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Spectral, fluorescence and lasing characteristics of several laser dyes for far red and
near IR wavelength range have been measured and considered. The laser performances of
the dyes have been obtained under monochromatic excitation near maxima of their absorp-
tion spectra. The stimulated emission of the dyes has been tuned continuously within
635—805 nm region. The characteristics obtained make it possible to use the dyes purpose-
fully both as active laser media and as fluorescent labels and probes.

WsmepeHbl M IPOAHAJU3HUPOBAHBI CIEKTPAJIbHO-(DIYOPECIeHTHLIE U I'eHepaI[MOHHbIe Xa-
PaKTEePUCTUKN CEepPUU Ja3epPHBIX Kpacurejell aasi gajabHEro KpacHoro m Ommxuero MK mua-
IasoHAa IJUH BOJH. JladepHble mapamMeTpPhl KPacHUTe el II0JydYeHbl IPU MOHOXPOMATHYECKOM
BO30Y:KAeHnN BOAM3M MaKCHMyMOB HX CIEKTPOB morJomeHusd. OcylmecTBieHa HenpepbliBHAS
IepecTPoiKa BHIHYKICHHOI'0 M3JydeHusa Kpacureneil B obsactu 635—805 um. IlosyuenHsie
XapPaKTePUCTUKU IIO3BOJSIOT I€JIEHAIIPABIEHHO HCIOJb30BATh 9TU KPACHUTEJIM KAaK B KauecT-
B€ AKTHBHBIX JIA3€PHBIX CPel, TaK U (PIYOPECIeHTHLIX METOK U 30HIOB.

Tunable lasers of far red and near IR
spectral range (650 to 800 nm) and fluoro-
phors for the same wavelength region are
used in spectral studies of biological and
medical objects and of novel material for
photonics. For example, a due fluorescensing
in this spectral region provides the diagnostics
of amyloid deposition in brain blood vessels
that is a precursor of the Alzheimer disease [1].
The use of such dyes is especially important in
detailed elucidation of biological activity at the
molecular level because those dyes can be excited
by semiconductor lasers [2].

Before [3], a series of laser dyes for the
above-mentioned generation region has been
reported. The dyes have been synthesized at
the Chair for fine organic synthesis and dye
chemistry, D.Mendeleyev Moscow Institute
for Chemical Technology (now Russian Uni-
versity for Chemical Technology) [4]. To de-
sign the tunable lasers based on those dyes
and to use them as fluorescent labels or
probes, it is necessary to know their absorp-
tion and fluorescence characteristics that
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have been not reported in [4]. In this work,
presented are the main spectral charac-
teristics of those dyes, including those of
lasing under monochromatic excitation, in
solvents recommended in [4].

The absorption and fluorescence spectra of
the dye solutions in methanol (MeOH) and
acetonitrile (AcCN) were recorded using stand-
ard procedures by Hitachi U-3210 and Hita-
chi F-4010 instruments. When measuring the
fluorescence spectra and the fluorescence
quantum yields ¢, diluted dye solutions were
used having the absorption coefficient at the
excitation wavelength k(L,,) did not exceed
0.02 cm™l. To improve the ¢/ measurement
accuracy using the equal absorption method,
the k(A,,) values were measured in a 5 cm
optical length cell using a VSU2-P spectro-
photometer. When measuring ¢/, the LD-2
dye alcoholic solution was used as a reference
[5]. Its fluorescence quantum yield ¢/ = 1 and
absorption and fluorescence spectra do not
differ significantly from those of compounds
under study.
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Fig. 1. Schematic diagram of the setup for
measuring the generation characteristics of
dyes under laser pumping.

The generation characteristics of the
dyes under laser excitation were measured
using a setup shown schematically in Fig. 1.
The dye solutions were poured into a cylin-
drical quartz cell (11 mm in dia. and
15 mm long) of the extending laser, its
resonator being formed by a wide-band mir-
ror with the reflection coefficient in the
generation region R>95 % and a plane-par-
allel plate made of K8 glass. The dye solu-
tions were excited near the maximum of
their absorption band according to transver-
sal scheme using an additional dye laser
with lamp pumping [6]. The pumping laser
generated light pulses of about 1 us dura-
tion (at 0.5 level) at up to 300 J energy at
the following wavelengths: 510+10 nm on
iminocoumarin G283 [6], 58510 nm on
Rhodamin 6G (Rh6G) and 660+10 nm on
Oxazin 17 (Ox17). The pumping laser emis-
sion was focused by a quartz cylindrical
lens (F = 110 mm) into a horizontal band of
about 1 mm height on the cell with the so-

Table. Main spectral characteristics of the dyes

lution being studied. The generation and
pumping energy values were monitored
using an IMO-2N device and the laser emis-
sion spectra were photographed using
Isopanchrom plates in an UF-90 camera
with diffraction grating (1200 lines per
mm). The measurements were done at room
temperature. The known laser dye RhG6
was used as the reference. The absorption
coefficients of all the due solutions under
laser pumping amounted 7+0.8 cm 1. The
main measurement results are presented in
the Table, while the absorption and fluores-
cence spectra of the dyes, in Fig. 2. The dyes
are enumerated as in [4] and the solvents are
chosen as in that work, namely, alechol for
LD678 dye and acetonitrile for all others.

As is seen from the Table, the long-wave-
length absorption band maximum A%, in the
solutions of studied dyes varies over a range
exceeding 100 nm, from 609 to 710 nm. The
extinction in the maximum varies by a factor
exceeding 3. According to the extinction value,
the studied dyes can be subdivided into two
groups. The first one consists of LD678, LD703
and LD747 where g, > 10° L/(mole-cm). The
second group includes LD790, LD800, and
LD840 having ,,<6.5-10% L/(mole-cm).

The fluorescence band maximum kfm of
the studied dye solutions varies by more
than 180 nm, from 626 to 759 nm. The
Stokes shift value AvSt between the absorp-
tion and fluorescence maxima varies from
450 to 910 em~l. This quantity is 1.5 to 2
times higher in the second group of the
dyes (620 to 910 cm™1) than in the first one

Dye |[Solvent| 24 | AV, | ¢ 1073, | A . | AV, | AVSL, | ¢/ | Masiaplessa, | ElS,
nm ecm™! L-mole™! nm em™! | em™! nm r.u.
-cm™!

LD678 | MeOH | 609 930 109 626 | 1090 | 450 0.67 650+10 1.3
LD703 | AcN 620 1040 130 648 | 1040 | 700 0.61 674++7 1.4
LD747 | AcN 638 880 150 658 800 480 0.42 675+5 0.9
LD790 | AcN 685 970 43 730 | 1200 | 900 0.14 755+2 1.1
LD800 | AcN 692 850 65 723 830 620 0.10 748+7 0.8
LD840 | AcN 710 900 37 759 730 910 0.16 779+8 0.4
Rh6G | MeOH | 530 1100 102 554 | 1250 | 820 0.94 583+10 1.0

L%, is the long-wavelength absorption band maximum, AV® is its width at 0.5 level, g, is molar
extinction coefficient at A%, , kfm is wavelength of fluorescence spectrum maximum, AVl is its
width at 0.5 level, AVS! is Stokes shift, qf is fluorescence quantum yield, /4% is mean generation
wavelength, AM4S/2 is its half-width at 0.1 level, E!%S generation energy of dyes under identical
laser pumping conditions near 1% . Characteristics of Rhodamin 6G (Rh6G) are presented for

comparison.
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Fig. 2. Absorption (a) and fluorescence (f) spectra of the dyes studied.

(450 to 700 cm1). The quantum yield var-
ies from 42 to 67 % for the 15' group of
dyes and from 9 to 16 % in the second one.
The Stokes shift increase and the quantum
yield drop when passing from the 15t to 2rd
group of dyes evidence that for those of the
2nd group, the non-radiative losses at the
§1—8¢ transition are much more intense.

Note that five of the dyes studied show a
good laser efficiency under excitation near
A%, that is comparable to or exceeds that of
Rhodamin 6G. Under that excitation, those
dyes in the grating resonator [7] have gen-
erated a tunable emission within a range
exceeding 75 nm each. The emission spec-
trum width AAes did not exceed 0.8 nm and
the total spectral interval of tuning in-
cluded the 635 to 805 nm region.

Thus, the spectral, luminescence, and en-
ergy characteristics of the dyes demonstrate
a rather high efficiency thereof in the far
red and near IR spectral regions and made
it possible to use the dyes purposefully both

Functional materials, 13, 3, 2006

as active laser media and as fluorescent la-
bels and probes.
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CunexkTpaabHi Ta (JyopeceHTHI XapaKTepUCTHKH
Ja3epHUX OapBHHUKIB aaa miamasony 650—800 mm

B.B.Macnos

BumiproBano Ta mpoaHa/i3oBaHO CIIEKTPAJIbHO-(IyOpeciieHTHI i reHepariiiini xapakrepuc-
TUKK cepii sasdepHux OGapBHUKIB s ganbHbOro uepBoHoro i I4 miamasony MOBMKUH XBUJb.
Jlasepui mapamerpu GapBHHKIB OTPMMAHO IIPM MOHOXPOMATHYHOMY 30ymKeHHI Oind MaKcH-
MyMiB iX CcHeKTpiB morJamHaHHsS. 3ailicHeHO O0eslepepBHE IIEePEHACTPOIOBAHHS 3MYIIEHOI'O
BUIIPOMiHIOBaHHSA OapBHHKIB B obOgacti 635—805 mm. Omeprxkani xapakTepuCTUKH JO3BOJIA-
IOTh I[iJIeCIIPAMOBAHO BUKOPHCTOBYBATHU I[i OAPBHUKM SK B AKOCTi aKTHBHHUX JIA3EPHUX CeEpe-
IOBUIL, TaK 1 (pryopecieHTHUX MITOK i 30HIIB.
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