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The oxidation of Eu(FOD); and Eu(TTA); (FOD is heptafluorodimethyloctanedionate and TTA is thenoyltrifluoroacetonate) by
dimethyldioxirane (DMD) is accompanied by chemiluminescence; the excitation of europium(Ill) occurs due to an energy released

upon oxidation of the ligands.

Luminescent lanthanide complexes are widely studied as struc-
tural and analytical luminescent probes and labels in various
chemical and biochemical investigations.!:2 Another important
feature of lanthanide chemistry is the utilization of these com-
pounds as activators of chemiluminescence (CL) arising in
chemical reactions,3-1! such as oxidation of organic compounds3
and decomposition of dioxetanes.!-¢-10, Among the compounds
of lanthanides, the complexes with organic ligands such as
europium B-diketonates, which exhibit intense fluorescence and
high solubility in organic solvents, are useful for CL enhance-
ment. A study of the CL of lanthanide chelates allows one to
receive information on the mechanisms of various dark proc-
esses (e.g., quantum chain reactions) which otherwise are dif-
ficult or even impossible to explore.9:10

It is generally accepted that lanthanide B-diketonates are inert
activators, which are excited via intermolecular energy transfer
from the excited species formed in a chemiluminescent reaction
to the metal-centered 4f'states. In this communication, we report
a new type of lanthanide CL, when light emission arises due to
the oxidation of organic ligands rather than as a result of outer-
sphere energy transfer.

We found that the interaction of Eu(FOD); with the powerful
organic peroxide oxidant DMD!2.13 is accompanied by bright
CL. A study of the kinetics of CL' revealed that Eu(FOD),
is not an energy acceptor, but chemically interacts with the
dioxirane. In fact, regardless of the ratio between the reactants,
the kinetics of CL decay has a rather complex character (Figure 1)
and is characterised by the presence of two maxima (the first
maximum, lasting 2-3 seconds and the second, which is con-
siderably more prolonged and intense). Figure 1 shows that the
total period of the CL decay coincides with the time of decrease
of the dioxirane concentration (determined by iodometry in a
control experiment) in the course of the reaction with Eu(FOD);,
and the consumption of DMD is stopped with the end of CL
decay.

Iodometric analysis revealed that, regardless of the excess
(from 10 to 20 equivalents) of dioxirane over a lanthanide chelate,
six equivalents of DMD is consumed in the reaction with one
equivalent of Eu(FOD); so that two molecules of the dioxirane
react with one molecule of the FOD ligand. The more excess of

T CL was recorded using a FEU-140 photomultiplier on a photometric
setup. In a typical procedure, a solution of Eu(FOD); in acetone was
added to an acetone solution of DMD. The concentrations of reactants
were varied in the ranges (5-100)x10~* mol dm= for Eu(FOD); and
(1-25)x10-3 mol dm=3 for DMD. The reactions were carried out at 20 °C
in a nitrogen atmosphere. DMD as an acetone solution was stored at
—24 °C over molecular sieves 4 A before use. Eu(FOD); was dehydrated
according to the published method.!4 The reactions were carried out in
anhydrous acetone, which was obtained by boiling over K,CO; for
several hours followed by distillation from molecular sieves. In order to
test the influence of water on the CL behaviour, in a control experiment,
a small amount of twice distilled water was added to anhydrous acetone
solutions of the reactants before the reaction so that the overall reaction
volume contained ca. 1% H,O. The solvent effect on the CL behaviour
was tested using dry co-solvents such as benzene, CCl,, MeCN, ethyl
acetate, MeOH and tert-butanol added to acetone in a 12.5:1 ratio.
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Scheme 1

DMD over Eu(FOD); is taken in the reaction, the shorter time
is needed to reach the main maximum in the kinetic curve of
CL decay. The overall time of luminescence decay also decreases
with increasing DMD concentration at a constant concentration
of the europium complex.

The emitter of CL is an excited Eu"! ion since the CL spec-
trum recorded in the reaction of DMD with Eu(FOD); corre-
sponds (Figure 2) to the photoluminescence spectrum of europium
(570-650 nm). The yield of CL (20 °C, acetone, [Eu(FOD);], =
= 1x10-3 mol dm!, [DMD], = 6x10-3 mol dm3) was calculated
from the ratio of the total amount of light evolved in the reac-
tion to the initial DMD concentration to be 6x10-7 einstein mol-1.
Unfortunately, it is impossible to calculate the europium exci-
tation yield since the photoluminescence intensity considerably
decreases during the reaction with DMD.

The CL behaviour appeared to be sensitive to the presence of
water. When the reaction was carried out in wet acetone, an
almost threefold decrease in CL intensity was observed. This
effect is expectable since H,O is known to quench the lumi-
nescence of lanthanides. However, the duration of CL decay is
also significantly shortened (by a factor of 4-6) in the presence
of water, indicating that the latter influences the chemical inter-

, 115
" £ 2
300 \ E 114
I‘l g
| £ 10 112
2 250 ' i
El . é 0 111 E
2 200 \' E 00 25 50 5
& X 4110 =
3 . S
5 ol :
. 150 % 19 &
= . =
§ : 18 3
S 100 @
: 17
50
' 16
I 1 - - --- - 1= - - - - 1= -
0 200 400 60 800 1000

tls

Figure 1 Kinetics of (/) CL decay and (2) consumption of DMD in the
reaction with Eu(FOD); (acetone, 20 °C, [Eu(FOD);] = 1x10-3 mol dm-3,
[DMD] = 1.4x10-2 mol dm=3, N, atmosphere). Insert: the initial fast flash
of CL intensity.
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action of the europium chelate with the dioxirane, presumably
due to the ability of H,O to act as a donor of hydrogen bonds or
possible coordination of water to the metal. In fact, solvents
with hydrogen bond donor capacity, such as MeOH and tert-
butanol, significantly accelerate the rate of CL decay as com-
pared with acetone and MeCN. On the other hand, the solvent
polarity is also important for this chemiluminescent reaction.
Thus, the CL decays faster in weakly polar benzene or carbon
tetrachloride compared with more polar acetone, acetonitrile and
ethyl acetate.

The europium complex is oxidised by DMD as follows from
NMR and UV-spectroscopic data. The UV spectrum of the reac-
tion product (acetone was evaporated from the system, and the
residue was dissolved in CCl,) showed no intense absorption of
Eu(FOD), at A,,,, = 290 nm, whereas a new weaker absorption
band appeared at A,,,, =420 nm. The 'HNMR spectrum [the
residue was dissolved in a CDCl;-MeOH (2.5:1) mixture]
showed a new signal at 3 ppm instead of that at 6 ppm attrib-
uted to the proton of the CH group!“ (the signal of ters-butyl at
1.1 ppm remained unchanged). The photophysical characteristics
of the reaction product are also completely different from those of
the initial europium chelate. The new compound emits much less
intense fluorescence upon irradiation with ultraviolet light at
390 nm: the photoluminescence spectrum taken after the reac-
tion with DMD showed a drastic decrease in the photolumines-
cence intensity (PL-I) of europium (by more than two orders of
magnitude), as compared with initial Eu(FOD);. A redistribu-
tion of photoluminescence bands of europium is also observed
(Figure 2).

Similar results were obtained with the Eu(TTA); complex
(TTA = thenoyltrifluoroacetonate). The CL emitter observed in
the reaction of Eu(TTA); with DMD is an excited europium ion
(570-650 nm), and the kinetics of luminescence decay is char-
acterised by the presence of a maximum. Eu(TTA); is oxidised
by DMD as manifested by the disappearance of its UV absorp-
tion at 343 nm in the course of the reaction. As in the case of
Eu(FOD);, six equivalents of DMD were consumed in the reac-
tion with one equivalent of Eu(TTA);, and the newly formed
product of the chelate oxidation is more than two orders of
magnitude weakly fluorescent compared with the initial europium
complex.

Although the precise mechanism of the reaction of DMD
with Eu(FOD); or Eu(TTA); remains unknown, the data obtained
allow us to conclude that the excitation of europium occurs as
a result of its oxidation by the dioxirane.f The presence of a
maximum in the kinetic curve of CL decay occurring upon the
interaction of Eu(TTA); and Eu(FOD), with DMD is obviously
caused by the accumulation of an intermediate (presumably of a
peroxidic type) and its subsequent exothermic decomposition
followed by energy transfer to the metal ion (Scheme 1).

The results of this work also testify that the B-diketonates of
europium are not always passive and may significantly contri-
bute to the production of CL as a result of their oxidation by
peroxides. This circumstance should be taken into account when
lanthanide complexes are used as ‘inert’ activators for studying
chemi- or bioluminescent reactions.
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¥ The results of this work give an example of the generation of excited
states during the oxidative reactions of dioxiranes. The area of so-called
oxidative CL of dioxiranes is a highly perspective avenue of their
chemistry, which has begun to be explored only in recent years.!3.15.16
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Figure 2 (/) Luminescence spectrum of Eu(FOD); (acetone, 20 °C,
[Eu(FOD);],, = 3x10-3 mol dm3). (2) Luminescence spectrum of the reac-
tion mixture taken after the reaction of Eu(FOD); with DMD (acetone,
20 °C, [Eu(FOD);], = 3x10-3 mol dm=3, [DMD],, = 3x10-2 mol dm~3). (3)
Chemiluminescence spectrum taken during the reaction of DMD with
Eu(FOD); (acetone, 50 °C, [Eu(FOD);],=5%10-3 mol dm-3, [DMD],=
= 1.2x10-2 mol dm-3, N, atmosphere).

References

1 M. Elbanowski, B.Makowska, K. Staninski and M. Kaczmarek, J.
Photochem. Photobiol. A: Chem., 2000, 130, 75.

2 1. Hemmila and S. Webb, Drug Discov. Today, 1997, 2, 373.

3 V. P. Kazakov, Zh. Fiz. Khim., 1965, 39, 2936 (Russ. J. Phys. Chem.,
1965, 39, 1567).

4 V.P.Kazakov and A.I. Lapshin, Teor. Eksp. Khim., 1966, 2, 376
[Theor. Exp. Chem. (Engl. Transl.), 1966, 2, 286].

5 V. A.Belyakov, R. F. Vasilev and G. F. Fedorova, Khim. Vys. Energ.,
1978, 12, 247 [High Energy Chem. (Engl. Transl.), 1978, 12, 208].

6 F. McCapra and D. Watmore, Tetrahedron Lett., 1982, 23, 5225.

7 A. V. Trofimov, R. F. Vasil’ev, K. Mielke and W. Adam, Photochem.
Photobiol., 1995, 62, 35.

8 A.I Voloshin, N. M. Shavaleev and V. P. Kazakov, J Lumin., 2000,
91, 49.

9 V. P. Kazakov, A. 1. Voloshin and S. S. Ostakhov, Kinet. Katal., 1999,
40, 1 [Kinet. Catal. (Engl. Transl.), 1999, 40, 180].

10 V. P. Kazakov, A.I. Voloshin and N. M. Shavaleev, J. Photochem.
Photobiol., A: Chem., 1998, 119, 177.

11 M. M. Richter and A. J. Bard, Anal. Chem., 1996, 68, 2641.

12 V. P. Kazakov, A.I. Voloshin and D. V. Kazakov, Usp. Khim., 1999,
68, 283 (Russ. Chem. Rev., 1999, 68, 253).

13 W. Adam, L. P. Hadjiarapoglou, R. Curci and R.Mello, in Organic
Peroxides, ed. W. Ando, Wiley, New York, 1992, vol. 4, p. 195.

14 C.S. Springer, Jr., D. W. Meek and R. E. Sievers, Inorg. Chem., 1967,
6, 1105.

15 K. Sakanishi, Y. Kato, E. Mizukoshi and K. Shimizu, Tetrahedron Lett.,
1994, 35, 4789.

16 D. V. Kazakov, A.B. Barzilova and V. P. Kazakov, Chem. Commun.,
2001, 191.

Received: 7th June 2001; Com. 01/1808

-189 -


http://dx.doi.org/10.1016/S1010-6030(99)00222-1
http://dx.doi.org/10.1016/S1359-6446(97)01080-5
http://dx.doi.org/10.1016/S0040-4039(00)85804-9
http://dx.doi.org/10.1016/S0022-2313(00)00199-X
http://dx.doi.org/10.1016/S1010-6030(98)00409-2
http://dx.doi.org/10.1021/ac960211f
http://dx.doi.org/10.1070/RC1999v068n04ABEH000463
http://dx.doi.org/10.1016/S0040-4039(00)76969-3

