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The fluorescent properties of benzene-containing Eu chelate complexes in polystyrene
(PS) have been investigated by fluorescence emission spectra. The influence of polymer
medium on spectrometric properties of these complexes was demonstrated. In the Eu
complex without phenyl rings the spatial layout of ligands was not fixed and under
polystyrene matrix influence can undergo some changes. It was established that the
presence of phenyl ring stabilizes its spatial arrangement around coordinate ion. Accord-
ing to measurements results the Judd-Offelt parameters of Eu chelates-doped PS have been
calculated.

HccnemoBanbl pyopeciieHTHLIE CBOMCTBA GEH30JI-COAEPIKAINX XeJaTHBIX KOMILIEeKcoB Eu
B mosuctupoJse. Ilokazano BiAMsSHMWE MOJMMEPHON Cpeabl HA CIEKTPOMETPUUYECKHe CBOMCTBA
9TUX KOMILIeKcoB. B EU Kommiexce 0e3 (PeHUJIBLHBIX KOJell MIPOCTPAHCTBEHHOE PACIIOJIOMKeE-
HUe JUTaHJOB OKAas3ajloch He(PUKCUPOBAHHBIM M IOJBEPIKEHHBIM BIUAHUIO MMOJUCTUPOJBLHOMN
MAaTPHUIILI. YCTAHOBJEHO, UTO Hajluuue (PEHUJBHOTO KOJIbIlAa CTAOUJIMBUDPYET PACIIOJIOKeHUe
JIUTaHga BOJUSU KOOPAMHATHOTO MOHA. B COOTBETCTBUU C Pe3yJbTATAMU M3MEPEHUIl BBIUUC-
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nensl napamerpsl [pkagna-Odenrta aias Eu xenaTtoB B moaucTUpOSIBbHON MaTpuiie.

1.Introduction

In recent years the fluorescent properties
of chelate complexes of rare earth (RE) ions
have been paid more and more attention be-
cause of their unique combination of rare
earth fluorescence and organic ligands ab-
sorption. Moreover, these complexes provide
an effective collection of triplet states exci-
tation energy [1, 2]. Using rare earth com-
plexes in organic light emitting devices in-
creases their efficiency in almost three
times [3]. Being used as activators the com-
plexes allow increase the sensitivity of plas-
tic scintillator to o-particles almost by an
order [4, 5].

Usually RE complexes application is re-
lated to their introduction to some polymer
medium (matrix). The most widely used me-
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diums are polymethylmethacrylate (PMMA)
and polystyrene (PS) for their low absorp-
tion, relatively simple synthesis and low
cost. The influence of MMA-matrix on opti-
cal properties of benzene containing euro-
pium complexes is investigated rather well
[6], whereas for polystyrene it still not
done. As far as polystyrene is an active
scintillating matrix [7] then searching for
new RE complexes which collect effectively
the excitation energy of such a matrix
opens the way to progress in increasing of
an efficiency of plastic scintillators.

This paper analyzes the optical proper-
ties of benzene-containing chelate complexes
of Eu3*, dissolved in polystyrene. In the
analysis the methods suggested by Judd and
Ofelt [8, 9] were used.
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Fig. 1. Chemical structure of Eu chelates with increasing benzene ring substituents ligands.

2. Experimental

In the framework of our investigation
four Eu complexes were synthesized with
B-diketones containing different substituent
radicals (Fig. 1). In all complexes, 1,10-
phenanthroline was used as a neutral li-
gand. Its role was to substitute water mole-
cules in Eu3* inner coordinative sphere that
reduce the radiationless processes and in-
crease Eu ions fluorescence.

The synthesis was run as follows. Mixture
of ligands containing [-diketone (6 mmol),
1,10 phenanthroline (2 mmol) and sodium
hydroxide (6 mmol) was dissolved in 20 ml
of 95 % ethanol under heating and inten-
sive mixing. Europium chloride hexahydrate
(2 mmol) was dissolved in 2 ml of distilled
water and drop by drop was added to the
ligands solution. Then the mixture was
cooled and obtained yellow precipitate of Eu
complex was filtered, washed by ethanol
and water and re-crystallized from ethanol.

Europium dibenzoilmethanate phenan-
throlin (Eu(DBM)sPhen) was additionally
purified by precipitation by hexane (30 ml)
from benzene solution (30 ml).

All Eu complexes have the similar struc-
tural scheme which is presented in Fig. 1.
They have the following full and short
names:

1. (tris(Acetylacetonate){(1,10 — phenan-
troline) europium IIT) [Eu(AA)3Phen];

2. (tris(Dibenzoylmethane)(1,10 — phen-
antroline) europium III) [Eu(DBzM)sPhen];

3. (tris(Bezoylacetonate)(1,10 — phenan-
troline) europium IIT) [Eu(BzA)sPhen];

4. (tris(Biphenylacetonate)(1,10 — phen-
antroline) europium III) [Eu(BPA)sPhen];

So, Eu complex (1) is formed by ligands
with methyl radicals only and does not con-
tain any phenyl group. Other three Eu-com-
plexes Eu (2-4) do contain phenyl groups.

Measurements of excitation and fluores-
cence spectra of the solutions and films
were made on spectrofluorometer Fluoro-
max-4 (HORIBA, Joben Ivon Inc.).
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Fig. 2. Fluorescence emission spectra of Eu
chelates-doped PS.

3. Results and discussion

3.1. Fluorescence emission
spectra of PS doped with Eu3*
chelates

The fluorescence emission spectra of
Eu3* chelates-doped polystyrene with differ-
ent benzene groups in coordination ligands
under excitation at 265 nm, are shown in
Fig. 2.

In fluorescence spectra of all complexes
one can easily distinguish peaks correspond-
ing to transitions from 2D, level to
sublevels of 7F0,1’274’6 terms. It is clearly
seen the fine structure of 5D0 - 7F2 lines,
caused by 7F2 multiplet splitting by crystal
field of ligands environment when there is a
benzene ring in the chelate complex. Thus,
if 5D0 - 7F2 line for Eu(AA)zPhen complex
is a wide structureless contour (Fig. 2),
then in the lines of the same transition in
Eu(DBM)sPhen, Eu(BA)sPhen and
Eu(BPA)sPhen complexes one can clearly
distinguish five components corresponding
transitions on sublevels split by the to crys-
tal field. Such character of line’s behavior
can indicate that spatial layout of ligands in
Eu(AA)sPhen complex is not fixed and
under polystyrene matrix influence can un-
dergo some changes. These changes lead to
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crystal field fluctuations which are respon-
sible for nonuniform lines widening. When
the benzene ring is added to chelate ligand,
the spatial coordination of the complex is
stabilized as a result of the polymer envi-
ronment influence. This can reduce the
nonuniform widening of an optical transi-
tion line, which ultimately leads to observed
fine splitting of D, — "F, transition line
(Fig. 2).

In observed fluorescence spectra of all Eu
complexes the line of 5Dy — "F, transition
is clearly seen while in fluorescence spec-
trum of Eu(AA)zPhen complex in po-
lymethylmetacrylate polymer media it to-
tally absent [6]. It is well known that this
transition of Eu3* ion is electric- and mag-
netic-dipole forbidden even when central
symmetric crystal field exists. The appear-
ance of this line can be caused by influence
of a crystal field which mixes 3D, and “F,
states with those states for which J=0 [10].
Ultimately the intensity level of crystal
field in which RE ion is placed can cause
the forbidden transition allowing. Compar-
ing to polystyrene the polymer media of po-
lymethylmethacrylate have higher polarity.
Such polarity can shield the crystal field of
ligands environment acting on the coordi-
nate ion. This shielding acts on those com-
plexes which ligands have flexible layout
like Eu(AA)sPhen complex.

3.2. Judd-Ofelt analysis of PS
doped with Eu3* complexes

Fluorescence of rare-earth ions is deter-
mined by inter-configuration 4f-4f transi-
tions which initially are electrically-dipole
forbidden. This causes the low intensity of
their absorption and emission lines. But
population of rare earth ion excited state
can be substantively increased by it coordi-
nation by organic ligands. In this case the
organic ligands play a role of intramolecu-
lar energy transformers which provide an
efficient transfer of their absorbed energy
to RE ion and therefore increase the inten-
sity of their fluorescence.

The intensity of absorption can be deter-
mined by transition oscillator strength
which is proportional to the area under the
absorption curve. The oscillator strength
can be expressed in terms of molecular ex-
tinction &, transition energy (in wave num-
bers) o and a medium refraction index n by
the following equation [11]:
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The coefficient of molar extinction is not
greater than 10, therefore the oscillators
strength is about 1076.

Judd [8] has showed that oscillator
strength of electric-dipole transition, in-
duced by external crystal field, can be de-
fined in the following way:

;e 8nZmeow (n2 + 2)2

" 3@+l 9n 30, (¥ UL )

eveni

After digitalization of the RE ion full
energy matrix the eigenvectors ¥; for each
ion are:

¥y = > CaLS) | fraLSd).

aLS

Basic wave functions |[f"aLSJ) are used
directly to calculate the values of unit irre-
ducible tensor operator:

(faLSIUM)|fra' L'ST"y = (-1)S + L+ T+

\/(2J+1)(2J’+1){J J K}(f"aLS||U(l)||fnoc’L’S).
L'LS

In this equation the value
|fraLS||U @)|fro’L'S) is now directly calcula-
ble according to the formulas presented
elsewhere [12]. Knowledge of the intensity
of RE ion absorption allows to determine
three parameters Q44 and to reconstruct
all optical characteristics of its spectrum.

Applying this approach to Eu3* ion is
faced with some difficulties. The point is
that the values of irreducible tensor opera-
tors |UMIZ2, that determines the intensities
of excited electric-dipole transitions, for
Eu3* are different from zero only for a few
transitions. Therefore there is no sufficient
number of equations to determine the Judd
parameters. Moreover, among three presented
matrix elements for absorption bands from
ground and first excited states, element
[UM)|2 equals to zero (Table 1), which makes
it impossible the €, full determination.

In fluorescence spectra the 5Dy — "Fy is
the magnetic dipole permitted transition of
Eu3* ion with known calculable value of the
transition intensity which is electrically-di-
pole forbidden (Table 2). At the same time
intensities of fluorescent lines 5D0 - 7F2,4,6
are totally determined by €, coefficients;

317



A.F.Adadurov et al. / Fluorescence and Judd-Ofelt ...

Table 1. Matrix elements for the different
absorption transitions

Transition Reduced matrix element
lo®)2 lo@) lw®)2
7F0 N 5F2 0.0008 0.0000 0.0000
7F0 N 5D4 0.0000 0.0011 0.0000
7F0 N 5G4 0.0000 0.0007 0.0000
7F0 — 5G, 0.0006 0.0000 0.0000
7F0 — 5L 0.0000 0.0000 0.0155

therefore they can simply be determined
from 5Dy — "F; lines ratio and fluorescence
lines intensities

IJ = h(l)AradJN(5D0),
where
46203 n(n2 + 2)2
AradJ = 3hc3 ( 9 ) ZQX|<7FJ||UX||5DO>|2.
A

For magnetic-dipole transition 5D0—> 7F1,
A= n3Amd0 is known and equal to
14.65 s~1 [13].

As far as

[T 5o/ [T (0)do = A/ Arma »

then to determine , parameter it is suffi-
cient to obtain the areas ratio from fluores-
cence spectra (Fig. 2). In this figure we can
clearly distinguish the 5D0 - 7F1 transition
(17271 em™1). Since all different from
|U(2:9)2 values of unit irreducible tensor op-
erator equal to zero, the intensity of

5D0—> 7F2,4 transition is determined only
by one summand which is proportional to
Qy 4. So, the Q, 4 is uniquely determined
from intensities of corresponding transi-
tions (Table 2).

It is not possible to determine Qg from
fluorescence spectra because the line of
5D0 - 7F2,4 transition is weak, and practi-
cally can not be registered.

Obtained Qs values differ in 10 % limit
from the same coefficients obtained for the
same complexes dissolved in polymethyl-
methacrylate [6]. This can tell us about
small decreasing of a covalence of RE bonds
with ligands surrounded.

4. Conclusions

The analysis of fluoresence of Eu3*
chelate complexes in polystyrene allowed us
to define the Judd-Ofelt parameters and to
estimate the influence of polymer medium
on spectrometric properties of these com-
plexes. It was established that the presence
of the phenyl ring in a ligand stabilized its
spatial arrangement around coordinate ion.
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®dayopecuennia i T:xxkagg-Odgent anaxiz 6eH30JI-
BMICHHX XeJIATHHX KOMILJIEKCIB €BPOIIil0 y MOJiCcTHPOIi

0.®9.Adadypos, II.M.;JKmypin, B.H./Ie6edes, B.H.Koeanenko

HocaimekeHo (GUIyopecleHTHI BJIACTUBOCTI OeH30JI-BMiCHMX XeJaTHUX KoMmiuiekcis Eu y
nojyicruposi. ITokasaHo BIJINWB IIOJiMEPHOTO cepefoOBUINA HA CIEKTPOMETPUUHI BJIACTHBOCTL
nux KomiuiekciB. ¥ EuU Kommiexci 6es3 (peHiIbHMX Kijelb MPOCTOPOBe PO3TAIIYBAHHS JIU-
raHAiB BUABUJIOCA He()IKCOBAHUM i CXMJIBHUM [0 BIIJIMUBY HOJIiCTHpPOJbHOI MaTpuIli. BeranoB-
JIEHO, II[0 HaABHiCTH (peHiNbHOTO KiAbIA cTabinisdye posTamryBaHHA JUraHAa MOOGJIU3Y KOOD-
OuHaliiiHoro ioHy. ¥V BiAgmoBizHocTi 3 pesyabTaraMy BUMipIOBaHb OOYNCIIEHO ITapaMeTpu
M:xanma-Odenra pua Eu xemariB y momictuponpHiit marpuii.
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