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Features of active medium for wide-band
spectrum tuned dye laser
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Spectral, fluorescent and lasing characteristics of mixtures of three couples of the laser
dyes have been studied with the purpose of broadening the laser tunable range. We have
used the dyes those have the absorption spectra in the close spectral regions near wave-
length of pumping, but their fluorescence spectra have essentially different Stokes shift.
As a result, the fluorescent band of these dye mixtures expands. It is noted the substantial
condition for these mixtures of the dyes is the absence of nonradiating losses which may
be appeared under interaction of the dye molecules or under interaction of them with the
solvent molecules. The continuous tuning of laser radiation more than 100 nm: through-
out the yellow and red ranges from 572 nm to 687 nm has been fulfilled under laser
pumping with only one solution of Rh6G and DCM mixture in DMSO.

C 1esbI0 pacimiupeHUs AUATIA30HA MEePEeCTPONKU CIeKTpa M3JIYyUeHUA Jasepa Ha Kpacure-
JAX MCCIENOBAHBI CHEKTPANLHO-(DIYOPECIIEHTHBIE U Ja3epPHBIE XapaKTEPUCTUKU TPEX Mmap
KpacuTeneli, KOTOpPLle MMeeT CIEeKTPHI TOTJOIIEHUS B COCETHUX 00JacTAX BOAMBU IIMHBI
BOJIHBI HAKAYKW, & MX CHEKTPH (IIYOPECHeHINM UMEIOT CYIIEeCTBEHHO pa3JnyarIuics
Crokcor caBur. B pesynbTaTe mojoca (IYOPECIEHIIMM CMECU KpacuTesiell pacuiupseTrcs.
OTMeuaeTca BasKHOe YCJIOBUE IJA TaKOI cMecu KpacuTejeil — OTCYTCTBUe B Hell Ge3bI3ayuda-
TeJLHBIX TOTEPH, KOTOPHIE MOTYT BOSHMKATH KAK IPW B3ANMHOM BJIUAHUN MOJEKYJ Kpacu-
Tejefl, TAK W TPM B3AUMOTeHCTBUU WX € MoOJeKyJaMu pacTBopuTens. Ha ogmoit cmecu
kpacureneiit Rh6G u DCM B gumernicynndorcuge Ipu Ja3epHOM BO3OYKIEHUN OCYIECTBIE-
HA HEeTPEPLIBHAA TIePeCcTPOiiKa CIeKTpa reHepalnu B AmamnasoHe 6ojee 100 uM, mepeKphIBa-
IOTIEM JKeJTYIO M KpacHywo objactu (572-687 um).

XapakTepUCTHKN AKTHMBHOI'O CepexoBHMINA Jjiazepa Ha OapBHMKAX 3 IIMPOKOXiala30H-
HHMM II€PEeCTPOIOBAHHAM CHEKTpa BUHpomiHioBauHs. B.B.Macaos.

3 MEeTOI0 PO3IIMPEeHHSA [iallasoHy IIePEecTPOIOBAHHSA CIIEKTPa BUIIPOMiHIOBaHHS Jiasepa Ha
0apBHUKAX MOCIiIKEeHO CIEKTpPaJbHO-(PIYOPECIleHTHI Ta JiasepHi XapaKTepUCTUKU CyMilIiei
TPrOX mnap O6apBHMKIB, AKi MalOTh CIEKTPM IOIVIMHAHHS Yy CYCigHiIX oOJacrax 1mobausy
IOBMKHHHN XBWJII HaKauyBaHHs, a X cuekTpu Quyopecreniiii — cyrreBo Bigmimmuii Croxcie
3cyB. PeayapTaToM IBOr0 € po3minpeHHA cMyru (uyopeciieHilii cymimni 6apsuukis. Bigzua-
yaeThCAd BaKJMBA yMOBA [IJfA Takol cymimii 6apBHuUKiB — BigcyrHicTs y Hiii GesBunpominio-
BAJbHUX BTPAT, AKI MOMYTb 3’SBJATHCA SK [PU B3a€MHOMY BILIMBI MOJeKyJ OapBHUKIB,
Tak 1 mpum Bsaemozil IX 3 MoJeRyJaMu posuMHHHMEA. Ha ogmill cymimi 6apsrmkis Rh6G Ta
DCM y mumernicyab(oKcual mpu JasepHoMy 30yiaskeHHI sxilicHeno GeallepepBHE IIepeCTPO-
I0OBaHHA CHeKTpa reHeparnii y giamasoni 6imsmmum, misk 100 HM, AKMil TepeKpPUBae JKOBTY Ta
yepBoHy obsacti (572—687 um).

1. Introduction being actively investigated and developed

with the purpose of their upgrading for

Dye lasers (DL), the universal generators manifold new practical applications [1, 2].
of continuously tuned optical radiation, are Furthermore molecules of laser dyes are
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Table 1. Spectral and laser characteristics™ of the dyes in methanol

Dye A%, nm Sm~10_3, Kfm, nm q’ Xlamp, nm | Ay, nm
l-mol™l.cm™!
oY 483 58.0 521 0.84 557 536
NN
O e O
(GD1)
N
N /NQ 484 53.1 522 0.82 550 541
N o \N)\O\
(GD2) a
CH;
o
CH})ZN@CH CO) 472 43.0 630 0.39 - 635
OCM)
CN
NC
A%, — maximum of long-wavelength absorption band; ¢,, — molar decadic extinction coefficient at
A% kfm — wavelength of fluorescence maximum; ¢/ — fluorescence quantum yield; klamp — central

wavelength of lasing spectrum under lamp pumping; A

under laser pumping A =470 nm.

pump

used as activating dopant or converter of
light signal when new elements and devices
of photonics are developed [3, 4]. So
authors of [3] experimentally demonstrated
at the room-temperature lasing of opal pho-
tonic crystal made of rhodamine-B doped
polystyrene colloids. The auxiliary lasers
and their harmonics radiating in the green
region of spectrum are often used for exci-
tation of these lasers and devices. In addi-
tion the problem of broadening of emission
spectral range for conventional DL and new
elements of laser photonics [4] continues to
be topical.

Earlier we have studied active media on
the basis of laser dyes and their mixtures
those permitted to tune narrowband radia-
tion of the DL throughout the red and near
IR regions of spectrum under pumping with
green monochromatic radiation [5]. The aim
of the present exploration was broadening of
the laser tuning range in the spectrum short-
wave region, viz in its yellow segment.

2. Experimental

At first we examined two laser dyes
those were studied by us earlier [6]. These
dyes were synthesized in V.Karazin Kharkiv
National University and had efficient lasing
in the yellow-green region of the spectrum
Aem = 550-560 nm under lamp excitation.
Their absorption spectra maxima
(A,~483 nm) were close to the same value of
DCM dye [5], and therefore together with it
the synthesized dyes may compose the laser
medium with widened region of the laser
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as — central wavelength of lasing spectrum

spectrum tuning. Structure formulas of se-
lected dyes and main spectral and lasing
characteristics of their methanol solutions
in the DL with non-selective cavity (NSC)
under flashlamp [6] and laser pumping are
given in the Table 1. Characteristics of the
DCM dye (ALDRICH) in methanol [5] are
adduced in the lower row of the table.
Examinations of methanol solutions of
GD1 and GD2 dyes in the DL NSC under
laser pumping were carried out in setup de-
scribed earlier [5, 7]. Excitation of this
laser was produced by transverse scheme
with radiation of the DL with flashlamp
pumping (FLP) on ethanol solution of cou-
marin C1 of ~8.7-107% mol/l concentration.

Central wavelength of pumping was }»pump =
470 nm, and half-width of its spectrum at
0.1 level — Aly; = 2 nm. Laser energy of
the studied dyes and their mixtures in the
DL NSC and energy of the DL FLP radia-
tion were monitored with measurers of
IMO-2N type. Laser spectra were registered
by an UF-90 camera and photographic appa-
ratus of EOS 400D DIGITAL type.

Measure of tuning range of the studied
solutions was fulfilled in a laser [8] with
resonator formed by wideband dielectric
mirror with R=99 % and diffraction grating
of 1200 lines/mm. Output of the laser ra-
diation was realized via zeroth order of the
diffraction grating. Pumping was produced
transversely by flashlamp-pumped dye laser
(FLPDL) on ethanol solution of coumarin
C314. The pump radiation (A = 508 nm)

pum
was focused on lateral surface of the cell along
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its axis by with F =
110 mm.

Absorption spectra of some studied laser
dye solutions were written with a Lambda
35 spectro-photometer (Perkin-Elmer, USA)
and fluorescence ones with a FluoroMax-4
spectrofluorimeter (Horiba Jobin Yuon,
USA). Solutions with optical density at
maximum — D, = 1.0 were prepared for
measuring of absorption characteristics, and
with optical density at extinction wavelength

— D,, = 0.02+0.01 for fluorescent ones.

cylindrical lens

3. Results and discussion

The fulfilled measures showed that en-
ergy efficiency of the selected dyes is simi-
lar to ones of solution of DCM in dimethyl-
sulfoxide (DMSOQO). The last has maximal
output laser energy under microsecond
pumping of the DL just in this solvent [5].
It is connected with possibility of DCM
molecules in weakly polar solvents —
methanol, ethanol, et al. to generate TICT
forms [9] in excited states. These forms in-
crease probability of non-radiating transi-
tions and result in fluorescence quenching.
It was shown [10] that the quantum yield of
DCM in solution increased when methanol
was replaced by acetonitrile (AcN) and
achieved the maximum in DMSO, which has
a high polarity. Within DMSO 92 % of
DCM dye molecules exist in coplanar trans-
form [10] and as a result its quantum yield
grows.

Energy and spectral parameters of lasing
for the solutions of GD1 and GD2 dyes in
the DL NSC were measured in AcN and
DMSO too. Note that laser spectrum of
these dyes shifted to the long-wavelength
side more than 10 nm when methanol was
changed by AcN and about 20 nm — by
DMSO. At the same time their laser energy
in AcN was remained the same as for metha-
nol solutions, but it decreased essentially
for DMSO. Nevertheless the solutions of the
mixtures GD1 + DCM and GD2 + DCM were
tested in the NSC. The examinations showed
that solutions of the green dyes generated
laser radiation in the green region of the
spectrum with a small long-wavelength shift
(£15 nm) relative to the single-component
solution when additions of DCM in the solu-
tion were small (Cpgy < 100 pmol/1). In
this case the output laser energy decreased
about in a half. When concentration of DCM
dye in the mixture Cpgy = 100 pmol/l its
laser spectrum “jumped” to the red range
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Fig. 1. Absorption (a) and fluorescence (f)
spectra of Rh6G and DCM dyes in DMSO, and
tuning range (AA,,,) of lasing spectrum of

their mixture in DMSO.

Ajgs = 655 nm — the one of lasing for sin-
gle-component solution of DCM in DMSO.

Appreciable decrease of the laser energy
of the green dyes when DCM was added in
operating solution indicates increasing of
losses in it. We conceive that it was most
likely caused by the non-radiating transfer
of energy of excited states of GD1 and GD2
dyes to the molecules of the DCM dye be-
cause fluorescence spectra of the firsts do
not practically overlap with the absorption
spectrum of the last one. At the same time,
the gain factor in the red region under used
pump levels does not achieve its threshold
value because of low concentration of DCM
in the operating solution (Cpgym <
100 umole/1). Furthermore the optimal sol-
vent DMSO for laser energy parameters of
the DCM dye turned out was not optimal for
GD1 and GD2. Thus the dye composition
selected via the spectral-fluorescence char-
acteristics for extension of tuning range to
the yellow-green region was found to be un-
promising.

We fulfilled a series of probations in the
DL NSC with other laser dyes which are
more short-wave than DCM such as Rho-
damine 110 and Rhodamine 6G "DKE"
("For Quantum Electronics™) and decided on
Rhodamine 6G (Rh6G) in the issue of ana-
lyzing their laser spectral-energy charac-
teristics. The measured absorption and fluo-
rescence spectra of the Rh6G and DCM dyes
in DMSO are shown in Fig. 1. Note that the
spectrofluorimeter allowed to record cor-
rected spectra taking into account the cor-
rections for spectral sensibility of analyzing
monochromator and photodetector. It was
important [11] for finding fluorescence
quantum yield ¢ of the dye solutions. The
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Table 2. Spectral characteristics™ of Rh6G and DCM

Dye/Solvent A%, nm Sm-10_3, Xfm, nm q’ AVSt, em™! Ajgsr MM
l-mol l.cm™1

Rh6G/EtOH 530 106 552 0.95 750 575

Rh6G/DMSO 539 100 564 0.97 820 585

DCM/DMSO 480 45 643 0.50 5280 654

* AvSt — Stokes shift between the absorption and fluorescence maxima, A
= 508 nm in non-selective cavity (NSC), EtOH — ethanol.

lasing spectrum under laser pumping kpump
ethanol solution of Rh6G, which quantum
yield g = 0.95 [12], was used as reference for
determination of the quantum yield of it in
DMSO. The quantum yield (for the room tem-
perature) was calculated by formula [13]:

1100 STop2 )
0 110D Sf g
Here ¢ and gy — quantum yields of

measured sample and reference, respec-
tively; D and Dy — their optical densities at
wavelength of extinction; S’ and Soﬂ —
areas under curve of corrected fluorescent

spectra; n and ny — refraction coefficients
of the solvents used (subscript "0" relates
to reference, absence of index — to the

measured sample). We used ny=1.36139
for ethanol and n = 1.4795 for DMSO [14]
when calculated ¢. Having measured areas
under curves of corrected fluorescent spec-
tra and optical densities of the sample and
reference at wavelength of extinction A,, =
500 nm we have determined quantum yield
of Rh6G in DMSO ¢ = 0.97.

The measured and calculated spectral pa-
rameters of selected laser dyes are adduced
in Table 2. Note that the wvalue of the
Stokes shift AvS? between the maxima of the
absorption and fluorescence bands for DCM
is six times more than for Rh6G.

We measured dependences of the output
laser energy of one-component solutions of
the dyes and their mixtures in DMSO on the
concentration of the operating solution in
the DL with NSC (Fig. 2) for determination
of optimal dye concentrations (C,,) in the
tuned laser. Note the Rh6G solsolutions had
lasing in the region of 580-590 nm, the
DCM ones — in the region of 650—660 nm,
and their mixture (239 pmol Rh6G +
198 umol DCM) — at Aj,, = 628 nm (with
half-width of spectrum — 6 nm).

Having used obtained values of C,, for
the DL with diffraction grating we fulfilled
continuous tuning laser emission for single
solution of the dye mixture 239 umol Rh6G
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Fig. 2. Dependences of normalized laser en-
ergy of Rh6G and DCM dyes and their mix-
ture in the NSC on concentration in DMSO.

+ 198 umol DCM in DMSO in the region of

572-687 nm (AA;,,, = 115 nm, see Fig. 1).
This value is larger on 20 nm than result
we obtained earlier [5] for mixture of the
LD1 and DCM dyes, and on 15 nm is larger
than one [15] obtained for the mixture of
Rh6G and DCM in methanol.

4. Conclusions

Thus, the fulfilled studies of spectral-
fluorescence characteristics of the laser
dyes and their energy parameters in non-se-
lective cavity permitted essentially to ex-
pand the laser tuning range: all red region
and abutted on it yellow range of the spec-
trum 572—-687 nm were overlapped when
single mixture of the tested couples of the
dyes Rh6G and DCM in dimethylsulfoxide
were used.

Examinations of the mixtures of two
other couples of dyes: GD1 + DCM and GD2
+ DCM (each of these individually produced
efficient laser emission) have shown the fol-
lowing. For fabricating the active laser me-
dium on mixture of dyes with wide-band
laser spectrum tuning it is not sufficient to
have the conditions that the selected couple
of dyes in the operating solution have the
absorption spectra close to pumping wave-
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length and the fluorescence ones have essen-
tial different values of Stokes shift. It is
also necessary the absence of non-radiating
losses in this mixture under interaction be-
tween the molecules of the dyes and their
interaction with the solvent molecules.

Acknowledgment. 1 thank Dr. Yu.A.
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cence spectra of the laser dyes.
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