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Metal complexes of Schiff base ligand have received considerable attention over

the past two decades [1]. This may be attributed to unusual structural features in the

resultant metal complexes and their biological activities. Some of the metal com-

plexes have antitumor properties [1,2], antioxidative activities [3], electronic and

photophysical properties [4]. Although a lot of research has been reported, the lantha-

nide complexes of these ligands are rare. It has been indicated that lanthanide lumine-

scence enhancement can be facilitated in complexes possessing an aromatic ring that

has a nitrogen atom, such as 1,10-phenanthroline or bipyridine. The nitrogen lone

pair appears to form an efficient energy bridge to the lanthanide ion [5,6], which exhi-

bits a good light conversion process, the antenna effect [7]. In order to understand fur-

ther the coordination and the properties of rare earth complexes with Schiff base

ligands, we designed and synthesized a new and doubly functionalized bis-Schiff

base ligand (having both selective ability to coordinate lanthanide ions and to enhance

their luminescence), N,N�-bis(2,4-dihydroxyacetonephenone)-2,6-diaminopyridine

(H4L), and studied the synthesis, spectroscopic properties of europium and terbium

nitrates complexes with the new bis-Schiff base ligand.

The synthesis route of the ligand was described by Scheme 1. Anhydrous ZnCl2

(3.3 g, 24 mmol) was slowly added dropwise to a hot glacial acetic acid (3.3 g, 54

mmol) solution. Then 1,3-benzenediol (2.2 g, 20 mmol) was added and refluxed for 1 h.

When cooling the mixtures to room temperature, the products (2) were precipitated

from solutions, washed with 1:3 HCl and water, respectively. The precipitates were

dried under vacuum to afford 2,4-dihydroxyl-acetophenone as yellow powders.

A mixture solution of (2) (1.5215 g, 10 mmol) and 2,6-diaminopyridine (0.5457 g,

5 mmol) in C2H5OH (20 mL) was refluxed for 6 h at 65�C and brown precipitate (H4L)

formed. The precipitate was obtained by filtration and purified by crystallization with
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anhydrous ethanol. 1.0 mmol Eu(NO3)3�6H2O in 10 mL ethanol was added dropwise

to the solution of H4L (1.0 mmol) in 10 mL ethanol. After stirring for 3 h at room tem-

perature the product formed was then collected by filtration, washed several times

with ethanol and dried in a vacuum. The terbium complex was also synthesized by

this method.

The molar conductivities (�m) [9] of europium and terbium complexes indicate

that they are non-electrolytes in DMF [10]. The results of elemental analyses [9] give

the formula of the complexes as Ln(H2L)(NO3)�3H2O (where Ln = Eu, Tb), which in-

dicates that all these complexes conform to 1:1 metal-to-ligand stoichiometry.

The IR spectra [9] of the europium and terbium complexes indicate that Schiff

base nitrogen atoms and the pyridyl nitrogen atoms take part in coordination to rare

earth ions [11]. The mass spectral data [9] for Eu and Tb complexes are consistent

with deprotonation of two hydroxyl groups among the four hydroxyl groups of the li-

gand, which indicate that two phenolic hydroxyl oxygen atoms are coordinated to me-

tal ions. This conclusion is also supported by conductivity measurement for both

complexes in DMF solution. In addition, there are no bands at 1360–1400 cm
–1

, indi-

cating that the complexes do not contain free nitrates [12], which is in accordance

with the molar conductivities of the complexes. The separation of the two highest

frequency bands |�4 – �1| is 171 cm–1 (for europium complex) and 169 cm–1 (for ter-

bium complex), thus, the coordinated NO 3
� ions in the complexes are bidentate li-

gands [12].

The results of thermal analysis indicate, that one lattice water molecule and two

coordinated water molecules are in the complex.

The fluorescence characteristics of the ligand (H4L), europium and terbium com-

plex in DMSO, DMSO/CH3OH (1:1 v/v) solutions were investigated. The ligand
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Scheme 1. The synthesis of ligand.



(H4L) is a strong fluorescence substance, because of its multiple aromatic rings with a

rigid planar structure. It displays a fluorescence excitation maximum at 470 nm and

an emission maximum at 510 nm in DMSO solution. But in DMSO/CH3OH (1:1 v/v)

solution, the excitation maximum and emission maximum of the ligand are blue-shi-

fted about 7 and 13 nm, respectively, compared with those in DMSO solution.

From the emission spectra in Fig. 1 and Fig. 2, it could be seen that the europium

and terbium complexes with H4L can emit intrinsic spectrum of Eu
3+

and Tb
3+

ions

under excitation of ultraviolet light. Due to the presence of a scattering signal near

490 nm (for terbium) and 590 nm (for europium), the peak height at 545 nm (for ter-

bium) and 615 nm (for europium) was used as a measure of the fluorescence intensi-

ties. From Fig. 1 and Fig. 2, we can see that the fluorescence intensities of terbium

complexes at 545 nm are stronger than those of europium complexes at 615 nm, both

in DMSO and in DMSO/CH3OH solution, which shows that terbium ions exhibit an

excellent luminescence characteristics when the native luminescence is enhanced by

H4L. So, trivalent terbium ion potentially may be used as luminescence labels or pro-

bes for analytical determinations. The luminescence of Ln
3+

chelates is related to the

efficiency of the intramolecular energy transfer between the triplet level of ligand and

the emitting level of the ions, which depends on the energy gap between the two

levels. In DMSO, the energy gap between the ligand triplet levels and the emitting

levels of the terbium is more favorable for the energy transfer process than in euro-

pium.
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Figure 1. The emission spectrum of the europium complex. Concentration: 1.0�10–4 mol� L–1. 1 in

DMSO/CH3OH (1:1) solution, 2 in DMSO solution, and 3 in DMSO solution with EDTA used

as a secondary ligand.



From Fig. 1 and Fig. 2, we can see that EDTA could strongly enhance the lumine-

scence of terbium complex with H4L, but almost did not enhance the luminescence of

europium complex with H4L. Although EDTA was used as a secondary ligand in flu-

orescence enhancement [13], it has not been reported that EDTA also could strongly

enhance the luminescence of terbium complex with Schiff base ligand. So this is a

novel spectral phenomenon. We think that intramolecular energy transfer plays a key

role in fluorescence enhancement. That is to say, after absorbing radiation, the EDTA

transfers energy to the H4L, and subsequent energy transfer from H4L to the emission

levels of the Tb
3+

ion causes a dramatic increase of luminescence intensity. H4L si-

multaneously serves as the energy donor and acceptor.

We also can see that the fluorescence intensities for both complexes in DMSO are

stronger than those in DMSO / CH3OH solution. We assume that this is due to the O-H

oscillators of CH3OH molecules. It is well known that the excited state of the lantha-

nide ions is efficiently quenched by interactions with high-energy vibrations, like

O-H groups. Therefore, the fluorescence of the complexes in CH3OH solution can be

quenched easily, because of the O-H oscillators.
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Figure 2. The emission spectrum of the terbium complex. Concentration: 1.0�10
–4

mol� L
–1

. 1 in

DMSO/CH3OH (1:1) solution, 2 in DMSO solution, and 3 in DMSO solution withEDTA used

as a secondary ligand.
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