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R=H or CHj;
PLQY~0.01 PLQY~0.06-0.60 PLQY~0.04-0.14

Solutions Solid-state ‘.‘ Doped PVK and
ki PMMA films
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LUMINESCENCE PROPERTIES OF 2-
BENZOYL-1,3-INDANDIONE BASED EU*
TERNARY AND TETRAKIS COMPLEXES

AND THEIR POLYMER FILMS

lize Malind"", Valdis Kampar Sergey Belyakot’

aRiga Technical University, Institute of Applied Chemistry, Paula Valdena Str. 3, Riga, LV-1048,
Latvia
PLatvian Institute of Organic Synthesis, Aizkraukles Str. 21, Riga, LV-1006, Latvia

Abstract

Six new Europium(lll) complexes withternary and tetrakis structures -
Eu(BID)s(PHEN), Eu(MBIDX(PHEN), [Eu(BID)] N'(Et)s, [EU(MBID)J N*(Et)a,
[Eu(BID)4] N*(Bu)s, and [Eu(MBID)]'N*(Bu)s (BID — 2-benzoyl-1,3-indandionate,
MBID - 2-(4-methylbenzoyl)-1,3-indandionate and MHE 1,10-phenantroline) are
synthesized, characterized, and incorporated iotg-lg-vinylcarbazole (PVK) and
poly methyl methacrylate (PMMA) matrices. Compldaxusture shows significant
effect on thermal properties and emission propedfecomplexes in solid-state. Used
countercations (NEt); or N'(Bu)s) greatly affects complex solubility in solvents,
absolute photoluminescence quantum vyields and phoioescence lifetimes in
solid-state. Complexes exhibit red-light emissidtriteuted to °Do— 'F; (J=0-4)
transitions of Et ion with moderate to high quantum yields (0.06-0.6bi-
exponential lifetimes and pure red-light CIE chraicity coordinates (x=0.670;
y=0.330) in solid-state. Incorporation of synthesizcomplexes in PVK matrices

leads to significant emission intensity and quanyusid decrease.

*corresponding author
E-mail adress: malina.ilzel@gmail.com or llze.Malig@rtu.lv (I.Malina)
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However, doped PMMA films with synthesized compkexexhibit moderate PLQY
(0.09-0.14) and longer lifetime values than in ¢aliate and could show potential

application as polymer optical fibers or in OLERsd other devices.

Keywords: Europium; Tetrakis complex; Ternary complex; Laescent polymer

films.

1. INTRODUCTION

From all luminescent organic metal complexes withttianide ions (LH)
trivalent Europium E¥ compounds stand out due to bright red-light emissiith
high quantum yields and long lifetimes. Popularity EU** complexes is so
remarkable, that they have been investigated i wadge of fields and different type
of materials, including nanopatrticles for biomedligaplications [1], mesoporous thin
films for UV sensors and bio-sensing [2], as well as apversion luminescent thin
films for wavelength-transfer imaging [3] and medafjanic framework microrods for
colored optical waveguides [4] have been desighRedhermore, due to noteworthy
narrow emission line bandwidth, which defines thghhred-light emission color
purity, these compounds have been extensively figpaded as emissive layers for
organic/polymer light emitting diodes (OLEDs/PLEDS).

To succeed with development of highly luminescant Eomplexes one must
deliberate the design of attached organic ligaRds effective excited energy transfer
from ligands to Et, compatibility between energy levels of ligands & must be
present in the complex. The main resonance leveEtd" is 17 250 cnit [6] and in

order for complex to emit light, it is necessargttthe triplet energy level of ligand is
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close or even higher than this resonance leveleiQtist as important requirements
for organic ligands are intense UV/Vis absorptioigh chemical and thermal stability
and simple, inexpensive synthesis. Till now the tmpgpular class of organic
compounds for Eli chelating agents ig-diketones, which usually inherent above
mentioned properties. However, structure of compliéects emission spectra profile
and emission efficiency of Eliion as much as utilized ligands. Different struetaf
complexes can be obtained using different ratiigainds to Eti" ion and utilization
of secondary ligands. By using equimolar ratio iofahds to E& ion 3:1 the
equimolartrisscomplexes (Ey-diketone}) can be obtained, but usually, due to fact
that coordination number dEU®* is 8 [7], complexes with general structure of Eu(
diketone)(Solvent) containing additional two solvent molecules areaoi®d instead.
The coordination of these undesirable solvent miéscto Ed* ion can divert using
secondary ligands - N- or O-donor containing couomas, such as 1,10-
phenantroline (PHEN), therefore obtainitegnary complexes with general structure
of Eu(@-diketone}(PHEN). It is possible to divert solvent moleculesng fourthp-
diketone ligand and obtain aniortetrakis complexes [Eyf-diketone)]’, which can
be stabilized with countercations, such as quatgra@monium ions and alkali metal
ions.

Till now literature data about Eliorganic complexes contains great amount
of investigations about different ligand utilizatidor this lanthanide ion and their
influence on emission properties. On the other hamel data about comparison of
different E{* complex structure #is, ternary andtetrakis effect on complex optical
properties are documented poorly. Likewise, infation about comparison of
different countercation utilization in Eltetrakis complexes and their influence on

the complex properties are limited [8, 9]. Therefdor the first time comparison of
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ternary andtetrakis complexes bearing the safieliketone ligands are presented and
full investigation about structure effect on thelnadsorption and emission properties
are reported. Furthermore, two structurally simdaunterions - tetraethylammonium
and tetrabutylammonium cation are utilizedeatrakis complexes, therefore impact of
counterion size on complex properties also areudsad. Lightly investigated rigje
diketones - 2-benzoyl-1,3-indandione (HBID) and 42i{ethylbenzoyl)-1,3-
indandione (HMBID) with one carbonyl group in 1ig8andione cycle are selected as
ligands for Ed* complexes. Only few similar rigid binding ligandsch as indone
[10, 11] and 1,3-indandione [12, 13] derivativesédneen reported so far as excellent
chelating compounds for Elorganic complexes. These type of compounds can
magnify EG* complex luminescence efficiency due to restrictbthermal vibration

by rigid ligand, which leads to reduction of nomlieive deactivation of whole
complex. Selected ligands exhibit not only easytlsssis and excellent solubility in
commonly used solvents, but also high molar abaatyptThe synthesis of HBID and
HMBID, and six new EU complexes with structures Eu(BHIPHEN),
Eu(MBID)3(PHEN), [Eu(BID)]'N*(Et)s, [Eu(MBID)s N*(Et)s, [Eu(BID)] N*(Bu)s
and [Eu(MBID)]'N*(Bu),; reported in this article are shown in Scheme 1.
Characterization of complexes Hy-NMR and mass spectroscopy, FT-IR spectra, as
well as X-Ray diffraction analysis are reported aptical properties in solutions and
solid-state are investigated. Furthermore, diffeneolymer thin films doped with
complexes are obtained and their optical propertidly examined for practical

evaluation of synthesized complexes in OLEDs.
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(b)

C1: R=H; Eu(BID);(PHEN)
C2: R=CH;; Eu(MBID),(PHEN)

©

C3: R=H; [Eu(BID),| N*(Et),
C4: R=CH3; [Eu(MBID),|'N*(Et),

W

R 4

C5: R=H; [Eu(BID),|'N*(Bu),
C6: R=CH,; [Eu(BID),|'N*(Bu),

Scheme 1. Synthesis of complex&sC6; (a) —1) NaOCH, toluene, 80C; 2) HO, 10% HCI;(b) —

10% NaOH/HO, 1,10-phenantroline, Eu§lBH,O; (c) — 10% NaOH/HO, N(Et)Br, EuCkBH,O; (d)
—10% NaOH/HO, N(Bu)Br, EUCLBH,0.

2. EXPERIMENTAL SECTION
2.1.Materials and instrumentation

EuCkLBH,O (99.99%) and tetrabutylammonium bromide (98%), s wa
purchased fromAcros Organics, 1,10-phenantroline (99%), tetraethylammonium
bromide (98%), acetophenone (96%) and 4-methylpbetwone (96%) were
purchased fromdIfa Aesar. Poly-N-vinylcarbazole (PVK) was purchased fréxBCR
(GmbH&Co), but poly(methyl methacrylate) (PMMA) fro Sgma Aldrich. All
substances were used without further purificatiGhiN elemental analyses were
performed on Euro Vector EA 3000 analyz8i-NMR spectra were recorded in
CDCl; or CDsCN solutions (7 mg/ml) on a Brucker Avance 300 MHzcpmmeter at

300 MHz for*H nuclei. Chemical shifts were expressed in paetsmillion (ppm)

5
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relative to solvent signal. The FT-IR spectra (460®50 cnl) were recorded on a
Perkin-Elmer Spectrum 100 FTIR spectrometer usiBg pellets. Thermal properties
were determined on a Perkin Elmer STA 6000 instnimiéach sample was heated
from 30-890°C with heating rate 10C/min in nitrogen atmosphere. The purity of
synthesized ligands was established on Waters 2PRBC using Waters 2996
Photodiode array UV-Vis detector. The chromatogia@mnalyses were performed
using Xterral MS C18 (fum 2.1x100 mm) column, 50% Acetonitrile/0,1% formic
acid solution as mobile phase and flow rate 0.2ninl/ Low resolution mass spectra
were acquired on a Waters EMD 1000MS mass detéé®lr+ mode, voltage 30 V).
The UV/Vis absorption spectra were acquired usirggkiR-Elmer 35 UV/Vis
spectrometer, emission and excitation spectra werasured on QuantaMaster 40
steady state spectrofluorometer (Photon Technologgrnational, Inc.). Absolute
photoluminescence quantum vyields were determinatyuQuantaMaster 40 steady
state spectrofluorometer (Photon Technology Inteynal, Inc.) equipped with 6 inch
integrating sphere by LabSphere. The lifetime mesamsants were carried out in room
temperature using QuantaMaster 40 steady statdrsfhearometer equipped with
high power Xenon flash lamp as excitation souragyrRer films were obtained with
Laurell WS-400B-NPP/LITE spin coater. Diffractioatd was collected on a Bruker-
Nonius KappaCCD diffractometer using graphite mémomated Mo-Kt radiation
(7;0.71073,&). The crystal structure was solved by direct meéshfd4] and refined
by full-matrix least squares [15] using maXus coexpbf programs [16]. The crystal

data, details of data collection and refinementgaren in Table 1.

2.2. Fabrication of PVK and PMMA films
PVK or PMMA (20 mg) and complex&31-C6 (1.6 mg) were dissolved in 1

ml THF and the resulting mixture was heated at@@or 0.5 h. Afterwards polymer

6
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film was spin-coated on a glass substrate usirgviihg parameters: speed 800 rpm,

acceleration 800 rpm/sec for 1 min. Then obtainleasfwere dried in 60C for 2 h.

Table 1

Crystallographic data for compl&d.

Parameters [Eu(MBIR) N*(Et),
Formula GeHgEUNO,,
Formula weight 1335.25
Wavelength 0.71073 A
Crystal system Monoclinic
Space group C2/c

Unit cell dimensions

a

B

Y
Volume

Z
Density (calculated)
Absorption coefficient
F(000)
Goodness-of-fit on ¥
Data / restraints / parameters
Final R indices [I>2sigma(l)]
R indices (all data)

a=27.2496(4) A
b = 16.0957(4) A
¢ =20.2099(5) A
90 deg
132.2274(10) deg
90 deg
6563.7(2) A
4
1.351 g/ém
1.019 mif
2744
1.861
777810/ 407
R1 =0.1097, wR2 2083
R1=0.1301, wR2 =0.2859

2.3.Synthesis

The synthetic routes of compounds HBID and HMB®) §) and complexes

C1-C6 are shown

in Scheme 1. 2-Benzoyl-1,3-indandiod® é&nd 2-(4-

methylbenzoyl)-1,3-indandion&)(were synthesized as described in reference [13].
2.3.1. Synthesis of ternary complexes C1-C2

C1 Eu(BID)(PHEN): To a solution of 2-benzoyl-1,3-indandiodg (1.08 mmol, 3
eg.) in 10 ml distilled water, which has been nalized with 10% NaOH solution, an
ethanol solution (5 ml) containing 1,10-phenantrel{0.36 mmol, 1 eq.) was added.
The mixture was heated to 50 °C until complete aligon of the compounds.
Afterwards, obtained solution was added drop-wigeat 10 ml distilled water
containing EuGBH,O (0.36 mmol, 1 eq.). Instantly yellow precipitatas formed,

which was allowed to stir for 4 hours in room temgbere. Then, precipitate was
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separated by suction filtration and crystalizedrfrmethanol solution and dried in
vacuum at 50 °C for 24 hours. Yellow powder, Yid#i%; 'H-NMR (300 MHz,
CDCls, ppm): 10.03 (2H, d, H-PHEN), 9.41 (2H, br s, HEMN), 7.86-7.77 (4H, m,
H-PHEN), 7.60-7.47 (6H, br m, H-1,3-Indand.), 6 @80 (6H, br m, H-1,3-Indand.),
6.55 (6H, br s, H-Ph), 6.24 (3H, br s, H-Ph), 5(881, s, H-Ph); Anal. Calcd. For
EuGsoH3sN20q: C, 66.73; H, 3.24; N, 2.59; found C, 67.14; HB33.N, 2.59; FT-IR
(KBr, cmi%): 3054 Qcspon); 1690, 1615\c-c); 1586, 1566, 1519¢-); 1447 Pc=n);
ESI(+)-MS: (Wz) 181.2 [PHEN+H]; 899.6 [°'Eu(2BID)+H]*"; 901.4

[*>*Eu(2BID)+H]".

C2 Eu(MBID)3(PHEN): Complex was synthesized by the same praeealsi forC1,
except 2-(4-methylbenzoyl)-1,3-indandion®) (was used instead of compoudd
Yellow powder, Yield 31%:H-NMR (300 MHz, CDC}, ppm): 10.02 (2H, d, H-
PHEN), 9.43 (2H, br s, H-PHEN), 7.98-7.87 (4H, mPHEN), 7.57-7.45 (6H, br m,
H-1,3-Indand.), 6.84 (3H, br s, H-1,3-Indand.), 164431 (9H, m, H-1,3-Indand., H-
Ph), 5.27 (6H, br s, H-Ph), 2.24 (9H, s, PhsZiAnal. Calcd. For Eu§H41N.Oq: C,
67.44; H, 3.66; N, 2.50; found C, 67.07; H, 3.82;268; FT-IR (KBr, cri'): 3056,
3029 Qcspen); 2919, 2864\(cspar); 1689, 1615\(c-0); 1584, 1563, 1512¢-c); 1456
(Ve=n); ESI(+)-MS: (W2) 181.1 [PHEN+H]; 941.6 {’Eu(MBID)s+H]"; 943.4

[***Eu(MBID)s+H]".

2.3.2. Yynthesis of tetrakis complexes C3-C6

C3 [Eu(BID)4]'N*(Et)s: To a solution of 2-benzoyl-1,3-indandior® (1.08 mmol, 3
eg.) in 10 ml distilled water, which has been nalized with 10% NaOH solution,
distilled water solution (5 ml) containing tetragdammonium bromide (0.54 mmaol,

1.5 eq.) was added. The mixture was heated to SthtiCcomplete dissolution of the
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compounds. Afterwards, obtained solution was adtteg-wise to a 10 ml distilled
water containing Eu@BH,O (0.36 mmol, 1 eq.). Instantly yellow precipitat@s
formed, which was allowed to stir for 4 hours iomo temperature. Then, precipitate
was separated by suction filtration and crystalizeth acetonitrile solution and dried
in vacuum at 50 °C for 24 hours. Yellow powder, [§i65%; *H-NMR (300 MHz,
CDCl3;, ppm): 8.59 (4H, br s, H-1,3-Indand.), 7.70 (4H,sh H-1,3-Indand.), 7.10
(8H, d, H-Ph), 6.78 (8H, m, H-1,3-Indand.), 6.461(4r s, H-Ph), 5.96 (8H, br s, H-
Ph), 4.27 (8H, br d, (CHCH,)4N"), 1.71 (12H, br s, (CHCH,):N"). Anal. Calcd.
For EuG,HsgNO;2: C, 67.61; H, 4.38; N, 1.10; found C, 67.44; H114.N, 1.30; FT-
IR (KBr, cm®): 3083, 3054, 3018vEspz); 2997, 2977, 2948vEspsy); 1681, 1619
(Vc=0); 1589, 1574, 1451v¢-o); 1266, 1212 \c-n); ESI(+)-MS: Wz 130.2

[IN(Et)s]*; 899.4 [P’Eu(BID)s+H]*; 901.4 F°*Eu(BID)s+H]*.

C4 [Eu(MBID)4] N*(Et)s: Complex was synthesized by the same proceduia &S,
except 2-(4-methylbenzoyl)-1,3-indandion®) (vas used instead of compoudd
Yellow crystals, Yield 44%*H-NMR (300 MHz, CQCN, ppm): 8.31 (4H, H-1,3-
Indand., dJ=9 Hz), 7.66 (4H, H-1,3-Indand., 9 Hz), 7.11 (4H, H-1,3-Indand., t,
J=9 Hz), 6.72 (8H, H-Ph, dI=6 Hz), 6.35 (4H, H-1,3-Indand., &9 Hz), 6.15 (8H,
H-Ph, d,J=6 Hz), 3.17 (8H, q, (CHCH,)4N"), 2.30 (12H, s, Ph-C§} 1.23 (12H, br
t, (CHs-CH,)4sN"). Anal. Calcd. For EugHesNO12: C, 68.37; H, 4.80; N, 1.05; found
C, 67.53; H, 4.88; N, 1.09; FT-IR (KBr, ¢h: 3019 (csp2n); 2924, 2802 \(cspa);
1679, 1615 \(c=0); 1585, 1563, 1492, 143%d-c); 1284¢c-n); ESI(+)-MS: (2)

130.2 [N(Et)]*; 941.6 [P'Eu(MBID)s+H]"; 943.4 [**Eu(MBID)s+H]".

C5 [Eu(BID)4]'N*(Bu)s: Complex was synthesized by the same procedufer &33,

except tetrabutylammonium bromide was used instefdtetraethylammonium
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bromide. Yellow powder, Yield 50%H-NMR (300 MHz, CDC4, ppm): 7.02-6.87
(36H, m, H-1,3-Indand., H-Ph), 3.28 (8H, s, (9EH,-CH»-CH,):N"), 1.53 (8H, s,
(CH3-CH-CH»-CH,)4N™), 1.41 (8H, s, (CBCH,-CH,-CH,)4N™), 0.97 (12H, s, (Cht
CH,-CH»>-CH,)4N™). Anal. Calcd. For EuggH7sNO.»: C, 69.06; H, 5.18; N, 1.00;
found C, 68.23; H, 4.99; N, 1.07; FT-IR (KBr, th 3056 {cspar); 2962, 2931, 2875
(Vespar); 1767, 1688 \(c-0); 1621, 1588, 1574, 1568, 1499cL); 1260 (c-n);
ESI(+)-MS:  fW2) 242.4 [N(Bu)]:; 899.5 [*Eu(2BID)+H]"; 901.5

[*>*Eu(2BID)+H]".

C6 [Eu(MBID)4]'N*(Bu)s;: Complex was synthesized by the same proceduferas
C3, except 2-(4-methylbenzoyl)-1,3-indandior® \as used instead of compoud
and tetrabutylammonium bromide was used insteadtaiethylammonium bromide.
Yellow powder, Yield 42%*H-NMR (300 MHz, CDC}, ppm): 7.70-6.50 (32H, m,
H-1,3-Indand., H-Ph), 4.02 (8H, br s, (§BH,-CH,-CH,):N"), 2.22 (12H, s, Ph-
CHg), 1.99 (8H, br s, (CHCH,-CH,-CH,)sN"), 1.72 (8H, br g, (CHCH,-CH,-
CH,).N"), 1.12 (12H, t, (CBFCH-CH-CH,)4N"); Anal. Calcd. For EugHgoNO:2:
C, 69.71; H, 5.53; N, 0.97; found C, 69.19; H, 5R91.00; FT-IR (KBr, Crﬁl): 3034
(Vespar); 2960, 2876 Vcspa); 1739, 1683 \(c-0); 1616, 1584, 1563, 1511, 1427
(Ve=0); 1282 Qc-n); ESI(+)-MS: (2) 242.4 [N(Bu)]™; 941.5 [P’Eu(MBID)s+H]*;
943.5 [**Eu(MBID)s+H]*.

3. Results and Discussion

3.1. Characterization of Ei** complexes with BID and MBID ligands
To establish the structures of synthesized complexeH-NMR, mass
spectroscopy, as well as element analysis and F3pd#ttroscopy were employed.

Elemental analysis data were in a good agreemehtpwdposed structures, bti-

10
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NMR spectroscopy was used to prove ratio of ligandsynthesized complexet-
NMR spectra oftetrakis complexC3 is shown in Fig. 1. Due to the presence of
paramagnetic metal ion — Ewall proton signals are shifted to higher fields ahows
peak broadening. In higher fields two signals cgponding to ethylene (8 protons,
4.25 ppm) and methyl (12 protons, 1.69 ppm) grouptogms from quaternary
ammonium ion N(Et); molecule were observed. Furthermore, at lowed fs&t broad
signals corresponding to 36 protons from four Bifahds were observed indicating,
that in complexC3 ratio of N'(Et); to BID is 1:4. Similar'H-NMR spectra were
obtained for othetetrakis complexesC4-C6. Whereas in théH-NMR spectra of
ternary complexesC1l and C2 three signals at'10.00, 9.40 and 7.90 ppm
corresponding to eight protons from 1,10-phenamioimolecule were observed.
Furthermore, in higher fields four broad signalsresponding to 27 protons from
three BID ligands 1) or five broad signals corresponding to 33 protfsom three
MBID ligands (C2) were obtained, which verifies that in these caxet ratio of
PHEN:BID (or MBID) is 1:3.

Mass spectra aernary complexes consists of three mass peaks, an@Xor
they aremvz 181.2 [PHEN+H], 899.6 [>’Eu(BID)s+H]* and 901.4Eu(BID)s+H]"
establishing, that Btiand BID ratio in complex is 1:3. Unfortunately, lmomasses
of ions of tetrakis complexes ([Eu(BID) or [Eu(MBID)4) were over the mass
spectra detection limit and ontyis ions ([Eu(BIDx+H]" or [Eu(MBID)s;+H]") and
quaternary ammonium ionsWz 242.4 [N(Bu)]* or 130.2 [N(Et)]") were detected.

In the FT-IR spectra of complex€sl-C6 absence of any broad band around
3500 cmt* (Von) indicates, that they are anhydrous and ther@@solvent molecules
in EU** coordination sphere. Furthermore, comparing corgsevith BID ligands:

ternary C1 with tetrakis C3 andCS5, the latter two shows vibrations of groups

11
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from N(Et); or N'(Bu), ions in the range from 2800-3000 ¢nverifying that these
complexes are withetrakis structure. Furthermore, compound FT-IR spectra of
HBID (4) contains sharp peak at 1713 tmnd one at 1644 cicorresponding to
symmetric and asymmetric stretching vibrations arbonyl group \{c=c). In the FT-

IR spectra of complexe€l, C3 and C5 both of these peaks appears on lower
frequencies (for 22-32 ch). Similar observations were reported for othercgHd,3-

indandione complexes [17].

o = Qo poT I 5 oS a
& I} SRR ¥ 3 8 3

AT T v [

-CH,
H-2
H-3
H-5
H-9
H-6 -CH,-
H-8

H-1

— AT ol i el o o —_
=] 8 8 8 8 a

<}
<

T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 L5 1.0 0.5
ppm

Fig. 1."H-NMR spectra ofetrakis complexC3 in CDC} at 298 K.

Ternary complexesC1l and C2 and tetrakis complexesC5 and C6 with
N*(Bu); cation shows excellent solubility in GEl,, CHCk, THF, MeOH and
MeCN. However tetrakis complexesC3 with N*(Et), cation exhibit slightly lower
dissolution ability in commonly used solvents a@d is insoluble in non-polar
solvents, but soluble in MeCN. It seems that, sbtybof tetrakis complexes are
mainly affected by used counterion(Ht); or N'(Bu)s) and complexes with Bu),

cation shows higher dissolution ability in poladaron-polar solvents.

3.2. Crystal structure of complex C4
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Crystal of complexC4 was obtained by slow evaporation of MeCN solution.
X-ray structure of comple£4 is shown in Fig. 24) and selected bond lengths and
angles are given in Table 2. Important disordertrdmution has been encountered in
these Eu complex crystalSetrakis complex [Eu(MBID)] N*(Et), C4 crystallizes in
the monoclinic space grou@?/c. In the crystal structure both cations and ani@s
on twofold symmetry axes. Therefore, the structfréhe molecular ions consists of
two parts with identical bond length and angles. MeCN molecules were found

trapped in crystal packing 4.

Table 2
Selected bond lengths (A) and angl®sgr complex [Eu(MBID)] N*(Et), C4.
Bond lengths Bond angles
Bond Value, A Bond Value, A Bond angle  Value,®

Eu(l)-0(4)  2.410(6) Eu(1)-0(4) 2.410(6) O(4)-Eu@(s)  72.40(19)
Eu(l)-0(5) 2.375(6) Eu(1)-O(5) 2.375(6) O(4)-EuQ(s)  72.40(19)
Eu(1)-0(6)  2.410(6) Eu(1)-O(6) 2.410(6) O(6)-EuQ(?)  72.30(2)
Eu(1)-0(7)  2.378(6) Eu(1)-0(7) 2.379(6) O(6)-EuQ(?)  72.30(2)

In the structure of comple®4 each EG&i" ion is coordinated with eight oxygen
atoms from fourB-diketone moieties. The mean bond length of Eu-Q.890 A,
which is a close value to other previously repoiedO bond lengths of Elitetrakis
complexes withp-diketone ligands [17, 18, 19]. Furthermore, meamd angle
around central metal atom (O-Eu-O, where both omyge®oms are from ong-
diketone molecule) is 72.35% which is very close to reported value (72°28r other
EW®* complex with 2-acyl-1,3-indandionate ligands [13[he geometrical
arrangement of oxygen atoms in the first coordamatsphere of Eli ion can be

described as trigondodecahedron (see Fig)R (
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Fig. 2. @) - X-Ray structure with 50% probability ellipsoid§crystalC4 ([Eu(MBID),] N*(Et),); (B)
- Coordination polyhedron of europium@+.

3.3. Thermal properties of EG* complexes with BID and MBID ligands

The high thermal stability is necessary for pradtiapplication of organic
luminescent materials in optoelectronic deviceser&fore, thermal stability of Ell
complexes was examined by thermogravimetric amalydiGA) in the inert
atmosphere and obtained thermal decomposition temnes T are depicted in
Table 3. TGA shows that the starting decompositiemperatures oternary
complexesC1 andC2 are 240 and 247C, respectively, and are lower than ones for
tetrakis complexesC3-C6 (299-307°C). It seems, that introduction of secondary
ligand PHEN in E& ion coordination sphere leads to reduction gfafid can be
explained with lower thermal stability of PHEN (gtaf Tq~240°C) [21] than used-
diketonates BID and MBID. However, obtainegl Values forC1 andC2 are close to
other previously reported destruction temperatufe&u*" ternary complexes with
rigid p-diketone ligands [11]. On the other hand, fetrakis complexesC3-C6

thermal decomposition temperatures are higher by6/52°C. Moreover,
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317 decomposition temperatures détrakis complexes is not influenced by used
318  counterion (N(Et); or N'(Bu)s) and obtained J values differs for only 3-8C. It can
319 be concluded that synthesizestiakis complexes exhibit ones of the highest thermal
320 stabilities from currently reportestrakis EU** B-diketone complexes [19, 22], which

321  usually do not exceed 30C.

os | *"“\\\ —Cl1

Weight loss %
=
o

120 220 320 420 520 620 720 820
322 Temperature, °C

323 Fig. 3. TG curves of Eli complexe<1-C6 obtained in the nitrogen atmosphere with heatite oé

324 10 °C/min.
325
326 Destruction pattern of complexes was studied thnoafgtained termogramms

327  (Fig. 3). Termogramms dérnary complexe<C1 andC2 consists of two rapid weight
328 losses in the steps around 240-452, 453-%7(C1) and 247-426, and 427-58C
329  (C2), which corresponds to the loss of organic ligandse PHEN and one BID or
330 MBID molecule. Further destruction of complex hadldwed by complicated
331 decomposition and carbonization reactions, whiel l® rather high residual weight
332 —46% and 49%, respectively. Similartgtrakis complexesC3-C6 exhibits two rapid
333  weight loss stages in TGA curve, and for compBixthey are at 299-410, 411-572
334 °C. The first stage can be signed to loss of coimmtefN'(Bu),) and one MBID
335 molecule and second stage — to one MBID molecuiril& destruction pattern was

336 reported for tetrakis EU** complexes with dibenzoylmethane ligands and
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hexadecyltrimethyl ammonium or octadecyltriethylmmamium counterions [23]. In
the end of TGA (at 890C) high residual weight aktrakis complexes (40-48%) are
obtained similarly than foternary complexes. Solid residue of all complexes was
analyzed by CHN elemental analysis, and for com@eéxit showed C, 65.31; H,
0.85; N, <0.30, which points to formation of sokdsidue with high fracture of
carbon. Probably in high temperatures carbonizatieactions takes place with
remaining p-diketone ligands and remaining europium forms edé@ht inorganic
compounds, for example EDs. All obtained complexes exhibits proper thermal

decomposition temperatures for application in tleeteonic devices.

3.4. UV/Vis absorption properties of EG* complexes with BID and MBID ligands

UV/Vis absorption spectra of compounds HBID, HMBIPHEN and their
Eu®" complexes were recorded in MeCN solutionSL(B10°M), also EuCiBH,0
(c1.010°3M) and Na complexes with BID and MBID ligands (N4, Na(MBID))
(c[1.510°M) were measured in EtOH solutions. Spectra of EBE0O, PHEN,
HBID and its Na and EXi complexes are shown in Fig. 4. EsiBH,O dissolved in
EtOH exhibits very weak absorption in UV light reqj however secondary ligand
PHEN shows intense absorption below 300 nm, witikimam at 290 nmg~50881
M™@m™). Compounds HBID and HMBID exhibit broad UV-lighbsorption between
275-400 nm with maximums at 297 and 331 for HBIDJ &99 and 336 nm for
HMBID. Absorption at 297 and 299 nm attributes 1o T* transitions in 1,3-
indandione, however lower energy bands correspdods- 1 enolic transitions
from B-diketone fragment [11]. Substituent (-g)Hh benzoyl fragment has negligible
effect on absorption maximum, and for HMBN2ys maxiS Shifted for 5 nm, compared

to HBID Aaps max Molar absorptivitye are 25625 (HBID) and 24306 (HMBID) M
16
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'@m*, respectively. Furthermore, solutions containing ¢¢mplexes Na(BID) and
Na(MBID) exhibits the same absorption profile asnpounds HBID and HMBID

with small blue-shift of\aps max(2 NM). Similar observations, that Na complexe$wit
rigid B-diketones exhibit almost identical absorption $fe@s free ligands were

reported previously [10, 11].

— — HBID

— - EuCI3x6H20
Na(BID)

—C1
C3

Normalized absorbance

250 300 350 400 450
Wavelength, nm

Fig. 4. UV/Vis absorption spectra of compounds HBRMEN, and El complexe<1, C3, C5in
MeCN solutions (E1.510°M) and EuCiBH,O (c11.0010°M) and Na complex with BID ligand
Na(BID) (c11.5110°M) in EtOH solutions.

Furthermore, coordination with Euion leads to some changes in UV/Vis
spectra. MeCN solutions containitgnary complexe<C1 andC2 exhibit absorption
at region 250-294 nm, which attributes to the gisomn of secondary ligand PHEN.
However, lower energy bands location are not nabbeinfluenced by the presence
of lanthanide ion andgaps maxlies at 332 nm forIC1 and 333 nm forC2. Molar
absorptivity for complexe€1,C2 as expected are considerably higher§6385 and
56131 M'@m™) than for free ligands confirming fact, that coew®s contains several
ligands in their structures. MeCN solutions corntagntetrakis complexesC3-C6
shows exact absorption band shape as HBID and HMRHY since used

countercations (NEt); and N(Bu),) does not exhibit absorption in 250-400 nm
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range, the absorption bands for p&3 andC5, andC4 andC6 even overlaps with
each other. Similarly téernary complexesaps maxfor solutions containingetrakis
complexes differs from HBID and HMBID for 1-2 nmyte coefficients are in the
range from 9237@0 94007 M'@m™. It can be concluded, that absorption spectra
patterns of the solutions containing comple€dsC6 are almost identical to the ones
observed for compounds HBID and HMBID, suggestimat toordination with E{i

ion shows negligible effect omn- 1t transitions of the ligands. Similar conclusions
were reported for otheernary andtetrakis E** complexes witH-diketone ligands

[10, 18, 22, 24].

3.5. Photoluminescence properties of Eiicomplexes

Photoluminescence properties of synthesized corapleere investigated in
MeCN solutions and solid-state through excitatioi @mission spectra. Excitation
spectra (monitored at Buemission at 611 nm) of MeCN solutions{c510°M)
containing complexe€1-C6 exhibits broad bands ranging from 300 to 440 nig. (F
5. (A)) with Aexc at [B50 nm, which attributes ta- 1t transitions of coordinated
ligands BID and MBID. Excitation bands match verglhwvith absorption spectra of
corresponding complexes, therefore confirming fétat EG* emission arise from
energy absorbed by coordinated BID or MBID ligandsurthermore, excitation
spectra ofernary complexesC1 andC2 does not exhibit bands below 300 nm, where
the secondary ligand PHEN absorbs the light, meatiwat direct energy transfer

from PHEN to Ed" ion is not present in these complexes.
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Fig. 5. @) - Excitation spectra\(,,=611 nm) of Efi complexe<C1- C6 in MeCN solutions
(c[1.5110°M); (B) - Excitation spectra\,=611 nm) of complexe€1-C6 in solid-state.

Excitation spectra of complexes in solid-state (F3g B)) contains much
broader bands in 300-480 nm range with maximumglQ& nm for complexes
C1,C2,C5,C6, and 425 nm fortetrakis complexesC3 and C4 with N'(Et),
counterion. Such red shift Ofex in solid-state compared to solutions spectra is
common for E&" B-diketone complexes [18] and explained witle presence of
strong TeTt interactions between ligands in the solid-st&@thermore, solid-state
excitation spectra of1-C6 contains some of Eliion sharp absorption lines 6f*
transitions at 394, 415 and 465 nm. However, tiesesitions are almost completely
overlapped with excitation bands of complexes,dfeee confirming, that excitation
of EU** ion through attached organic ligands is more igfficthan direct excitation of
Eu®" absorption bands. In conclusion, excitation windfmw all six complexes in
solid-state has been extended to the visible re@iprto 480 nm), which is favorable
property for E3" complexes, due to frequently observed low stabditp-diketones

in UV light.
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422

423 Table 3
424 Thermal decomposition temperatureg)(Bbsolute photoluminescence quantum yields (PL&Y)
425 CIE coordinates calculated from emission spectieoafplexesC1-C6 in MeCN solutions (€1.510
426 M) and in solid-state, luminescence lifetinte #ndt,) of complexe<C1-C6 in solid-state.
In MeCN solutions In solid-state
CIE 1931 CIE 1931 Ty,
PLQY coordinates x;y T, US To, US PLQY coordinates x;y  °C
. 121 +4 42+1 .
Cl <0.01 0.669; 0.331 (6%) (94%) 0.06 0.670; 0.330 240
. 122+3 39+1 .
C2 <0.01 0.669; 0.331 (5%) (95%) 0.10 0.670; 0.330 247
C3 001  0.669;0.331 23312 S4xl 529 06730320 302

(22%) (78%)
i 203+17 11845 )
C4 0.01 0.668; 0.331 (25%) (75%) 0.60 0.673; 0.327 307

118 +4 37+1

C5 0.01 0.669; 0.331 (4%) (96%) 0.12 0.670; 0.330 299
_ 11546 34+1 _
C6 0.01 0.669; 0.331 (2%) (98%) 0.11 0.670; 0.330 302
427
428 Emission of complexe€1-C6 was investigated in MeCN solutions and solid-

429 state, but due to fact, that emission profile igniital for complexes with similar
430  structure {ernary or tetrakis) only oneternary complexC2 and ondetrakis complex
431 C3 emission spectra are shown as examples (Fig.n6MdCN solutions, when
432  excited with 350 nm, complexes exhibit weak rediligmission with characteristic
433 EU** ion narrow emission bands, which lies at 580, M, 652 and 701 nm and
434 attributes to°Dy — 'F; (J=0-4) transitions. Analogue, but more intense emission
435  spectra profiles were obtained for complexes imdsstite, when excited with 408 or
436 425 nm. Commonly reported observations in thedttege about emission profile of
437  EuU** p-diketone complexes are also present for our neyiyhesized complexe3i-
438  C6: Emission bands at 580 and 652 nm shows weak ityetige to fact, that their
439  corresponding transitionsSOy— 'Fo, °Do— 'F3) are forbidden by electric dipole and
440  magnetic dipole moments. Furthermore, transitdg- ‘F1 (594 nm) is forbidden by
441  electric dipole moment, but allowed by magneticotBpmoment and is almost
442  insensitive from coordination environment around®Hen. This transition shows

443 splitting (Inset, Fig. 6). Moreover, band at 611 rffdy— 'F») is hypersensitive
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transition, which exhibit the highest intensity asdjiving the red emission color for
complexes. It is electric dipole allowed transitiand very sensitive to coordination
environment of central metal ion. Therefore ratfoirdensities between transitions
°Dy— 'F, and®Do— 'F1 shows the nature and symmetry of the first coatitim sphere
of EU** organic complexes. For all complexes in MeCN sohsg and solid-state the
intensity ratio between these two transitions igearely high meaning that, strong
coordination interactions are present in comple€dsC6 and Ed" occupies site
without inversion symmetry. Moreover, the higherth® intensity ratio, the more
intense is the red emission from the complex [256]E chromaticity coordinates for
complexesC1-C6 (Table 3) calculated from their emission spectia situated in
explicit red region and completely corresponds tandard red color of NTSC
(x=0.67; y=0.33}therefore being a promising candidates for appboain OLEDS.
Similar CIE coordinates with 100% red color puntere reported for Etetrakis

complex with butyl-methoxy-dibenzoyl-methane ligandnd NH" as counterion

4,0E+07
*Dy—>"Fy
J=1
3,5E+07 | 2
E A
= ]
3,0E+07 | 10 \
il 1
i ghof o
£ 2,5E407 ¢ i sl |
H] 11 =/
= ] =1\
© 1) -
Z2,0E+07 | i
: J
=
E 1,5E+07 | H 55 vaveltngth, o
P ——C2 MeCN
1\ .
1,0E+07 | : L C2 Solid-state
P C3 MeCN
5,0E+06 | AR C3 Solid-state
J=0 1 LN 3 A
. :Q \ . L \
0,0E+00 Ll S ot RO DV s St ——— Jopapy
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Fig. 6. Emission spectra of Eiwcomplexe<2 andC3 in MeCN solutions (G1.510°M) (Aex=350
nm) and solid-staté\{,=425 nm). Inset shows splitting b, - 'F, transition in the solid-state.
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Furthermore, Fig. 6 also shows, that emission spattape is slightly affected
by the complex structure. Fdeynary complexC2 emission band at 611 nm are much
wider and shows shoulders at 615 and 625 nm. Hawéwve same band aétrakis
complex C3 exhibit one sharp line. Bl ion ternary complexes with PHEN as
secondary ligand usually display splitting°8f, - ’F, transition [8, 27], which could
be explained with less ordered environment arowerdral metal ion than itetrakis
complexes [19, 28].

To further establish the efficiency of the emissioom complexes in MeCN
solutions and in solid-state, absolute photolungeese quantum yields (PLQY) were
determined using integrating sphere. The data dewrs in Table 3. Two
relationships can be seen from PLQY:

(1) PLQY in solid state for all complexes shows higivalues, than in MeCN
solutions. Lower PLQY in solutions of Eu organic complexes arise from
undesirable, high frequency CH vibrational osailtatof solvent (MeCN) molecules
in the surrounding environment of the complex, \Whetfectively lowers the emission
transition probabilities of central metal ion [2PLQY of complexes1-C3,C5,C6
were also measured in THF and CEki€blutions and again low valueS)(01) were
obtained. It is possible, that some dissociatiarcesses of complexes are present in
solutions. It is known, that in non-polar solvetdsakis complexes dissociate into
correspondingris-complexes (for example Eu(BIE))and ap-diketonate salt (for
example, BIDN*(Et)s) [30]. First coordination sphere of Etion is not fulfilled in
trisscomplexes, therefore, for Euto obtain coordination number 8 two solvent
molecules are attached to metal. Having high fraqueéCH vibrational oscillators in
first coordination sphere greatly lowers emissionensity and PLQY of Eli

complexes.
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(2) In MeCN and solid-stateernary complexe<C1,C2 show lower PLQY than their
analoguestetrakis complexesC3-C6. In MeCN solutions differences in PLQY
betweenternary and tetrakis complexes are insignificant due to low emission
intensity. However, in solid-state PLQY ftatrakis complexe<3 andC4 are five to
six times higher than foternary complexesC1, C2 and almost three to six times
higher than fortetrakis complexes C5 C6. Tetrakis complexes usually are
characterized with higher intensity of emission paned to analogudernary
complexes [6] due to due to larger cross sectigphoton absorption. Furthermore, in
tetrakis complexes E%l ion is fenced by four coordinated benzoyl-1,3-imdiane
ligands, which provides better shielding from sunding environment than for
ternary complexes.

The luminescence decay of Euemission related t6Dg—'F, (611 nm)
transition of complexe€1-C6 were determined in solid-state under pulsed laser
excitation at 408 or 425 nm. The obtained lifetimadues t, and1,) are listed in
Table 3. All decay curves were fitted by bi-expam@nfunctions and have two
lifetime components; andT,, indicating on the presence of two sites of synmynet
around the EY. Usually EG" complexes with two lifetime components exhibits
broadening of transitioADy— ‘Fo at emission spectra [27, 31], which also points to
two sites of symmetry around central metal ion. &mplexesC1-C6 in solid-state
shows slightly broad, featureless band at 580 nictw attributes to0°Dg— "Fo
transition. Different symmetry around ¥uions probably forms from different
distances between emitting Etons in the solid-state. When distance between two
emitting EJ* ion sites are short, some interactions betweel- B centers take

place, which could lead to two different chemicavieonment formation around Eu
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ions. Longest decay lifetimes were obtained tigrakis complexes with R(Et),
cation and are 233 and 54 fos C3 and 203 and 118 us f@4.

From obtained PLQY and lifetime values, we can deawonclusion, that the
used countercation (XEt); or N'(Bu),) affects emission properties of synthesized
complexes more than complex structure in solidestaor ternary complexésl, C2
and tetrakis complexesC5, C6 with N'(Bu), cation obtained PLQY and lifetime
values were close. However, complexes witl{BY); as counteraction exhibits three
(BID ligand) or even six times (MBID) higher PLQYales than their analogues with
N*(Bu), cation. Such difference in emission efficiencylddoe as a result of different
cation incorporation in the crystal structure ofngdex in solid-state. Therefore, in
MeCN solutions, where these long-range order iem@band complex exist as anion
([Eu(BID)4]"; [Eu(MBID)4]) no difference in PLQY were observed. In solidesta
counter cation size is the mayor factor, whichuefices the emission properties as it
was shown in the report [9]. Increase in the caaateon size usually decrease
complex emission efficiency and emission data af mewly synthesized complexes

confirms this statement.

3.6. Photoluminescence from polymer films doped witEu** complexes

The mayor drawback for practical application of Earganic complexes are
their poor carrier-transporting ability and filmrfoability. Therefore, to overcome
this problem, complexes need to be doped in hosemaks, which could provide
missing properties, for example, in polymers. Tvadymers —N-polyvinylcarbazole
(PVK) and poly methyl methacrylate (PMMA) were chass host materials for our
complexes. PVK owing excellent hole transportingparties as well as good match

between its triplet energy state and energy leskimost EG* p-diketone complexes
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538 is one of the most used host materials for metgdmc complexes. However, PMMA
539 was chosen due to its low optical absorbance (itaissparent at wavelengths >250
540 nm). The doping mass of polymer films was chos&ri%, according to our [32] and
541 other authors [11, 24, 33, 34] reported investayeti about relationship of doping
542 mass — emission efficiency of doped PVK and PMMité with EG* complexes.
543  Lower doping mass (0.5-2 wt%) could lead to incastglenergy transfer between
544  host and doping complex, however, high doping nfa$& wt%) could lead to non-
545 radiative energy transfer between two metal ions®*(EW®"), which decreases
546  emission intensity of doped films. PVK and PMMA yoler films doped with 8 wt%
547  of EW** complexes were prepared by spin-coating techrfique THF solutions (due
548 to complexC4 low solubility in commonly used solvents, PVK filmith 8 wt% of
549 C4 wasn't prepared, but PMMA film was obtained frome@®N solution). UV/VIS

550 absorption spectra of prepared films are depiatdelg.7 @A) and Fig. 8AR).

LT P --------- PVK excitation
4 \\ — — = I'VK emission
v ——C1PVK
N C2-PVK
= 0.8 \ C3-PVK
= \—— C5PVK
, g \ C6-PYK
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=2 2 '
s 8 '
= E \
z 2 04 "
£ \
z | ",
02 S~
0 L : \ .
250 300 350 400 310 360 410 460 510

551 Wavelength, nm Wavelenght, nm

552 Fig. 7.(A) — UV/Vis absorption spectra of pure PVK film aR¥K films containing 8 wt% of EU

553 complexe<LL1-C3,C5,C6; (B) - Excitation spectraif,on pvk=435 nm) and emission spectia~346
554 nm) of pure PVK film and excitation spectra of P¥ikns containing 8 wt% of Eli complexe<1-
555 C3,C5,C6 (Amon=611 nm).

556 UV/Vis spectra of pure PVK film exhibit broad alpgtion in 250-350 nm
557  range, WithAgps masat 271, 297, 327 and 348 nm, which can be assigrmedt* and n-

558 Tr* transitions of N-polyvinylcarbazole. Nevertheless, absorption peobf doped
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PVK films exhibits the same profile as pure thimfi which appoints to absorption
overlap between host matrix and*Ewomplexes. However, in the spectral region
from 350 to 400 nm new absorption band arises &ged PVK films and can be
attributed to the absorption of ligands (BID, MBIDYhis band is particular
pronounced fortetrakis complex C3, which also showed red-shift of excitation
spectra in solid-state, compared to other compleRempletely different situation is
found for doped PMMA films (Fig. 8A)). These films exhibit pure complex
absorption profile with two\aps maxat ~ 297 nm and ~ 337 nm (Table 4), which
compared tdaps maxin MeCN solutions are shifted to longer wavelesgth

Excitation spectra of pure PVK film (Fig. B)Y) (Amo=435 nm) shows sharp
band (300-360 nm) with maximum at 346 nm and cpoeding doping films
(Amor=611 nm) with complexesC1,C2,C5,C6 exhibits the same maximum, but
excitation bands shows shoulder at longer wavetengsing from 360 to 420 nm.
Only polymer film doped withetrakis complexC3 shows distinct excitation spectra
from pure PVK film (350-460 nm withAex= 379 nm). Furthermore, all excitation
spectra of PVK films doped with complex€i-C3,C5,C6 slightly overlaps with
emission spectra of PVK (355-550 nm) (FigBj)( which could also be advantageous
for polymer films due to fact, that host would piae additional excitation energy for
complex, therefore increasing emission efficieresom these excitation spectra we
can conclude, that PVK films can be excited noydhioughri— 1t* transitions of the

ligands, but also through host matrix transitions.
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Fig. 8. @A) — UV/Vis absorption spectra of PMMA films contiig 8 wt% of Ed* complexe<1-C6;
(B) — Excitation spectra of PMMA films containing 8% of EU"* complexe<1-C6 (Amon=611 nm).

Furthermore, excitation spectra of PMMA films (Fig. B)) reveal wide
bands in the range from 309 to 450 nm, wWith. ~347 nm. Excitation spectra very
well corresponds to absorption spectra, meaningthiese bands can be attributed to
T T transitions of coordinated ligands. Slight shift Aaps and Aexe i PMMA
matrices compared to ones in MeCN solution, pamotsto some interactions between

ligands from complexe€1-C6 and PMMA matrix.

Optical properties of PVK and PMMA films doped wBhwt% of complexe€1-C6. Teble 4
PVK films PMMA films

Aabs NM }:rxr? Ty, US T, Us  PLQYP );Warb; }:rxr? T, US T ps  PLQY®
Cl 332,345 344 ‘g;&? 1(2301)3 004 337 347 (ggf/i) ?ff;g 0.12
C2 332,345 345 ?g;% 1(23’/0*)7 0.04 341 347 (g‘(‘)ig/i) ?’(%f/ol)“ 0.11
C3 332,345 377 (%%fi) 1?5%;—34 008 337 353 E(’gg—“&f (255‘% 0.14
ca 2 2 2 2 339 342 (388@; (21526% 0.10
C5 332,345 347 ?82&)5 1(2‘;?/01)2 0.05 336 342 (225%2) (21555;3 0.14
C6 332,345 346 ‘g;&f 1(2%9 0.04 339 345 ?g’;&f (21124;(3 0.09

& Film wasn’t obtained due to compl&4 low solubility in THF, CHC};
b PLQY determined withh e, =370 nm;
“ PLQY determined with¢,=340 nm;
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Emission spectra of doped polymer films are showifrig. 9. All five PVK
films shows characteristic Buion emission lines, also no emission from matrix
(PVK) in the range from 360 to 520 nm are obseilwddtating, that complete energy
transfer process between host and complexes asernrm these films. PLQY were
determined using two excitation wavelengths. Fidsiped films were excited with
350 nm (through host matrix transitions) and oladiRPLQY values were low (0.03-
0.04). Second, doped PVK films were excited witl0 3¥m (through coordinated
ligands transitions) and obtained PLQY were higl0ed4-0.08) (Table 4) indicating,
that direct excitation through complex absorpti@gion is more efficient, than
through host matrix absorption region. Similar tmigsion properties in MeCN
solutions and in solid-state, highest quantum ywedd obtained fotetrakis complex
C3 with N*(Et), countercation, due to fact, that its excitationcsggeshow the largest
overlap with host matrix emission spectra, whicbréases the efficiency of energy
transfer process between host and doping substdheeobtained PLQY of doped
PVK films are lower than other reported doped PWih$ with ternary complexes
[35].

Furthermore, all six PMMA doped films exhibit morstense red light
emission (Fig. 9B)) with much higher quantum yields (0.09-0.14) tHan PVK
films confirming the assumption, that one of thamfactors why PVK films showed
low PLQY are undesirable absorption spectra oveblepveen matrix and complex.
Yet again the highest PLQY were obtainedtirakis complexesC3 andC5 — 0.14.
The obtained PLQY of doped PMMA films are closestightly lower than other

reported doped PMMA films containing Eu complexethwigid p-diketones [11].
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Fig. 9. @\) - Emission spectra of PVK films containing 8 wfEu’* complexe<C1-C3,C5,C6; (B) -
Emission spectra of PMMA films containing 8 wt%Ed®" complexe<C1-C6.

The luminescence decay curves for all PVK and PMdbped films were
found to be bi-exponential and relevant time congmbsi; andt, are given in Table
4. As it seems, both luminescence lifetime valu@sdbped films are longer than it
was in the solid-state and can be explained wiglatgr distance between two emitting
centers E¥-EU®" in polymer films, which reduces possibility of egg transfer
between EW-Eu** as a non-radiative process. Two lifetime compasrenand, for
polymer films could be connected with complex iatgion with hosts, which could
lead to two different emitting sites — one beindgpannded complex, other — complex
bounded with polymers PMMA and PVK. Similar conitus were reported for
Eu(DBM)sPHEN complex doped in PMMA matrix [21].

Herein we conclude, that PMMA matrix provides elas, transparent film
formability for EU** organic complexes with no influence on absorptoproperties
of doping complex. Obtained films exhibit moder&eQY and lifetime values and
could show potential in application as polymer caitifibers, which are being used in

luminescent solar concentrators and luminescesebsors.

4. CONCLUSIONS
Structures of newly synthesizeternary and tetrakis Euw** complexes
Eu(BID):(PHEN), Eu(MBID)(PHEN), [Eu(BID)]N*(Et)s, [Eu(MBID)s'N*(Et)s,
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[Eu(BID)4 N*(Bu); and [Eu(MBID)]'N*(Bu); were neatly characterized with
elemental analysi¢H-NMR spectroscopy, mass spectroscopy, FT-IR speotd X-
Ray diffraction analysis. Complex structurgerary or tetrakis) did not affect
excitation window (300 to 450 nm) and CIE chrom#ticcoordinates (x=0.670;
y=0.330) for emission spectra in the solid-staté anlution. However, complex
structure greatly affects thermal properties andssion properties in the solid-state
Tetrakis complexes with structure [Eu(BIE)N'(Et); and [Eu(MBID)] N*(Et)s
showed higher PLQY values (0.29 and 0.60) thanespondingernary complexes
(0.06-0.10) in the solid-state. Countercation’ (@), or N'(Bu)s) size noticeably
affects emission properties tétrakis complexes. Increase in the countercation size
decrease complex emission efficiency. For each tamivo polymer films (PVK
and PMMA) with doping mass of 8 wt% were preparedl aptical properties
investigated. Highest PLQY (0.09-0.14) and londdstime values (1,=53-74 us;
1,=203-316 us) were obtained for doped PMMA filmst&ed PMMA films could
show potential in application as polymer opticdlefis or in polymer organic light
emitting diodes.
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Highlights

New ternary and tetrakis Eu®*" complexes with 2-benzoylindandione ligands are reported.
Tetrakis complexes exhibit more intense emission than analogue ternary complexes.
Counterion size of tetrakis complexes greatly affects quantum yield in solid state.

Doped PMMA films with Eu** complexes have higher quantum yields than doped PVK films.

Synthesized Eu*" complexes show potential application in photonic devices.



