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Luminescence of Divalent Europium Complexes with Crown Ethers
and Polyethylene Glycols

By GiN-vA ApacHL* Karsuniko Tomokrvo, KENJI SORITA, and JIRO SHIOKAWA

(Department of Apphed Chemastry, Faculty of Engineering, Osaka Unwersity, Yamadakamr, Suita,
Osaka 565, Japan)

Summary Divalent europium complexes with crown
ethers give a remarkably intense, blue emission under
u v radiation

WE report here the observation of fluorescence from
divalent europium (Eu?t)! complexes with cychc and
acyclic polyethers including 12-crown-4, 15-crown-5, 18-
crown-6, dicyclohexyl-18-crown-6 (DC-18-O-6), dicyclo-
hexyl-24-crown-8 (DC-24-O-8), triethylene glycol (EO3),
tetraethylene glycol (EO4), pentaethylene glycol (EO5),
hexaethylene glycol (EO6), and heptaethylene glycol (EO7)

The observed intensity of the fluorescence 1s generally
very large, of the crown ether and polyethylene glycol
complexes examined, the most intense fluorescence 1s given
by a methanol solution of 15-crown-5 complex with Eu?+,
the intensity of which 1s 600 times greater than that given
by a EuCly,-methanol solution of the same Eu?* concentra-
tion + Luminescence properties of the Eu?t complexes are
summarnzed in the Table The emission 1s 1n the region
of 400—500 nm which 1s common for Eu?*t fluorescence
Peaks of the luminescence spectra for the complexes shift
to the short-wavelength side, compared with that for
EuCl,

TaBLE Luminescence properties of Eu?+ complexes with crown ethers and polyethylene glycols
Maximum absorption
Complex bands/nm Maximum emission Relative intensity
(methanol solution)? Eu:lgand II band/nm of emission®
Eu?+-15-crown-5 1:3 248 318 433 620
Eu?+-18-crown-6 4:3 257 326 446 150
Eu?+-DC-18-0-6 4:3 257 318 439 87
Eu?+-DC-24-0-8 1:1 252 327 443 180
Eu?+-EO3 — 250 329 467 22
Eu?+-EO4 —¢ 251 327 442 50
Eu?+-EOb 1:1 252 320 464 42
Eu?+-EO6 2:1 252 321 467 47
Eu?+-EO7 2:1 252 316 458 66
EuCl, — 250 330 489 1-0

8 The Eu?* concentration 1s 4:0 X 10-3 mol 11

intensity of the emission from a EuCl,-methanol solution (Eu?+ concentration 4 0 x 10-2 mol 1-1)

lished

b Relative intensities of the emission were determined by comparison with the

¢ The ratios could not be estab-

+ Emussion spectra were determined at room temperature on a Shimadzu Absolute Spectrofluorophotometer, Model RF-502, using
the automatic compensation and pre-calibration system for the mstrumental factors (¢f T Kunta, H Yamamoto, M Takada and

Y Komurasaki, Skimadzu Rev, 1975, 32, 225
spectra of the complexes

Emission spectra were taken at the maximum peak wavelength of the excitation
The emussion intensity was calculated from the area of the emission band recorded Concentration of

Eu?+ 10n 1n the complex solutions was maintained at 4 0 x 10-2 mol 1-?
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The metal (Eu?t) to ligand ratio for the complexes
(M:1L) has been determined by means of molar ratio
methods.? The ratio (M:L) for the 15-crown-5 complex
was 1:3, suggesting that the Eu?* ion was located at the
centre of the triangle formed by the three crown ethers’
rings, although other possibilities cannot be excluded.

It is not yet clear why the 15-crown-5 complex gives the
highest intensity. The Eu?t ion may fit so tightly in the
cavity of 15-crown-5 that the intramolecular vibration
which causes a non-radiative process may become minimal.

It has been found that the fluorescence of 1,8-naphtho-
21-crown-6 and dibenzo-18-crown-6 (DB-18-O0-6) is en-
hanced by the chelation of alkali metal cations.* The
reason given for this fluorescence enhancement is that
DB-18-0-6 complexes have a rigid structure, compared
with the uncomplexed crowns. In other words, chelation
with metal ions causes the internal quenching rate to
become appreciably lower. Although the situation des-
cribed here is not the same as those previously reported
because the Eu?t complexes produce the luminescence from
a central ion while the alkali-crown complexes, described
above, produce the luminescence from the excited state of
the double bonds, the rigid structure model for the enhance-
ment should be sufficiently accurate.

The 18-crown-6 complex with Eu?t is a 4:3 complex
which is probably of the ‘club sandwich’ type.# The Eu?t
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ions in the complex are close to each other, so that con-
centration quenching of the luminescence would take place
to some extent, giving a smaller intensity than that of the
15-crown-5 complex.

Polyethylene glycols loosely encircle one Eu?t in EO5 or
two in both EO6 and EO7 and so give a poorer emission.
However, in a series of polyethylene glycols, the longer the
ligand chain, the more intense the emission becomes, since
the longer polyethylene glycol can surround the central
cation to greater effect.

The absorption spectra for the complexes are similar and
consist of two bands which are due to ‘allowed electric
dipole’ transitions between the 4f and 5d states (4f7 —
4185d) and structure, i.e., the two bands are a result of the
crystal field splitting of the 5d orbitals into the excited
state. The excitation spectra of the complexes coincide
in position with the absorption spectra of the corresponding
complexes.

Reactions and measurement of the emission spectra were
routinely performed under a nitrogen atmosphere since the
complexes are not very stable in air. Complex solutions
were obtained by dissolving 0-1 mmol of EuCl, and a given
amount of the ligand in 25ml of degassed methanol.
EuCl, was prepared by the method described elsewhere.5
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