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The monomer — 2 methyl-5-phenylpentene-1-dione-3,5, their complexes with Nd(lll),
Eu(lll), Er(lll), new metallopolymers based of them are obtained. Structure of the monomer,
the metal complexes and the metallopolymers confirmed by the data of NMR-, electronic,
diffusion and infrared spectroscopes, elemental and termogravimetric analysis. The lumi-
nescent spectra of the obtained metallocomplexes and polycomplexes in solutions, films
and solid state have been investigated and analyzed. The luminescence quantum yield of
polycomplex based Eu(lll) is maximal. The obtained polymetallocomplexes can be used as
potential materials for organic light-emitting devices.

Ilonyuensr momomep — 2-mertui-5-enumanenred-1-guon-3,5, ero xommiaexcer ¢ NdA(llI),
Eu(lll), Er(lll), HOBBIe MeTanmOmONMMEpPHI Ha UX OCHOBe. CTpOeHME MOHOMEPA, METAJJIOKOM-
IIJIeKCOB, MEeTAJLIOIOJMNMEPOB AOKA3aHO C MOMOINLIO JAHHBIX, 2JeKTPOHHOI, MH(ppaKpacHoi,
IUPPYZHOTO OTPAKEHUS CIIEKTPOCKOINN, 2JIEMEHTHOI'0 M TEePMOTPAaBUMETPUUYECKOrO aHaJIM-
3a. VM3yueHBl U IPOAHAIN3UPOBAHLI CIEKTPLI JIOMUHECIEHI[N MOHOMEPHLIX W IMOJUMEPHBIX
METAJJIOKOMILIEKCOB B PACTBOPaX, IJEHKAX U TBEPAOM cocToaHun. CaMblli BBICOKUM KBAaHTO-
BBIH BBIXOJ JIOMUHecHeHIMYU o0Hapy:KeH maa noaukomiuiekca Eu(lll). TTonyuennsie momume-
TAJJIOKOMILJIEKCHI MOTYT OBITh MPEIJO/KEeHB KAK MOTeHI[MAJLHBIE MATePUANbl I DJIeKTPO-
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JIOMUHECIIEHTHBIX yCTpOIU/ICTB.

1. Introduction

Over the Nd(lll), Eu(lll) and Er(lll) p-dike-
tonate complexes with aromatic amines lu-
minesce in the visible range and are very
efficient luminophores [6, 7]. Their ability
to convert UV into visible light offers
promise for using them as fillers in various-
purpose light-emitting materials. But these
complexes are not technological.

Coordination compounds of the rare
earth elements (REE) have several interest-
ing functional properties (magnetic, opti-
cal), so they are perspective for use in the
form of thin films in a variety of devices
having a planar structure. Almost all lan-

Functional materials, 19, 4, 2012

thanides may have luminescence provided
by the correct ligand choice. By the type of
luminescence they can be divided into two
groups: luminescent in the visible and near-
IR range. The luminescent wavelength set
of each rare earth element ion persists re-
gardless of the ligand. On the other hand,
the choice of the ligand is very important,
because it affects stability, solubility of the
complex and luminescence efficiency. The
use of the exact metal-organic compounds is
based on the fact that combination of metal
ions and organic ligands in one molecule
provides the possibility of their composition
variety and structure, and in such a way
their properties. Energy must not only be
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transmitted from the central atom to the
ligand, but also it should be transfered
back. Coordination compounds of rare earth
elements with p-diketones are perspective in
terms of optical materials development,
since it possess high thermal stability,
monochrome emission and high quantum ef-
ficiency and allow varying the properties by
an introduction of the additional ligand.
From this point of view, it can be used as
emissive layers in organic electro-lumines-
cent devices [8]. It is known that the ions of
ytterbium, neodymium, erbium and praseo-
dymium absorb in the near IR range of com-
munication frequencies. Unfortunately, use
of complexes of these metals for OLED crea-
tion is somewhat limited due to the low
intensity of luminescence caused by the un-
desirable crystallization or aggregation in
the substrate films [9—11]. Because of that
there is a necessity for the synthesis of
macromolecular complexes on the basis of
REE. The aim of this work is the synthesis
and study of the complexes of neodymium,
erbium and europium with 2-methyl-5-
phenylpentene-1-dione-3,5 (mphpd), and
metallpolymers on their basis.

2. Experimental procedure

2-Methyl-5-phenylpentene-1-dione-3,5
and metal complexes were synthesized in ac-
cordance with the procedure described in
[12]. The polymerization of monomeric met-
allocomplexes was carried out at 80°C in
dimethylformamide (DMF) solution at a con-
centration of monomer 0.3 mol/l1 and the
concentration of the initiator 2,2’-azo-bis(is-
obutyronitrile) — 0.003 mol/]l in thermostat
during 20 h. The obtained metal polymers
were precipitated from the solution by
propanol-2 and reprecipitated from DMF
into ethanol.

The synthesized complexes were studied
by IR-, UV-spectroscopy and diffuse reflec-
tance spectroscopy, thermal and elemental
analysis.

Metal elemental analysis was carried out
using atomic-emissive spectrometer Shi-
madzu ICPE-9000.

Thermograms were recorded by TA in-
struments Q-1500 D apparatus of system of
F.Paulik, J.Paulik, L.Erdey at a heating
rate of 5°C/min from room temperature up
to 500°C in platinum capsule in presence
carrier Al,O3 (anhydrous).

Infrared spectra were recorded using
Perkin-Elmer Spectrum BX II FT — IR
spectrophotometer over the range of 4000-
400 em™! with KBr pellets.
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Electronic absorption spectra and diffuse
reflectance spectra were recorded applying
Shimadzu spectrophotometer in the region
30000-12000 cm~1.

Excitation spectra and luminescence spec-
tra of solid samples and solutions (1073 M,
CHCIl3) were recorded on spectrofluorimeter
"Fluorolog FL 3-22", "Horiba Jobin Yvon”
(Xe-lamp 450 W) using OC 11 filter. As a
radiation detector for IR region a photore-
sistor InGaAs (DSS-IGA020L, Electro-Opti-
cal Systems, Inc, USA) was used. It was
cooled to the liquid nitrogen temperature.
The excitation spectra and luminescence
spectra were corrected in accordance with
the distribution of the radiation sensitivity
of xenon lamp and a photomultiplier.

3. Results and discussion

With the aim to determine the way of
ligand functional groups coordination to
metal ions the IR spectra of synthesized
compounds were studied.

In the IR spectra of the synthesized com-
plexes and metallopolymers in 1500-
1600 cm™! there are bands corresponding to
stretching vibrations of the v (C-0O) and v
(C-C), which confirms the bidentate cyclic
coordination of the ligand to the metal ions
(Table 1). At the same time a higher fre-
quency band should be attributed to the
stretching vibrations v (CC) and a lower
frequency to the stretching vibrations of
the v (CO). The region 1640-1680 cm™1
contains stretching vibrations v (C=C) [14].
In the case of metallopolymer this band dis-
appears or significantly reduces in intensity
indicating the presence of only the terminal
unsaturated groups. Fairly broad band of
coordinated water molecules is observed in
the region 3300-3700 cm™1.

In IR spectra of the metallopolymers
[Nd(mphpd)s],, [Eu(mphpd)s],, [Er(mphpd)s],
comparatively with monomeric metallocom-
plexes the location of main absorption bands
are shifted in short-wave spectrum region,
their intensity is lower significantly. The
intensity decreases especially which corre-
sponds to vibration of the double bond. Pre-
sented results confirm the polymer complex
formation.

Electronic spectra of Nd(lll) complexes
and metallopolymer based on it correspond
to the ion of Nd3* and have a set of transi-
tions from %I 5 main (quantum) state. The
absorption bands of the metallopolymer are
slightly shifted to the longer wavelengths
compared to the monomer metal complex
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Table 1. Some distinctive absorption band of metallic complexes and metallopolymers

Complex v(M-0) v,(C-0) v,(C-C) v,(C-0) v(C=C)
Nd(mphpd)-2H,0 420 1466 1559 1580 1671
[Nd(mphpd),], 430 1465 1557 1557 1654sl.
Er(mphpd)-2H,0 420 1465 1557 1594 1676
[Er(mphpd),], 425 1470 1575 1575 -
Eu(mphpd);-2H,0 420sl. 1467 1554 1594 1666
[Eu(mphpd);], 430sl. 1470 1560 1560 1667sl.
that indicates a weakening of the metal —
ligand bond (Table 2). The shift of the main A

absorption bands as in the case of
monomeric complex and for metallopolym-
ers in the long wavelength region, compared
to the spectra of aqua-ions, and increase in
intensity indicate the formation of metal
complexes, as well as indirectly confirm in-
creasing in the covalency of the metal —
ligand bond.

In the case of erbium complexes a band
pattern of Er3* ion transition with 4Iy5,,
main (quantum) state is observed (Table 3).

For europium complex in the visible
(Table 4) spectrum it is set of bands at
corresponding to the transition 7F0 main
(quantum) state. Absorption bands for com-
plexes of erbium and europium are shifted
in the long wavelength region, compared to
the spectra of corresponding metal salts on
account of the complexation.

Electronic absorption spectra (EAS) of
metallopolymers are analogous to EAS of
monomeric complexes. But, main absorption
bands of polycomplexes undergo the long-
wavelength shift 10-110 em™! that indi-
cates decay of the metal bond with ligand in
the polymer. A decrease of the intensity of
all absorption bands for metallopolymers
and their bathochromic shift in comparison
with monomeric spectra testifies to polymer
structure formation. The similarity of
monomers EAS with polymers spectra con-
firms the identical coordinative environ-
ment of lantanide ions in the both cases.

Diffuse reflection spectra and electronic
absorption spectra of all samples do not dif-
fer much, suggesting a similar structure in
solution and polycrystalline state.

Differential thermal analysis (DTA) of
the obtained compounds for an identifica-
tion of the complexes hydrated composition
and their temperature behavior has been
performed.

Based on the results of thermal analysis,
the dehydration of unsaturated complexes
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Fig. 1. Electronic absorption spectra of
Nd(mphpd)z-2H,0 (1) and [Nd(mphpd);], (2).

occurs at higher temperatures 120-150°C
[15] than in the case of acetylacetonates.
Neodymium complex dehydration occurs at
the temperature 130°C and it is attended by
the small endoeffect with the mass loss 7 %
(Amypeor. = 7.13 %), which corresponds to
the decoupling of three coordinative water
molecules. The small endoeffect at the tem-
perature 210°C probably is conditioned of
the complex melting temperature, the mass
loss is insignificant (2 %). The further tem-
perature increase is attended by the small
exoeffect at 225°C, which corresponds to
the beginning of the complex polymeriza-
tion. The significant exoeffect and the mass
loss 25.5 % (Amypeor. = 25 %) at 285°C cor-
responds to the removal of one ligand mole-
cule. The following heating is attended by
exoeffects at temperatures 340, 360, 385,
425, 457°C and results in the total complex
decomposition Am = 18 % . The total weight
loss is 76 % in the investigated tempera-
ture interval.

The mass loss is 5.8 % (Amype,,. = 4.7 %)
for erbium complex at 125°C, which corre-
sponds to the decoupling of two coordina-
tive water molecules accordingly. The small
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Table 2. Energy transition in Nd electronic absorbtion spectrum

Transition Nd3*, em™! Nd(mphpd),, cm™! A, em™!
4y 5 — 2P1/2 23064 23255 . 200
4ly,5 — 4G9/2 19560 19520 40
4ly,5 — 4G7/2 19160 19050 90
4ly,5 — 4G5/2 17360 17152 200
4[9/2 N 4F9/2 14720 14700 20
4y, — 4F7/2 13480 13400 80
4[9/2 N 4[{9/2 12560 12470 90
4[9/2 —>4F3/2 11560 11430 130

Table 8. Energy transition in Er electronic absorbtion spectrum
Transition Er*, em™1 Er(mphpd),, cm™ A, em™!
4[15/2 N 4F7/2 20480 20523 43
4[15/2 —>4H11/2 19160 19120 40
4[15/2 N 453/2 18400 18382 20
4[15/2 %4F9/2 15320 15270 50
4115/2 %419/2 12480 12450 30

exoeffect in the region 190°C can be condi-
tioned by both the polymerization process
and the complex melting. The process of the
complex decomposition begins with the re-
moval of one ligand molecule, which corre-
sponds of the exoeffect at 248°C and the
mass loss 28 % (Amy.., = 24.5). The fol-
lowing heating is attended by exoeffects at
temperatures 337, 384, 419, 460°C, 484°C
and results in the total complex decomposi-
tion Am =15 %. The total weight loss is
66 % for erbium complex. The europium
complex thermogram is analogous to the er-
bium complex thermogram.

The presented results allow to assume
that the complexes composition corresponds
to the formula, Nd(mphpd)s-3H,0,
Er(mphpd);-2H,0,  Eu(mphpd);-2H,0, and
metallopolymers formula following:

Luminescence spectra of the synthesized
compounds were recorded in the solid state
and in a solution. The excitation spectrum
of Nd(mphpd); in the solid state consists of
a single band with maximum at 363 nm. In
the excitation spectrum of the solution the
long-wavelength shift of the band (AA =
15 nm) is observed.

In the excitation at the maximum of this
band a 4f-luminescence of the samples is
observed in the solid state and in the solu-
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Fig. 2. Luminescence spectra of
Nd(mphpd)z-2H,0 (1) and [Nd(mphpd),], (2) in
solid state (A,, = 862 nm, 298 K).

tion. The luminescence spectrum consists of
three bands corresponding to the transitions
from the excited level of ion Nd(III) 4F3/2
into the multiplets of the main (quantum)
level 4I]-, i=9/2 (1, 875 and 888 nm), 11/2
(IT, 1061 nm) and 13/2 (III, 1332 nm) (Fig. 2).
The excitation spectrum of the sample
Nd(mphpd),, is similar to the above spectra.
In the excitation at 362 nm for the solid
samples a 4f-luminescence of Nd(lll) is ob-
served with almost the same intensity com-
pared to the solid sample Nd(mphpd)s.

Functional materials, 19, 4, 2012
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Fig. 3. Exitation spectrum of [Er(mphpd)],
A, = 1540 nm, 298K).

lum

The bands maxima corresponding to the
undergo a long-wavelength shift of 2 nm in
comparison with the spectra of the solid
state monomers.

The luminescence spectra of erbium com-
plex and metallopolymer are analogous, the
band, which corresponds to 4113/2 - 4115/2
transition, is observed. The luminescence
intensity of the present samples not differs
practically that testifies to the low polym-
erization degree of the obtained metallopo-
lymer (Fig. 3).

The intensive red luminescence is ob-
served for europium complex and metallopo-
lymer. The most intensive band corresponds
to transition 5D0 - 7F2 in region 610-
630 nm. The bands with considerably less
intensity are in spectrum region 575-580,
585-600, 650—-670 and 680-705 nm which
correspond to transitions 5D0 - 7F]-, j=0,
1, 3 and 4 accordingly. The band correspond-
ing to transition ?Dy — "F, shows in the
image of the symmetric single line (Fig. 4)
that allow to assume of the one lumines-
cence centre.

The near-term environment influences
weakly on the level position of 4f"-elec-
tronic coordination of lantanide ions. How-
ever, these levels split under the influence
of crystal field that allow to determine the
environment symmetry of the luminescence
centre under the splitting values analyzing.
Symmetry type can be estimated qualita-
tively in concordance with the shtarks split-
ting of europium ion transition in lumines-
cence spectra. The qualitative appearance of
transition shtarks splitting for presented
compounds indicates about appreciable hex-
agonal deformation inside of the crystal
field, that corresponds to presence of two
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Fig. 4. Luminescence spectra of [Eu(mphpd)s],
in solution (CHCl,, 1, = 362 nm, Cg, = 1073 M),
at 298 K (1) and 77 K (2).

Table 4. Energy transition in Eu electronic
absorption spectrum

Transition | Eud*, em™! Eu(mphpd),, |A, em™!
cm™!
"Fog—>L 31480 31450 30
"Fy > E 25380 25320 60
7F0 N 5[)2 21480 21280 200
7F0 N 5[)1 18870 18730 150

components 5Dy — "F;-transition and two
components Dy — “F, — transition in the
spectrum. The symmetry type without meas-
urement of polarized characteristics no es-
tablished definitely.

Luminescence quantum yield of the
monomeric and polymeric metallocomplexes
were calculated (Table 5) without erbium.
The 4f-luminescence of erbium is weak rela-
tively and it is detected in the range of
1450-1560 nm that corresponds to the
bandwidth (the maximum half-height) for
Er(mphpd);-2H,0 — 18 FWHM, and
Er(mphpd), — 19 FWHM, therefore the lu-
minescence quantum yield of its complexes
no established definitely. The luminescence
quantum yield of polycomplex based on
Eu(lll) is maximum (Table 5), which outnum-
bers the values for known low-molecular Eu
complexes on several exponents.

Investigations of a particle size were per-
formed at 25°C on Zeta Sizer Malvern in-
strument. The results show that the systems
obtained are polydispersed with a predomi-
nance of particles 12—45 nm for the metal

555



I.Savchenko et al. /| Novel polymer metal complexes as ...

I, a.u. r100
12
--780
10
8 .....160
6 140
4
120
2 ..
0_ H H
1 10 100 1000
Size (r.nm) a
[Er(mphpd);],

b

complexes and 92-115 nm for the metal-
lopolymers.

This difference in size of nanoparticles is
related to the complex molecular mass and
geometrical molecular structure probably.
In polymer the monomeric links connected
in long chains. The chains have not a free-
dom of the independent translational mo-
tion therefore polymer sysmems have the
low entropy. Owing to the low entropy and
the system order polymers are inclined to
the self-organization. Even law energy in-
teractions of atomic groups result in the
structure ordering. The nanoscale arises for
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Fig. 5. The polydisperse assignment of parti-
cles in system [Er(mphpd),], and
[[Nd(mphpd),], (a); microphoto of metallopo-
lymer film (b).

polymers kindly. If the polymer is like the
ball it has size about 100 nm, if it coagu-
lates into a globule — the size is about
10 nm. In this case the polymer is there in
a ball state but not a globule that is caused
by the steric factor the volumetric
chelate unit structure.

Obtained polymers spreads evenly by sub-
strate, generates the homogeneous film
(Fig. 5b), has high lumenescent properties,
that enable to confirm about the possibility
of it application as organic layer in OLED
equipments.

Table 5. The luminescence quantum yield of monomeric and polymeric metallocomplexes

Complex The luminescence quantum yield, ¢-103

Eu(mphpd),;-H,0 Solution 320
Eu(mphpd), Solution 460
Nd(mphpd),, Solid 1,72
Solution 0.86

1.21 (CHCl,—dp)
Nd(mphpd);-H,O Solid 0.31
Solution 0.12

0.26 (CHCl;—dg)
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4. Conclusions

The results of the above study show that
the configuration of the chelate unit is un-
changed during the polymerization. The re-
sults of the chemical analysis correspond to
the calculated composition: all the funec-
tional groups of macroligand are bound to
the metal ion.

The investigations conducted in the pre-
sent work allowed to determine the composi-
tion, structure and properties of the com-
plexes and metallopolymers on their basis
obtained for the first time. It was shown
that all synthesized compounds are nano
systems.

The luminescence quantum yield of poly-
complex based on Eu(lll) is maximal. The
obtained polymetallocomplexes can be used
as potential materials for organic light-
emitting devices.
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HoBi mogiMepHi MeTaJIOKOMIIJIEKCH AK NMPEKYPCOPH s
€JIEKTPOJIIOMiHECHIEHTHUX MaTepiaiB

I.Ca6uenko, O.Bepexucnuyvra, C.Cmona, A.DPedopos, H.Iéaxa

Opmep:kano moHoMep — 2-Merui-5-eHinnenrten-1-mioun-3,5, itoro rommiaexcu 3 NdA(llI),
Eu(lll), Er(lll), moBi meramomosimepu Ha ix ocHOBi. BymoBy MoHOMepa, MeTAJIOKOMILIEKCIB,
MeTaJomoJiMepiB moBemeHo 3a momomoroio gaunux IMP-, erexrpommoi, indpauepsBonoi, mu-
¢Gy3HOro BiIOUTTSA CIEKTPOCKOIIil, eJleMeHTHOIO 1 TepMmorpaBimerpuuyHoro amajisy. Bupueno i
IPOAaHAJIi30BAHO CIIEKTPHU JIOMiHeCIleHI[il MOHOMEPHUX i HOJIMEePHMX METAJIOKOMILIEKCIiB y
posunHax, miaiBKax, Teepmomy crami. Haibinpminii KBaHTOBUIM BUXijg goMiHecieHIlil 3uaiige-
no jqusa momikommiaercy Eu(lll). Omepsxani mosmiMerasoKoMIIEKCH MOKYTH OYTH 34IpPOIIOHO-
BaHi AK MOTeHIIMHI MaTepianu A eNeKTPOJTIOMiHECIeHTHUX MPUCTPOIB.
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