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The fluorescence and absorption spectra of new boron-containing dyes have been studied.
Using standard techniques, the quantum yield and fluorescence decay characteristics for these
substances in liquid solutions were determined. It has been shown that these dyes in solutions
are characterized by high quantum yield. The full interpretation of the absorption and
fluorescence spectra has been done using quantum-chemical calculations. It is established that
superposition of the fluorescence spectra dyes covers almost the entire visible range of
wavelengths. The absorption region can be varied by changing the end groups in these dyes.
Dyes with these properties can be used for creation of white OLEDs.

HccnenoBanbl CreKTPhbl (IIIOOPECIHEHIINH M IIOMVIOIEHUS HOBBIX OOPCOAEPIKANINX KPAaCUTe-
Jeil, oIpexesieHbl KBAHTOBbIE BBIXOABLI M BPEMEHA 3aTyXaHHS JIIOMUHECIEHIIUH B KHUIKUX pac-
TBOPax. YCTaHOBJEHO, UTO HCCJIELyeMble KPACUTENH B PACTBOPAX XAPAKTEPUIYIOTCS BBICOKUM
KBAaHTOBBIM BBIXOZOM. [[aHA [OJHAS WMHTEPIPETAAA CIEKTPOB IOIJIOIEHUA U (IIFOOPECIEHIINN.
VeTaHOBIEHO, UTO CIEKTPHI (DIOOPECIEHIIMK KpPacuTeslell OXBATHIBAIOT IIOYTH BECh BHUIAVMBINA
IVaIasoH IJMH BOJH. IloxasaHo, 4TO 00JIACTH IIOIVIOIEHUSA KpacuTeleill MOMKHO BapbHPOBATH
IIyTeM H3MEHEHUsA WX KOHEUHBIX Ipynn. Kpacuresan ¢ TAKMMU CBOMCTBAMHU MOTYT OBITH HCIIOJb-
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30BaHbBI IJIS CO3AAHNSA O€JIbIX OPraHUYEeCKUX CBETOIMOLOB.

1. Introduction

Up to 19 % of electricity produced in the
developed countries is known to be used for
illumination purposes [1]. One of the ways
out of this situation is LED technology. Spe-
cial role in the development of LED lighting
technology (due to a number of advantages)
belongs to organic light emitting diodes
(OLED) [2-4]. Also, an OLED with emission
spectrum covering the visible region of the
spectrum would be promising for creation of
a new "white light” source — WOLED.
High efficiency of WOLED can be
achieved using light emitting centers with
high quantum yield of luminescence, high
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probability of transition in the excited state
(high value of extinction coefficient), and
total "white radiation” spectral charac-
teristics [5—7]. This paper presents the pho-
tophysical properties of new specially syn-
thesized boron-containing cyanine dyes for
these purporses.

2. Experimental

The formulae of the investigated mole-
cules are presented in Fig. la.

These compounds belong to the typical cy-
anine dyes. Their chromophors/fluorophors
include two cycles with extended m-electron

systems connected by m-bridge. Additionally,
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Fig. 1 a) — molecular formulas of days I-IV; b) — optimized molecular geometry of dyes I (left) and

ITT (right) in ground state.

both m-cycles of the chromophor systems are
bounded by o-bridge: BF, (I and II) or BF,0O
(III and IV). BF, groups provide neutrality of
the dyes without notable changing of their
spectral properties. The neutral dyes are more
suitable to create thin films based on them by
methods of vacuum deposition.

Spectral properties of these substances were
studied in liquid solutions of tetrahydrofurane
at room temperature. Optical absorption spec-
tra of solutions were recorded using a Specord
UV VIS spectrophotometer. Fluorescence spec-
tra were recorded by Carry Eclipse spec-
trofluorometer, and time measurements were
carried out using the home-made laboratory
designed equipment.

For obtaining the equilibrium molecular
geometry and electron structure of the dye
molecules, the quantum-chemical calcula-
tions were performed on the software pack-
age Gaussians, version 9. The molecular ge-
ometry  was optimized by DFT/6-
31G(d,p)/B3LYP method, while the

characteristics of the electron transitions
were calculated using the TD DFT method
with the same basis set.

3. Results and discussion

In Fig. 2 absorption spectra of dye solutions in
tetrahydrofurane at high (¢ = 6-107¢ mol/l) and
low (¢ = 1.5:107% mol/l) dye concentrations are
shown in comparison with their fluorescence
spectra. One can clearly see the similarity in
line shapes and spectral positions of the dye
absorption bands for high and low concentra-
tions. Accordingly, we can conclude that mo-
lecular aggregation does not occur in solutions.

Also in Fig. 2 one can compair of the
fluorescence spectrum with absorption spec-
trum for each dye. Fluorescence spectra of I
and IT dyes are mirror symmetric to absorp-
tion spectra in accordance with Levshyn
rule. This means that the same chromophore
centers absorb and emit. However, two dyes
— IIT and IV have a certain asymmetry be-
tween absorption and fluorescence spectra.

Table. Calculated wavelengths (A) and oscillator strengths (F) of electron transitions (TD DFT/6-
31(d,p)/B3LYP), ¢ is a quantum yield, T is a time of luminescence decay

Dye Transition }\’maxcalc’ nm F }“maxabs’ nm }“maxﬂ’ nm ©, % T, ns
I So— S, 583 0.354 521 574 61 3.4
So — Sy 420 0.012 563 612
II So— S, 559 0.353 500 546 70 3.5
So— Sy 347 0.255 536 584
111 Sy — S, 495 0.514 533 605 25 2.9
So— Sy 442 0.006 569
v Sy — S, 512 0.543 555 634 12 2.7
Sy — Sy 476 595
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Fig. 2. Fluorescence (dot lines) and absorption (solid lines) dye spectra at ¢ = 1.5-107® mol/l and

absorption (dush lines) at ¢ = 6:107* mol/1 dye concentration in tetrahydrofurane solution.

Three characteristic peaks are observed in
the absorption region, but in the fluorescence
spectrum only two peaks are noticed. This be-
havior of absorption and fluorescence spectra
for dyes III and IV may be associated with the
fact that the spatial structure of these mole-
cules in the ground and excited electronic
states are not identical.

The calculations have shown that the dye
molecules with BF, bridge are almost ideally
planar in the ground and excited states, as one
can see from Fig. 1b for the dye I (the opti-
mized geometry of the dye II is practically
identical). Unlike this, the two molecules with
the BF,0 bridge are shown in the Fig. 1b for
the dye III to be slightly non-planar. So, both
cycles of the chromophor are twisted by 9°
while the torsion angle N-B-O-C is 32° (the
optimized geometry of the dye IV is also simi-
lar). This non-planarity should lead to the
change in the equilibrium geometry upon exci-
tation in the corresponding dyes: III and IV.
To the contrary, the equilibrium geometry of
the dyes I and II remains practically un-
changed upon excitation.

The calculated and experimental wave-
lengths of the first electron transition are
collected in Table. One can see that these
data are quite close. It follows from Table 1
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Fig. 3. Fluorescence spectra for investigated
set of dyes (solid lines) and total superposi-
tion of dyes fluorescence curves (dash line).

that the second electron transition should
be appreciably shifted towards the short-
wave region. The distinct fluorescence max-
ima of I (574 nm and 612 nm) and II
(545 nm and 584 nm) dyes are related to
the vibronic structure. Fig. 2 illustrates
that the well-defined vibronic structure is
retained in the fluorescence spectra of the
dyes with the rigid BF, bridge (I and II). An
the same time, the vibronic structure disap-
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pears in the dyes with the flexible BF,0
bridge (IIT and IV).

Using standard methods [8, 9], we have
determined the decay time and the quantum
yield of luminescence dyes in solutions. As
a reference substance, the solvent of Rho-
damin 6G was used. The obtained values of
the quantum yield and the life time of lumi-
nescence dyes are given in the Table. It
should be noted that two dyes (I and II) have
high quantum yield of luminescence (more
than 50 percent), the other two (III and IV)
have much lower quantum yield, which lies in
the range of 10—20 percent.

It should also be noted that the lumines-
cence spectra of this set of dyes with blue
matrix cover the almost entire range of vis-
ible radiation (Fig. 3).

One of the WOLED fabrication methods
[5] proposes to use multiple high fluorescence
impurities in the light emitting layer. There-
fore, if a set of the present dyes is used as
additives in suitable matrices emitting in the
violet-blue range, the possibility to fabricate
a highly efficient WOLED appears.

4. Conclusions

New Boron-containing dyes have been
studied by spectroscopic methods for the
first time. I and II dyes have high quantum
yield and can be used for manufacturing
effective lighting OLED layer.

The quantum-chemical calculations were
performed in terms to obtain the equilib-
rium molecular geometry and electron
structure of the dye molecules under study.

The calculations have shown that the dye
molecules with BF, bridge (I and II) are
practically ideal planar in the ground and
excited states; two molecules with the BF,0O
bridge for the dyes III and IV are slightly
non-planar in excited states. This non-pla-
narity can be the possible reason the weak-
ening of the vibronic structure.

It is shown that superposition of the dye
fluorescence spectra covers the almost entire
visible range of wavelengths, which makes
them promising to be additive components in
combination with a blue emitting matrix in
the manufacturing of white OLED.
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®doTo(i3uuHi BIACTHMBOCTI HOBUX JIOMiHECIHEHTHHX
OapBHHMKIB: 00p(PTOPHUIHI KOMILIEKCH
nmoxigHux O0ensofc,dlingoay

O.M. Hasosenrxo, BM. Awyx, I0.JI. Cromincoruil,
0./]. Kaukoecokuii, A.Il. Haymenko, 10.0. Mazuenxo

Bupueno cmexTpu durioopectienmii i mormrHaHHA HOBMX O0pMicTKUX GapBHUKiIB. Bukopucro-
BYIOUUM CTAHJAPTHI METOAMKW, 3HAWAEHO IX KBAHTOBI BUXOAM i yacw 3aTyXaHHSA (DITIOOPECIIEHITil
B PiAKMX posumHax. BcTaHoBieHOo, Mo 3HAUYEHHS KBAHTOBUX BUXOJAIB ITUX OApBHUKIB y pPO3UM-
HAX € BUCOKVMU. 3p00JIeHO TIOBHY iHTEPIPETAITiI0 CIEKTPiB MOTJMHAHHA i QuIoopecienIrii 3a
JMOTIOMOTOI0 KBAHTOBO-XIMIUHMX po3paxyHKiB. BeramosieHo, 110 cnexkTpu (uiioopectieHIrii 6ape-
HUKIB OXONJIOTHL Maii’Ke BeCh BUANMUI JiamasoH MOBKUH XBUJL. OOJacTbh TMOTIMHAHHA Oape-
HUKIB MOMKHA BapiloBaTU NIJIAXOM 3MiHM iX KiHIeBMX rpyn. BapBHUKU 3 TAKUMM BJIACTUBOCTSI-
MU MOKYTH 6YyTU BUKOPHCTAaHI [Jis CTBOPEHHA O1IMX OpPraHiuYHMX CBITJOZiOmiB.
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