) present a unique hazard to the retina by
causing photochemical effects similar to those found in UV-radiation exposure.

Infrared radiation

Infrared (or heat) radiation is defined as having a wavelength between 780 nm and 1
mm. Specific biological effectiveness “bands” have been defined by the CIE (Commis-
sion Internationale de 1’Eclairage or International Commission on Illumination) as fol-
lows:

¢ IR-A (near IR) (780-1400 nm)

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

¢ IR-C (far IR) (3000 nm-1 mm)
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The skin and eyes absorb infrared radiation (IR) as heat. Workers normally notice ex-

cessive exposure through heat sensation and pain. Infrared radiation in the IR-A that

enters the human eye will reach (and can be focused upon) the sensitive cells of the re-

tina. For high irradiance sources in the IR-A, the retina is the part of the eye that is at

risk. For sources in the IR-B and IR-C, both the skin and the cornea may be at risk from

“flash burns.” In addition, the heat deposited in the cornea may be conducted to the lens

of the eye. This heating of the lens is believed to be the cause of so called “glassblow-

ers’ ” cataracts because the heat transfer may cause clouding of the lens.

e Retinal IR Hazards (780 to 1400 nm): possible retinal lesions from acute high irra-
diance exposures to small dimension sources.

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

e Corneal IR Hazards (1900 nm to 1 mm): possible flashburns from acute high irra-
diance exposures.

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

0-8
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1 : Theory of Operation

Introduction

An ideal integrating sphere is designed to integrate light for collection over all emission
angles from the sample. No integrating sphere is ideal, and so there are various approx-
imations required.

Spherical enclosures and radiance

When light hits a diffuse surface, such as the interior of an integrating sphere, radiation
exchange occurs. Imagine an area dA; that reflects light to another area dA,. We can
write the exchange factor dF, the fraction of energy leaving dA;, traveling a distance S,
and going to dA,.

_ cos 6, cos 6

dF A, (1)

For a spherical enclosure, the area dA; actually exchanges light with an area A; of defi-
nite size. With geometrical considerations, we can integrate the differentials to get

. )
47Tr Asphere

Equation (2) tells us that the fraction of light F that A, receives is just A;’s fraction of
the sphere’s total surface area. The parameter F is independent of the viewing angle, is
the same when measured from anywhere within the integrating sphere, and is propor-
tional to the area of the sphere.

Radiance, L, is the flux density of light emanating per unit solid angle. For a diffuse
surface receiving an incident flux @;,

D.p
L=—+ 3
-y ®3)

where A is the area under illumination, p is the reflectance, and z is the solid angle from
the surface. The main issue here is the reflectance for an integrating sphere. The reflec-

tance can be rewritten as a simplification of a power series from multiple reflections
within the sphere. Thus we rewrite the radiance as

d.
L=—"-M 4
ry 4)
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where M is a factor called the sphere multiplier. The sphere multiplier takes into ac-
count the total fractional area f that the entrance and exit ports occupy (and thus reduce
the reflectance), plus multiple reflections:

_p
M S 1-pl-f) ®)

For a typical integrating sphere whose p ~ 0.95 and f ~ 0.03, M is between 10 and 30.

Time decay of signal

An incoming signal (such as a rapid fluorescence-decay) can be stretched temporally
because of the multiple diffuse reflections inside an integrating sphere. This can be im-
portant for fluorescence lifetime determinations. The impulse response of an integrating
sphere takes the form

-t
el’

where 7 is the time constant of the integrating sphere, and is

d
,:_Z.w.i (6)

3 ¢ Inp

Equation (6) considers also the diameter of the integrating sphere, dspnere, the average
reflectance, p, and the speed of light, c. A typical  might range from several ns to sev-

eral dozen ns.

Coating of an integrating sphere

The interior reflective coating of an integrating sphere affects its overall performance.
The interior of the HORIBA Scientific integrating sphere is made from a proprietary
material known as Spectralon®, which has a very wide, flat reflectance of over 95%
from 250 nm to 2.5 um (see graph below). Thus this integrating sphere is useful
throughout the 100

spectrofluorome- /7
ter’s scanning

96
range, from the

UV through the
near-IR.

8°/Hemispherical % reflectance
3 E 3 B £

%

82

80 T T v d v T \J
250 500 750 1000 1250 1500 1750 2000 2250 2500

Wavelength (nm)
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Photoluminescence quantum yield

An important use of the integrating sphere in conjunction with your spectrofluorometer
is the determination of a sample’s photoluminescence quantum yield. The photolumi-
nescence quantum yield for a particular molecular species is determined by the first-
order rate processes that compete for the excitation energy. The three main processes
can be defined with first-order rate constants, such as kg, the rate constant of fluores-
cence decay (in units of s), kng, the rate constant of nonradiative decay, and kr, the
rate constant of photochemical energy transfer. Using these three rate constants, the
fluorescence quantum yield ¢ is defined as

_ kr
kp + kg + Ky

4

The fluorescence quantum yield is directly related to the fluorescence lifetime z:

1
kp+ kg + Ky

T

Any increase in the nonradiative decay processes (kngr) related to events such as
quenching and thermal dissipation or energy-transfer (k1) processes—including Forster
Resonance Energy Transfer (FRET)—will decrease both the quantum yield ¢ and fluo-
rescence lifetime z. Likewise any decrease in kg or kt will increase ¢ and z.

The multiple randomized, diffused reflections in the integrating sphere eliminate
any isotropic (directional) features of the sample emission from the excited molecular
species. Hence, measurement of polarization is not possible within an integrating
sphere.

Following is a brief description of the theory and recommended procedure for measur-
ing quantum vyield using the Quanta-@ integrating sphere.

General approach

For a general approach, not requiring an integrating sphere, see Joseph R. Lakowicz’s
book, Principles of Fluorescence Spectroscopy.

Theory

The sample is placed in the integrating sphere, and excited with a monochromatic
source of wavelength 1. The film absorbance, A, is

L, -L
Lb

A=

: (7)

! Joseph R. Lakowicz, Principles of Fluorescence Spectroscopy, 3" ed., New York, Springer, 2006, pp.
8-10, 54-55.
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where Ly, is the integrated excitation profile when the sample is diffusely illuminated by

the integrating sphere’s surface; and L. is the integrated excitation profile when the
sample is directly excited by the incident beam.

The quantum yield, ¢, is, by definition, photons emitted to photons absorbed:

Ec_(l_A)'Eb _ Ec_Ea
L-A  L-L

where E. is the integrated luminescence of the film caused by direct excitation, and Ey
is the integrated luminescence of the film caused by indirect illumination from the
sphere. The term L, is the integrated excitation profile from an empty integrating sphere
(without the sample, only a blank). Here E; is the integrated luminescence from an
empty integrating sphere (only a blank).

Q= (8)

For integration of function L over the wavelength, 4, the integration limits can be from
10 nm below the excitation wavelength to 10 nm above the excitation wavelength.

The spectra recorded must be background corrected, using a blank sample holder, and
corrected for wavelength dependence of the spectrofluorometer, sampling optics, and
integrating sphere.

Example

An example is given for rhodamine 101 (see right) in anhydrous ethanol (with a peak
absorbance value of OD = 0.063 at 563 nm) excited
using 545-nm light (OD = 0.035) using 1 nm bandpass
for both excitation and emission.

‘L‘aution: Always attenuate or adjust the signal intensities to prevent satu-
ration of the detector. Saturated signals can seriously deteriorate the
measurement precision and accuracy, and possibly damage the detec-
tion electronics.

Using a CCD detector, the scattered 545 nm excitation spectra were recorded for both
the blank cuvette containing only ethanol (red, L,), and the sample cuvette (black, L;).
Integration of the instrument-corrected incident beam’s signal intensities | was per-
formed from 535 to 553 nm for 0.5 s (20 summed accumulations).
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—— Sample Corrected
] — Blank Corrected

BE0000

550000

440000

330000 <

220000

Sample Corrected (Intensity)

110000 ~

T T T T T T T T T T T
5265 533.0 5395 546.0 552.5 559.0
Wavelength (nm)

553
L= [ 1(2)d4=2.27954x10°
535 9)

553
L= | 1(2)d2=1.9856x10°
535 (10)

Next, the sample and blank’s fluorescence spectral region intensities were measured us-
ing a 4-second integration time under otherwise the same instrument conditions as the
L, and L.. Integration of the emission-signal region E, (blank) and E. (sample) was
from 553 to 800 nm.

-
48200

Sample FL corrected
Blank EM Corrected

396800

33000 +

26400 4

19800 <

13200 o

86800

T T T T T T T T T T T
588 630 672 714 756 798
Wavelength (nm)
800

E, = [ 1(2)d4=329376x10° (11)

553
800

E, = [ 1(2)d2 =251648x10° (12)

553
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Because the integration time constant used to collect E, and E; was 8 times longer than
for L, and L, we need to divide the difference between E, and E. by 8 to calculate the
quantum yield, ¢, below using the four parameters Ec, E,, L, and L,.

[(E.—E,)/8]
a Lc
[(2.51648x10° —3.29376x10°)/8]
2.27954x10° —1.9856x10°

@ =100% x

=100% x

=93.01%

This ¢ is slightly lower compared to some literature reports for rhodamine 101 in aci-
difed ethanol (~ 96-99%) primarily due to the anhydrous ethanol used as the solvent.

Error-propagation analysis

In addition to the calculation of ¢, the Quanta-¢ software performs an error-propagation
analysis to help evaluate when signal levels are not properly balanced. This may occur
with dilute concentrations of the sample, or when samples exhibit very low quantum ef-
ficiency. The error propagation is based on the Poissonian statistics of photon-counting,
where the standard deviation ¢ is equal to the square-root of the photon-count value,
i.e.,

o = \/photon count
The error propagation is performed in a stepwise manner.

First, find the standard deviations for E,, Ec, L,, and L, respectively as aEazEaO's,

0.5 0.5 0.5
op.=E."”, 01,-Ly > and o, L. 7.

Second, evaluate the standard deviation of the numerator num = [(E. — E;)/8] of the ¢
equation (considering the constant factor of 8 in the integration time) as

o = () + (%)

Then evaluate the standard deviation of the denominator den = (L, — L), as

— / 2 2
Oden = ULC +O_La

Propagation of the respective relative (o) and absolute errors (oaps) of ¢ is as follows:

o — (Uden)z + (Unum)2
rel den num

Oabs = Opel * @

1-6
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For the example given above for rhodamine 101 (p = 93.01%), ore; = 0.007 and oaps =
0.654 %.

Consider that:

e These values can be used to diagnose trends in the precision and accuracy of ¢, es-
pecially when evaluated under conditions where the sample concentration or quan-
tum efficiency is being systematically varied. An example is with a quenching ex-
periment or when titrating the sample concentration to minimize reabsorption (inner
filter) effects.

e The error-propagation routine is normalized to the L, and L. integration conditions
as a general rule. This is because the E, and E values (which are typically less in-
tense) are normally collected under conditions of longer integration time or higher
excitation power so that these values must be divided by a constant factor in the eq-
uation for ¢.

e The largest absolute source of error in the ¢ measurement is likely to be in the larg-
er L, and L values. Therefore HORIBA Scientific recommends that you carefully
consider the required integration time and excitation-power conditions for the E,
and E. values to prevent the larger noise-levels in L, and L. from “swamping out”
the smaller fluorescence area signal value. This is a particularly important prob-
lem with the ratiometric nature of the @ equation, because the larger source of
error is in the denominator.

Self-absorption and inner-filter effects

The measurement of ¢, as an absolute value, is strongly influenced by the sample con-
centration. Relative changes and observed values of ¢ can be easily complicated by
concentration-related artifacts. Because ¢ is determined by the number of photons ab-
sorbed, the concentration must be measured under the “Beer-Lambert” criterion of a li-
near relationship between OD and sample concentration.

One important effect of increasing sample concentration is “self-absorption”, a depres-
sion in the bluer edge of the emission spectral region, where it overlaps with the redder
edge of the excitation or absorbance spectrum.

HORIBA Scientific recommends the following practical considerations to avoid self-

absorption:

e Adjust the sample concentration so that, when plotting absorption (A) or optical
density (OD) against concentration, a linear plot appears. Generally this occurs at
the Apeak When OD < 0.1, and better around 0.05.

e When possible, make multiple measurements while varying the sample concentra-
tion (OD), to determine if (and when) observed ¢ and E. area fall in a linear region
when plotted against sample concentration or OD.

e Plot the “normalized” E, spectral areas, and evaluate their integrated areas relative
to the sample OD, to determine if the blue edges are depressed in a manner syste-
matically related to the OD. For compounds with ¢ < 100%, and narrow Stokes
shifts between the excitation spectrum and emission spectrum, the relative areas

1-7
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will be directly related to the measured ¢ values. For samples with high quantum
yields (like rhodamine 101), however, or with large Stokes shifts between excita-
tion and emission spectra (like quinine sulfate), re-absorbance effects are signifi-
cantly smaller.

The following figures provide examples how increasing concentration and absorbance
affect emission spectra of rhodamine 101 in anhydrous ethanol, and quinine sulfate in
0.1 N H,SO,, as measured in the Quanta-¢. The top plots (A) for both figures exhibit
the normalized excitation (black) and emission (red) spectra to illustrate the overlap-
ping regions responsible for self-absorption. Clearly the overlap is much larger in rho-
damine 101 than in quinine sulfate. The middle plots (B) show the normalized emission
spectra at particular ODs, revealing self-absorption. Again, the rhodamine 101 spectra
are systematically red-shifted as OD increases (from self-absorption). Qunine sulfate,
however, shows little or no change in the emission spectrum as the OD changes. The
lower plots (C) reinforce the visual observations in plots A and B, by showing the rela-
tive area. Integrals decrease as OD rises for rhodamine 101, but there is no change in
quinine sulfate.

—— Excitation A
1.0 T Emission
0.8 / . OD = 0.063
[0 0.6 / \\\
— / S
*8 0.4 / ~___ -
> 0.2 g T
0 0.0-+— T i T T —
ge]
[0}
N B
©
£
@]
=
0.0 - T T T T r ]
550 600 650 700
5 %9, Wavelength, nm
b n [ ® Integral 550-600 nm |
O] ]
.é 30
L ]
o [
o /T T T T - T T T T 1
0.00 0.02 004 006 008 010 012 0.14 0.16 0.18 0.20
oD

Influence of OD on fluorescence emission of rhodamine 101 dissolved in anhydrous
ethanol.
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1.0 3 Excitation A
0.8 —: Emission
© 06 =
Eg 0.4 3
Q02 .
o 00 . . : ' i l i |
©
8
© . ——— 0D=0.009 B
£ 1.0 0D=0.017
S 08 0D=0.040
< 06 0D=0.097
0.4 0D=0.304
0.2 ]
0.0 , : : . : ' |
400 500 600 700
75 Wavelength, nm c
g 70 : ®  Integral 350-490 nm |
© 1 "
)] 65 7 u | | | | n
2 60
<o 55
X 50 — N

r T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

oD
Influence of OD on fluorescence emission of quinine sulfate dissolved in 0.1 /H2S04.

In both compounds there is no correlation of ¢ with concentration because rhodamine
101 has a ¢ = 93% and quinine sulfate (¢ ~ 55%) shows no re-absorption. Yet when the
sample’s intrinsic ¢ is << 100 % and self-absorption is strong, the measured ¢ will be
influenced in proportion to the absorbance (OD) of the sample.

. —_—— 450000

In contrast to rhodamine 100 '\\_\'\ T
101 and quinine sulfate, | ~fa

the figure to the right de- . /

|- 400000

I- 350000
picts the observed rela-

tionships between the in- [ =
tegrated fluoresence area, 801 | 250000 2
the absorbance, and quan- _ 200000 8
tum yield (%) of fluo- 40 g o | . 3
rescein in 0.1 N NaOH. | 150000 <
Clearly as the OD in- _ - 100000

. 20
creases beyond 0.1 units, Fluorescein in 0.1N NaOH
the relationship between 1/
the fluorescence area 0 ———— 0
(hollow symbols) and o0 o2 o4 - o8 0

. / AU (OD)

quantum yield (filled
symbols) becomes increasingly non-linear. Likewise the observed quantum yield be-
comes depressed with increasing OD, consistent with the inner-filter effects.

I- 300000

QY (%)

- 50000

Similar to the fluorescein data above, self-absorption is also a problem with many solid
samples and powders whose ODs cannot easily be determined. As with liquid samples,
in solid and powder samples, when possible, HORIBA Scientific advises you to vary
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the main chromophore’s concentration systematically to evaluate the self-absorbance
properties of the emission. In powder samples, for instance, pulverize and homogenize
the chromophoric sample with a non-luminescent powder such as barium sulfate, in or-
der to dilute the solid. The principle is similar to that for liquids, in that the sample is
diluted to vary and minimize self-absorption at the surface. The solid dilution also
serves to dilute the chromophoric sample to the point where its light-scattering proper-
ties are primarily determined by the surrounding non-luminescent powder. This is im-
portant because non-luminescent powder—when similarly pulverized and homoge-
nized—may be used as the blank sample. In powder measurements, homogenization of
the particle-size and light-scattering properties (that is, matching the sample and blank)
is vital to acquiring precise and accurate values for ¢.

1-10
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Calculation and evaluation of chromaticity
Theory

The Quanta-¢ software automatically  0.94
calculates and presents the numerical .
and graphical coordinate information ~ 0.81
for the spectral region (E. — E,) deal- |
ing with the chromaticity observable
indices CIE 1931 and CIE 1976. The
chromaticity indices provide a means |
for comparing the observed color (or 379
tint) of the luminescence relative to o
the human visual perception of color. = ]
As displayed in the figure on the ]
right, relative to the CIE 1931 index 0.3
plot, the boundary area outlines all
potential hues visible to the human 0.21
eye. :

Line of purples

2 03 04 05 06 07 08

X
2.0+

The chromaticity indices are based on
the overlapping regions of the norma-
lized luminescence emission spectrum,
with each of the three spectral profiles
depicted in the figure on the right.

1.8 4

164

14

124
10+

0B+

The regions of spectral overlap for the
luminescence emission spectrum is eva-

0.6+

Observable Intensity

04 |

luated by calculating the sum-product 0a ]
of the emission spectrum with each of "
three observable profiles, namely, xBar, 3
yBar and zBar. The observable profiles wWosmmE R0 T s e

i Wavelength
are related to the three visual sensory- aveleng

cell responses in the human eye, namely, the red (xBar), green (yBar) and blue (zBar).
Note that the red profile also includes a portion of the blue spectral region.

Calculations

The Quanta-o calculations for CIE 1931 and CIE 1976 proceed as follows.

e First the emission spectral regions from 360 nm-800 nm for E. and E, are interpo-
lated to 1-nm intervals, and the spectral curve of the blank (E,) is subtracted from
the sample (E.).

e Then the resultant blank-subtracted sample spectral profile is converted from pho-
ton units to power units, by division of each intensity point by the wavelength value
in nm at which it was measured.
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e The resultant sample power spectrum is then used to calculate three sum-product
values, namely, CIE_TX, CIE_TY and CIE_TZ, from the observable intensity spec-
tra xBar, yBar and zBar, respectively.

For the CIE 1931 index, the following two coordinates are calculated,

_ CIETX
x= CIETX+ CIETY+CIETZ

_ CIETY
Y= CIETX+CIETY+CIETZ

The coordinates x and y are plotted graphically inside the CIE 1931 boundary area,
which is defined numerically for the x coordinate at each wavelength value, 4,

xBar,,

BA, =
X B xBar, + yBar, + zBar;

and for the y coordinate at each wavelength value, A,

yBar;,

BA, =
y B8 xBar;, + yBar, + zBar,

where xBar;, yBar, and zBar; are the intensity values from the three observable profiles
at wavelength 4. The corresponding XxBA ; and yBA ; values are plotted against each
other to generate the semielliptical two-dimensional area-boundary plot for CIE 1931
(blue, left) as shown in the sample plot for rhodamine 101 in anhydrous ethanol in the
screenshot on the next page.

For the CIE 1976 index, two coordinates are calculated as follows:

, 4 x CIE_TX

Y TCIETX + 15 X CIETY + 3 x CIE_TZ
, 9 x CIE_TY

v

- CIETX+ 15X CIETY +3 X CIETZ

The coordinates u’ and v’ are plotted graphically inside the CIE 1976 boundary area,
which is calculated from the XBA ; and yBA ; values for the u’ coordinate at each wave-
length value, 4,

4 X XBA;L

'BA, =
UM T (22 X xBA, + 12 x yBA, + 3)

and for the v’ coordinate at each wavelength value, 4,
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CIE 1931

1.0 o

na

0.6+

0.4

9 x yBA,
(=2 X xBA, + 12 x yBA, + 3)

V'BA;\‘ =

The corresponding u'BA ; and v'BA ; values are plotted against each other to generate
the closed, semielliptical two-dimensional area-boundary plot for CIE 1976 (blue,
right) as shown in the sample plot for rhodamine 101 in anhydrous ethanol in the
screenshot below.

CIE 1976

0.6

0.4

0.4

0.3 4

0.2+

o1 o

0.0+

on o1 oz ) 04 05 o6 T o0& 0.0 [Ahy] oz ) o4 0.5 o6 or

Color Coordinates

X 0.60874 u 0.37626
Y 0.39074 V' 0.54342
[« [» \PLOY £Data £ Sphere £ Control £ Chramaticity ) Chromaticity Output < I | -
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Flowchart of method for data-acquisition

Keep absorbance < 0.1
OD at peak. Better <
0.05 OD.

Use neutral-density
filters—if necessary—
ONLY ON
EXCITATION SIDE of
fiber-optics.

To increase excitation
intensity, change
neutral-density filter
ONLY on the excitation
side, or increase
integration time. Do
NOT change bandpass
or wavelength
increment.

Step 9. Calculate required

excitation power to achieve
desired signal intensity for E.

A 4

Step 10. Measure E_ for the
sample cuvette and then £, for
the blank cuvette

Y

increase in integration time or e

Step 11. Perform the 4-curve
quantum-yield and chromaticity
calculations. Evaluate ¢ and the
relative and absolute error of the

measurement.

No

Step 1. Measure absorbance
spectrum of sample.

v
Step 2. Measure sample's
excitation and emission spectra;
normalize and determime
excitation wavelength and
bandpass to use for ¢.

Optically match blank
solvent cuvette to
sample cuvette. Liquids
must be equal volume
and same refractive
index.

v

Step 3. Prepare and load solvent
blank into Quanta-g

Use counts per second
(cps) mode to adjust
Y excitation intensity.
When collecting E,, E.,
L,, and L., signals must
be integrated in counts
to obtain a linear time-

v constant adjustment.

Step 4. Adjust excitation intensity to
suggested 10° counts per second at
excitation wavelength.

Step 5. Integrate signal (L.) until a
suggested 10° counts have
accumulated in the peak of L,
while collecting the E, spectral
region under the same conditions.

A 4

Step 6. Load the sample cuvette —

into the Quanta-g Use all instrument

corrections: dark offset
v and emission spectral
correction.

Step 7. Scan and integrate the L.
and E; signal regions using the
same conditions as in Step 5

A 4

Use L, and E, from
Step 5, and L. and E.
from Step 7.

Step 8. Perform all the quantum-
yield and chromaticity calculations,
and evaluate g, the relative and
absolute errors, and peak intensity
of E.

- ~

//.. . - ™
o s the peak intensity of E. > 10 000 Yes [ Sto \
. counts, and ¢ + Error a::::eptable‘?// \. P /

"~ e
- e

Use L, from Step 5; L
from Step 7; and E.
and E, from Step 10.
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Additional references:

“An improved experimental determination of external photoluminescence quantum ef-
ficiency”, J.C. deMello, H.F. Wittmann, and R.H. Friend, Adv. Mater. 9, 230 (1997).

“Measurement of Solid-State Photoluminescence Quantum Yields of Films using a
Fluorimeter”, L.-O. Palsson, A.P. Monkman, Adv. Mater. 14(10), 2002, 757-758.

“Absolute Measurements of Photoluminescence Quantum Yields of Solutions Using an

Integrating Sphere”, L. Porrés, A. Holland, L.-O. Palsson, A.P. Monkman, C. Kemp,
and A. Beeby, J. Fluorescence, 16, 2006.
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2 : Requirements & Unpacking

Environmental requirements

Temperature 59-86°F (15-30°C)
Maximum temperature fluctuation + 2°C
Ambient relative humidity < 75%

Low dust levels

No special ventilation

Software requirements

* FluorEssence™ version 3.5 or higher with valid USB key
« Excel® 2000 or later software
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Unpacking

Introduction

The integrating sphere is delivered in a single packing carton. All hardware is included
with the delivery.

Examine the shipping box carefully. Any evidence of damage should be noted on the
delivery receipt and signed by representatives of the receiving and carrier companies.
Once a location has been chosen, unpack and assemble the equipment as described be-
low. To avoid excessive moving and handling, unpack the equipment as close as possi-
ble to the selected location.

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

Standard integrating-sphere carton contents

Quantity Item Part number

Integrating sphere assembly

Plugs for top and fiber-optic-bundle ports

Toolkit

Liquid-sample holder

Top-mounting fiber-optic-bundle holder

Powder cups for solid samples F-3029-01
Quartz coverslips F-3029-02
FL3-3000 (for Fluorolog®-3) or FM4-3000 (for Fluoro-

Max®-4) sample-compartment drawer

Fiber-optic cables

Optional Calibrated Cuvette Reflector

Optional Uncalibrated Cuvette Reflector

Optional Calibrated Powder-Holder Reflector

Optional Cuvette-holder rack

CD-ROM including F-3000 Operation Manual, F-3029 In-

tegrating Sphere Operation Manual, sphere-correction files,

and AV video tutorials

P OCITUI R R R W

PR R R RN
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Unpacking the Integrating Sphere

‘L‘aution: The Integrating Sphere is delicate. Mishandling
may seriously damage its interior reflective surface.

Carefully open the shipping carton.

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

Carefully lift the integrating sphere from the car-
ton, and rest it on the laboratory bench.

Inspect for previously hidden damage.
Notify the carrier and HORIBA Scientific if any is found.

Check the packing list to verify that all compo-
nents are present.

o b~ W DN
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3 : Installation & Use

‘L‘aulion: Do not touch the surfaces of the Inte-
grating Sphere’s sample-holder. This can de-
grade its highly reflective surface. Wear clean
protective gloves when handling the interior of

the sphere.

/Vote Be sure to verify calibration for the instrument, including Xe lamp-scan
and water-Raman signal, before using the Integrating Sphere accessory.

Method

1 Remove the cover of the integrating sphere.

2 Choose the sample holder.

Note the two types of sample-holder:
e Liquid samples in a stoppered, quartz cuvette with 1 cm path-length.
e Solid samples under a quartz coverslip.

Two views of the cuvette holder for liquids.
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Sample tray for solid samples.

3 For liquid samples once the absorbance and
excitation and emission properties are unders-
tood, follow this procedure:

a Place the appropriate blank solvent in a firmly stoppered quartz cuvette
with 12 mm x 12 mm outer dimensions (the same dimensions as a stan-
dard 4 mL, 1 x 1 cm path-length cell, HORIBA part number FL-1925).
Also prepare the dissolved sample (in the same solvent), using the same
volume of liquid in another, optically matched, quartz, stoppered cu-
vette.

‘Caution: Never tilt the cuvette for insertion
into the holder such that the liquid
comes in contact with the top seal. Al-

ways use a stopper to prevent spills or
contamination of the cuvette-holder in
Place the . o
case of an accidental tipping. Before us-
stoppered cu- . . .
) ing the cuvette, verify that it has a clean
vette with the ; .
stopper, and there is no contamination

plank sol_ver!t of the seal between cuvette and stopper.
into the liquid

sample-holder.

The sample-holder is spring-loaded. Be sure the
cuvette’s cap is correctly seated in the mobile,
spring-loaded disk; the square base of the cuvette
should be in the square depression at the bottom of
the holder.
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C Lower the liquid sample-holder into the sphere gently.

Pins in holder.

Y

Holes in top
of sphere.

As you seat the holder
in the sphere, align the
holes around the sam-
ple-holder port with
the pins on the sam-
ple-holder. Be sure the
label IN is in the direc-
tion of the N, purge
ports, and the scribed
line on the lid matches
the scribed line on the
sphere.

Punge\ ports

d Rotate the liquid-
sample-holder top so
that the pointer points

to IN. = Scribed
; lines match

e Remove the protective cap
from the excitation port. Con-
nect the excitation fiber-optic
bundle to the excitation port
(inward arrow).
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f Tighten the set screw with the Allen key.

g Remove the protective cap from the
emission port (outward arrow). Con-
nect the emission fiber-optic bundle to
the emission port.

h Tighten the set screw to fix the emis-
sion bundle in place.

4 For solid samples, follow this procedure.

@Note: Only films with a maximum diameter of 12 mm can be
mounted in the sample holder. For other sizes or shapes, con-
tact HORIBA Scientific.

a Pull sample-drawer
handle out.
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Pull solid-sample
support itself out.

With the Spectra-
lon® sample
holder located
safely outside and
away from the
sample-
compartment
drawer, add the
solid sample into the sample cup.

Drop the coverslip on top of the sample:

To avoid possible contamination, be
certain all traces of the sample material
are removed from the outside of the
sample holder, then insert the sample
holder into the support.

Slide sample holder back in.

Push sample drawer in, so that the
sample is raised into the integrating
sphere.
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g Place the solid-
sample cover on
the integrating
sphere.

@Note: Match the

threaded

thumbscrew on
the lid to the
threaded hole
on the sphere.

Threaded screw

h Tighten the thumbscrew
to fix the lid in place.

[ Raise the excitation port
to the IN position.
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Remove the protective cap from the exci-
tation port. Connect a fiber-optic bundle
to the integrating sphere emission port.

k Tighten the set-screw with an Allen
key.

Remove the protective cap from the
emission port. Connect a fiber-optic
bundle to the integrating sphere emis-
sion (outward arrow) port.

m Tighten the set-screw with an Allen key.
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5  Set up the F-3000 Fiber-Optic Adapter drawer.

@Mn‘e; Follow detailed instructions in the Fiber-Optic Adapter
manual for insertion and alignment of the fiber-optic bundles.

a Remove the standard sample
drawer from the instrument’s
sample compartment.

b Insert the excitation and
emission fiber-optic bundles
into the Adapter.

@Note: Carefully

note the arrange-
ment of excitation
and emission
bundles.

Excitation
bundle

C Tighten the
thumbscrews on both
fiber-optic bundle-
holders to lock the
bundles into place.

d Place the Fiber-Optic Adapter
drawer in the sample com-
partment.
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e Tighten the screws to fix the drawer so-
lidly to the sample compartment.

The sample-compartment drawer should look
like this when installed:

O  Start FluorEssence™.
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Continue here if your detector is a CCD.

[ Adjust the Rayleigh excitation peak for the blank
(solvent or solid) to the desired count rate (sug-
gested value = 10° counts/s).

@Note: See the section later in this chapter if using a photomul-
tiplier tube as the detector.

We are trying to maximize but not saturate the excitation Rayleigh peak, to ob-
tain an optimal luminescence signal-to-noise ratio.

a Place the solvent blank cuvette (or blank solid material) into the Inte-
grating Sphere.

b In the FluorEssence™ toolbar, click the Experiment Menu button @

#=4 FluorEssence - C:\Documents and Settings\All Users\Documents\Jobin Yvon\Data\SCohen\UNTITLED [Z|@[‘S__<|
File Edit Wiew Collect Graph Analysis Tools Format  Window Help
DRE cEdEd & B dBfe hRO4+B-31T| RARE B CDEE M= $HEHE lz: 2D %

The Fluorescence Main Experi-

#=4 Fluorescence Main Experiment Menu

ment Menu appears:
Main Experiment Menu
C Click the Spectra button.\
—> Spectra Kinetics 3D
Anisotropy Single Point Phos
The Experiment Type window ap- Expermnent.Iype X)

pears. Experiment Type

Emission

d Choose the Emission subtype of ex-———Excitstion
periment, and click the Next >> but- Synchrancus

ton. \

AN

The Experiment Setup window ap-

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

Experiment | General information

Experiment
File

DS pectralE mission. xml
[rata Storage

Data Identifier: h

Caomment:

Experiment Type Monos

Excitation 1
Activate

‘wavelenath Park
him 545
Slit
nm

1

Spectral Acquisition[E mission]

Directory

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

ohblank.

HR 320 [Synapse]
Activate

‘wavelenath  Park

him 700

Slit

nr 1
CLCD Dptions

Emission 2 [T1)
Coverage  291.995 1101.782 [ | Activate
Gratings

100, 450, 5 v

Mirrors

Exit | Lateral »

(®) Center Wavelength () Range
Status
g0 mal -
Full Disclasure Help RTC Bun Cancel
Tiggers I Spectral Acquisition[E mizsion]
—c Set the excitation wavelength.

In this example, for rhodamine 101 in ethanol, we Park the excitation
monochromator at 545 nm, with a bandpass of 1 nm.

Set the emission wavelength range to include both excitation light and
the likely or expected range of sample luminescence.

In this case, because the CCD correction factor was collected using the
center wavelength of 700 nm, we measure the range of 290 nm (to in-
clude excitation at 545 nm) to 1100 nm, based on the Center Wave-
length of the CCD used in the iHR detector. (A photomultiplier tube de-
tector has slightly different parameters to set.)

Click the Detectors tab to reveal the Detectors page:
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#=4 Fluorescence Division - Experiment Setup [ Spectral Acquisition[Emission] )

E xperiment |

M

General information

Esperiment
File

DiftS pectralE mission. xml

Directory

2y Load | & save | B save ds .. ‘

[rata Storage
t Data |dentifier: etohblank,
R Spectral Acquisition[E mission]
Sighals
Select \
Integration Time: | 0.1] S Dk, Ot
Enable| Signall Detectaor | Units HY[\]| Carrection Blank Subtraction
O st Symphor Counts O
ﬂ 52 Synapse Counts O
O m A Micradmps O ]
O m T Counts 950 [ ]
O a1 B Microdmps O [d]
Signal Algebra ' Accumulations
Signal Details Operations Formulas 1
52 Synapse gighal 1) | + = =
Sk Synapze signal 1 Signal Urits
Sic Counts Cfcles
4 ¥
Formula Uriits elay
Status
Full fisclasure Help RTC
Fingers I Spectral Acquisition[E mizzion] l

— D

Enable the emission detector, the Corre¢ction checkbox,/and the Dar
Offset checkbox. Set the Integration fime to 0.1 s.

Add >> the corrected signal (with ¢ gubscript) to tfe Formulas table.
Give this file a Data Identifier.

Choose 1 Accumulations.

If this is too noisy, you will increase the agcumulations later.

Click the Run button.
The Interme-
diate Display
appears.

#=1 Interme diate Display

Spectral Acquisition[Emission]

A Warning win-
dow may appear
that the

length range
cludes values
outside of the
correction-factor

Formula ( Counts )

Intensity ( Counts )

b
file’s range. S cmelime [T

Experiment:  Cycle: 1 Accurnulation: 1

= Detectors
Synapse

= Monos
IHR 320 Position: 700 Entrance slit 2 nm Mirror Entiance: Lateral  Mimor Exit: Lateral Grating: 100.00 g/mm
Excitation 1 Position; 545 Entrance slit 1.5 nm  Exit slit 1.5 nm Intermediate slit: 1.5 nm

>

<
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Click the OK button if this message appears.
When the scan is finished, the Project Name window appears.

Give the project a name, and click the OK button.
The data appear in graphical format:

Xperimems ommen,
Spectral Acquisition[Emission]

T T T T
400 =E==] ==1=] R=Y=1=1

Wavelength (nm)

Double click araph to do analvsis

| S— e —
AguiaNano-2 1R [  HORIBA

8 Maximize the Rayleigh peak without saturating

It.

Double-click in the graph to open it.
The same graph appears in a new window.

Zoom with the Scale In button @ and select the luminescence to see
its strength.

Rescale and examine the Rayleigh peak:

In this case, the Rayleigh excitation peak is not saturated, so it is accept-
able. But the luminescence was low (only 7000 counts), so you may:

e Widen the Slit values (bandpass)

o Decrease attenuation from neutral-density filter

¢ Increase the Integration Time

¢ Increase the number of Accumulations

@Note: When using a photomultiplier tube, keep the sig-
nal-level within the linear range (<1.5 x 10° counts/s).
For CCDs, keep the counts to ~ 45 000 per accumula-
tion.

After adjusting our experimental parameters to 1.5 nm excitation band-
pass and 2 nm emission bandpass, we attain the following number of
counts:
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T T T T
00 [=T=) =1=1=] RR=T=1=]

Wavelength {(nmj)

Double click araph to do analysis

1 ment Info: Liser Comments:

Agua_Mano-2-iHR-1

XDEIMEnN
Spectral Acquisition[Emission]

Here we have around 47 000 counts, which is close to ideal.

9  Run the experiment.

In our case, we will increase the Integration Time and Accumulations so that
we have enough signal (~10° counts/s) for analysis.

a In the FluorEssence™ toolbar, click the Previous Experiment button

__ to redo the scan, but with slightly modified\parameters.

#=x FluorEssence - C:\Documents and Settings\All Users\DocumentsiJobin Yvon\Data\SCohen\UNTITLED
File Edit Wiew Collect Graph Analysis Tools Format  Window Help

PR sEERB (& B (yBEFs hac+a-:T 880 & HRE He | B8R & ©kLwD
The Experiment Setup window appears.

b Click the Detectors icon.
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#=4 Fluorescence Division - Experiment Setup [ Spectral Acquisition[Emission] )

Experiment | General information
Experiment
M File Directory
— |DfltSpectraIEmission.xml | | 2y Load | & save & savess .. |
[rata Storage
i Data Identifier: etohblank,

Spectral Acquisition[E mizsion]

O Spectral Acquisition[E mission]
Signals
Select
Integration Time: 3 [7] Dark Qffset
Enable| Signall Detectol Units HY[\]| Carrection Blank Subtraction
O s Symphor Kounts TV O [d]
52  Synapse CMunts E I ]
O R R mE O O
O m 7 a0 [ O
[1 &1 & e O [
Signal Algebra Accumulations
Signal Details \ Operations Formulas
52 Spnapse signal + = =
S2c Synapse signal 1|\, ; Add sy Signal Units
\ Sic Counts Cycles
<R
< N\
Fomula Uriits Delay
Status
| N £ QK A o
-
Full Disclasure Help RTC Bun Cancel
N

Triggers I

//

C Change Accumulations to 20 Summed Scans, and Integration Time
to0.1s.

d Click the Run button.
The Intermediate Display appears.

A Warning window may appear that the wavelength range includes val-
ues outside of the correction-factor file’s range. Click the OK button if
this message appears.

As before, the graph appears. There are more than 9 x 10° counts/s,
which is acceptable:
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daocoooo —f

zooooo —

T T T
400 [=1=]a) S00 1000
Wavelength (nm)

Double click araph to do analvsis

Experiment Comments: Instrument Info; User Comments:

Spectral Acguisition[Emission] Agua_MNano-2-iHR-1

f Carefully remove the blank from the Integrating Sphere.
10 Run the scan on the sample.
a Insert the sample cuvette into the liquid-sample holder, and replace the
liquid-sample holder into the integrating sphere. (Or place the sample in
the solid-sample holder, and insert the drawer into the sphere.)

Click the Previous Experiment button ____ to redo the scan:
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#=4 Fluorescence Division - Experiment Setup [ Spectral Acquisition[Emission] )

Experiment | General information

Experiment
M File Directory
— DS pectralE mission. sml (3 Load | H save | & savess.. |
[rata Storage
t Data Identifier: 0 zample
O Spectral Acqlizition[E mission]
Signals
Select
Integration Time: | 0.1 3 Diark, Olffet
Enable| Signal Detector | Units HY[\]| Carrection Blank Subtraction
O s Symphor Counts TV [d]
52 Synapse Counts E I ]
O m R Microsmps |~ [ [ ]
O mn 1 Counts 950 [ ]
O a1 B Microdmgs A O [d]
Signal Algebra Accumulations
Sl Dl il Farmulas 20| | Summed Scans %
52 Spnapse bignal 1) | + = =
S2c Spnapze Yignal 1 : Signal Uitz
; Sic Counts Cycles
Fomula Uriits Delay
Status
& @ M A o
-
Full Disclasure Help RTC Bun Cancel
Triggers I Spectral Acquizijon(E mission]

Change the Data Identifier field t
in the sphere.

nowledge that the sample is now

d Click the Run

button to rerun ‘@ ’ _ .
the scan with Note: The blank’s Rayleigh peak will

exactly the always be larger than the sample’s
same parame- Rayleigh peak, because the sample
ters as in step absorbs more photons.
10.

e When the scan is com-
pleted, check the sam- @
ple’s luminescence Note: Placing the sample and
spectrum, to be sure blank scans side by side helps.

there are no anomalies.
You can double-click on the plot and zoom in to examine the graph.
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Rayleigh peak

T T T T
<400 Ss00 S00 1000
Wavelength (nm)

E
=1
L dqoo000

zZooooo

Zooooo

100000

?

Double click araph to do analysis
ment Commen | Instrumemtimfo: |  UserComments: |

Spectral Acguisition[Emissian] Agua_Mano-2-iHR-1 I—HORIBA
11 Set up the analysis of the data.

There are two methods of analyzing the data: 2-curve analysis and 4-curve
analysis. In the 2-curve analysis, the Rayleigh line and luminescence band are
included together in the sample’s and blank’s data. Thus only two curves are
used for analysis. In the 4-curve method, the Rayleigh lines and luminescence
bands are in separate datasets for the sample and blank; therefore there are four
curves used for analysis. Both methods are demonstrated below.

. . av
a In the FluorEssence™ toolbar, click the Quantum Yield button J

#=4 FluorEssence - C:\Documents and Settings\Dr. James Mattheis\DesktophZ/22010-gphumanualidemo
%Eile Edit  Wiew Collact  Analysis Plob Column Worksheet  Stabfstics Image Tools  Format  indow  Help

IDBR seuB & BiERe / [Raa+o-:T|
|Hm % REEkD 2 ®E o

H e MM FD By

The HJY_PLQY window opens.

B HIY: HIY_PLQY

Dialog Theme | (| st used: ﬂ Preview

Description  Performs Quantum Yield analysis

Sphere Comection | CADocuments and Setiings\all Users\D ocumentsbJobin fvorData\Sphere. tit |

Sample (Excitation or Combined) | K]

Blank (Excitation or Combined) | /" D F

Sample Emission [ /' im|

Blank Emission [ / i

Start Excitation

End Excitation o
o

Start Emission

End Emission

3 Concel | €|

b Browse with the Browse button to find the Sphere Correction file.
The Open window appears:
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C

To run a 2-curve analysis, see th

d

e

Installation & Use

Open

Selec;t the CorrECt Look jn: | 123 demomanual52310

v| Q2 -

Sp he re-CO rre Ctl O n .’J Mame Size  Type Date #
H H L Erlﬂldamncamrec.camrec 9,204 KB Camtasia Recorder ... 6/23)
fl Ie! and CI ICk the Origin Object rlﬂletoh.OPJ 1,628 KB  Crigin Graph BJ23[
- rlDlex-emdemo.OPJ 1,003 KB Origin Graph BIZ3]
Open bUt ErIDI-FinaIpqucrec.camrac 2,836 KB  Camtasia Recorder ...  6/23)
ton. Elr101piavdemo-g23z010.0 FS0KE  Origin Graph 6123/
rlDlp\qydemo.OPJ 878KE  Origin Graph &/23
rlDlSdeem-reabs.OPJ 44,274 KB Crigin Graph &Jza)
Brl[ll‘}curvaz.camrec 9,384 KE Camtasia Recorder ...  6J23[
Erlﬂl‘!curva‘camrec 10,016 KE Camtasia Recorder ... 6230
r1014curvedemo.OPJ 1,007 KB ©rigin Graph BJZ3)
Bs herecorrectmacro. camrec 2,996 KE  Camtasia Recorder ...  &f23[
nap e 22KE DAT File 623l —
)
| >
The sphere- =
- - |synapse-spherecorrect.dat v | Open ]
correction file ~
|AII Files ™" v | Cancel ]

name appears in
the Sphere Cor-
rection field:

B HJY: HJY_PLQY
Dialog Theme ﬂ Preview |

Description  Performs Quantum Yield analysis

Open as read-only

Sphere Correction |C:\Documents and 5e$gsw| Users\Documentsiobin‘fvoniData\S phere.tet |

Sample [Excitation or Combined) | [

Blank [Excitation or Combined) | mt] S

Sample Emission [ /TE] i

Blank Emission [ / 10

Start Excitation

End Excitation

Start Emission
End Emission

method below:

Browse with the Browse button for the combined sample data file.
The Graph Browser window opens. A preview of the data appears on the
right half s =
of the |
Graph
Browser
window.

Choose
the sam

ple data\
file, and
click the

OK but-—_
ton.

R —

Show Embedded Graph ] List Wiew
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M 1Y HIY_PLQY i[9
Dislog Theme ﬂ Preview

Desciiption  Performs Quantum Yield analysis

Sphere Correction C:h\Documents and Settingsiall Users\Documentstobin YvonhD atahSphere. tet
Sample [Excitation or Combined) E]

Blank [Excitation or Combined]

Sample Emission

Blank Emission =

Start Excitation 330.00

End Excitation 360.00

Start Emission 400.00 -
End Emission E10.00

[/ox ] (oaen )

f Likewise, browse with the Browse button ) for the combined blank
data file.

g Enter the Start Excitation, End Excitation, Start Emission, and End
Emission values to find the correct Rayleigh-line range (yellow area in
the preview) and luminescence range (blue area in the preview):

PLQ
Dialog Theme b | [Preview
Desciiption  [Performs Quantum JHId analysis 1000000
—S2c
Sphere Correction C\Documents and Settings\Dr. James Mattheis\DesktopdemomanualE231 Dsyn| [
Sample [Excitation or Clibined) |1101sampleG [ ||[esz] 000D
Blank [Excitation or Cofbined) | etohblank3G [
Sample Emission J
" | 600000
9
Start Excitation 535.00 =
=
End Excitation 554.00 8
. = 400000
Start Emission 555 3
End Emission o
200000 |
0 ——
T T r T T T T T
200 300 400 0 600 700§ 900 1000 1100 1200
<

h Zoom in to view the Rayleigh scattering (yellow area) and luminescence
(blue area), in order to refine the wavelength ranges.
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To run a 4-curve analysis, see the method below:

Follow the 2-curve analysis, except choose the four different datasets (sample Ray-
leigh, blank Rayleigh, sample emission, and blank emission), and enter them into the
HJY_PLQY window’s fields, as shown below:

I HJY: HIY_PLQY
Dialog Theme

ﬂ Preview

Description  Performs B uantum Yield analysiz

& | 1400000 4 — S
Sphere Comection CADocuments and Settings\Dr. James Mattheis\Desklophdememanual6231 thsyn| ()
Sample [Excitation or Combined) |1 samplef I || 12000004
Blank (Excitation or Combined) | etohblarkG o
Sample Emission 1107 smplG D 1000000 4
Blank Emission etohblank1G i .

@ 800000
Start Excitation 330.00 = |

S
End Excitation 360.00 S

9, 500000
Start Emission 400.00 o

[l
End Emission 610.00 D snoono

I
200000
| !
o4 R e
-200000 T T T T T T T T
200 300 400 500 60D 70O 800 900 1000 1100 1200
Hfnm)
<

In all cases continue here.

17 save the theme.

a Click the Right Arrow button ﬂ near the top of the window.
A drop-down menu appears:

Dialog Theme wve as <default>

Diescription  Performs Quantum Yield analysis

S2c

I
System Default ‘
Sphere Correction tings*Dr. James Mattheis\Deskiopdemomanual6221 Dyspnapse-sphereconectdat]| () | pojere... ‘

Sample [Excitation or Combined) |1 ssmpleis [J empare..
Blank [Excitation or Combined] | stohblarkis )| Generate Script
Sample Emission 1107 zmplG D v <lastused>
Blank Emission etohblank1G [ e
adoks
Start Exitation 535 00 asprtiter
End Excitation E54.00 astiter
1014
Start Emission 555,00 riftdeurve |
ri01demo
End Emission 750.00 it !
rhiditicer

T T T
500 800 700
Ainm)

T =R
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Dialog Theme | saveas <defaiks
Deseription  |Performs Quantum Yield analysis
— Sic
yvstem Default
Sphere Conection |t|ngs\Dr. James Mattheis\Desktop\demomarualE22 Dhspnapse-spherecorect dal| E] Delate...
Sample (Excitation or Combi [r101samplef Compare...
Blank (Excitation or Combi |etohblanki Generate Script
Sample Emission |01 mpl <Last usad>
Blank Emission [ etakblank1G caleuy
qdats
Start Excitation 535.00 gsprtiter
End Excitation 554.00 qgstiter
L r1014curve
Start Emission 555.00 v101demo
End Emission 750.00 th101-tr
rh101kiter

T T T
500 600 700
Ho{nm)

'tK Cancel | %]

b Choose Save As....
The Theme Save as... window ap- [CHEC o
pears . Fleaze specify a theme name

N
Theme Name ]aemo w |

C Enter a Theme Name, and click
the OK button. >k [ Coneel
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13 When you have selected the desired ranges,
click the OK button.

Dialog Theme

Description  |Performs Quantum Yield analysis

Installation & Use

Sample (Excitation or Combined) |r101:ampleG

Blank (Excitation or Combined) | etohblankG

Sample Emission 101 smplG
Blank Emission etohblank1G
Start Excitation 330,00

End Excitation 3E0.00
Start Emission 400.00
End Emission E10.00

Sphere Correction C:\Documents and Settings\Dr. James MalthistDesklopidemomanuals231 Dveyn| [

e | 1200000 4

1000000 4

0ooo

&00000 -

600000

S2c (Counts)

400000

200000

i

-200000

—352c

200

Vox ) Ceea ) <

T
300

400

T
500

T
]

700
Alnm)

T
gon

T
900

T T
1000 1100 1200

Results appear in the spreadsheet.

In the 4-curve method, for the sample and blank luminescence, we in-
creased the integration time from 0.1 sto 1 s (a factor of 10), to account
for weak emission in comparison to the strong Rayleigh scattering. After
pressing the OK button to run the analysis, the software automatically
accounts for this difference in integration time: the Area Balance Fac-

tor = 10:
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~

La 3.17E+06 177
Lc 3 6G3E+06 1

Quantum Yield 93.41 Blank Source
Abs Errortz 0522 ORIB etohblank
glatiie Frr +  0.00559

Sample Source

|E3

lates values and replots.

You can view the integrated areas L, and L. Tabs show

e Data

Sphere correction

Control, which are the parameters used for calculations
Chromaticity

Chromaticity Output, which is a chromaticity graph:

To change the wavelength range for calculations, enter new values in the Start
Wavelength and End Wavelength cells. The software automatically recalcu-

Edit Wavelength Limits to Move Rectangle Edit Wavelength Limits to Move Rectangle
Sample FLcorrected
2E0000 4 Sample Corrected 1000 o ——Blank EM Corrected
Blank Comected

. Bwooo o 78000 4
z £
g 7 5 E5000
g 700000 o E, 4
3 3
% 560000 E 52000 o
£ ]
S 4zo0o o 000
2 w
= z
£ 2en000 4 2 zso00
) Lﬁ

140000 o 13000 -

:‘2'5 L] 535.8 :'NID.D 50?' 2 55:.0 55‘I.5 55'5 63'0 57'5 T‘.I‘O 76I5 8 ;D
Wawvelength (nm) Wavelength (nm)
Excitation / Scatter Emission / Fluorescence
Enter Start and End Wavelengths | Enter Start and End Wavelengths
Start Wavelength 530.000 Area Balance Factor Start Wavelength 553.000
End Wavelength 553.000 10 End Wavelength 800.000
Area Area

[

E3

FluorEssence - C:\Documents and Settings\Dr. James Mattheis\Desktopl722010-qphumanualidemor101 * - [PLQYSheet28 - PLQY Worksheet]

e Edit Wiew Collect Analysis Plot Colmn  Worksheet Statistics Image Inols Format Window  Help
DR cEdB & B aEF I + T
H & [ B e 2D &5 B8 [ av Fal e MM OFD B
=l ~
24 demoriol
CIE 1931 ;
—y CIE 1976 v : )
1.0+ —h— Chromaticity ¥ —*—Chromaticity v
06~ ——
0.8+
0.4+
0.8 o 0.4+
Hame Comme...
Er101sample spectral... > o onad
0.4 >
Eetohblank Spectral...
EpLgy worksh.. O 0z
0.2+
o1
0.0 0.0
T T T T T T T T ! T T T T T T T 1
01 0.0 o1 oz 03 04 o5 o6 o7 08 oo o1 02z 03 0.4 0.5 06 o7
X u

Color Coordinates

0.33448

< | > [+ P\PLaY £Data 4 Sphere £ Contral £ Chromaticity )\ Chromaticity Output

H‘Find:l ] ‘4[7/2/2313 11:42:02 ™" (2455379)]

Cell Link: -- AU ON &: [PLEYShestZ5] Chromaticlty Output™l4[27:27]

Radian
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Using a photomultiplier tube as the detec-
tor

Instead of a CCD detector, a photomultiplier tube (PMT) may be used as the detector.
Data-acquisition is slightly different in this case.

For a 2-curve analysis:

1

Place the blank into the integrating sphere, and
properly close the sphere.

Start FluorEssence™: run an emission scan.

2

In the Experiment Setup window, set the parame-
ters as shown below:

=14 Fluorescence Division - Experiment Setup { Spectral Acquisition]Emission] )

Experiment General information

Experiment .
M File Directory

DftS pectralE mizzion. xml

23 Load | & save | E savess .. |
t [rata Storage

Data Identifier: etohblark
/Aral Acquisition[E miszion]

Experiment Type Monos

Excitation 1

Activate

‘Wavelength  Park
nr B2
Slit

(] 25

1 [ & ]
IHR 320 [Symphony] Emission 2 [T1)
[ Activate J Coversge 0000 0.000 l Activate J
‘Wavelength Start End Ihc
nr 535 750 1
Slit
nm 25
CLCD Dptions
() Center 'Wavelength (O Range v @
Status

Eull Disclosure Help
Ties J S pectral Acquisition[E mizsion]

Cancel

In the above case, our PMT is on the T-side, so we de-activate the S-

detector (Symphony iHR) checkbox, and activate the Emission 2 (T1)
checkbox. Your system may be different.

Enter a Data Identifier to indicate a blank scan.
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bandpass to encompass the Rayleigh and luminescence regions.

Click the Detectors icon to set the detector parameters:

Park the excitation monochromator, and set the Slit bandpass to 2.5 nm.

Set the emission monochromator Start, End, and Inc, plus set the Slit

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

- S

Diata |dentifier:

Experiment I General information
Experiment
File

Directary

DS pectralE mission. =ml

Drata Starage

etohblank

Spectral Acquisition[E mission]

2y Load | & save | & savess .

Comment:
Syfsls
Select
Integration Time: |1 s Dtk Offset
Enable| Signal| Detector| Units HY[¥] Corection Blank Subtraction
[0 51 Symphor Counts O O
@ O sz Synapse Counts [d] ]
O m R Microdmps [l [d]
™M n Counts 950 O
0 a1 & Microdmps B [H
Signal Algebra Accumulations
Signal Details DOperations Formulas 1
T1 T1 signal 1 +
Tie Tl sigael Signal Urits
; Tie Counts Cycles
<< Hemove
k 5 1
Farmula Units j Delay

Status
Triggers |

Spectral Acquisition[E mizsion]

&

Full Digclosure

Help

| o
Cancel

/]

Set units to cps.

f
g
4

| Add >> the corrected PMT signal to the Formulas list.
J

Click the Run button to start the scan—

The Intermediate Display appears:

The Project Name window may appear,

then the data appear.
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Enable the PMT detector checkbox (here it is T1)

Enable Correction and Dark Offset checkboxes.

Set the Integration Timeto 0.1 s.

=t Intarmadiats Display

_[u][-<) ala] T[] o wlalsl

Spectral Acquisition[Emission]

= Genesal Infa DAlSpectaf meson. i

Irbegrsion e 15 Cycke | Accumater: 1

557,000 Courts

Ernarce st 25em st st 25m
Erhance ot 25rm il okt 25

Inemade 8 250m
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5 Analyze the scan for the counts in the Rayleigh
peak.

If the peak is ~10° counts, this is acceptable.
6 Rerun the scan if the peak is not ~10° counts.

a Click the Previous Experiment button .

b Click the Detectors icon to see the detectors page.

C Set the units to Counts.

d Set the Integration Time to yield 10° counts in the Rayleigh peak.
[  Click the Run button to start the scan.

The Intermediate Display appears:

Spectral Acquisition[Emission]

The Project Name window may appear,
then the data appear. If the peak is ~10°
counts, this is acceptable.

oooooo

oooooo

oooooo

uuuuuu

ss0
Vvavelength (nm)
Double click graph to do analysis
perime; e | instrumentinfo: | User Comments: — — |
Spectral Acquisition[Emission] Agua_Mano-2-iHR-1 . IORIBA

8 Remove the blank, and place the sample inside
the integrating sphere.
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9 In the toolbar, click the Previous Experiment

button to rerun the scan with the same pa-
rameters.

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

File Edit Yiew Colect sraph  Analysis Tools Format  window  Help

D rEEdE & @ adBf@qg k& +H-IT RREA B DmE | O H R s 2D %2

10 In the Experiment Setup window, change the Da-
ta ldentifier field to indicate a sample scan:

#=1 Fluorescence Division - Experiment Setuj /( Spectral Acquisition[Emission] )

Experiment I General information

Experiment

M File Diirectory
— DifIkS pectralE misgion. <ml [y Load | H save | = save s
Drata Starage
t D ata |ldentifier: 101 zmple
. Spectral Acquisition[E mission]
Signals
Select
Integration Time: |1 s Dark Offset
Enable| Signal| Detector| Units HY[¥] Corection Blank Subtraction
[0 51 Symphor Counts e O 0O
@ O sz Sunapze Counts T [d] ]
O m R Microdmps T [l [d]
™M n Counts a50 I (]
0 a1 & Microamps |~ e [ [
Signal Algebra Accumulations
Signal D etails Operations Farmulas 1
T1 T1 signal 1 + = =
Tie || - Signal Urits
: Tic Counts Cycles

" fichenrd
<< Hemave
. . < Bemore] 1
Forrnula Units Delay
<<Clear

Statuz

X

Cancel

&

Full Digclosure

@ L A

Help L Bun

TS | Spectral Acquisition[E mizzion]

171 cClick the Run buttonTo/M_ seeus

start the scan.
The Intermediate Display appears, then the
data:
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cccccc

oooooo

nnnnnn

T ¥ T ¥ T T T v 1
SS0 s00 &s50 TOO TS0
Vivavelength (nm)

Double click graph to do analysis

Experiment Comments: | Instrumentinfo: | User Comments: —_
HW Agua_Nang-2-iHR-1 I—HORIBA:\
12 Continue with the previous section, to set up
and run the quantum-yield calculations.

For a 4-curve analysis,

Follow the 2-curve analysis method, but you may only adjust neutral-density attenua-
tion and integration time to bring peak signals into the correct range. You may scan on-
ly the luminescence region to obtain a higher signal-to-noise ratio.

@Note: If you change the neutral-density filter, then you must change the
Area Balance factor in the final spreadsheet analysis to account for the
change.

e You many measure the transmittance of a neutral-density filter with a spectropho-
tometer.

e You may buy a calibrated neutral-density filter.
You may measure the attenuation of the Rayleigh signal (unsaturated peak) with a
spectrophotometer.
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4 : Maintenance

Handling
‘L‘aution:The integrating sphere is deli-
cate. Mishandling may seriously dam-
age its interior reflective surface.
gloves when handling the Integrating-Sphere halves or the optional calibrated reflector,

Wear clean
in order to prevent the skin’s natural oils from contaminating the Spectralon® surface.

Cleaning
Light soil

If the interior of the Integrating Sphere or the surface of the optional calibrated reflector
becomes lightly soiled, blow a jet of clean, dry air or nitrogen gas on the surface.

‘(,‘autioﬂ: Never use Freon® or any other organic solvent
to clean the Spectralon® surfaces. Always read the Ma-
terial Safety Data Sheets before using dry nitrogen or

other pressurized gases.

Heavy soll
Contact HORIBA Scientific for advice.
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5 : Generating Correction Files

Introduction

Just as gratings, filters, detectors, and other spectrometer components have response
characteristics that are functions of wavelength so do the optical components of the
Quanta-¢ integrating sphere. These characteristics are superimposed on spectra and
may Yield a potentially misleading trace. For accurate intensity comparisons, such as
those required for quantum-yield determinations, optical fiber, filter- and spectrometer-
response characteristics must be corrected. Corrections are made for each of these po-
tential problems by generating and using radiometric correction factors for the Quanta-

Q.

For Quanta-¢ integrating spheres accompanying new instruments, HORIBA Scientif-
ic’s policy is to generate sphere-correction factors in the factory for each for the corres-
ponding detector-grating combinations specified for the system. All correction-factor
files are contained on the CD-ROM accompanying the accessory. You may, however,
generate your own Quanta-¢ correction files using an optional calibrating reflector ac-
cessory, with the following procedure.

@ Note: The CD-ROM’s number must match the number on the Integrat-
ing Sphere for the calibration to be valid. If the numbers do not
match, contact HORIBA Scientific.

Below are HORIBA sphere-correction ranges created in the factory for common detec-
tor-grating combinations:

Emission detec- Grating Correction-file wavelength-range
tor (nm)
R928P 1200 grooves/mm x 500 nm 350-800
blaze
R928P 1200 grooves/mm x 330 nm 300-800
blaze
R2658P 1200 grooves/mm x 500 nm 350-1000
blaze
Synapse OE 100 grooves/mm x 450 nm 300-1000
CCD blaze
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Troubleshooting

Flowchart for generating Quanta-¢ correc-

tion-factor files

Decrease neutral
attenuation and or
increase bandpass to
intensify the white light
from excitation mono
to be as near 10° cps
as possible without
being over.

Step 1. Calibrate both Excitation and Emission Monochromators

Step 2. Place Calibrated Reflector in Sample Compartment at 45°
between excitation and emission using F-1933 Solid Sample Holder

Step 3. Set Excitation Monochromator to 0 nm (zero order) to emit white
light.

Step 4. Adjust excitation bandpass to be between (0.1 and 1 nm)

> and or place a Neutral Density Filter on the Excitation Port. <

Usually at least OD1 up to OD2

Step 5.Choose counts per second mode for the emission detector and
integration time of 0.1 s. Adjust emission mono to 3 nm. Scan from 350
nm to 800 nm for an R928 PMT.

Step 6. Evaluate peak intensity in counts per second (cps).

<<10° >>10°

Increase neutral
attenuation and or
decrease bandpass to
intensify the white light
from excitation mono to
be as near 10° cps as
possible without being
over.

Is Peak >> or << than 10°

Step 7. Scan emission from 350 to 800 nm using counts mode (not counts
per second) and the integration time required to collect 10° counts in the
peak channel

Step 8. Remove reflector from sample compartment and connect
integrating sphere

Step 9. Place cuvette reflector in integrating sphere at 45° between
excitation and emission or powder holder in bottom of sphere (with top
fiber).

Use same bandpass on emission and scan from 350-800 nm using same
conditions as Step7.

Step 10. Evaluate peak intensity, increase integration time to achieve 10°
or higher counts in the peak and scan from 350-800 nm. The excitation
bandpass may also be increased slightly to increase the intensity of the

white light (usually not beyond 3 nm).

Step 11. Execute Spherecorrect Macro using the Mcorrect file for the
emission detector and the Sample data from Step 7 and the Sphere data
from Step 10.
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Troubleshooting

Methods for generating Quanta-¢ correc-
tion-factor files
Generating correction-factor files for the cuvette holder:

1  Scan the reflectance spec-
trum in the sample com-

partment.

a

On the standard sample-
compartment drawer, attach the
single-cell sample-holder.

Place the uncalibrated
reflector into the single-cell

holder.

@Note: Be sure that

the 45° angle is
between the exci-
tation and emis-
sion slits in the
sample compart-

ment.

With T-side
reflector

I Getector, the ref-

With an S-side :

lector looks like
this (see right); for
a T-side reflector,
see the left photo.
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C Place standard sample-
compartment drawer into the
sample compartment.

A

d Attach the four screws to
hold the drawer to the
sample compartment.

e Place the sample-compartment
cover onto the sample
compartment.

f In FluorEssence™, choose an
emission experiment, and click
the Monos icon.

g Set the excitation monochromator

to 0 nm (zero order) for white-light transmission, the emission scanning
range to match the corrected region (see table on p. 5-1), and bandpass
of 1 to 3 nm on the excitation and emission monochromators.

ErperigEnt Tvpe Monos

Excitation 1
Activate

Wavelength Park
nm

Slit

i

Advanced
IHR 320 [Symphony] Emission 2 [T1]
[ activate Coverage 0000 0,000 [ ctivate
Wavelength Start End Inc
n
St
o
CCD Dptions
(&) CenterwWavelength (O Rlange Details Advanced
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h Click the Detectors icon.

Troubleshooting

| Choose the corrected detector signal (c subscript) and apply all
instrument corrections (activate Dark Offset and Correction
checkboxes). Use counts per seconds (cps) units to adjust the peak
intensity to be below the saturating limit (< 10° cps).

=4 Fluore scence Division - Experiment Setup ( Spectral Acquisitic 1[Emission] )

Triggers I

Experifient General information
Experiment
‘ File Directory
DfitS pectralE mizzion. xml
[rata Storage
t [rata [dentifier: zample
B S pectral Acquizsition[E mizsion]
Sig
Select ‘
Integration Time: | 0.05 S Diark, Olffet
Enable| Signal| Detectar | Units HW[\/]| Carrection Blank Subtraction
O s Symphor Counts TV O [d]
[0 52  Synapse Counts TV O [d]
O rR1 R Microamps |~ s [ [
T T 350 [
O a1 B Microdmps T O [d]
Signal Algebra
Signal Details Operations Formulas
T T1 signal 1 + -
Tie T1 signal 1 " Signal
; Tle
<{ Bemove
. s
Forrnula Units
Status

Spectral Acquisition[E mizsion]

2y Load | & save | & Saveds .. |
Accumulations
1
Uitz
Cournts Cycles
1
Delay
& @ WA o
-
Full Disclosure Help RTC Bun Cancel

Click the Run button to start the scan:
The Intermediate Display appears, then the data.

Evaluate the peak intensity in cps units, change the units to counts, and
adjust the integration time and neutral-density attenuation to acquire as
close to 10° counts as possible without more. Then rerun the scan.
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Insert the uncalibrated reflector into
the cuvette sample-holder. Be sure
the square top and bottom of the
reflector are seated properly into the
square depressions in the sample
holder.

A @

‘Caution: Do not touch the surfaces of the Integrating
Sphere’s sample-holder or the reflector accessory. This
can degrade its highly reflective surface. Wear clean pro-
tective gloves when handling the interior of the sphere and
reflector.

2 Scan the reflectance spectrum in the integrating
sphere. -

a Insert the sample holder into
the integrating sphere.
Be sure the plane of the ref-
lector forms a 45° angle be-
tween the excitation and
emission ports.

b In the FluorEssence™
Experiment Setup window,
scan the reflectance
spectrum as an emission
scan using the same
experimental conditions as
in Step i above.

Y 4

Excitation
port

—
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@Nm‘e: A neutral-density @Note: The signal will

filter affects the correc- be decreased by in-
tion file for the sphere clusion of the sphere
AND sample compart- and optics by 1-2 or-
ment. ders of magnitude.

C Evaluate the peak intensity.
Increase the integration time or slightly change excitation bandpass to
get at least 10° counts in the peak.

d  clickthe
Run button.
The Inter-
mediate
Display ap- T
pears:

When the
scan is com-
plete, the
Project Wavelangth {m)
Name win- -
dow appears. |[= g ol
You may en- | @ 2 o88004 5
ter a name or ) 'E‘:[:::]:liun1 Position: 0 rm Enirance st 1.5nm  Exit st 1.5nm
Emission 2 Position: 448 nm Entrance sfit: 1.5nm  Exit slit 1.5 nm -
click the

Cancel button. The data appear in the FluorEssence™ window:

JEEEE = — T1c

Wavelength (n-r_n_)

Double click graph to do analysis

—mmmm__
Spectral Acguisition[Emission] Agua_Mana-2-iHR-1 I IORIBA

Note that the peak value is near 10° counts. — -

e Remove the cuvette holder from the
integrating sphere.
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3 Calculate the sphere correction-
factor from the ratio of the reflec-
tance in the sphere to the sample
compartment alone.

a

4 FluorEssence - C:Documents @nd Settings'Dr. James Mattheis\Desktop’Spherecorrectvideo’ spherecorrect vide-ok * - [reflsphere3]
@Fi\e Edit ¥iew Collect | Analysis Plob  Column  ‘Workshest Statistics Image Tools Format “Window Help

=T
[l =R ==l

23 spherecorrect vide-ok

Mame
reflsanple
ﬁBDUkZ
Ereﬂsphereﬁ
f:lBookl
mcurr292
Graph4

Comme, ..
reflins...

reflins, ..

Compare Models...

f

Baseline. ..
Smooth...
Calculus
Translate

Average

Interpolate/Extrapolate

3D Exfract
Fit

Compare Datasets. ..

Transpose. ..

Converk to Matrix 3
Pick Peaks

Universalizgr

refl in sphere, \nm bp, em ctr 700 nm, 0 order ex, 1%

Troubleshooting

] —

Remove the calibrated reflector from the cuvette
holder.

In the toolbar, choose Analysis.

[Fag+e-:1| |[2rE|z|05EEE
JJBTKNMFD@

IEEIEEIN

Expetiment Info
Extract Experiment: file from Motes
Overlay Graph(s)
Blank Subtract
5000 PostMCarrect
Normalize
Simple Math...
Rayleigh Masking

Quick Polarization

T T T
Absarbance | Transmission [=1u]s] g00 1000

Water Raman 5{N wWavelength (nm)

SphereCorrect

Double click graph te do analysis
Instrument Info:
Agua_Mano-2-iHR-1

\‘xperiment Comments:

User Comments:

A drop-down menu hppears.

Choose HJY Tools.
Another drop-down fnenu appears.

Choose SphereCorrect.

The HJY_Sphere_Correction window appears:
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Troubleshooting

M HJY: HIY_Sphere_Correction

Dialog Theme | - aads

ﬂ Presvien

Description
Sample | R | ]
(.S
Sphere [ \ [.] s
\ 7/ F
MCorrect file name: | \ / | E] E 4
Wavelength normalized at [nm]: 55?.882 / ]
Sphere Correction File Hame: |synapse-spp\cor / |

3 ls Te

ok IE Cancel ﬂ

e

\

In the Sample field, brows# for the sample data (the last data collected)

using the Browse button [J.
M Graph Browser.

= [_1 prot-zpherecar

prelim - prelim
=] Graph
e prelimG - prelimG
sphere - sphere
Graph
spherel - sphere

zamplel - sampleG

Show Embedded Graph [ List Wiew Cancel| € |

Click the OK button when foun(

Similarly, find the sphere data using the Browse button L in the
Sphere field:
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Bl Graph Browser,

=2 pt-spherecarn

=

Show Embedded Graph [ List View

prelim - prelim

Graph
prelimG - prelimi

phere - sphere

=| =ampleG - zamplei

o) <

h

Troubleshooting

Browse for the MCorrect file name using the Browse button L]

Look in: | (= Conr w | (¢ ) il
o Mame = Size | Type Date Mo
L"J PDWCDrr_SSU.SPC 7KB PKCS #7 Certificates 1/19/201
Ornigin Object ElrawCorr_500.5PC TKE PKCS #7 Certificates  1/19/201
B2 T9z8C ZKE PKCS #7 Certificates 1f19j201
— XCDrr_SSD.SPC 7KB  PKCS #7 Certificates 1119201
I_,J Elxcorr_so0.5pC KB PKCS #7 Certificates  1/19/201
Dr. James
M attheiz
J
Samplez
{,J < | | k3
Impart and
Ewpot  File name: | T926Comect_B0DSFC v [_Open
== Filez of type: All Files [*.* ~ Cancel
£ (Al Fies ) | l
PCLAMP Open az read-only

The completed HJY_Sphere_Correction window looks something like

this:

B HJY: HIJY_Sphere_Correction

Diglog Theme | ot e

Drescription

Sample
Sphere
MCorrect file name:

Wavelength i

d at [nm):

i
|sampIEB | E
|sphe|eG | B
[T328C0nect 500 |J
0

Sphere Conection File Hame:

| TR325_spherd |

Preview

Satere comect

ey 1y

[ Ok Cancel ﬂ
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| Click the OK button when ready.
The ASCIIEXP window opens:

J Enter a ASCIIEXP

name for the Save in: | |2 Dr. James Mattheis vl 22 M-
flnal I’atIO - Mame Size  Type Date Mo
fl | e in th e _ ,J _ ) Autosave File Folder 4/27}201
X Origin Object [ DefaultSettings File Folder 6/9f2010
File name fitfunc File Folder 4/15/201
- s [ Groupshared File Folder 7l9jz010
f|9|d, and \ ___J IS Mew Folder File Folder 5/za/201
C| ICk the CocTemp File Folder 427}201
) 0riging File Folder 4307201
S ave [ Themes File Folder 415201
bUttOﬂ [ %-Functions File Folder 41154201
. Samples Origin Folder 1KE Shortout 712010
Origin Samples Folder 1KE Shortout 72010
) sphareCorr.dat ZZKE DAT File gfzz/201
e | >

Irmpiart and - A
Export File: name: Save ]

Sheet o | [ pz
.l
= Save az ype: | *.dat ~ | Cancel ]
pCLAM

Show Options Dialog

The Import and Export window appears:

Import and Export: expASC

Dialog Theme ﬂ

Drescription  Expart wark sheet data as ASCI file

Input Worksheet [ |=|; 3
File Type *.dat w

File Path |C: “Documents and SettingzhDr. James Mattheis\Desktop w | E]
Export Selected Data Only [

Separator TAB -

Header

Options

k Click the OK button.
The final correction-file appears:

1
[—Fona
4 |
3
]
&
5
(=)
o 2
=
2
]
5
1
o T T T T T
400 600 aoo
“Mavelength (rimi}
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Troubleshooting

Generating correction-factor files for the powder/film

holder:
1  Scan the reflectance spectrum in the sample
compartment.
a Insert the powder

reflector disk into the
1933 Solid-Sample
Holder.

| NC—

Place the Sample-Holder on the
sample drawer.

Keep a 45°-angle between exci-
tation and emission slits. The
photo depicts an S-detector con-
figuration.

@Note: Rotate the

Sample Holder 90°
for a T-detector se-
tup.

Insert the sample drawer into
the sample compartment.

Attach the four screws to hold the
drawer to the sample compartment.
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e Place the sample-compartment
cover onto the sample
compartment.

f In FluorEssence™, choose an
emission experiment, and click
the Monos icon.

g Set the excitation monochromator
to 0 nm (zero order) for white-
light transmission, the emission
scanning range to match the
corrected region (see table on p.
5-1), and bandpass of 1 to 3 nm on the excitation and emission
monochromators.

[WKta Storage

Spectral Acquisition[Emizsion] \
"

Excitation 1
Activate

‘wiavelength  Park,
nm

Slit

e
IHR 320 [Symphony] Emission 2 [T1)
[ tctivate Coverage 0000  0.000 Acthvate
Wavelength  Start End Inc
o
Slit
i
CCD Options
(@) Center Wavelength O Range Advanced]

h Click the Detectors icon.
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Troubleshooting

Choose the corrected detector signal (c subscript) and apply all
instrument corrections (activate Dark Offset and Correction
checkboxes). Use counts per seconds (cps) units to adjust the peak
intensity to be below the saturating limit (< 10° cps).

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

E zperiment I

M
i

2 & @

Triggers |

General information

Experiment
File

Directary

| DfitS pechralE mizsion. xml

| | | [y Load | & save | & savess . ‘

Drata Starage

Diata |dentifier:

zample

[
|
|

Comment:

Spectral Acquisition[E mission]

Sii
Select ‘
Integration Time: s Dtk Offset
Enable| Signal| Detector| Units HY[¥] Corection Blank Subtraction
[0 51 Symphor Counts e O 0O
O sz Synapse Counts T [d] ]
O m R Microdmps [ O [d]
T T 950 O
0 a1 & Microamps |~ e [ [
Signal Algebra Accumulations
- . Operations
Signal D etails Formulas 1
T1 T1 signal 1 + = =
Tl T1 signal 1 : Signal Uritz
; Tie Counts Cycles
<< Femove
. .
Forrnula Units Delay
Statuz
| | g @ W A -
=
Full Digclosure Help RTC Bun Cancel

Spectral Acquisition[E mizsion]

J
k

Click the Run button to start the scan:
The Intermediate Display appears, then the data.

Evaluate the peak intensity in cps units, change the units to counts, and
adjust the integration time and neutral-density attenuation to acquire as
close to 10° counts as possible without more. Then rerun the scan.

2 Scan the reflectance spectrum in the integrating

sph
ad

ere.

2

Pull sample-drawer
handle out.

i
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b Pull solid-sample
support itself out.

C Insert the uncalibrated powder reflector
into the support.

d Slide sample holder back in.

e Push sample drawer in, so that the
sample is raised into the integrating
sphere.
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f Place the solid-
sample cover on
the integrating
sphere.

@Note: Match the

threaded

thumbscrew on
the lid to the
threaded hole
on the sphere.

Threaded screw

Tighten the thumbscrew
to fix the lid in place.

h Raise the excitation port
to the IN position.
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| Remove the protective cap from the
emission port. Connect a fiber-optic
bundle to the integrating sphere
emission (outward arrow) port.

J Tighten the set-screw with an Allen key.

3 Calculate the sphere correction-factor from the
ratio of the reflectance in the sphere to the sam-

ple compartment alone.
Follow the procedure in the previous section, “Generating correction-factor files
for the cuvette holder”.
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6 : Troubleshooting

The Quanta-¢ accessory has been designed to operate reliably and predictably. Should
a problem occur, examine the chart below.

Troubleshooting

Symptom

Possible Problem

Proposed Solution(s)

Spikes in emission
spectrum and/or high
background

Excitation signal miss-
ing or too low

Emission signal is low

Light leak in or around integrating
sphere

Lamp is not illuminated

Detector is not receiving power, or is
connected improperly

Bandpass is too narrow

Neutral-density or other optical filter
or obstruction is in optical path

Wavelength settings are improperly
calibrated or selected

Wrong detector or mirror selected
from signal list or instrument configu-
ration.

Fiber optics positioned or oriented
wrongly for T or S format

Fiber optics are in wrong relative
positions for excitation and emission
ports

Cuvette holder or upper fiber-optic
holder is not in IN position

F-3000 is not correctly aligned for
fiber optics

Unneeded neutral-density or other
optical filter is placed in sample com-
partment

No sample in sphere

Sample concentration or quantum
yield is too low

6-1

Verify that the bottom sample
drawer’s plug has lifted into the
sphere

Check that cuvette holder is proper-
ly set in place

Check that fiber optics are mounted
correctly

Check that the purge ports are prop-
erly screwed in and sealed.

Turn on lamp and allow it to warm
up for 30 min.

Check detector power, cables, and
SW settings.

Increase bandpass.

Remove unneeded filters and ob-
structions.

Correct calibration of excitation and
emission monochromators, and se-
lect appropriate grating.

Select proper detector and mirror
settings in Experiment Setup win-
dow.

Correctly place fiber optics to T and
or S format.

Properly connect fiber-optics to
correct ports.

Move to IN Position.

Verify F-3000 alignment as per F-
3000 Operation Manual.

Remove sample compartment and
check for filters or obstructions.

Place sample in sphere.

Check that OD is sufficient, and
increase integration time or excita-
tion power appropriately.
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Quantum yield is un-
reasonably large or
small, or its error val-
ues are too large

Emission spectrum of
sphere and blank sam-
ple(s) or with empty
cuvette holder or emp-
ty blank powder-
holder indicates con-
tamination.

Insufficient integration time

Area-balance factor is not properly
adjusted to account for changes in

integration time or neutral-density

filter attenuation

Either excitation or luminescence
signal areas are not integrated to
reach a sufficient signal-to-noise ratio

Sample preparation is not consistent
with literature conditions

Incorrect application of Mcor-
rect.spc file in data acquisition
(Signal List or Instrument Configu-
ration)

Incorrect application Spherecor-
rection.dat file in PLQY tool

Incorrect selection of blank and sam-
ple graphs and data in PLQY tool

Use of inappropriate theme in PLQY
tool

Sample and blank cuvette or powder
holders are not optically matched.
Uneven volumes, scattering or
scratches, mismatched refractive in-
dices, etc.

Counts per second (cps) units were
used instead of required Counts units
for data acquisition

Different wavelength or bandpass
settings were used for sample and
blank

Possible contamination of cuvette or
powder holder or bottom plug or
blank sample(s).

Possible contamination of bottom
sample plug

Troubleshooting

Increase integration time.

Correctly enter area-balance factor
to account for combined (integra-
tion time x neutral attenuation) fac-
tor

Integrate longer or increase excita-
tion power.

Check chemical preparation, age,
oxidation state and solvent condi-
tions, pH, polarity, refractive index,
as well as chemical purity. Consider
recrystallizing standards, chemicals,
and filtering solvents.

Enter correct emission correction
factor in instrument configuration
and Experiment Setup window.

Enter correct Sphere correction fac-
tor.

Select correct blank and sample
graphs.

Select appropriate theme for PLQY
experimental conditions.

Carefully balance volumes and sol-
vents for liquids, avoid scratched
cuvettes, fingerprints, or suspended
particles on cuvettes. For powders
or solids, ensure blank substrate is
representative of sample. Consider
solid-dilution method to homogen-
ize and equilibrate the surface prop-
erties.

Always use Counts units when
collecting data for the PLQY tool.
The integration-time constant will
otherwise not be correct.

Always match bandpass and wave-
length settings for sample and
blank. Only change integration time
or excitation power.

Check for and remove obvious con-
tamination, tape, powder, liquid
droplets. Always be sure cuvette is
stoppered and cleaned of any ex-
ternal liquid.

Replace and check with new plug.
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CCD signal > 65 000
counts per accumula-
tion cycle for a blank
excitation signal (> 10°

cps).

PMT signal > 1 million
cps (rate) for blank
excitation signal

Possible contamination of inner
sphere

Excessive count rate (CPS) or inte-
gration time

Bandpass too wide

Insufficient neutral-density attenua-
tion

Insufficient neutral-density attenua-
tion

Bandpass is too wide

Troubleshooting

Internal contamination voids the
sphere warranty. The sphere inte-
rior may need to be replaced be-
cause the porous Spectralon® is
very difficult to decontaminate.

CCD count-rate for the blank exci-
tation band should be adjusted to
between 500 000 and 1 million
counts per second (i.e., 50 000
counts between 0.05 and 0.1 s).

Bandpass should be set for com-
plete resolution of the spectral fea-
tures of the excitation bands and
fluorescence signal areas. Usually
from 1 to 5 nm is sufficient.

Use neutral attenuation on excita-
tion side if the suggested count rate
(500 0001 000 000 cps) is ex-
ceeded when the bandpass is be-
tween 1 and 5 nm.

Neutral attenuation should be used
on excitation if the suggested count
rate (500 000—1 000 000 cps) is
exceeded when the bandpass is be-
tween 1 and 5 nm.

Bandpass should be set for com-
plete resolution of the spectral fea-
tures of the excitation bands and
fluorescence signal areas. Usually
from 1 to 5 nm is sufficient.
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Further assistance...

Read all software and accessory manuals before contacting the Service Department. Of-
ten the manuals show the problem’s cause and a method of solution. Technical support
is available for both hardware and software troubleshooting. Before contacting the ser-
vice department, however, complete the following steps.

1 Ifthis is the first time the problem has occurred,

try turning off the system and accessories.
After a cool-down period, turn everything back on.

2 Make sure all accessories are properly confi-
gured, and turned on as needed.

3 Following the instructions in System Operation,
run a xenon-lamp scan to make sure the system

IS properly calibrated.
Print the spectrum for each and note the peak intensities.

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

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 the problem, a service visit may not be required.

6 If an error dialog box appears in FluorEs-
sence™, write down the exact error displayed.

/  In FluorEssence™, in the FluorEssence main
window’s toolbar, choose Help:

#=4 FluorEssence - C:\Documents and SettingsMIl Users\Documents\Jobin Yvon\P=iaisCohen\UNTITLED
File Edit Wiew Collect Graph  Analysis Tools Format  window  Help,

DRz cEadd & B JdBEfe k& +B-31 T || RAREB B EDE8E Hm DK REEE D k02 2

A drop-down menu appears.

8 Under Help, choose About FluorEssence....
This opens the About FluorEssence window:
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The version of the software (both b

FluorEssence™ and Origin®) is URIBF

listed here. :
FluorEssence™ for Windows®

. N8
FluorEssence Yersion:  3.0.0.0 Origin Yersion: 8.0951
L wViewSystemlnfo ]
. .
9  Click the View Sys- =
tem Info button -
. 3000 Monday, December 22, 2008, 01332
- 3000 Manday, D ber 22, 2008, 093000
h I II d c d 3000 Manday, D ber 22, 2008, 09:34:36
T e nSta e omponents Wln OW 3000 Mg:d:i,D ber 22, 2008, 0931:36
H - 3000 Monday, Dn ber 22, 2008, 0% 4246
d I ” h ftW 3000 Monday, December 22, 2008, 054308
appearS’ ISp aylng a t €S0 are 3000 Mondey Deconber 22 2006, 062209
- 3000 Monday, Dn ber 22, 2008, 021418
required for FluorEssence™. 000 o oo £ (a1
3000 Monday, Di ber 22, 2008, 08:43:42
3000 Monday, Di ber 22, 2008, 08:22:38
. 3000 Monday, Di ber 22, 2008, 08:23:12
3000 Monday, Dy ber 22, 2008, 08 46:22
10 Record the informa- i imER R |
flon Yy CIlICKINg the:
. . Component Name Yersion  Date A
3darph. 8000 Tuesday, M ber 11, 2008, 14:18:10
- Save To File... button, which
h - f - f-I . cwdag.ock 7000 Tuesday, N ber 11, 2008, 14:15:54
saves the information to a file; £00 Juo o) s L1
. - HHaActvex dil 11.0.228.0 Thursday, J. iy 29, 2004, 08:59:54
L4 f b h h - istnaloglLibi 310668 Tussday, November 11, 2008, 14:16:22
Zip Info button, which com T o 31088 T loeren 1 08 4102
H H H StripChart<Cs . 310341 Tuesday, N ber 11, 2008, 14:16:22
presses the information while sav- i 12100 Tusady darvay 15, 2008, 151056
! . il sps 1020 Tussday, January 15, 2008, 151056
ing It; It BE08 Trs e G 2007 134650
- . . s, 100150 T Soperos 4209 121504
« Print Info button, which prints ]
out the software information. /
saveToFie.] [ Zipiia | [ Pintinfo_|

to close the Installed Components window.

127 cClick the OK button to close the About FluorEs-
sence window.

13 Write down the software’s version numbers,
along with the purchase dates, model numbers,
system configuration, and serial numbers of the
instrument and its accessories.

14 Determine the SpectrAcq firmware version:
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Triggers I

Troubleshooting

a

Open the Experiment Setup window:

Click the Detectors icon

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

Directory
DfltS pectralE mission. xml 2y Load | & save | & savess .. ‘
[rata Storage
Drata |dentifier: DiftErm
B Spectral Acquisition[E mission]

Signals
Select
Integration Time: |0.1 ] ] Dark Difset
Enable| Signal| Detector | Units HY[]| Comection Elank Subtraction
CPS gell [ [
: o =] —

i
Detector Info:

Single Channel Detectar

Firmware Yersion: ¥1.0 J¥YSCD Emulation

Signal Algebra Accumulations
Signal Details Operations Formulas 1
51 signal 1 + = =
- Signal Unitz
51 Cycles
!
Forrnula Units Delay
<<Clear
Statuz

&

Full Digclosure

Help

Spectrdl Acquisition[E mizsion]

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

C

If the problem persists or is unlisted, call the Service Department at (732) 494-8660 x
160, or fax at (732) 549-5125. Outside the United States, call the local distributor. You
may also reach us at our web page:

http://www.HORIBA.com/scientific

When you contact the Service Department, have the purchase date, serial number, sys-
tem configuration, and software version available. Be prepared to describe the malfunc-
tion and the attempts, if any, to correct it. Note any error messages observed and have
any relevant spectra (sample, polarization ratio, xenon-lamp scan, water Raman scan)
ready for us to assist you.
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7 : Technical Specifications

Hardware

Technical Specifications

Dimensions (including
mounting platform for sam-
ple drawer)

Weight

Integrating-sphere diameter

Solid-sample entrance-port
diameter

Top entrance port diameter
Rear input-port diameter
Side fiber-hole diameter

Port fraction in cuvette
mode

Port fraction in solid-sample
mode

Optics-head field-of-view
diameter

Integrating-sphere material
Reflectivity
Purge ports

Sample

Fiber-optic bundle

Fiber-optic numerical aper-
ture

10" x 13" x 12%" (width x length x height)
25 cm x 33 cm x 31.1 cm (width x length x height)

7.47 Ibs. (3.39 kg) without sample drawer
9.47 Ibs. (4.29 kg) with sample drawer
152 mm (6")

20 mm

66.68 mm (2.625")
25.4 mm (1.00")
5.08 mm (0.200")

1.043%
2.103%

25.4 mm (1.00")

Spectralon®
> 95% from 250-2500 nm

Compatible with %" O.D. SMC tubing available from
Allied Electronics

Thin films, 12 mm dia. or smaller

Powders

Liquids

(Other types of samples need custom holders.)
Slit-round configuration, 180 fibers. Slit-end termina-
tion 10 mm O.D. x 50 mm long. Round-end termination
FR-274. Sheath is PVC monocoil. Length is 1.5 m.

0.22
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Transmission curve of fiber-
optic bundles
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8: Index

Key to the entries:

Times New Roman font......... subject or
keyword
Arial font..........cccooveveiieinnn, command,

menu choice,
or data-entry

field
Arial Condensed Bold font.....dialog box
Courier New font...... file name or
extension
1
1933 Solid-Sample Holder ...................... 5-12
2

2-curve analysis . 3-18-3-19, 3-21, 3-25, 3-29

4
4-curve analysis ...........c........ 3-18, 3-21, 3-29

A
About FluorEssence window ............. 6-4—6-5
About FluorEssence... ....ccocccccevvvvveennnn. 6-4
aAbSOrDANCE ..o, 1-3, 3-2
Accumulations .......ooeeeevveeeecieenenenn, 3-12-15
Add >> button...........coeeeveeiiiien. 3-12, 3-26
Allen KeY......ccoovvevviieiiecreee, 3-4, 3-7, 5-17
ANAIYSIS......oiiiiicicee e 5-8
area balance factor .........ccvveeeeveeeeciineee, 6-2
Area Balance Factor..........cccccccovveun... 3-23
ASCIHEXP Window ........ooooovveeeeeeeeeeeccnnnn, 5-11
average reflectance ............ccccevvieeeieinns 1-2

B

bandpass1-4, 3-11, 3-13, 3-26, 5-4, 5-7, 5-13,
6-1-3

Index

Browse button ................. 3-18-20, 5-9, 5-10
(o

C subscript.......ccocvveviieiinnnne 3-12, 5-5, 5-14
calibrated reflector...................... 4-1,5-1, 5-8
Cancel button .......ccccceeeiiiii i 5-7
CaULtION NOLICE ...vvveiciiee e, 0-4
CCD detector...... 1-4, 3-10-11, 3-25, 5-1, 6-3
CD-ROM.....cocociiiiiee e, 2-2,5-1
Center Wavelength...........c.ccccevereennnn. 3-11
chromatiCity.......cccooevvvieiininiee, 1-11, 3-24
Chromaticity Output tab............cc........ 3-24
Chromaticity tab .........cccccocevevveieieenen, 3-24
CIE 1931 iNdeX....cccvrvvvreeiiieeieeeeaen. 1-11-12
CIE 1976 INdeX......coeevvvveiirieecrieenen. 1-11-13
Cleaning ......ccoovevvieiie 4-1
Control tab .......covcvveeeiiiieie e 3-24
Correction checkbox....3-12, 3-26, 5-5, 5-14
correction factor ............ 5-1-3, 5-8, 5-17, 6-2
correction file .......ocoveveeveciiiiecie e, 5-1
(oo 1V R - L (=IO 3-10, 6-3
CoUNtS ..o, 3-27, 6-2
COVErSHIP v 2-2,3-1, 3-5
CPS. e 3-26, 5-5, 5-14, 6-2—-3

cuvette . 1-4, 3-1-2, 3-10, 3-16, 5-7-8, 6-1-2,
7-1

cuvette holder ........cocvveveceeeiecie e 5-3
cuvette reflector.......ccccoevvvvvee e, 2-2
cuvette-holder rack..........cccceveeeeieeecnieennen. 2-2
cuvette sample-holder...........cccccooveivennnne. 5-6
D
damage.......ccccovvevveieiie e, 0-3-4, 2-2-3
Dark Offset checkbox ..3-12, 3-26, 5-5, 5-14
Data ldentifier............ 3-12, 3-17, 3-25, 3-28
Datatab.....ccccccooceeiiiiiiiee e 3-24
detector ........ccovveenneee. 3-12, 5-1, 5-5, 5-14, 6-1
Detectors icon.3-14, 3-26-27, 5-5, 5-13, 6-6
Detectors Page .......ccccevverveeieeneenineenes 3-11
Detectorstab.......ccccevveeeeviciere i, 3-11
QIAMELEN .. 7-1
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diffuse surface.........ccocevveneniennnieicnn 1-1
dIMENSIONS ..o 7-1
E
B o 1-4,1-6
B i 1-4,1-6
Emission 2 (T1) checkbox..................... 3-25
eMISSION POIt.......cceevvvveeirriennne. 3-4, 3-7, 5-17
Emission subtype.......cccooeveiiieicienine 3-10
ENd EMISSION .....ccovviiiiieeiescee 3-20
End EXcitation..........ccocevvveneieinienn 3-20
End Wavelength cell ... 3-24
ENLranNCe POIT ...oovvvveeiiiieiee e 7-1
environmental requirements .............cc....... 2-1
error-propagation analysis ...............c.c........ 1-6
ethanol................ 1-4,1-6, 1-8, 1-12-13, 3-11
EXCEI® oo 2-1,7-2
exchange factor.........c.ccoovvevencieiciicen, 1-1
excitation port............ccoceenee. 3-3, 3-6-7, 5-16
Experiment Menu button...................... 3-10

Experiment Setup window... 3-10, 3-14, 3-25,
3-28, 5-6, 6-1-2, 6-6

Experiment Type window ........................ 3-10
F
F-3000......ccccoiiiieieniaiens 0-1, 2-2, 3-8, 6-1
Fiber-Optic Adapter.........cccocevvrennnne. 0-1, 3-8
fiber-optic bundle... 0-1, 2-2, 3-3-4, 3-7-8, 5-
17,7-2
File name field ........c.cccovvevvieiier 5-11
L1 L0 SR ORRR 6-1
FL-1925 ..o 3-2
FL3-3000 ....ooieieiecieciece e 2-2
flowchart ... 5-2
FIUOIESCEIN.....eveee e 1-9
fluorescence decay..........cccoevevveiveiveiinannns 1-3
fluorescence lifetime..........cccceveeneee. 1-2,1-3
Fluorescence Main Experiment Menu.....3-10

FluorEssence™?2-1, 3-9-10, 3-14, 3-18, 3-25,
5-4, 5-6, 5-13, 6-4-5, 7-2

FIUOrolog®-3 ..o 0-1, 2-2
FIUOr0l0g®-Tau-3 ..o, 0-1
FIUOTOMAX®-3 ..o 0-1
FIUOFOMAX®-4 ..., 0-1, 2-2
FIUX deNSItY ...ooveiec 1-1

Index
FM4-3000........ccomimrieieiene e, 2-2
Formulas list ..o 3-26
Formulas table........cccccoovviiiiiniie 3-12
Forster resonance energy transfer.............. 1-3
FRET .o 1-3
G
GIOVES.. .o 4-1
Graph Browser window .............c...ccoceen. 3-19
Grating.....cccooveveeie e 5-1
H
HoSO4 cveiieie e 1-8-9
handling ..o, 4-1
Help ..o 6-4
HJIY TOOIS.....ccceeiieeciccee e 5-8
HJY_PLQY window..........cc.cccveunneen. 3-18, 3-21
HJY_Sphere_Correction window .....5-8, 5-10
I
IHR o 3-11, 3-25
IHR detector ........cooovevvieieecece e 3-11
Import and Export window ...................... 5-11
IN e 3-3,6-1
incident FluX........ccovvviiiiere e 1-1
inner-filter effects........ccccoevvvieinenns 1-7,1-9
Installed Components window.................. 6-5
Instrument Configuration ....................... 6-2
integrated excitation profile....................... 1-4
integrated luminescence............cc.cceoveneneen. 1-4

Integration Time3-12-15, 3-26-27, 5-5, 5-7,
5-14, 6-1-3

intense light ..o, 0-4

Intermediate Display.3-12, 3-15, 3-26-28, 5-
5,5-7,5-14
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1aMP SCAN ..o 6-4
L o 1-4,1-6
lightleak ..o, 6-1
liquid sample-holder ...................... 2-2, 3-2-3
M
MAINTENANCE .....oveeieeiecee e 4-1
Material Safety Data Sheet .................c..... 0-2
MCorrect file name........cccccceevvvernenenne 5-10
MCOTTECT . SPCuutrieiirieeiireesireesieeesieeens 6-2
monochromator...... 3-11, 3-26, 5-4, 5-13, 6-1
MORNOS ICON.....cceiiviiii i 5-4,5-13
MSDS....o e 0-2
N
neutral-density filter................ 3-13, 3-29, 6-2
Next >> button .......cceeevverenienree e 3-10
NITFOGEN GAS....vi i 4-1
nonradiative decay ..........ccccovevveveiiiesnnennn. 1-3
o
OD. i 1-4,1-7-9 6-1

OK button .3-13, 3-15, 3-19, 3-22-23, 5-9, 5-
11, 6-5

Open button .........cccevveveiieceec e, 3-19
Open WINdOW ........cccevveeiieieeie e 3-18
optical density ........ccccccevvveveeieiieiiecec 1-7
(O 15T T 6-5
P
Park ... 3-11
photomultiplier tube....................... 3-11, 3-25
PIUGS....oviiiiirieeee 2-2,6-1-2
PMT e 6-3
Poissonian StatiStiCs ..........ccoeverererennniens 1-6
POIAriZation ..........ccevvveiiieiie e 1-3
POIt dIAMELEr ..o 7-1
port fraction..........cccocveeveeiii e 7-1
POWAET CUPS ...t 2-2
Powder-Holder Reflector.........c..cccovenene. 2-2
powder reflector disK ... 5-12
powder/film holder ...........cccceovevveineennen. 5-12

Index

Previous Experiment button.. 3-14, 3-16, 3-
27-28

Print Info button..........cccocovviiiiiiinn, 6-5
Project Name window...... 3-13, 3-26-27, 5-7
protective gloves.........ccovevveieiieeie e, 0-4
PUrge POrtS......ccoeevvveerieeniieeenn 3-3,6-1, 7-1
Q
quantum yield... 0-1, 1-3-4, 1-6, 1-9, 5-1, 6-2
Quantum Yield button ...........cccceeennee. 3-18
QUAIZ .o 3-1, 3-2
quinine sulfate .........ccccoeeveere v 1-8-9
R
ROI28P ..o, 5-1
FATIANCE .. i, 1-1

Rayleigh peak...3-10, 3-13, 3-18, 3-20-21, 3-
23, 3-26-27, 3-29

reflectance .......ccocoveveieiiiiieeen, 1-1-2
reflectivity.............ocoooeiii, 7-1
rhodamine 101....... 1-4,1-6-9, 1-12-13, 3-11
Right Arrow button............cccccoeeevvene. 3-21

Run button 3-12, 3-15, 3-17, 3-26-28, 5-5, 5-
7,5-14

safety SUMMArY.......ccccevvvvereeiieccee e 0-4

sample compartment...0-1, 2-2, 3-5, 3-8-9, 5-
3-4,5-8, 5-12-13, 5-17, 6-1

sample-compartment cover .............. 5-4,5-13

sample drawer3-4-5, 3-8, 5-12, 5-14-15, 6-1,
7-1

Sample field ..., 5-9
sample-holder........c.cccooveveenie 3-1, 5-6, 5-15
SAVE AS...iii 3-22
Save bUttoN.........cccveeeeiee e 5-11
Save To File... button...........ccccoevveenenns 6-5
Scale In button ... 3-13
SeleCt Ara ......ccocveeeeiieiiie e 6-6
self-absorption.........cccceevvvieicieiie e, 1-7-9
Service Department...........cccccoevvveeenee. 6-4, 6-6
Signal LiSt......cccvviiviiieiiieeeeee 6-2
signal-to-noise ratio................ 3-10, 3-29, 6-2
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single-cell sample-holder...........c.ccceeenis 5-3
St 3-13, 3-26
software requirements............cccoeevvereennns 2-1
Spectra button .........cccceevvevviiciieiees 3-10
SpectrAcq firmware version................... 6-5-6
Spectralon®.................. 1-2, 3-5, 4-1, 6-3, 7-1
spectrophotometer..........ccccocevveveciesnennn. 3-29
Sphere Correction field.............c.co.... 3-19
Sphere Correction file...........c.ccccooeee 3-18
sphere-correction files.........c.ccccoeevieinennns 2-2
Sphere field........cccoovvveiiei, 5-9
sphere multiplier ... 1-2
Spheretab........cccoevviveiiiicce 3-24
SphereCorrect .......cccvevvevevvece e, 5-8
Spherecorrection.dat ....eeeernnen. 6-2
Start Emission.........ccocevcevenenenciennnn 3-20
Start Excitation .........ccccocevvveieiciennnn, 3-20
Start Wavelength cell............cccoceoiie 3-24
Summed SCans.......cccoeceveereere e 3-15
support

technical ..o 6-4
Synapse OE.........cccovviiiieiiceee 5-1
system configuration..............cccccceevevieennnns 6-5

T

T L s 3-26
technical SUPPOrt.......ccoovvviiiiiec 6-4
Theme Name ........cccocevveveveevecce s, 3-22
Theme Save as... window....................... 3-22
theory of operation..........ccccceeeveiencnennn 1-1
time Constant..........coocvvvveninieee e 1-2
time decay .....cccccveeeveere e i, 1-2
toolbar................. 3-10, 3-14, 3-18, 3-28, 6-4

Index
TOOIKIL. .., 2-2
transSMIttance .......coceovvvevevenecieeeeee, 3-29
troubleshooting.........ccoceeeveiiiiiiiicc 6-1
T-SI0€..ooecice s 3-25,5-3
U
ultraviolet eXposuUre .........ccccovevveiiverieciennnn, 0-5
uncalibrated powder reflector.................. 5-15
uncalibrated reflector............c.cocennne. 5-3,5-6
USB KEY .ooveeveeeereeeeieneeseeerinseeions 2-1,7-2
"4
video tutorialS.........ccoovvevviieiiicie e, 2-2
View System Info button.............cccceee. 6-5
w
Warning NOICE .......cccecvveveerecie e, 0-4
Warning window ............ccccceveennnne 3-12, 3-15
WEIGNT ..o 7-1
X
Xenon lamp ......c.ccoceeeeneee. 0-7-8, 6-1, 6-4, 6-6
4
Zip Info button ... 6-5
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[Design Concept]

The HORIBA Group application images are collaged in the overall design.
Beginning from a nano size element, the scale of the story develops all the way to the Earth with a gentle flow of the water.
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