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INDUCTIVE EFFECT OF SUBSTITUENTS AND THEIR
INFLUENCE ON THE RATE OF TEMPERATURE QUENCHIN.G
OF Eu’’ LUMINESCENCE IN MIXED LIGAND EUROPIUM
A~ DIKETONATES

KEY WORDS: Iluminescence Spectra, BRuropium,
B =~ diketones

VoE.Karasyov, A.GelMirochnick and R.NeShcheiokov

Institute of Chemistry Far East Science Centre,
Academy of Sciences of the USSK. Vladivostok~ 22,
690022. USSRe

The mechanism of dissipatiun of electronic
excitation energy of rare earth element( REE) ions
into the vibration components of the c.ioser and the
farther surroundings is a problem of considerable
theoretical and practical interest, Temperature quen
ching of REI luminescence in chelates was studied in
a nurber of papers/1 - 6/ which revealed the impor-
tance of the energy position of the lower triplet le~
vels of the organic ligand and the resonance excited
level of the REE ion. as the temperature is raised,
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the two dominating processes are/7/ temperature quen-~
ching and partial redistribution of electrons from
the lower Stark?s components of the HEI excised level
to the higher ones. These two factors are , as a rule
used to explain the observed temperature demndences
of luminescence .iines,

The present investigation deals with theeffect
of donor- acceptor activity of terminal groups of the
organic ligand on radiationless dissipation of En5+
electronic excitation energy to the surrounding 1li-
gands.

The following Egﬁ ~ diketonates with mixed li-
gands were employed:

1. Tris ~p ~ diketones Eu (}8 )5men, where 8 is DPM
(dipivaloylmethane), AA (acetylacetone), BA (benzoyl-
acetone), DBM (dibenzoylmethane), TTA (thenoyltriflu-
oroacetone), HFAA (hexafluoroacetylacetone), TFad
(trifluorcacetylacetone), and Phen is 1,10 - phecan-
throline.
2, Tetrakis -~ A - diketones:
a) DrhG [Eu(ﬁ) 4] wherepis AA,B4,TTA, and DPhG is
diphenylguanidine,
) M{Ba(a4),] , M is Li,Na;
3, Buropium ternary complexes with/Q - diketones, a
nitrato-group and phosphine oxides:
a) Bu ( £ )2 NOB(TPPO)Z, where f is Ba,DBM, TTA,
TPPO -~ tripnenylphosphineoxide ;
b) Eu (jB ) h03(TBPO)2 , where § is DBM, TTA ,
TBPO - tributylphosphine oxide
4, Buaropium carboxylatodibenzoylmethanates:

[Ba (DBM),(RCO0)]2E,0 , R is CHj , O3k, -
The luminescence of polycrystalline_ﬂ -~ diketo-
nates was excited by the UV light of a DRSh ~ 250

lamp passed through an UFS~ 6 filter and registered
by an SDL =1 spectrometer with an automatic recorder.
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Investigated was the temperature dependence of line
intensities of Stark®’s co.ponents of 5Do - 7Fj tran -
sitions( j = 0,1,2 ) by cuntinuous excitation in the
100 - 300 K temperature range. The temperature was
raised by gradual evaporation of nitrogen in a flow-
through quarts Dewar flask.The intensity of each line
was measured at least at 12 temperatures.Temperature
~induced radiationless losses of Enj* luminescence
were measured in terms of the activation energy (Ea)
inferred from the slope of the In I = F( 1/ T )curve
plotted according to the Arrenius equation /1,c/

(I - relative intensity of the luminescence band, T-
temperature ),

1. Tris -/4 - diketonaetes,

Comparative analysis of donor properties of
similar ligands with diffexr: ent substituents requires
that the complexes under consideration have the same
composition, coordination number, dentacity of the
ligands and more or less similar geometrical parame~
ters. These requirements are met by compounds of com~
position Eu (A )3Phen , where j are B -diketon es:
AA, DPM, BA, DBM, TTA, TFAA, HFAA, and Fhen~ 1,10~
phenanthroline. All these species are mononuclear com
plexes in which evely g2t is surrounded by six oxy -
gens of the three 8 - diketon es and two nitrogens
of the neutral bidentate ligand, i.e. phenanthroline,
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Buropium A - diketonate complexes with aromatic ami=
nes posses similar luminescence spectra, which ret-
lects the similarity of their coordination polyhed-
rons. The structures of Eu(DPM)3Ehen and Eu(Aa);Ehen
were reported in /4§ / and /9 /, respectively.

Table 1 contalins the values of the activation
energy for the above series of europium # - diketona-
tes. For tris-p ~ diketonates it shows a steady dec-
rease 1in the following order:

DPM > AA > BA > DBM > TFAA >TTA > HFAA
That is, radiationless losses of Eu5+ excitation
eneTy consistently decrease when passing from alkyl
and aryl substicuents to fluorinated ones.The table
indicates that By does not correlate with the values
of energy gaps between the lower triplet levels of the
corresponding ligands /2-4/ and the resonance excited
level of EMB « The sequence of E values in Table 1
also shows no correlation with the 5Do 5D1 gaps,
as long as for all the series of europiumuﬂ - diketo-
nates these gaps are approximately the same (A'1700cm
Therefore the sequence of activation energies can not
be explained by thermal deactivation of the 5D0 ex -
(cited resonance level of En5+ via the ligand triplet
levels and higher excited levels of En3+. It should
oe also noted that the set of high frequency vibra-
tions of (CH3)3, CH3 ’ C6H5 ’ CF5 , and C = O groups
for the complexes studied is situated in the 600 -
1600 cm™1 range ,so that the above -~ mentioned sub-
stantial decrease in Ey when passing from alkyl and
aryl substituents to fluorinated ones can be hardly
explained in terms of just a decrease in the vibra-
tion energy of the ligands.
The spectral luminescent properties of lantanide}g-
diketonates are known to be essentially dependent on
thestate of the chemical bond between the REI and the
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Table 1. Activation energies and stark’s splitting
o 7F1 of europium chelates.

Chelate ancm-1 A7F1 ’cm-1
1.
ma (DPM)3Phen 1300 236
Eu(AA)j Phen 950 : 243
Ea(B4); Phen 900 230
£ (DBM) ; PHEN 520 220
a(TFAL) sPuen 350 190
21(T74)5Phen 350 180
s (BFAL) ;Phen 270 160
2+ PG [ (aa),] 770 140
DPhG [Bu(Ba), ] 530 130
DPaG [Bu(TTA) 4) 470 100
1 [Eu(AA)4] 1110 83
Na [Bu(ad), ] 1130 100
3+ Ba(BA) N0z (TPPO), 1220 330
2 (DBM),NO; (TPPO), 820 213
2(TTA),NOz(TPPO), 190 52
Bu(DBM),NOz (T8PO), 290 193
Ba(TTA),NO;(TBPO), 240 136
4'[1*]1(DBM)2(CH3000 )]2H,0 2990 498
[Ba (0B, (C5H,C00)pH,0 5050 521

fBrrors in Ea 10 = 15 7%
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diketone, whereas at the .atter point ihformation is

very scarce., In mixed ligand complexes special atten-
tion should be paid at the competing behavidr of 1li-

gands with mi xed-type donor atoms., This circumstance
is often ignored in studies of REE trie~f3— diketona~
tes,

A bond between a R&I and a A ~diketone is predo-
minantly lonic with a covalent contribution depending
on the nature of tne ligand, Neutral bidentate ligands
such as 1,10~ phenanthroline or 2,2°-dipyridyl act as
6-— donors by forming donor-acceptor bonds with the
metal. In europium tris-}?- diketonate complexes sub-
stitution of water iolecules in the first coordinatim
sphere by nitrogen atoms of aromatic amines (1,10 -~
phenanthroline,2,2? - dipyridyl) leads to a sharp in-
crease in the quantum yield of luminescence. It appe-
ars that a stronger 6 - bond between the metal and

the aromatic amine is responsible for a drastic inc-
rease in radiationless energy transfer from the li-
gand to the REI.

A quantitative expression of the inductive ef-
fect of the substituents is Taft’s cunstant & .. In
the series studied there is a consecutive increase in
the negative inductive effect, a decrease in the do-~
petion of electronic density to oxygen and, according-
1y, the m* - A ~diketone bond becomes more ionic
when passing from alkyl- or aryl- containing 4 - dike-
tonates to fluorinated ones. These effects should be
accompanied by strenghthening of the REI bond with the

neutral molecule of phenanthroline, It seems most li-
kely that the consecutive decrease in radiationless

losses ik the series of B ~diketonates DPM> A4 >Bi>
> DBM »TFAA > TTA > HFAA arises from strenghthening
and from a more efficient energy transfer from the li
gand to the REI. In Fige1 By values are plotted agai—
nst 6 ° of the B -diketon ea. The value of 6 = was
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Fige1 Correlation between activation energy n‘;a

and toval Taft’s constant & — in tris-f -
diketonates Eh(ﬁ )3Phen:
1 - DbM, 2 = a4, 3 = BA, 4 - DBu, 5 - TFAA

6 - TTA, 7 - HFa4 b - BIFA .

r - correlation coefficient

found as a sum of & = of the B - diketonate substitu-
ents Ry and K, /10/. Analysis of the results suggests
a division of the diketonates in two groups (with flu
orinated and non-fluorinated substituents) depending
on the donor capacity of the substituents., In either
group the dependence in Fig.1 is linear, which favo-
urs our assumption that the coordination polyhedrons
of the B -diketones posses & similar structure.The
existence of the two groups is apparently due to the
fact that fluorinated S~ diketoues have a much higher
constant 4 .. The 1,10 - phenanthroline adduccs of
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.EH(DPM)3 and ji.u\AA)i have sqQuare antiprismatic struc-
tures /f 9 /. Sievers et all. /{{/ concluded that dik
ferences between the later two structures cannot be
attributed to the presence of.bulky tert-butyl groups
Perhaps the greater electron-donating ability of DPM
ligand may account for the shortening of the Eu - O
bond lengths in the dpm complex,In cowuparing the stmc
tures of hEE tetrakis—ﬁ— diketones, Poray - Koshitz
et alle /12 / arived at the conclusion that for non -
fluorinated ligands the tetragonal antiprism is a ty-
pical lanthanide coordination polyhedron, and for flu~
orinated ligands it is the dodecahedron. Poray -Koghitz
and coliaborators say that this dependency is due to
the degree of overlapping of ligand orbitals and Réw
ion orbitals. Ermolaev et all. /73 / qualitatively eva
luated the relative superposition values of n}A}* eleo~
tron shells with certain ligands and established that
fluorinated ligands provide lesser superposition of
electron shells than their non-Zluorinated analogues.

2. Tetrakis - B - diketonates.,

The structure of tetrakis - A - diketonates of HEs
was reported iu /72 /. In these mononuclear molecules
the Eu atom is surrounded by oxygen atoms of fourp -
diketonate groups forming a dodecahedron.The latter
is usually distorted a little;in Cs[m(HFAA),J, for
instance, the minimum Bu - O distance is 2,36 4, the
meximum one 2.424 /14/.
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As 1is seen from Tab.e 1, tetrakis - 4 - di -
ketonates show asteady decrease in activation energy
E, from 770 e~ o 470 cn~ in the series 4A> BA >
TTA, This decrease in radiaticuless losses is apparen
tly due to the growing inductive effect and the fact
that the mu - 0 bond becomes more ionic. Thus elec-
tron -~ vibration interactions become weaker and radi-
ationless relaxation of excitation deceleraies, It
should also be noted that , rather unexpectedly, ra-
diationless losses for DBhG[Eu(AA)4Jproved lower than
for M[su (44),] ( M= ii, Na) (Table 1), though DPhG
does have a large enough set of high frequency vibra-
tions of NH,CN and 061:1.5 groups. This suggests a fun-
damental difference in the bonds between the methyl
groups of europium acetylac-tonate and the outersphe-
ric cation (M*, DPhG) in these two species, With
DEhG[Eu(AAJQJ the DPhG cation accepts electron densi-
ty from the metuyl group ( a hydrogen bond exists),
decreases donation of electron density to the chromo-
phore group and, accordingly (see Part1), radiation-
less losses of electron exeitation energy drop. In
the case of alkali metal cations (Ii*, Na') there is
no direct transfer of electron density from the met-
hyl group gnd thus the inductive donating eftrect of
the methyl group on the chromophore group changes in-
significantly.

3o Ternary complexes of europium with A -
diketon es, nitrato-group and phos-
phine oxides,
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The compounds of composition M (/3)2N032A
are mononuclear complexes. The europium coordination
polyhedron is a dodecahedron whose apexes are occupi-
ed by two oxygens of two B - diketon e groups, two
oxygens of the nitrato - group and two oxygens of two
ponosphine oxide groups. The molecular complexes form
a crystal by virtue of Van-der-~Vaals bonds.

a) m(p )2 NO3 (TPPO)Z. As is seen from Tablel
the activation energy gy drops drastically (from 1220
cm =1 to 190 cm™ ) in the series BA - DBM -~ TTA, as
it did in the case of co.pounds considered in Sectis
ons 1 and 2., again, therefore, a direct dependence is
observed between radiationless losses of luminescence
and the effective electronic charges induced by sub~-
stituents on the chromophore group atoms, Inceed, wha
passing from BA and DBM to TTA - containing complexes
the negative inductive effect of the substituent in-
creases, while the bond between u”* and the A - dike
tone oxygen atom becomes less covalent. At the same

time the donor-acceptor bond i3+ -~ neutral phosphine
oxide should be strengthened and the efficiency of ex
citation energy transfer from the ligand to the REI

should increasee.

b) Considering ternary complexes with one and the
same f - diketone (DLBM,TTA) but with different phos-
phine oxides (TFPPO,TBPQ), one might expect radiation-
less Losses would be greater for the complexes with
TBPO (bearing in mind high frequency vibrations).
This, however, disagrees with the experimental values
of activation energy: for EM(DBM) NO (TPPO) E (820
em” ) is greater than for En(DBM)aNO (1BPO)2 (290cm -1

Ternary complexes with TTA display approximate-
ly the same low values of & ( 190 and 240 cm -1 De
Therefore the actual activation energies can not be
interpreted if we take into account only the effect
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of the vibration component of phosphine oxides energy
on the erficiency of excitation energy .ransfer, Com=
parative analysis of inductive effects of substitu-
ents in phosphine oxides shows //0/ that the oxygen
atoms of the chromophore group receive more electron
density in tributhylphosphine oxide ( é Y s - 0.39 )
than in TPPO ( 6 = = 1.8 )e In the latter case, there
fore, the donor - acceptor bond between w”t and the
neutral phosphine oxlde molecule is stronger, whicu
promotes excitation energy transfer from the ligand
to the REI.

4, buropium carvoxylatodibenzoylmethanates,

- - R\/O _
O o. I\ /o__«O

i )
f Y-
Q/\ =017~ "\~ 0=
L N\ J2 ’—C\R L

}
\ N\
0_) Q
J2
For europiuz carboxylatodibenzoulmethanates the
values of i are as high as 29300m'1[Eu(DBM)a(Cn3COOS
2H,0 and 5050cu™[E u (DEM),(C5K,C00)] 2H,0 .
Apart from the higih value of radiationless losses, it
was found in a study of optical properties of Bu car-
boxylatodibenzgylmethanates thatOheating of pre-co-
oled (to - 196 )samples to - 30 stops the BEa ion
luminescence, which is not resumed at higher tempera-—
tures,
such a proneunced dissipation of electron ener-~
gy mey be attributed to the special structure of eu~
ropium carboxylatodibenzoylmethanates. An earlier in-
vestigation has shown that these species with mixed
ligands are of a dimer or polymer structure /15/,
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with bridges between the E u ions formed by carboxyl-
ato - groups displaying a tridentate bridge -~ cyclic
coordination., This stucture leads to a eonsiderable
distortion of the inner coordination sphere of Buims
and enhances their interaction, thus being responsib-
le for the high value of radiationless dissipation of
the electron excitation energy. Note that the radia~
tionless process will be more intense in europ.um iso
butyratedibenzoyliuzvizanate, since the electron donor
inductive effect of q3H7 (1) groups ( & : = - C,115)
is stronger than that of CH3 groups ( 6 = 0 ).

5. Stark's splitting of 7FH level of EQL

As the donor ligand bond strength increases
and the chelating ligand bond becomes weaker, Stark’s
splitting of the 7EH level of the Eu ion decreases
( Table 1 ). Analysis of X - ray diffraction evidence
/16/ indicates that this effect (i.e. the increase in
the symmetry of Ehj* surroundings) may arise from the
levelling of distances from the metal to the coordi-
nated atoms of the chelating and the donor ligand,
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