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The spectral peculiarities of polymer/dye solid mixtures on the base of PEPCa polymer
(polyepoxypropylcarbazole) as matrix and DFOM (3,7-dihydroxy-2,8-diphenyl-4H,6H-pyrano[3,2-g]
chromene-4,6-diones) as emitter were investigated. Peculiarities intramolecular proton transfer-
ence after the excitation of molecule, incident to this material, allows one to create emitting layer
with emission spectrum close to white light and using only one luminophore. Spectral behavior of
investigated compounds proves the presence of excitation energy transfer from the PEPCa matrix
to the DFOM molecules, which is necessary for effective use of the excitation energy and forming
luminescence curve needed. Luminescence of the investigated films demonstrates color charac-
teristics CRI 54 and CIE (0.33, 0.42) which gives a possibility to consider such systems as
promising in the context of developing White OLED emitters.
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HccanenoBanbl cneKkTpaibHble 0COOEHHOCTH TBEPABIX CMecCell ImoJuMep/KpacuTelb Ha OCHO-
Be moaumepa IIEIIK (monuwsuokcunponmiakapbason) B Kauecrse marpuusl u DFOM ((3,7-dihy-
droxy-2,8-diphenyl-4H,6H-pyrano[3,2-g] chromene-4,6-diones)) B rauecrse aromuHohopa. Me-
XaHN3M BHYTPHUMOJIEKYJSPHOI'0O IIEPEHOCA IIPOTOHA II0CJe BO3OYKIEHUS MOJEKYJBI, CBOMCT-
BEHHBI 9TOMY MAaTepHally, II03BOJSAET IOJYUYUTh UIIYYAOMIUI CJI0H CO CIeKTPOM
UB3IyUYeHNns, GIUSKUM K 0€IOMY CBETY, HCIOJL3YHA IIPU 9TOM JIUIIb OIUH JioMuHOGOp. CrekT-
pajbHOE IIOBEIEeHNE MCCIeIOBAHHBIX CHUCTEM IIO3BOJISET IIPEAIIONIOMKUTE IPUCYTCTBAE B HUX IIepe-
HOCA SHEPruu dJIEKTPOHHOro Bo30ymxmenumsa ot marpuisl IIEITK k momexkynam JsromuHOGOpa
DFOM, uto meobxoaumo aad >PPeKTUBHOrO MCIIOAb30BAHNA SHEPIuu Bo3OyIeHIA 1 (POPMUPO-
BAHUS 33JaHHOI0 KOHTYpPA JIIOMHUHECIHEHIUHU. JIIOMUHECIIEHIINA MCCJIEIOBAHHBIX ILJIEHOK IIPOje-
moHcTprpoBasia mnseroesle xapaxTepucturu CRI 54 u CIE (0.33, 0.42), uro mosBojsier paccMmar-
puBaTh IIOJOOHBIE CUCTEMBI, KAaK MEPCIeKTUBHEIC npu cosganuu  oenblx OLED-msmyuareieil.

Bukopucranna paidaaBoHiB B SAKOCTI €IMHOr0 BUIPOMIHIOBAYA AJA MOJiMEepPHHX
"6imux” OLED npuctpoie. B.B.Kocay, B.I'.Ilieosapernro, B.M.Auwyk.

HocaigykeHo CIEKTPaibHI O0COOJIMBOCTI TBEpAUX cyMiliel noJimep/0apBHUK Ha OCHOBI IIO-
aimepy IIEIIK (moxiemoxcumpominkap6ason) B sxocti marpuri Ta cmoxyxu DFOM (3,7-dihy-
droxy-2,8-diphenyl-4H,6H-pyrano[3,2-g] chromene-4,6-diones) B sakocti amomizmodopa.
MexaHisM BHYTPIIIIHEOMOJEKYIAPHOro Tpancepy IPOTOHY IIicias 30yIKeHHS MOJIEKYJH, BJac-
TUBUHI IIBOMY MaTepiaay, I03BOJISAE OTPUMATH BUIIPOMIiHIOIOUNII IIap 31 CHEKTPOM BUIIPOMIHIO-
BaHHsdA, OJUBBKUM g0 Oijoro csiria, BUKOPHCTOBYIOUM JHIle oauH JiroMminodop. CoekrpajibHa
HOBEeiHKA TOCTIAMKEeHUX CHCTEM [O3BOJISIE HPUINYCKATH HASBHICTh y HUX IIePEHECeHHs eHeprii
enekTpornoro 30ymxenad sig marpuui ITEIIK xo moneryn 6apsuuka DFOM, mio meoOxigHo mud
e()eKTUBHOI0 BUKOPHUCTAHHS eHeprii 30ymxeHHA Ta (GOPMYBAHHSA HEOOXITHOr0 KOHTYPY JIOMiHe-
cuenii. JlrominecreHilia moCHiIKeHNX ILIIBOK IIPOJEMOHCTPYBAJIA KOJBLOPOBI XapaKTEePUCTHUKU
CRI 54 rta CIE (0.33, 0.42), mo m03BOJs€ PO3riAAaTH HOTIOHI cucTeMM, SK IePCIeKTUBHI y
crBoperH] " 6immx"” OLED-Bunpominmosauis.
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1. Introduction

While in last two decades the OLED tech-
nology has impressively "grown up” and
gained some success on electronics markets,
the development of efficient White OLEDs
(or WOLED) with good color characteristics
remains an actual challenge. So it is still
important to obtain new materials which
would have a potential to improve the tech-
nology.

There are a number of problems in the
WOLED development. If we use an organic
matrix as light emitting layer with incorpo-
rated 2 or 3 molecular emitters, the follow-
ing problems appear: (1) inhomogeneous dis-
tribution of emitting centers of different
types in the matrix, which is related to dif-
ferent solubility in solutions for film cast-
ing (spin-coating technology) or different
evaporating ability (evaporating technol-
ogy), or other peculiarities of WOLED film
preparation technologies); (2) the difference
in energy transfer efficiency from the ma-
trix to emitting centers of different types.
These problems, from our point of view,
could be overcome using single-molecular
emitters possessing luminescent ability in a
wide spectral range covering the entire vis-
ible region. In this context compounds with
the intramolecular proton transfer repre-
sent a great potential because of their po-
tential ability to form nearly "white” lumi-
nescence curve by themselves, with no addi-
tional luminophores [1]. One of the
potentially useful classes of molecules of
this kind are aminoxanthones, which have
been already well studied [2]. Another
promising class of such type of compounds
for WOLED is flavonols. The photoinduced
transfer of the proton that takes place in
such molecules in some cases allows the
emission spectrum to cover all the visible
range of light spectrum. Thus, some simple
single-layer polymer/dye systems could be
made on the base of flavonol molecules with
emission spectrum close to the white light.

2. Experimental

All measurements were performed at
room temperature and ambient atmosphere.
All solutions were prepared in dioxane as
solvent, with concentration ¢ = 1075 g/ml.
Films were made from the solution by spin-
coating on a glass substrate. For obtaining
of PEPCa(polyepoxypropylcarbazole) +
DFOM(3,7-dihydroxy-2,8-diphenyl-4H, 6H-
pyrano[3,2-g] chromene-4,6-diones) films, a
mixture of PEPCa and DFOM solutions was
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prepared and then spin-coated on a glass
substrate. The mass fraction of DFOM in
the resulting solid mixture film was 1 %
(with respect to the PEPCa mass). For spin-
coating of the films, we used a laboratory-
made device which rotated a glass substrate
with the solution at frequency 3000 rpm
(50 Hz) for nearly 10 sec.

The absorption spectra were measured on
Specord UV-Vis spectrophotometer. The lu-
minescence and luminescence excitation
spectra were measured on Cary Eclipse
fluorometer (Varian).

For calculation of CIE coordinates we
used the most widely used standard of year
1931 [3, 4]. Calculations of CRI index were
carried out using the method and software
developed by Ohno and Davis [5, 6]. Because
of software specifications, CRI values were
obtained from the 380 nm-780 nm range of
the luminescence curve.

3. Results and discussion

In our study we investigated spectral be-
havior of 3,7-dihydroxy-2,8-diphenyl-
4H,6H-pyrano[3,2-g] chromene-4,6-dione
(DFOM) compounds (Fig. 1) solutions and
their solid mixtures (films) with PEPCa
polymer as a matrix. DFOM molecule is re-
lated to the class of diflavonols in which the
process of proton transfer after excitation
of the molecule can take place [7—10]. Such
proton transfer process is typically named
as Excited-State Intramolecular Proton
Transfer or ESIPT [7, 9-11]. Such intra-
molecular proton transfer in diflavonols
leads to three possible tautomeric forms of
the diflavonol molecule: NN, NT and TT
[12—-14]. At present, it is believed that the
diflavonols exist in the NN form in the
ground state and in the NN and NT* forms
in the excited state [13, 15].

Both absorption and luminescence
(Fig. 2) spectra of DFOM + PEPCa solution
(mo,prpca ~ 1 %) suggest the presence of
two main optical centers: typical carbazole-
like center with clearly structured absorp-
tion peaks on 295 nm, 330 nm, 346 nm and
luminescence peaks at 851 nm and 367 nm.
The second one is a typical flavonol-like op-
tical center with a wide absorption peak
near 363 nm and wide luminescence peak
near 570 nm. Both centers take part in ab-
sorption and emission of light in the DFOM
solutions.

In the luminescence of the PEPCa +
DFOM film, an additional comparable peak
near 480 nm appears. Since PEPCa has no
sufficient fluorescence peaks in this spec-

Functional materials, 23, 1, 2016



V.V.Kosach et al. / Diflavonols as single emitters for...

AL AR RAL_ i S RA. AR
oﬂ i i ’L N OO L ‘ A N0 8\ ‘\? TV\L /\l/
OC0) \\j ‘WI \ J. KLI -
0, | BT AR
\O o/ H
NN NT T
basic formula NN form NT form TT form
Fig. 1. DFOM molecule [15].
DFOM + PEPCa solution 200 P
1.0 %™ (dioxane, ¢ = 10° g/em’) 40 A | PEPCa+DFOM (m,=19%) film
absorption e fluorescence 7. =330nm filtered
- - - -fluorescence excitation >. =365 nm 35 ; " e
osd I 0 tation em_sm . - - - -fluorescence excitation 7., =480nm
fi uorescence excitation .., =570 M 130 1501 s46nm fluorescence excitation 7.__=555nm
[a) 0 I fluorescence 7. =365 nm v ) ) e
= [ I -~ L25 5 4 Gz T absorption (normalized)
5 0.6 1 363 nm 565nm o . A ! "
S 0 L20 = = W l‘:: sssnm
= = 21001
S04 ! \ L15 = Vot
5 ' : ‘.\ \\ ’
N ‘. - N 10
0.24 . i ; N |5 501
I T Lo
0.0 T T T T
300 400 500 600 700 0+— T T T T T T T T T
A, nm 250 300 350 400 450 500 550 600 650 700

Fig. 2. Absorption, fluorescence and fluores-
cence excitation spectra of DFOM + PEPCa
solution (mo, pgpca ~ 1 %)-

tral region, we consider both 479 nm and
555 nm peaks to be the result of different
tautomeric DFOM forms emission [16]. It is
worth to mention that fluorescence excita-
tion spectra for all significant peaks of
PEPCa + DFOM luminescence are almost
identical to the absorption spectrum of pure
PEPCa. These allow us to consider the pres-
ence of effective excitation energy transfer
from PEPCa to DFOM molecules.

Color parameters CIE and CRI for the
investigated PEPCa + DFOM film lumines-
cence were estimated (for the A,, = 330 nm
luminescence curve): CIE (0.33; 0.42) and
CRI = 54. Such values are pretty close to
color parameters of existing white light
sources, and thus such films could be con-
sidered as potentially promising for the de-
velopment of White OLEDs.

To examine the hypothesis of energy
transfer from the luminescence data of the
films studied, the luminescence excitation
and absorption spectra of the matrix,
dopant and resulting solid mixture should
be compared. Absorption and luminescence
excitation spectra of the solid mixture film
(Fig. 3) in the 330-350 nm range are simi-
lar to the PEPCa film absorption spectrum
(Fig. 4). This allows us to consider PEPCa
molecules as main absorbing optical centers
in the PEPCa + DFOM film. At the same

Functional materials, 23, 1, 2016

A, nm

Fig. 3. Fluorescence, fluorescence excitation
and absorption spectra (normalized) of PEPCa
+ DFOM film.
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Fig. 4. Absorption, fluorescence and fluores-
cence excitation spectra (normalized) of PEPCa.

time in the luminescence spectrum of the
solid mixture all optical centers, i.e.,
PEPCa and DFOM in different forms, are
presented with comparable intensities. From
this data we can conclude that DFOM mole-
cules in the mixed films emit light mainly
due to excitation energy transfer from
PEPCa to DFOM molecules.

4. Conclusions

In the present investigation the spectral
properties of PEPCa + DFOM were studied.
Analysis of the obtained spectral data al-
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lows us to consider the presence of excita-
tion energy transfer from the polymer ma-
trix to luminophore in the investigated
PEPCa/DFOM films. Also it was shown that
sufficient luminescence color characteristics
(CRI 54 and CIE (0.33, 0.42)) of a single
emitting layer could be obtained using
DFOM molecule as emitter and PEPCa poly-
mer as matrix.

So, the results obtained demonstrate the
possibility to develop white OLED with one
type of light-emitting molecules, the excita-
tion of which is realized by migration of the
mobile electronic excitation through a suit-
able organic matrix. The coverage of the
visible spectral region is provided by differ-
ent tautomers that appear due to intra-
molecular proton transfer in excited states
of flavonol molecules.
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