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The thin film of (E)-2-(2-(4-(dimethylamino)styryl)-6-((3-hydroxyphenoxy)methyl)-4H-
pyran-4-ylidene)malononitrile (DCM derivative with molecular formula C25H21N303) has been
synthesized by the method of thermal vacuum deposition. The optical properties of this thin film
were studied. For the first time, OLED based on (E)-2-(2-(4-(dimethylamino)styryl)-6-((3-
hydroxyphenoxy)methyl)-4H-pyran-4-ylidene)malononitrile was fabricated and characterized.
The obtained results would be fruitful for designing highly-efficient organic light-emitting diodes
with optimized parameters.
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1. Introduction.

The world has witnessed a revolution in display technology in the past two decades. In
this period, the displays with bulky and heavy cathode ray tubes were transformed into ultra-
slim organic light-emitting diode (OLED) display panels. Commercialization of any new tech-
nology requires a delicate balance between device efficiency and manufacturing cost. OLEDs
are still costlier than the popular liquid crystal-based displays (LCDs) because of their higher
production cost. However, OLEDs are gradually replacing LCDs [1].

One of the most widely studied organic compounds for manufacturing OLEDs are tris-(8-
hydroxyquinoline)aluminum (Algs), dicyanomethylenepyran (DCM) and its derivatives [2-4].
Since the DCM compound itself has a very low luminescence intensity due to significant in-
termolecular interaction that quenches the luminescence, a "guest-host" system is used, for
example, such as Algs:DCM [5, 6]. For a high light output, the addition of 5-10 wt. % DCM to
Algs is chosen. Concentrations more than 10% leads to concentration quenching. To prevent
the formation of aggregates and reduce intermolecular interaction based on the organic com-
pound DCM, almost immediately after its discovery, work began on the synthesis of new com-
pounds with a more dendritic (tree-like) structure of molecules [5, 6].

In the present study, we report the results of photoluminescence studies of (E)-2-(2-(4-
(dimethylamino)styryl)-6-((3-hydroxyphenoxy)methyl)-4H-pyran-4-ylidene)malononitrile
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(DCM-18) thin film and the results of manufacturing OLED device based on this compound.
We could not find any literature data on such studies.

2. Experimental.

DCM-18, Algs and Algs:DCM-18 (10 wt. %) organic films were thermally deposited in
104 Pa vacuum on optical glass substrates, transparent for wavelength above 300 nm or on
transparent conductive indium-tin-oxide (ITO) glass (purchased from Sigma-Aldrich, surface
resistivity — 70-100 ohm/sq) for OLED fabrication. Algs powder (99.995% purity) was pur-
chased from Sigma-Aldrich Corporation and purified by recrystallization. The DCM-18 pow-
der was kindly provided for research by Leading Researcher, PhD Alexander Kukhta. Struc-
tures of the DCM and DCM-18 molecules are shown in Fig. 1. Thickness control during the
process was provided by quartz crystal deposition rate controller.
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Fig. 1 Chemical structure of the DCM and DCM-18 molecules.

To produce OLED, the contact as the top electrode — cathode to the Algs was formed us-
ing thermally evaporated Al [7]. The Al was evaporated through the shadow masks in a circu-
lar area of diameter ~ 3 mm. A liquid photo-positive resist based on o-naphto-chinon-diazide
and novolack (a type of phenol-formaldehyde resin) "Positive 20" KONTAKT CHEMIE was
used as the photoresist-insulator [8-10]. The schematic image of the OLED is shown in Fig. 2.
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Fig. 2. Schematic structure of organic
light emitting diodes based on Algz and
Algs:DCM-18 (10 wt. %) thin films.

glass substrate
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To study absorption of light in the ultraviolet (UV) and visible (Vis) regions of the spec-
trum, we used a portable fiber optic spectrometer AvaSpec-ULS2048L-USB2-UA-RS
(Avantes BV, Apeldoorn, Netherlands) with an input slit of 25 um, a diffraction grating of
300 lines/mm and a resolution of 1.2 nm. Balanced compact deuterium-halogen light source
Avantes AvaLight-DHc (200-2500 nm) was used. The detection of light in the spectrometer
was carried out by a 2048 pixel CCD detector. The special software for automated computer
control for this type of the spectrometer and spectra processing was used AvaSoft 8 (Apel-
doorn, Netherlands).

The photoluminescence spectrum (PL) was measured using laboratory setup based on au-
tomated monochromator/spectrograph M266 (SolarLS JSC, Minsk, Belarus) connected with
CCD camera, based on Hamamatsu S7030-1006S sensor. The sample was excited by GaN la-
ser (405 nm) with pulse duration of less than 1 ns.

The electroluminescence (EL) spectra were measured using a portable fiber optic spec-
trometer AvaSpec-ULS2048L-USB2-UA-RS with an input slit of 200 um, a diffraction grating
of 300 lines/mm and a resolution of 9 nm. The accumulation time was 200 msec.

3. Results and discussion.

Figure 3 shows the absorption spectrum obtained at room temperature of DCM-18 thin
film deposited on the glass substrate. The DCM-18, like DCM dye, has very broad absorption
in between 275 and 600 nm, with absorption bands where the longer-wavelength band is found
to be more intense than the shorter-wavelength band [11]. The DCM-18 thin film shows two
broad absorption peaks around 440 nm and 488 nm and a shoulder around 347 nm. DCM-type
materials exhibit solvatochromic behavior. Our results are in agreement with the results for
DCM dye given in [11].
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glass substrate.

As can be seen from Fig. 4, the PL spectrum of the DCM-18 thin film, measured at room
temperature, is exhibit three overlapping bands with the maxima at 570 nm, 635 nm and 665
nm in the visible region. The obtained spectrum is similar to the PL spectra of DCM and DCM
derivatives films considered in our previous works [12—14]. Explanation of the nature of PL
bands of DCM molecules in various solvents is very well described in [11]. According to [11],
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the broad PL band of DCM molecules in solvents can be formed by emission from the locally
excited state (A, = 560-580 nm), the state of intramolecular charge transfer emitting state
(X, =610 nm) and the twisted intramolecular charge transfer state (1, = 630 nm). Note
that the PL bands of DCM films, compared with the PL bands of DCM solutions, are shifted to
the red region of the light wavelength spectrum due to a stronger intermolecular interaction
[13, 15, 16].
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The problem with weak photoluminescence of pure evaporated DCM-18 thin film has
been overcome by preparing guest—host system. Which mean mixing the molecules (guests)
with other matter (host). Tris-(8-hydroxyquinoline)aluminum (Algs) was used as host in most
of the cases due to the compatibility of the energy levels [17-19].

Fig. 5 presents the EL spectrum of the our heterostructure with the configuration
ITO/Algs:DCM-18 (10 wt. %)/Algs/Al. The emission intensities of the EL spectra increase
with the increase in applied voltage. The wide band in the range from approximately 540 nm to
800 nm has a clear shoulder on the high-energy side. According to literature, normally, Alqs
emits green light at ~ 530 nm [20].
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The electroluminescent emission of the ITO/Alg::DCM-18 (10 wt. %)/Algs/Al hetero-
structure (for current density 0.27 mA/cm2) has a CIE (x, y) color coordinates of (0.56, 0.32)
(Fig. 6). That is, extra warm white light is emitted with an equivalent temperature T = 2112 K.
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4. Conclusion.

In summary, thin film of (E)-2-(2-(4-(dimethylamino)styryl)-6-((3-
hydroxyphenoxy)methyl)-4H-pyran-4-ylidene)malononitrile (DCM derivative with molecular
formula C2sH21N303) has been synthesized by the method of thermal vacuum deposition on to
a glass substrate. For the first time, OLED based on (E)-2-(2-(4-(dimethylamino)styryl)-6-((3-
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hydroxyphenoxy)methyl)-4H-pyran-4-ylidene)malononitrile was fabricated and characterized.
The obtained results will be useful in the optimization and design of highly efficient OLEDs.
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EJIEKTPOJIIOMIHECHEHIISA OPTAHIYHUX CBITJOAIOAIB HA OCHOBI
MOXITHOI DCM 3 XIMIYHOIO ®OPMY.JIOIO C25H21N303
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Touka miiBka  (E)-2-(2-(4-(mumermnamino ))ctupmin)-6-((3-rigpokcuderorci)merun)-4H-
mipan-4-ininen)manononitpuwiy (moxigaa DCM 3 monekyisipaoro ¢popmyioro C2sH21N3Os) cun-
TE30BaHO MCETOJOM TEPMOBaKyYMHOTO OCa/KEHHS. JI0CHiPKEHO ONTHYHI BITaCTHBOCTI ITi€ TOHKOT
IUTIBKK Ta (oToiroMinecneHiis. Tonka miiBka DCM-18 neMoHCTpye JBa IUPOKHUX MIKH MOTIIH-
HauHs 11pu 440 uM 1 488 HM i ede npu 347 HM. Matepiamu Ty DCM BHSBISIIOTH COJBBATOX-
poMHy moBeniHky. CriekTp (oTomroMiHecteHIi ToHKoi 1Bk DCM-18, BUMipsHuii npu KiMHa-
THIH TemnepaTypi, JEMOHCTPYE TPH CMYTH, IO IIEPEKPUBAIOTHCS, 3 MAKCUMyMaMHt 1pu 570 HM,
635 HM 1 665 HM y BHIUMIiN 00JIacTi.

Boepiie Oyno BHroToBieHO Ta oxapakrepusoBaHo OLED wHa ocHoBi (E)-2-(2-(4-
(mumerunamino)ctupmn)-6-((3-rizpokcudenoxcn)merin)-4H-mipan-4-ii 1eH )ManoHOHI TPHITY .
Cama criomyka DCM-18 mae myske HU3bKY iHTEHCHBHICTH CBIYE€HHSI BHACIIIOK 3HAYHOI MIKMOJIe-
KyJsipHOT1 B3aemomii. [IpoGnema 3i crnaOkoro (HOTOJFOMIHECIICHIIIE0 YUCTOT BHUIMAPEHOI TOHKOL
miiBkn DCM-18 Gysa mojgosiaHa IUISXOM MiATOTOBKH CHCTEMH «ToCTh-rocmojapy. lle o3Hauae
3MilIyBaHHsA ~ MoOJeKyn  (rocred) 3 iHmIOO — pevyoBHHOIO  (Xassimom).  Tpuc-(8-
riIpOKCUXiHOJIH)amoMiHiH (Alqs) BUKOPHCTOBYBABC SIK TOCIIOAP Yepe3 CYyMiCHICTh eHepreTHy-
HuX piBHIB. OTXKe, CTBOpEHA TeTepocTpykTypa 3 KoHpirypamiero ITO/Alq3:DCM-18 (10 mac.
%)/Algs/Al. TocnimkeHo eKTpOIIOMIHECIIEHTHI BIACTHBOCTI OTPUMAaHNX 3pasKiB OpPraHiyHUX CBi-
TIIOAIOMAIB 32 KIMHATHOI TEMIIEPaTypH 3aleXHO Bif CTPYMiB. |HTCHCHBHICTh BHIIPOMIHIOBaHHS
CIEKTPIB €TEKTPOTIOMIHECIIEHIIIT 3pocTae 3i 30UIBIIEHHAM NpHKIaneHoi HanpyTu. Lllupoka cmyra
B nmiama3oHi nmpu6imsHo Bix 540 M no 800 HM Mae giTke Tiede Ha Ooili BUCOKOT eHeprii. EmekT-
POJIOMIHICIIEHTHE BUIIPOMIHIOBaHHS T€TEPOCTPYKTYpH Mae koopaumHatH koibopy CIE (x, y)
(0,56, 0,32), To6TO HaxTO TerIe Gijie CBITIO BUMPOMIHIOETHCS 3 €KBIBAJEHTHOIO TEMIIEPATYPOIO
2112 K.

OtpumaHi pe3ynbTatd OyZyTh KOPHCHHMHU IUISi PO3POOKH BHUCOKOC()EKTUBHHUX OPTaHidYHHX
CBITJIOZIIO/IIB 3 ONITUMI30BaHIMH TTapaMETPaMH.

Kniouosi cnoea: TloxiaHi AnIiaHOMETHICHITIpaHy, TpHc-(8-TiApoKCHXioHOMIH)amoMiHiH, (Ho-
TOJIIOMiHECIEHII s, enekTpoominectentis, OLED.
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