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Federal Institute for Materials Research and Testing
Standard Operation Procedure (SOP) for Use of

CERTIFIED REFERENCE MATERIALS
BAM-F001, BAM-F002, BAM-F003, BAM-F004 and BAM-F005
Calibration Kit SPECTRAL FLUORESCENCE STANDARDS

for the Determination of the Relative Spectral Responsivity s(A)
of Fluorescence Instruments

KIT CONTENT

5 dyes BAM-F001 - BAM-FO05, covering the spectral region of 300 nm to 770 nm
provided in portions of 5-15 pg in vials.

BAM-FO001 equals Fluka product number #72594, BAM-F002 #23923, BAM-F003 #96158,
BAM-F004 #74245, and BAM-F005 #94053.

100 ml of ethanol.

BAM certificate of the normalized corrected fluorescence emission spectra of the kit dyes
in ethanol measured at 25°C, see also CD.

BAM software LINKCORR for the generation of a global emission correction curve
1/1/s(A) from measured uncorrected and BAM-certified corrected spectra of BAM-F0O01 -
BAM-F005, see CD.

Certified corrected emission spectra of BAM-F001, BAM-F002, BAM-F003, BAM-F004,
and BAM-F005 as certificate files BAM507Mx.ctf measured at a spectral bandpass (x) of
the emission monochromator (M) of 1 nm (BAM507M1.ctf), 4 nm (BAM507M4.ctf), and 8
nm (BAM507M8.ctf), see CD. These files are readable by LINKCORR.

SOP for the determination of the emission correction curve (1/s(A)) and the relative
spectral responsivity s(A) of fluorescence instruments with BAM-F001 to BAM-F005
and LINKCORR including description of LINKCORR.

SCOPE AND LIMITATIONS

Determination of the relative spectral responsivity s(A) of fluorescence instruments. s(}) is
the reciprocal of the actual output of LINKCORR, the inverse relative spectral responsivity
1/ s(\) termed emission correction curve.

Determination of corrected instrument-independent fluorescence emission spectra that
are corrected for s(A) and are accordingly comparable across instruments.
Characterization of the long-term stability of the emission channel fluorescence
instruments by regular determination of 1/s()) or s(A). Fluorescence spectra that are
corrected accordingly do not contain contributions from aging of optical components in the
emission channel and are thus time-independent.

For more information, see certificate and certification report.

STORAGE CONDITIONS, TESTED PROPERTIES, and MEASUREMENT CONDITIONS
See certificate and certification report.

INSTRUCTIONS FOR USE

See Schemel/Schema 1, SOP USE OF BAM-F001 - BAM-F005, SOP USE OF LINKCORR,
and certificate.



o Control of wavelength accuracy of the emission channel
e Operation of the detection system within its linear range (avoid detector saturation)

A 4

Preparation of working solutions

100 ml ethanol

e solvent \1/ \1/ \1/ \1/ \1/
e blank
10 ml 10 ml 10 ml 10 ml 10 ml
\ \ \ \ \
F0Oo1 F002 F003 F004 F005
Shake each closed vial and wait 15 min for complete dye dissolution.
Similar measurement conditions for all Kit
components with respect to
e Measurement geometry
e Optical components in emission channel (filter,
polarizer/polarizer settings etc.)
o Detector settings ( voltage etc.)
e Spectral bandpass of emission monochromator / slit
width
. Waveler]gth.grlde Similar
e Integration time / scan speed measurement
e Sample temperature 25+2 °C strongly recommended. conditions
as used for
Choice of cells / cuvettes samples to be
o Similar type for all Kit components corrected
* Properly closed to avoid uptake of water
e Quarz cells recommended
e Glass & polymer cells: wavelength region for use is
limited due to absorption of material!
o If a single cell is used for all measurements, then
rinse properly with ethanol in between measurements.
Table 1
dye Aex / NM | emission range / nm
Dye-specific instrument settings (seeTable 1) F001 280 (300 — 450)
» Emission range F002 315 (330 — 530)
o Excitation wavelength F003 380 (390 — 600)
e 3-10 scans as a rule of thumb. F004 420 (450 — 700)
FO05 550 (570 —760)
Fill solution of BAM-F001 into cell and Save spectra as or transform into
measure, rinse cell, fill with ethanol, measure ASCII files, extension *.dat or *..csv.
solvent spectrum or so-called blank. v
Averaging of data for each dye-solvent
pair in any spread sheet programm.
Repeat with FO02, FO03, FO04, and FO05 v
and the corresponding blanks (blank spectra).
Check statistical quality of data with
LINKCORR (see SOPLINKCORR).
\
Keep dye solutions during calibration If data are of insufficient
<—— in properly closed cells: dark, (20-25)°C. statistical quality,

Dye solutions can be stored in properly
closed vials for max. 7 days: dark, 4°C.

Scheme 1: Use of
BAM-FO001 to BAM-F005

repeat calibration with more
scans.

Emission correction curve 1/s(2)
The reciprocal of this curve yields s(4).

v

Multiplication of measured spectra
with 1/s(4) yields spectrally corrected
instrument-independent spectra.




o Kontrolle der Wellenléangenrichtigkeit des Emissionskanals
e Betrieb des Detektionssystems in seinem linearen Bereich
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Herstellung der Messldsungen

100 ml Ethanol
. Losungs- \7 \7 \7 \7 v
mittel
. Blindwert 10 ml 10 ml 10 ml 10 ml 10 ml
v v v v v
FO01 F002 F003 F004 F005

! ! ! !

!

Geschlossene Vials schitteln und 15 min warten, bis sich die Farbstoffe gelost haben.

. Messgeometrie

im Emissionskanal
Detektoreinstellungen (Spannung etc.)

Wellenlangenraster/Schrittweite
Integrationszeit/Geschwindigkeit
Probentemperatur 25+2°C.

Identische Messbedingungen fur alle Farbstoffe hinsichtlich

. Optische Komponenten (Filter, Polarisator/Stellung etc.)

Spektrale Spaltbreite des Emissionsmonochromators

<— Identische Mess-
bedingungen wie
Anforderungen an Messzellen/Kivetten <— furzu
. Gleicher Typ korrigierende
e  Fest verschlossen, um Wassereintrag zu vermeiden Proben/Spektren
. Méoglichst aus Quarz
Glas- & Polymerkivetten: Messbereich ist eingeschrankt
durch Absorption des Materials!
e  Wird ein und dieselbe Kuvette verwendet, gut reinigen
mit Ethanol. Tab. 1
Farbstoff | A/ nNm EM-Spektralbereich / nm
Spezifische Messbedingungen (siehe Tab. 1) E001 280 (300 — 450) nm
. Emissionsbereich F002 315 (330 — 530) nm
e Anregungswellenlange F003 380 (390 — 600) nm
. 3 -10 Scans (Richtwert). F004 420 (450 — 700) nm
550 (570 — 760) nm

\l/ FO05

Messen von Farbstoff FO01, Kiivette reinigen,

Messen des Lésungsmittelspektrums bzw.
des Blindwertes.

Speicherung der Spektren oder
Umwandlung als ASCII Files mit
Extension *.dat oder *.csv.

l

l

Wiederholen mit FO02, FO03, FO04 und FO05
und den entsprechenden Blindwerten.

Prifung der statistischen Qualitat
der Daten mit LINKCORR
(siehe SOP Use of LINKCORR).

v

Lagerung der Farbstofflésungen wahrend der
Kalibrierung maoglichst in einer fest verschlossenen
Kuvette: dunkel, (20-25)°C.

Lagerung der Farbstofflésungen in fest verschlos-
senen GefalRen max. 7 Taae: dunkel. 4°C.

Bei schlechter statistischer
Qualitat der Daten Wieder-
holung der Kalibrierung mit
mehr Scans.

Schema 1: Anwendung von
BAM-F001 - BAM-F005.

Emissionskorrekturkurve 1/s(1)
Bildung des Kehrwertes ergibt s(4).

v

Multiplikation von gemessenen
Spektren mit 1/s(A) ergibt spektral
korrigierte, gerateunabhangige
Spektren.




Determination of the Emission Correction Curve (1/s(A)) and the Relative
Spectral Responsivity s(A) of Fluorescence Instruments
with BAM-F0O01 - BAM-F005 and LINKCORR

1. Prerequisites. Prerequisites for the use of BAM-FO01 to BAM-F005 are control and

consideration of the wavelength accuracy of the emission channel and operation of the
instrument’s detection system within its linear range to avoid spectral distortions due to
detector saturation, see also certificate.
Measurement of the emission spectra of BAM-F001 - BAM-FO05 is recommended at
(25+2)°C with thermally equilibrated and properly closed samples using the same type of
cuvettes, preferentially quartz cells, for all kit components and the measurement
conditions given in Scheme 1/Schema 1 and in the certificate. Uptake of water and
evaporation of solvent are to be minimized.

2. Measurement of emission spectra of the Kit solutions. The emission spectra of the Kit
solutions filled into clean and properly closed fluorescence cuvettes should be recorded
under identical conditions as the samples to be spectrally corrected, see Scheme
1/Schema 1 and certificate. This includes e.g. choice of optical components in the
emission channel, measurement geometry as well as settings of the spectral bandpass of
the emission monochromator and detector. The excitation wavelength, spectral bandpass
of the excitation monochromator, and scanned spectral emission range typically differ in
between standards and samples.

All the fluorescence standards need to be measured under identical conditions including
identical wavelength grids (step widths) for the calculation of the global emission
correction curve with LINKCORR. The conditions, for which the fluorescence standards
are optimized, are given in Table 1 in Scheme 1/Schema 1 as well as in the certificate
(see Table 6).

To check on the suitability of the chosen instrument settings, recording of test spectra is
recommended. Avoid saturation of the detection system. For most conventional detectors,
the strongest fluorescence signal is to be expected from BAM-F003.

Check section 5 to make sure that data are recorded in a format readable by LINKCORR.
If not all the components of the Calibration Kit are used, the chosen dyes have to show a
spectral overlap such as e.g. BAM-F003, BAM-F004, and BAM-F005. Combinations like
e.g. BAM-F001, BAM-F003, and BAM-F0O05 are rejected by LINKCORR.

3. Number of scans/averaging of data. An emission correction curve of sufficient statistical
quality can require several emission scans and subsequent averaging to reduce noise. As
a rule of thumb, the number of scans performed with the Kit dyes should exceed those run
for conventional fluorescence measurements (identical instrument settings) by a factor of
at least 3.

4. Blank correction (BC). A blank correction is performed to remove scattering and
fluorescence from the solvent and dark counts of the detector from the spectra of the Kit
dyes by subtraction of the solvent or blank spectra from the measured dye spectra. For
the recommended blank correction, the emission spectra of the solvent ethanol need to be
measured under identical conditions as used for the Kit dyes. The recommended
measuring cycle is BAM-F001, followed by blank spectrum BAM-FOOl1l (i.e. solvent
measured under conditions as used for dye F001), dye BAM-F002, blank spectrum BAM-
FO02 etc., running several scans for each dye-solvent pair if necessary.

5. Evaluation of data. The measured (averaged) emission spectra of the Kit components
and respective blank or solvent spectra need to be saved in ASCII file format for
calculation of the global emission correction curve 1/s(L) with LINKCORR. The working
principle of LINKCORR is described in the certificate and in the SOP Use of BAM-F001 -
BAM-FO05 for the Determination of the Relative Spectral Responsivity of s(1) of
Fluorescence Instruments, section SOP Use of LINKCORR provided on CD.
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Do not normalize or smooth measured data.

Make sure, that the ASCII-Files have the extension .DAT or .CSV and do not contain non
ASCII-signs, binary code elements or extra lines (no data) at the beginning, within or at
the end of a file. LINKCORR interprets the first data row as wavelength and the second as
fluorescence intensity.

LINKCORR can handle at maximum two files per Kit component, i.e., one dye and one
blank spectrum with identical emission ranges. If several scans are performed, the
corresponding spectra (dye and blank, respectively) need to be averaged prior to the use
of LINKCORR. If the blank spectra are subtracted, this has to be performed for all
(averaged) dye-solvent pairs. In this case, LINKCORR works with only five files, i.e., one
file per dye.

6. Use of LINKCORR. Start the Windows interface program LINKCORRGUI to LINKCORR
provided on CD by DOUBLE CLICKING the icon in the CD root directory. MARK the
certificate file BAM507Mx.CTF where x closely matches the spectral bandpass of the
emission monochromator used for your measurement to minimize calibration
uncertainties. SELECT the measured ASCII-files with OPEN SPEC from any directory of
your computer. With CALCULATE, the global emission correction curve 1/s(A) is
automatically determined (as*.TXT file) from the measured emission spectra (including
blank spectra) and the certified corrected emission spectra of the Kit dyes, see Figure 1.
The resulting emission correction curve is also statistically evaluated. If the results for one
or more dyes are of insufficient statistical quality, the respective measurement(s) should
be repeated with an increased number of scans as recommended by LINKCORR.
LINKCORR creates a file CORRF*TXT representing the emission correction curve
1/s(A). This file consists of two columns with the first column containing the wavelength
values and the second one the calculated correction factors.

A more detailed description follows from the SOP Use of LINKCORR.

7. Application of the emission correction curve. Corrected emission spectra are obtained
by multipliying the measured blank corrected spectra with the overall emission correction
curve 1/s(A) (values in column “CORRFACTOR” in the file CORRF*TXT created by
LINKCORR) using a spread-sheet program such as e.g. MICROCAL ORIGIN or MS
EXCEL. Make sure only values that correspond to similar wavelengths are multiplied.

8. Determination of the relative spectral responsivity s(A). The reciprocal of the emission
correction curve yields s(A).



