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Eu** Ternary and Tetrakis Complexes with Carbazole
and Methyl Group Substituted Dibenzoylmethane
Derivatives: Induction of Aggregation Enhanced

Emission
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finstitute of Applied Chemistry, Riga Technical University, Paula Valdena Str. 3, Riga, LV-1048,
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Abstract

Two dibenzoylmethane (DBM) derivatives with methjfie-DBM) or carbazole
(CBZ-DBM) substituents at thgara-position of the phenyl ring and their four novel
ternary andtetrakis EW** complexes with 1,10-phenanthroline (PHEN) as arsaary
ligand or tetraethylamonium ion {{Et),) as the counter-cation were synthesized and
characterized. The investigation of the opticalpgrties of the complexes revealed
that Me-DBM based compounds exhibit aggregatioraroed emission (AEE), while

in the case of CBZ-DBM this effect is not observet. the same time, the
introduction of a carbazole substituent reducesetmession quantum yield of the
complexes. The decrease in luminescence efficigncyCBZ-DBM based E
complexes is mainly attributed to the closely s#daS and T, energy levels of the

ligand that obstruct the intersystem crossing psce

*corresponding author
E-mail adress: malina.ilzel@gmail.com or lize.Malia@rtu.lv (1. Malina)

Keywords: Europiumternary complexizuropiumtetrakis complex, partial energy

transfer process, aggregation enhanced emissidgztde.

1. INTRODUCTION
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Over the previous years the research interest fi éamplexed3-diketones is
not decreasing due to a wide variety of potent@bliaation directions found in
amplifiers for optical communication [1], as lum&oent probes in biological samples
[2], in solar cells [3], as well as in the emissiagers of organic light emitting diodes
(OLEDSs) [4]. Also Ed* complexes have been used to fabricate red or wifgite
emitting diodes (LEDs) [5, 6]. The utilization ot organic complexes in OLEDs
and LEDs can be specifically outlined, becauséeir tdistinctive emission properties
such as high emission efficiencies and sharp eamdsands in the red-light region,
which provide high color purity for the devices. ditionally, EU** complexes withp-
diketone ligands usually have relatively simple arekpensive steps of synthesis and
purification.

In order to obtain a brightly luminescent®ta@omplex one must pay attention
to the design of organic ligands, so that theictebamic configuration is compatible to
that of Ed* ion. To observe a full energy transfer processveeh the attached
ligands and the central metal ion, it is neces#laay the triplet energy level of the
ligand is higher than the resonance level of th& & (17 250 crit) [7]. Usually it
means that absorption bands of ligands shouldhlieear-UV region, however there
are some reports on the Ewrganic complexes with blue light absorbing ligaié,

9]. Furthermore, for the purpose of practical aggilons it is also necessary, that the
Eu®* complex exhibits a good solubility in commonly dssolvents, so that the
fabrication process of the thin films containinggdk compounds would be simpler
and less costly. Finally, Bliorganic complexes should exhibit high thermal and
chemical stability.

In the recent years many authors have designeddggavhich contain organic

substituents that provide good solubility, chargensporting properties and high
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thermal stability of the corresponding Eucomplexes. Carbazole, being an
inexpensive starting material and showing the jnesly discussed properties, is one
of the most commonly used amongst such chemicaldibgi blocks. Many
complexes, where carbazole is introduced to pheftiytirobutane-1,3-dione [10],
biphenyltrifluorobutane-1,3-dione [11] and phenyglpane-1,3-dione [12]para-
position through a nitrogen atom have been syribdsi Alternatively, Etf
complexes containing ligands, where carbazoletaclaéd toB-diketone through 2-
[8, 9, 13] and 3- [14-16] position of carbazolegjirare reported. Some authors have
chosen to attach the carbazole group in secondgayds, for example in 1,10-
phenanthroline unit [17, 18]. Independently frore fiosition of the attachment, Eu
complexes with carbazole-functionalizgdliketone ligands usually exhibit bright red
emission and they have potential application pdgsgss in biological imaging [14]
and in fabrication of white organic light emittingodes (WOLED) [11] and red-light
OLEDs [10].

Dibenzoylmethane (DBM), without the doubt, is orfetllee most used-
diketone type chelating ligands for the *Ewrganic complexes. However, the
understanding of the consequences of carbazolg grdachment tpara-position of
this molecule through N-aton€BZ-DBM) and its effects on the corresponding Eu
complexes is poor. Only one report characterizing Eis complex with this ligand
can be found [19]. It is known thaérnary and tetrakis E** complexes usually
exhibit higher photoluminescence quantum vyields@/), longer lifetimes [7] as
well as higher thermal stability and solubility. i$hmprovement is attributed to the
replacement of the chelating solvent moleculehéedomplex by a secondary or the
fourth B-diketone ligand. Furthermore, only twetrakis EW** complexes withp-

diketone ligands that contain carbazole group hmeen reported to date [10, 11], but
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the mentioned compounds also contain a trifluoratethyl group in DBM fragment.
This study consists of the synthesis of two DBM iddives — 4-
methyldibenzoylmethaneMg-DBM) and 4-carbazol-9-yl-dibenzoylmethan€BZ-
DBM) and the corresponding four novel*£agomplexesC1-C4 (Scheme 1), with an
initial aim to assess the effects of the carbazal&goduction. Structural
characterization as well as investigation of optm@perties in different media and
evaluation for OLED application use is reportedo@rd state and excited state
energy level calculations are presented and disdufks ligands in order to explain
the experimental observations. The acquired reshltsv that the emissive properties
of the compounds can be drastically changed depgrah the structure of the used

dibenzoylmethane derivative.

0O Hy,C._O 0O HyC._O o0 OH
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Scheme 1. Synthesis of ligandie-DBM, CBZ-DBM and complexe€1-C4; (a) —1) NaH, THF, 65
°C; 2) HO, 10% HCI;(b) — 10% NaOH/HO, 1,10-phenanthroline, Eul{®H,0; (c)— 10%
NaOH/H0O, N(Et)Br, EuCkBH,O; (d) Carbazole, Cu, 18-Crown-6,&0;, DMF, 155°C.

2. EXPERIMENTAL SECTION
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2.1.Materials and instrumentation

EuCk®BH,O (99.99%) was purchased fromAcros Organics, 1,10-
phenanthroline (99%), tetraethylammonium bromid8%® 4-methylacetophenone
(96%), 4-iodoacetophenone froAlfa Aesar, methylbenzoate (99%) and carbazole
(295%) from Sgma Aldrich, but poly(N-vinylcarbazole) (PVK) fromABCR
(GmbH&Co). All substances were used without furterification.

'H NMR and™*C NMR spectra were recorded on a Brucker AvanceN3B@
spectrometer in CDgl DMSO-Ds; or CD3CN solutions. Chemical shifts were
expressed in parts per million (ppm) relative tdveot signal. CHN elemental
analysis was carried on Euro Vector EA 3000 analyhefrared spectra were
recorded on a Perkin-Elmer Spectrum 100 FTIR spewter using KBr pellets (4000
to 650 cn). The thermogravimetric analysis was performedad®erkin Elmer STA
6000 instrument. Each sample was heated from 302@0@vith heating rate 10
°C/min in the nitrogen atmosphere. Low resolutionssnapectra of ligands were
acquired on a Waters EMD 1000MS mass detector (BERide, voltage 30 V). The
UV/Vis absorption spectra were acquired with Peikimer 35 UV/Vis spectrometer
using 1 cm length quartz cuvettes. Emission andtaian spectra were measured on
QuantaMaster 40 steady state spectrofluorometest§gRhTechnology International,
Inc.). For triplet level measurements low-tempamtphosphorescence spectra were
acquired at 77 K in 2-methyltetrahydrofuran solatan the same device. The singlet
and triplet energy levels were determined at thesgion band maxima. The lifetime
measurements were carried out in room temperatusingu the same
spectrofluorometer equipped with high power XenlasH lamp as excitation source.
Lifetime data were processed by OriginPro 8 progrAbsolute photoluminescence

guantum yields (PLQY) were determined using theesapectrofluorometer equipped
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with 6 inch integrating sphere by LabSphere andigpéolders for cuvette, film and
powder samples. The PLQY were calculated by so@&wswpplied by Photon
Technology International, Inc. Polymer films wengtained with Laurell WS-400B-
NPP/LITE spin coater (Parameters: speed 800 rpoele@tion 800 rpm/s for 1 min).
Density functional theory (DFT) has been perfornusthg ORCA program version
4.0.1 [20]. The geometry optimization of ligands swabtained using non-local
functional B3LYP with 6-311G** [21] basis set. Feinglet and triplet energy level

calculations def2-TZVP basis [22] and def2/J [2B}ikary basis were used.

2.2.Synthesis

The synthesis of dibenzoylmethane derivatives dé agsecomplexesC1-C4 is
shown in Scheme 1.
2.2.1. Synthesis of compounds DBM derivatives
(2)-3-hydroxy-3-phenyl-1-(p-tolyl)-prop-2-en-1-one Me-DBM . To a methyl benzoate
(1) (2.15 g, 8.45 mmol), placed in two-neck roundtbt flask, dry THF (15 mL)
and NaH 60% dispersion in mineral oil (0.34 g, 8mbol) was added. Reaction
mixture was refluxed until all His released from solution. Afterwards, 4-
methylacetophenon)((1.03 g, 7.68 mmol) dissolved in dry THF (5 mLasvadded
dropwise with dropping funnel and resulting mixtwas refluxed for four hours.
Then reaction mixture was cooled with ice bathaom temperature and neutralized
with 10% HCI solution until pH ~7. Water (10 mL) &€HCk (40 mL) was added
and organic fraction was separated, washed witer@t x 50 mL) and dried with
anhydrous Nz50O,. The Solution was filtered and filtrate was evaped. Obtained
precipitate was crystalized frorPrOH (30 mL) and 1.01 g of compouiMe-DBM
was obtained as yellow powder. Yield 55%; m.p.=8802C. *H NMR (300 MHz,
DMSO-Ds, ppm): &= 8.17 (2H, d,J=6.0 Hz, H-Ph); 8.12 (2H, dI=6.0 Hz, H-Ph);

6
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7.69-7.62 (1H, m, H-Ph); 7.58 (2H, #9.0 Hz, H-Ph); 7.38 (2H, d=9.0 Hz, H-Ph);
7.32 (1H, s, -CH=C(OH)-); 2.41 (3H, s, -@H"*C NMR (75 MHz, DMSO-R, ppm):

0= 186.1; 185.1; 144.0; 135.0; 133.4; 132.4; 12939.3; 128.0; 127.8; 93.4; 21.6.
FT-IR, (KBr, Cm'l): 3129, 3066, 3038, 2924, 2855, 1599, 1520.
MS, C16H140, requires [M+H] 239.10; found [M+H] 239.2. Anal. Calcd. For

C16H140,: C, 80.65; H, 5.92; found C, 80.44; H, 5.67.

(2)-3-hydroxy-3-(4-iodophenyl)-1-phenylprop-2-en-1-one  (4). Two-neck round-
bottom flask containing dry THF (15 mL) and NaH 6@fispersion in mineral oil
(1.60 g, 40.00 mmol) was purged with Argon and eddb 0°C with ice bath. Then
methyl benzoate 1f (3.00 g, 22.00 mmol) was added. After 10 minutes
iodoacetophenone) (5.00 g, 20.00 mmol) dissolved in dry THF (5 mkas added
dropwise with dropping funnel and resulting mixtusas refluxed for six hours.
Afterwards, ethylacetate (15 mL) and water (10 mias added and reaction mixture
was neutralized with 10% HCI solution until pH ~3Jrganic fraction was separated,
washed with water (2 x 50 mL) and brine (2 x 25 mand dried with anhydrous
NaSO,. Solution was filtered and filtrate was evaporatethtained precipitate was
crystalized from CHCI,: ethylacetate (2:1) system and 3.24 g of compoctinehs
obtained as light brown powder. Yield 46%; m.p.54®7 °C.*H NMR (300 MHz,
CDCl;, ppm): &= 7.99 (2H, d,J=6.0 Hz, H-Ph), 7.85 (2H, d=9.0 Hz, H-Ph), 7.71
(2H, d, J=9.0 Hz, H-Ph), 7.61-7.48 (3H, m, H-Ph), 6.83 (X1-CH=C(OH)-).**C
NMR (75 MHz, CDC}{, ppm): 6= 186.1; 184.7; 138.0; 135.3; 135.0; 132.7; 128.8;
128.6; 127.2; 99.9; 93.0. FT-IR, (KBr, <:1t)1 3436, 3059, 2955, 2926, 1584, 1564,
1508. MSCi5H1110, requires [M+H] 350.98; found [M+H] 351.1. Anal. Calcd. For

CisH1110,: C, 51.45; H, 3.17; found C, 51.22; H, 2.97.
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(2)-1-(4-(9H-carbazol -9-yl)phenyl )-3-hydr oxy-3-phenyl prop-2-en-1-one CBZ-DBM .
Two-neck round-bottom flask was purged with Argard @hen diketone4) (1.50 g,
4.29 mmol), carbazole (0.72 g, 4.29 mmol}CiO; (2.30 g, 16.80 mmol), activated
Cu (0.53 g, 8.58 mmol), 18-Crown-6 (0.38 g, 1.43 a)nrand dry DMF (7.5 mL)
were added. Reaction mixture was refluxed at AGSor four hours. Then it was
cooled to room temperature and water (10 mL) wateddReaction mixture was
extracted with ChCl, (3 x 25 mL) and organic fraction was separate@pevated
and obtained precipitate was dissolved in,ChMeOH (1:1) system. From this
solution green precipitate was obtained, filterad ¢ghen dried in room temperature.
Afterwards to green precipitate ethanol (30 mL) a6éo NaOH solution (5 mL) was
added and resulting mixture was refluxed for 20 utes. The insoluble precipitate
was filtered off and filtrate was neutralized wittD% HCI solution. Yellow
precipitate (0.24 g) was formed, filtered and dri¢ild 14%:; m.p.= 126-129 °CH
NMR (300 MHz, CDC}, ppm): &= 8.27 (2H, dJ=9.0 Hz, H-Ph-CBZ), 8.19 (2H, d,
J=9.0 Hz, H-Ph), 8.07 (2H, d=6.0 Hz, H-Ph), 7.76 (2H, d=9.0 Hz, H-Ph-CBZ),
7.62-7.45 (7H, m, H-Ph-CBZ, H-Ph), 7.36 (2HJ)$9.0 Hz, H-Ph-CBZ), 6.98 (1H, s,
-CH=C(OH)-). °C NMR (75 MHz, CDC4, ppm): &= 186.0; 184.7; 141.6; 140.3;
135.4; 134.1; 132.7; 129.0; 128.8; 127.3; 126.8.22123.9; 120.6; 120.4; 109.8;
93.2. FT-IR, (KBr, Crfil): 3436, 3055, 2926, 1602, 1516, 1224. MS7HwNO,
requires [M+H] 390.14; found [M+H] 390.3. Anal. Calcd. For&H;gNO,: C, 83.27;

H, 4.92; N, 3.60; found C, 83.01; H, 4.71; N, 3.72.

2.2.2. Synthesis of complexes C1-C4
Eu(Me-DBM)3sPHEN (C1). Solution of diketoneMe-DBM (0.22 g, 0.92 mmol) in
ethanol (10 mL) was refluxed until complete dissioln 1,10- Phenanthroline (0.06

g, 0.31 mmol) in ethanol (3 mL) was added, followsd addition of 10% NaOH

8
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solution until pH~7-8. Afterwards, distilled watesolution (5 mL) containing
EuCkLBH,O (0.08 g, 0.31 mmol) was added dropwise and niaegukolution was
stirred for 2 hours in the room temperature. Formeetipitate was separated by
suction filtration, washed with ethanol (10 mL) adidtilled water (10 mL) and dried
in vacuum at 50 °C for 24 hours. Compleg was obtained as light yellow powder
(0.18 g). Yield 56%M NMR (300 MHz, CDC4, ppm): &= 10.96 (2H, br s, H-
PHEN), 10.58 (2H, br s, H-PHEN), 10.00 (2H, br sPHEN), 8.97 (2H, br s, H-
PHEN), 6.75 (9H, br s, H-Ph), 6.59 (6H, br s, HsPhP4 (12H, br s, H-Ph), 2.90
(3H, s, -CH=C(0)-), 2.40 (12H, s, -GH FT-IR, (KBr, cni}): 3059, 3028, 2921,
1593, 1549, 1520, 1499, 1422nal. Calcd. For EuggH47N2Os: C, 69.03; H, 4.54; N,

2.68; found C, 68.59; H, 4.32; N, 2.81.

[Eu(Me-DBM),] N (Et)4 (C2). Solution of diketondle-DBM (0.25 g, 1.05 mmol) in
ethanol (10 mL) was refluxed until complete dissiol. Tetraethylammonium
bromide (0.06 g, 0.26 mmol) in ethanol (3 mL) wakled, and then 10% NaOH
solution was added until pH~7-8. Afterwards, E{6H,O (0.07 g, 0.26 mmol) in
distilled water (5 mL) was added dropwise and tesgilsolution was stirred for 2
hours in the room temperature. Formed precipitais fitrated, washed with ethanol
(10 mL), distilled water (10 mL) and dried in vaooat 50 °C for 24 hours. 0.19 g of
light yellow powder C2) was obtained. Yield 59%H NMR (300 MHz, CRCN,
ppm): 6=7.70 (8H, br s, H-Ph), 7.65 (8H, 9.0 Hz, H-Ph), 7.25 (12H, br s, H-Ph),
7.08 (8H, dJ=9.0 Hz, H-Ph), 5.93 (4H, s, -CH=C(0)-), 3.23 (8H,(CHs-CH,)sN"),
2.53 (12H, s, Ph-Cy), 1.25 (12H, m, (CECH,).N"). FT-IR, (KBr, cm®): 3056,
3029, 2985, 2921, 2859, 1596, 1552, 1519, 14983,14207, 1289. Anal. Calcd. For

EuGoH/oNOg: C, 70.23; H, 5.89; N, 1.14; found C, 70.11; #5.N, 0.98.
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Eu(CBZ-DBM)sPHEN (C3). Complex was synthesized by the same procedufer as
C1, except diketoneCBZ-DBM was used instead of compouie-DBM. Light
brown powder, Yield 67%H NMR (300 MHz, CDC}, ppm):d= 11.08 (2H, br d, H-
PHEN), 10.67 (2H, br s, H-PHEN), 10.24 (2H, br sPHEN), 9.08 (2H, br d, H-
PHEN), 8.12-8.10 (6H, br d, H-Ph-CBZ), 7.34-7.24H2 m, H-Ph-CBZ, H-Ph),
6.95-6.90 (15H, m, H-Ph-CBZ, H-Ph), 6.44-6.08 (8#,H-Ph, -CH=C(0)-). FT-IR,
(KBr, Cm'l): 3051, 2959, 2926, 2852, 1598, 1547, 1500, 144&l. Calcd. For

EuGysHeoNsO6: C, 74.59: H, 4.17; N, 4.68; found C, 74.12; FB4.N, 4.29.

[Eu(CBZ-DBM)4] 'N*(Et)s (C4). Complex was synthesized by the same procedure as
for C2, except diketon€BZ-DBM was used instead of compoulig-DBM. Light
brown powder, Yield 30%H NMR (300 MHz, CDC}, ppm): &= 8.27 (8H, d,J=9.0
Hz, H-Ph-CBZ), 8.18 (8H, dJ=6.0 Hz, H-Ph-CBZ), 8.06 (8H, d=6.0 Hz, H-Ph-
CBZ), 7.78 (8H, d,J=9.0 Hz, H-Ph-CBZ), 7.62-7.32 (36H, m, H-Ph), 6(@H, s, -
CH=C(O)-), 3.79-3.75 (8H, m, GHCH2)uN"), 1.32-1.24 (12H, m, (CHCH).N").
FT-IR, (KBr, Cm'l): 3057, 2926, 1596, 1548, 1500, 1306, 1226. AGallcd. For

EUC]_16ngN508Z 75.89; H, 5.05; N, 3.81; found C, 75.44; H, 49[3,408
2.3. OLED preparation

Sandwich type samples with the pixel size of 16°mwere prepared with the
following  structure  ITO/PEDOT:PSS(40n@(50nm)/TPBi(20nm)/LiF(1nm)/
Al(100nm) for the host free device and ITO/PEDOTSRE®NnmM)/PVKC1(50nm)
(10wt%)/TPBI(20nm)/LiF(1nm)/Al(100nm) for hosted wdee, where Poly(3,4-
ethylenedioxythiophene)-poly(styrenesulfonate) (PHLPSS), 2,22"-(1,3,5-
Benzinetriyl)-tris(1-phenyl-1-H-benzimidazole) (TRBand LiF were used as hole-

injection, electron transport and electron-injectiayers, respectively, and pdNy{

10
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vinylcarbazole) (PVK) as hole-transporting host the emitter. Indium Tin Oxide
(ITO) glass (Prazisions Glas & Optik GmbH) withleest resistivity of 1%)/square
was used as a substrate. A 12 mm wide ITO strgowas made by wet etching at the
middle of the substrate. ITO substrates were clkkdme the following method:
sonicated in CHGJ sonicated in acetone; 2x rinsed with deionized) (Dater;
sonicated in water with 3 vol% of Hellmanex Il deggent; rinsed with DI water;
sonicated in DI water and isopropyl alcohol. Befdeposition of PEDOT:PSS the
ITO glass was blown dry with nitrogen and treatgdUy/-ozone for 20 min. ITO
layer was covered with PEDOT:PSS (from H.C. StaAdkd083) using spin coater
Laurell WS650. Rotation lasted for 1 minute witree@ 2000 rpm. The sample was
moved in a glovebox and heated at 200 °C for 10uteg The solution of emitting
layer compounds with a concentration of 5 mg/mL wssn-coated on the
PEDOT:PSS layer with 2000 rpm for 40 sec and heatet?0 °C for 15 minutes
afterwards. Further the samples were moved fronvelox to vacuum chamber,
without the exposure to air, for thermal evaporatb electron transport TPBi (Sigma
Aldrich 806781) electron-injection LiF (Sigma Aldh 449903) and electrodes at the
pressure BO°® Torr. The deposition speed was 1A/s, 0.1 A/s addsSfor TPB, LiF
and Al, respectively. In the end the samples wempsulated using two component
epoxide. The current-voltage characteristics of Ghd=Ds were measured by the
multimeter Keithley 2700 and the voltage source vi@sthley 230 unit. The
electroluminescence brightness was measured bycKoMiinolta Luminance and

Color Meter CS-150.

3. RESULTS AND DISCUSSION

3.1. Synthesis and characterization of ligands and Eli complexes

11
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The synthetic route to thg-diketone ligandsMe-DBM and CBZ-DBM and their
Eu®* ternary andtetrakis complexes is shown in Scheme 1. The lightedDBM was
prepared by Claisen condensation reaction betwezthyimbenzoatel) and 4-methyl
acetophenone) with a moderate yield — 55%. The otlfiediketoneCBZ-DBM was
obtained by two-step synthesis. In the first stdgedodibenzoylmethaned) was
obtained in the Claisen condensation reaction bEtweethyl benzoatel) and 4-
iodoacetophenone). Afterwards,CBZ-DBM was prepared in Cu catalyzed Ullman
condensation reaction between 4-iododibenzoylmeth@h and carbazole, with a
relatively low yield (14%). E%f ternary complexesC1l and C3 were prepared by
mixing ligands PHENMe-DBM or CBZ-DBM and EuCJ6H,0 in the ratio 1:3:1 in
the presence of 10% NaOH. Howeuetrakis complexesC2 andC4 were obtained
by taking tetraethylammonium bromidde-DBM or CBZ-DBM and EuCG[BH,0 in
the molar ratio 1:4:1 in the presence of 10% NaOHe obtained ligands were
analyzed by FT-IR!H NMR, *C NMR spectroscopy and mass spectra data, but
newly synthesized Bl complexesC1-C4 by FT-IR,*H NMR, elemental analysis
data and thermogravimetric analysis (TGA). Comjuarief '"H NMR spectra of the
ligand CBZ-DBM and its Ed" ternary complexC3 are given in Fig. 1. As it can be
seen from Fig. 1a) free ligandCBZ-DBM in CDCl; solution exists in enol forrand
methine proton (H4) shows a signal at 6.98 pjmnolic proton (-OH) was not
observed, due to a rapid exchange of this protah WO (traces in CDG), which
usually render the signal too broad to be obseimétl NMR spectra. Protons from
carbazole cycle (H7-H10, H7’-H10’) exhibit three linesolved signals at 8.27, 7.76
and 7.36 ppm with spin coupling constant of 9.0 Hawever, signals of protons H8,
H8’ overlap with protons from DBM fragment (H2, H23, H6, H6’) and form a

multiplet at 7.53 ppm. Remaining protons H1, Hldad5, H5 show two well
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resolved doublets at 8.19 and 8.07 pprhNMR spectra of ligan€BZ-DBM show
changes upon complexation with ¥ion (Fig.1 b)). First of all, complexation with
Eu®* ion leads to a proton signal broadening and shiftigher field. Four new broad
signals at 11.08, 10.67, 10.24 and 9.08 ppm apjpedne ‘H NMR spectra and
correspond to the protons from 1,10-phenanthrotioéecule (H11-H14, H11'-H14").
Methine proton (H4) fronCBZ-DBM molecule shows a shift to higher field at 6.19
ppm and overlaps with proton signals from phenglugrof DBM unit (H6 and H6’).
Furthermore, proton signals from the carbazoleecyel7-H10, H7’-H10’) are not
well resolved as it was for the free ligand andneseerlaps with some proton signals
of DBM unit. Two signals — a broad doublet (8.1I1nppand multiplets at 7.28 ppm
and 6.96 ppm were signed to protons H7-H10, H7’-HEMally, remaining protons
from DBM unit exhibit two broad multiplets at 7.28d 6.96 ppm. In conclusiotH
NMR spectra of comple£3 confirms that ligand ratio of PHEN ©BZ-DBM is 1:3
(8 protons:54 protons). SimildH-NMR spectra and the same ligand ratio was
obtained for other newly synthesizidnary complexC1.

The'H NMR spectra ofetrakis complexesC2 andC4 contain two signals at
3.23 and 1.25 ppmCR) (3.79 and 1.28 ppm fd€4) in higher field region, which
correspond to the protons of ethylene and metmotgin N'(Et); unit. Moreover, six
signals of fourMe-DBM ligands with an integral intensity of 52 protonsseven
signals of fourCBZ-DBM ligands with an integral intensity of 68 protongre
observed at lower field and confirmed that thesemmexes contain one

tetraethylammonium cation and four DBM ligands.
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Fig. 1.(a) - '"H NMR spectra of compoun@BZ-DBM in CDC at 298 K;:(b) —*H NMR spectra of
EU®* ternary complexC3in CDCl; at 298 K.

FT-IR spectra of free ligandde-DBM andCBZ-DBM exhibit a broad band
around 3200-3600 cf which attributes to enolic —OH stretching viboas.
Carbonyl group (C=0) stretching vibrations wererfdwat 1599 le-DBM) and 1601
cm’ (CBZ-DBM). The observed strong absorption bands at regiat3-1500 crit
probably corresponds to enolic and aromatic C=Cdbwibrations. However, for
complexesC1-C4 no broad band in the region above 3000"cwas observed,
indicating that DBM derivatives are coordinated Eo’* ion through diketone
fragment. Fortetrakis complexesC2 and C4 sharp absorption bands in the region
3060-2850 crif are observed and attributes to aliphatic C-H vibre of N(Et),
unit. Furthermore, carbonyl group (C=0) stretchimigrations were found at lower
frequencies — at 1593 and 1594 tfor complexe<C1 andC2, and at 1597 and 1596
cm® for C3 andC4. Similar changes between FT-IR spectra of thenligaand their
Eu®* complexes were reported for othgdiketone complexes [24, 25]. Elemental
analysis data of complexg31-C4 were in a good agreement with the proposed

structures.
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Thermal stability of complexeS1-C4 was investigated by thermogravimetric
analysis (TGA) in inert atmosphere with a heatiatg rof 10°C/min. Decomposition
temperatures of complex€sl andC2 (275 and 234C) with Me-DBM ligands are
higher than the ones for complexg3 andC4 with CBZ-DBM ligands (180 and 166
°C). It is apparent, that the introduction of caddazmoiety in DBM molecule
slightly decreases the thermal stability of*Egomplexes, independently from a
complex structure. AlthoughqTfor complexesC3 and C4 are below 200C, these
values are close to the reported decomposition eemtyres (190-200C) for other
Eu®* complexes wittB-diketones that contain carbazole moiety [10, 11].

Ternary and Tetrakis complexes C1-C4 exhibit excellent solubility in
commonly used solvents, such as,CH, THF, CHC§, MeCN, EtOH.

3.2. Absorption properties of ligands and E&" complexes
The UV/Vis absorption spectra of compounds PHEN;DBM, CBZ-DBM

and complexe€1-C4 were measured in THF solutions (c1&M) and are shown
in Fig. 2.
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Fig.2. UV/Vis absorption spectra of compounds PHEN;DBM, CBZ-DBM and their E&
complexesC1-C4 in THF solutions (E1.510°M).

Secondary ligand PHEN shows a broad absorption ath maximum at
289 nm and high molar absorption coefficien{(Table 1).p-Diketone Me-DBM
exhibits a broad absorption band in near UV red@®0-380 nm), centered at 347
nm, which attributes to theer* enolic transitions fromp-diketone fragment.
Introduction of substituent (-Me) in DBM moleculeads to a small bathochromic
shift of the absorption spectra maxima by 5 nm, gared to the value reported for
DBM (Aaps=343 nm in THF) [26]. LigandCBZ-DBM exhibits a wide absorption
band with maxima at 291 and 375 nm and two welasspd low energy shoulders at
320 and 335 nm. These two low energy shoulderghegevith absorption at 291 nm
correspond ta-r* transitions of carbazole moiety [27], wher@agsat 375 nm marks
charge transfer (CT) transition due to a fact taabazole moiety possesses electron
donating but carbonyl groups — accepting properfles prove this statement DFT
calculation were carried for ligandde-DBM and CBZ-DBM in order to obtain
optimized ground state structure geometries as ag=HUMO and LUMO orbitals
(Fig. 3). HOMO orbital forMe-DBM are localized on 4-methylphenfddiketone
unit, while LUMO resides on the whole moleculeysfirating a large HOMO-LUMO
overlap. However, for compoundCBZ-DBM HOMO is localized on 1-(4-
carbazolephenyl)-1,3-diketone unit and LUMO is eam¢d on 3-phenyl-1,3-diketone
part, what indicates that, upon the excitation, Tat@nsition is expected faCBZ-

DBM.
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Fig. 3. HOMO and LUMO orbitals of optimized grousthte structures of compounde-DBM and

CBZ-DBM, obtained using B3LYP6-311G** set.

The absorption spectra of EucomplexesC1-C4 show a slightly different
behavior betweeMe-DBM andCBZ-DBM based compounds. While the band shape
in all cases almost completely mimics that of tlefligands, upon the complexation
the absorption peak de-DBM experiences a redshift. FGBZ-DBM basedC4, on
the other hand, it remains almost unchanged, wbileC3- slightly blueshifts. The
explanation of this difference between the twordgs can, once again, be explained
by CT nature ofCBZ-DBM, as upon the complexation the increased electeosity
in diketonate fragment reduces the push-pull chieraxf the molecule, increasing the
bandgap value. The complexation with®*Eion is accompanied with an increase in
molar absorption coefficients for the lowest enetrgysitions: foiternary complexes
C1 andCa3 ¢ is approximately three times higher, but ferakis complexesC2 and
C4 ~ four times higher than the values measuredherfitee ligands, confirming yet
again, that in complex&3l, C3 EU*" is coordinated with thre@diketone ligands, but

in complexesC2 andC4 —with four B-diketone ligands.

Table 1
UV/Vis absorption and luminescence spectral dath@figands PHENVle-DBM, CBZ-DBM and
their complexe€1-C4 in THF (c~1.510°M).
Compound Aabs NM Aer, "M PLQY Io/15° ™ us
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394
395

396
397
398

399

400

401

402

403

404

405

406

407

408

409

(e, 10" Mticm?)

PHEN 289 (5.09) - - - -
Me-DBM 347 (2.45) - - - -
c1 356 (7.11) 611 0.03 29.8 143.6020.24
c2 354 (9.45) 611 0.02 23.4 141.49+0.35
CBZ-DBM 291,326, 341375 (2.11) 478 0.26 - -
c3 292,327, 342, 369 (6.34) 475,611  0.10 12.1 3D
C4 291, 326, 341, 374 (9.15) 476 0.26 - -

2 intensity ratidbetween transition®, — 'F./"Dy — 'F; from emission spectra.
b_ lJuminescence lifetime.

3.3. Photoluminescence studies of Elicomplexes in solution and solid state

Photoluminescence properties of the synthesizedndig and their Eii
complexes were investigated in THF solutions (cAD3M). Relevant data are
summarized in Table 1 and emission spectra arersiowig. 4(a).

Ligand Me-DBM is completely non-emissive in THF solutiodBZ-DBM,
on the other hand, exhibits bright cyan-blue emisgFig. 4.(b)) with maxima at 478
nm and moderate absolute photoluminescence quanélen(PLQY) of 0.26.

EU®* ternary andtetrakis complexesC1 andC2 with Me-DBM ligand show
only the narrow EY ion emission bands with multiple maximums at 56884, 611,
650 and 703 nm, corresponding ¥®,- 'F; (J=0-4) transitions. The emission
efficiencies are very low, with PLQY values in THEing 0.03 and 0.02 fa&z1 and

C2.
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Fig. 4.(a) - Emission spectra dfle-DBM, CBZ-DBM and their Etif complexe<1-C4 in
THF solutions (E11.5110°M); (b) — photograph ofle-DBM, CBZ-DBM and their E& complexes
C1-C4in THF solutions under excitation with 365 nm Uafp.

CBZ-DBM based EU ternary and tetrakis complexesC3 and C4 in THF
solutions exhibit quite different emission spectrathe case ofernary complexC3
the emission spectra show the characteristic rédséon from Ed* ion and also an
emission band ranging from 400 to 600 nm that tisbated to the luminescence of
CBZ-DBM. Intensity ratio between emission at 611 and 4mbamne 2:1. It is likely
that the incomplete energy transfer process fraganli to E&" ion is a reason for
such behavior. Similar observations were made fberoEG" complexes withp-
diketone ligands containing carbazole groups [P7,2B]. PLQY for complexC3 in
THF solution is 0.10 and CIE color coordinates (26) y=0.28) lie in cyan blue
region, respectively. Compleé23 is also characterized with, relatively@i andC2,
short mono-exponential lifetime value (38.88 ), - 'F, transition of E&". In
the emission spectra tetrakis complexC4 no characteristic E{iion emission bands
are observed and only the emission of the ligarglesent. This could be explained

with a known tendency détrakis complexes to dissociate intios complexes and the
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corresponding tetraethylammonium salt [29], whatldayreatly affect the emission
intensity of the E% ion and intensify the emission of the ligand.

Solid-state photoluminescence properties of the®*" Enomplexes are
summarized in Table 2 and photoluminescence ebanitatnd emission spectra are

shown in Fig. 5.
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Fig. 5.(a) — Excitation spectra\({,~611 nm) of powders of complex€4-C4; (b) — Emission spectra
(Aex=400 nm) ofC1-C4 powders. €) Aggregation enhanced emission of the compdb2gdllustrated
by UV irradiated solutions with different THF:hexawmolume fractions.

In solid powdered state all complexes exhibit wedeitation bands ranging
from 300 to even 470 nm with maxima around 400 hhese wide bands correspond
very well to the absorption spectra of the compde¢eig. 2), therefore confirming
assumption that the emission of*Eion arises from the energy that is absorbed by
the coordinated ligands. Furthermore, the exciatgpectra in solid-state also

contains some Eilion excitation bands at 396F)— °G,), 417 (Fo—°Le) and 467

nm ('Fo— °D3), which overlap with the much stronger excitatimnds of the ligands.
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Excitation window for four newly synthesized comyie C1-C4 in solid-state have
been extended to the visible light region, what banconsidered as an advantage,
because Eli complexes withp-diketones usually show low stability under the UV-

light irradiation.

Table 2
Excitation and emission spectra maximumsd Aen), absolute photoluminescence quantum yields
(PLQY), luminescence lifetimes( 1,) and intensity ratiosl; between transition®, — 'F,/°Dy
_.'F, of complexe<C1-C4 in solid-state and doped PVK films.

Compound Ag, N(M  Agr, nm PLQY /11 T4, US T, US
C1 399 611 0.53 29.3 43142 (67%) 157+4 (33%)
C2 399 611 0.57 29.9 41041 (68%) 124+2 (32%)
c3 412 611 0.09 28.1 17042 (13%) 51+1 (87%)
c4 398 611 0.10 29.7  191+1 (15%) 48+0.5 (85%)
C1-PVK 351 611 0.22 31.6  364+1(71%) 116+1(29%)
C2-PVK 361 611 0.18 27.3 354+1(67%) 104+1(33%)
C3-PVK 346, 379 611 0.07 22.9 362+17(23%) 9313 (77%)
C4-PVK 346, 379 611 0.09 23.4 2952 (26%) 8411 (74%)

Upon the excitation with 400 nm, the powders of peresC1-C2 show only
the typical Ed" ion emission bands, with a significant enhancemenemission
efficiency (PLQY = 0.53 and 0.57) in comparisonth@ measurements in solution.
Such behavior strongly infers that these compowxtiibit the aggregation enhanced
emission (AEE). Indeed, this effect can be unamduigly demonstrated in the case of
C2 in the THF:hexane solvent system, where with ameiasing hexane fraction a
suspension of the complex particles forms, “turrong the bright red emission (Fig.
5 (c)). To the best of our knowledge, only one repors a#tributed aggregation
induced emission (AIE) or AEE effects to Ewomplexes, where the metal was
sensitized with tetraphenylethene, a well-known Afitter [30]. At the same time,
DBM and its close structural analogues, in theimptexed state with boron
trifluoride, are very well known frameworks for Aléctive compounds [31-34]. So it
is not surprising, that the same molecular systemcomplexed with Eli ion, would

exhibit AEE effect.
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471 ComplexesC3 and C4 with CBZ-DBM ligands, which in solution spectra
472 showed the emission of ligand or the combinatiorrafssion of ligand and Elion,
473  in solid-state exhibit only metal centered lumiresm®e. This can be explained by a
474  combination of two effects: a stronger bonding letw ligand and metal takes place
475 in the solid-state and the emission of the ligan@ampletely quenched due to the
476  aggregation. In comparison tdle-DBM based counterparts, no enhancement is
477  observed in emission efficiency of tB& andC4. The relatively low PLQY values of
478 these compounds, once more, point to a poor exuitatansfer between the ligand
479 and Ed*ion.

480 Emission spectra of complex€4-C4 in solid-state contains five typical Eu
481 ion emission lines in the range from 575 to 720 mmission band at ~580 nm
482 (Do 'Fo) shows a weak intensity due to the fact, that@sesponding transition is
483  forbidden by electric dipole and magnetic dipolemments. Unlike in the solution
484  spectra, this transition is not observed as a spagk, but rather than a poorly
485  resolved wide band. TransitiolDo— 'F; (594 nm), which is forbidden by electric
486  dipole moment but allowed by magnetic dipole momehbws two to three Stark
487  components. Emission spectra is dominated by sligqersensitive electric dipole
488  allowed transition at 611 nmy— 'F») with full half width of ~ 6 nm, likewise it was
489 observed for solution samples. It is known, thagckic dipole transitions of
490 lanthanide ions are quite sensitive to ligand fidlually strongly asymmetric or
491  strongly interacting ligand fields lead to relativéntense electric dipole transitions
492 [35]. In our case the intensity ratig/ll between transitiondg - 'Fo/°Do— 'F; are
493 very high (28.1-29.9), which shows, that not onlyHon is located in a site without
494 an inversion symmetry, but strong coordination ratéons also take place.

495  Moreover, ¥1; in solid-state is higher than in solutions, poigtino weaker
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496 interactions between ligands and central metal ifothe dissolved state. Similar
497  observations abous/l, in different statewere reported for other Eicomplexes [36,
498  37]. Such intensity ofDy - 'F, transition in comparison to the intensity of otier”
499  emission lines is the reason why emission colalldiour complexes is in red region,
500 with CIE x=0.67; y=0.33.

501 To further understand the photoluminescence behduiminescence lifetimes
502 of °Dy excited state of Efi ion were determined by monitoring the transitioréal
503 nm at room temperature. All luminescence decay exurwere fitted with bi-
504 exponential functions and have two decay time \&lueand 1, (Table 2). Bi-
505 exponential lifetimes point to the presence of sites of symmetry around central
506 metal ion. This hypothesis is confirmed by the thetdy broad emission oDy Fo
507 transition, observed at 580 nm. The splitting & bands, marking this transition in
508 photoluminescence spectra, points to different eguivalent sites in E{icomplexes
509 [38]. In solid-state the distance between two eéngtEU™ ion sites are relatively
510 short and the interaction between*EuEW** centers can take place. Multiple
511 aggregated forms of the compound with alternateall chemical environments
512  would lead to species with different emission kicet Bi-exponential lifetime in
513  solid-state were also reported for othe'Bernary andtetrakis complexes [25, 37,
514 39, 40]. As it is the case for PLQY, lifetime vaduare not greatly affected by the
515  structure of complexedefnary or tetrakis) andt; and 1, valuesvary in the range
516 from 3 to 33 us, if the same ligands are present.

517  3.4. EW* complex behavior in host materials and OLEDs

518 The incorporation of EU complexes in practically applicable devices often
519 involves a use of guest-host systems, where thétieghimolecule is dispersed in

520 polymeric or molecular matrix. This has to be daneorder to improve optical
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transparency and ensure plasticity to the initiatlystalline materials. Additionally, a
host material with charge transporting propertesainecessity in order to acquire
efficient OLEDs with E&" based emitters [10, 11]. To investigate the ¢sfef
dispersion in polymer matrix, the synthesized coumas were dispersed in a
conventional hole-transporting material, pdlyinylcarbazole) (PVK). Four PVK
films doped with 8 weight percent (wt%) of complex&l-C4 were prepared by spin

coating technique from THF solutions.

2,0E+07
1,8E+07 |
——C1-PVK
1,6E+07 |
—C2-PVK
1,4E+07 |
& C3-PVK
£1,2E+07 }
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Fig. 6. Emission spectra of PVK films doped witlv86 of complexe€1-C4.

Emission spectra of doped PVK films are shown ig. B and the relevant
emission data (PLQYt; andty) are collected in Table 2. When excited at 380 alin,
doped films exhibit only characteristic Edon emission bands in the red-light region
and no emission from PVK are detected in shortevelemgths. The films with
complexesC1 andC2 exhibit moderate PLQY of 0.22 and 0.18, but come$eC3
andC4 - 0.07 and 0.09. These values give an importanglmsibout the differences
in the emission characteristics between the twaetishof compounds. The dispersion

in polymer matrix causes a drop in PLQY by morent®®% forMe-DBM based
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complexes, whileCBZ-DBM shows no significant change in comparison to the
emission efficiency in the powdered form. This elifince in the behavior can be
explained by the fact th&1 andC2 exhibits an AEE effect, while the emission of
C3 and C4, apparently, is not affected by a solid state paglarrangement. The
dispersion in polymer can be considered as a pssoigtation, where molecules are
encapsulated by the host material. However, foutswi-processed guest-host
systems, unless the polar guest is completely sntated by isolating groups, a large
portion of the dispersed molecules still forms agates [41]. This is an explanation
for the PLQY drop for guest-host systemsGif andC2, where only the aggregated
fraction of the molecules emit, while the emissionthe isolated molecules is
guenched. €3 andC4 the both fractions of the molecules are able td,dmance no
apparent change in PLQY is observed.

Regarding the discussed difference between thesemiproperties oMe-DBM
and CBZ-DBM based compounds, it can be attributed to the ndissi electronic
nature of these ligands. It is known that AIE arteE2effects largely take place due to
the restriction of the emission-quenching intraraolar rotation, when the molecules
are packed in crystal lattice [42]. Me-DBM this rotation, most likely, can be related
to the torsion changes between phenyl ring andtaiiee fragment. As discussed
previously, inCBZ-DBM the lowest energy electronic transition has CTrattar
that involves the push-pull system consisting afbaaole electron donating group
and diketone acceptor. As it is well known, the jugation energy in push-pull
molecules causes their planarization and reduag®icoational freedom. This can be
considered as the reason why the compounds bas€&B#@rDBM do not exhibit
AEE effect and this ligand is strongly emissivesolution, whileMe-DBM does not

emit.
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In order to evaluate a possible enhancement id-stdite emission quenching for
CBZ-DBM based compounds, PLQY for this ligand in a hosefifilm was
measured, yielding a value - 0.05. While a stegp dn PL efficiency can be seen for
CBZ-DBM in comparison to solution, indicating a strong @amtration quenching,
solid phase emission efficiency notably increases €BZ-DBM based Ef
complexes. In addition, PLQY &3 andC4 is almost identical in host-free and PVK-
dispersed samples, showing no significant conceotradependence. These
observations let assume that, wilBZ-DBM is highly susceptible to photoinduced
electron transfer quenching, this effect is supdsby the complexation to Eu
This can be explained by a fast excited state riiggrao the metal center, which is
sterically encapsulated by the ligands.

Taking into the consideration the previously disads results, two OLEDs
were prepared containing complés as the emitter, where this compound was either
dispersed in PVK host [ITO/PEDOT:PSS(40nm)/PEK(S0Nm)(10wt%)/
TPBIi(20nm)/LiF(1nm)/Al(100nm)] or used in a hosedr layer [ITO/PEDOT:PSS
(40nm)C1L(50nm)/TPBIi(20nm)/LiF(1nm)/Al(100nm)]. In the pres® of the host
material no characteristic Euemission band was observed in the spectra of the
device, as it emitted only blue light, associateth\the electroluminescence (EL) of
the charge transporting compounds. On the othed,lthe host-free OLED showed
only red E4" related emission. The lack of the host and the pbarge transporting
characteristics of the compound determines thatdéngce exhibits low maximal
brightness of 10 cd/Mmwith current efficiency 0.004 cd/A and turn-onltage 9 V.
These results reaffirm that due to AEE effect thiditg to emit is greatly reduced for

Me-DBM based complexes, as they are dispersed in hostiatat
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3.5. Energy transfer between ligands and Eti ion

To better understand the observed partial and cetepénergy transfer
between ligand€BZ-DBM or Me-DBM and Ed* ion, the singlet and triplet excited-
state energy levels were determined experimenialithe case ofCBZ-DBM and
using the ORCA quantum chemical calculation progmarthe case oMe-DBM. A
simplified energy transfer process between ligarts EG* ion can be expressed as a
following exited state transition sequence+B—Eu*. First, energy from the excited
singlet state (§ of ligand is transferred to its excited triplédte (Ty). Second, energy
from T, state is transferred onto the excited stateseEili" ion (usually’Dg). Some
authors have proposed interaction mechanisms imglthese energy states to
evaluate the effectiveness of the excitation tempfocess:1) Reinhoudt empirical
rule [43] states, that for an efficient transfertieen $-T; levels, the energy
difference between these two states should be dr6000 crit; (2) however, for
effective energy transfer between—Eu*, the difference needs to be in the range
2500-5500 cnit (Latva empirical rule) [44].

For ligandMe-DBM singlet and triplet energy levels are locatedga? 28 and
21 928 cnit, and for ligandCBZ-DBM at 21 929 and 18 416 ¢mrespectively (Fig.
7). All calculated energy levels are higher thaa b, energy level of E ion (17
250 cm?). In the case oMe-DBM ligand, the difference between levels-§ is
6290 cm and T—Eu* — 4678 cnt. This means that the both empirical rules
discussed previously are fulfilled and the enemgygfer process is efficient. High
emission PLQY values in the solid-state for compie&l and C2 confirms this
statement. For ligan@€BZ-DBM the situation idifferent and the obtained energy
gap values for &T; and h—Eu* are smaller than those fdble-DBM — 3513 and

1166 cnt, respectively. The difference between the excsiedlet and triplet energy
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states ofCBZ-DBM is less than 5000 c¢h what could indicate a non-efficient
intersystem crossing in this molecule. This is piaip the reason, why the emission
of the ligand is also observed in the luminescepeetra of complexés3 andC4 in
THF solutions. Not all energy from, $vel is transferred to;Tlevel and some part of
it manifests as the ligand fluorescence. Furtheememergy difference between triplet
state of CBZ-DBM and °D, energy level of Etf ion is notably lower than the
preferable value (2500-5500 &)A[43]. In the cases, where the gap is less th&® 35
cm?, the energy back-transfer frorD, energy level of EXf ion to T; level of the

ligand could occur. This is another likely cauee the low PLQY values o€BZ-
DBM based complexes.
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Fig. 7. Schematic energy level diagram of eneragsfer processeMe-DBM-to-El**, CBZ-DBM -
to-Eu’* and PHEN-to- EX.

Fig. 7 also shows the transfer process betweerrtbgyy levels of secondary
ligand PHEN and resonance level of the'Han. It is known, that singlet and triplet
energy levels of PHEN are located at 31 000 and1@@ cm' [45]. After a
comparison of singlet and triplet energy levelspediketone ligands to those of

PHEN, we can conclude that the energy levels ofldtier one are located at higher
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energies, therefore secondary ligand PHEN canfeaadsorbed excited energy not
only directly to resonance levelD) of EW** ion, but also to Sand T, levels of

ligandsCBZ-DBM andMe-DBM.

4. CONCLUSIONS

Two [-diketones with methyl and carbazole substituentsached to
dibenzoylmethane Me-DBM, CBZ-DBM) and their corresponding novel ¥u
ternary (Eu(Me-DBM)PHEN C1, Eu(CBZ-DBMPHEN C2) andtetrakis ([Eu(Me-
DBM)4N*(Et), C3, Eu(CBZ-DBM)]N*(Et), C4) complexes were synthesized, fully
characterized with'tH NMR, *C NMR, FT-IR spectroscopy methods, elemental
analysis and thermogravimetric analysis.

The photophysical properties of the compounds werestigated in solution
and solid-state. The acquired results show thatctimaplexes based ode-DBM
ligand exhibit strong AEE behavior, with very lownission efficiency in solutions
and moderately high PLQY values of 0.53 and 0.5pawders.CBZ-DBM based
complexes in solution show either dual®*Eand ligand centered emissio83) or
only ligand emission@4), while in the solid state only BEuemission is detected. At
the same time the measured solid-state PLQY vail€8Z-DBM based compounds
are notably lower (0.09 and 0.10). The results wrmqum chemical modeling show
that this decrease in luminescence efficiency imiypattributed to the close situated
S; and T, energy levels o€BZ-DBM that obstruct the intersystem crossing process.
Additionally, no AEE behaviour was observed 08 and C4 due to CT nature of
CBZ-DBM that reduces the conformational freedom of thesode.

Taking into account the practical application aspeaf the synthesized

compounds, the molecular designMé-DBM based complexes can be considered as
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more promising, due to increased emission effigie®EE characteristics of these
compounds can be exploited towards the developméngnvironment-sensitive
luminescent probes. The potential use of thesgpoamds in OLEDSs is limited due
to the fact that the dispersion in charge transpgtost reduces emission efficiency

through the obstructed aggregation ability of treenules.
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Highlights

» Eu-complexes with 4-methyl- and 4-carbazol-9-yl-dibenzoylmethane ligands are shown.
« Insolution Eu® ternary complex with carbazole p-diketone show dual emission.

» Eu-complexes with carbazol e 3-diketones show partial energy transfer process.

» Eu-complexes with methyl p-diketone exhibit aggregation enhanced emission.

«  OLED containing Eu-complexes with methyl B-diketone show brightness of 10 cd/m?.



