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Lanthanide complexes have been attracted much attention for their important ap-
plications [1]. In particular, Eu(IIl) and Tb(III) are characterized by long-lived (ms ti-
mescale) and strong luminescent electronically excited states, which makes them
important in analytical chemistry [2]. Among these, the complexes of Eu(Ill) and
Tb(III) with alkyl amide have been widely investigated, but their luminescence was
very weak. The energy transfer from ligand to central metal (antenna effect) should be
the main reason for this. Aryl amide ligand is anticipated to have stronger antenna
effect to Eu(IIl) and Tb(III), and few complexes of this kind have been reported [3].
So we used N-benzylsalicylamide and two different rigid central skeletons to synthe-
sis two new aryl amide type tetrapodal ligands L (1,1,1,1-tetrakis-{[(2-benzylaminofor-
myl)phenoxyl]methyl} methane) and Ly (1,2,4,5-tetrakis- {[(2-benzylaminoformyl)phe-
noxyl]methyl}benzene). Their complexes of Eu(NO;); and Tb(NO3); were also syn-
thesized and characterized. The results suggested that these complexes of two ligands
had different metal-to-ligand stoichiometry in spite of identical conductivity. Fur-
thermore, their luminescence properties were also studied. The results indicated that
the tetrapodal ligand with alkyl being used as the central skeleton has a stronger an-
tenna effect to Eu(IIl) and Tb(III) than that with phenol.

The two ligands could be easily prepared from the replacement reaction of 1,1,1,1-te-
trakis-(p-tosyloxymethyl)-methane [4] and 1,2,4,5-tetrakis-(bromomethyl) benzene [5]
with N-benzylsalicylamide [6]. The synthetic routes are shown in Figure 1. Their
complexes were synthesized with corresponding ligands and lanthanide nitrate salts
in chloroform and ethyl acetate.

Analytical data of the complexes are listed in Table 1. The elemental analytical
data and the content of metal confirm 3:2 (complexes of L;) and 1:1 (complexes of Ly;)

* . .
Corresponding author, E-mail address:tangyu@lzu.edu.cn
Foundation item: Project supported by the Doctoral Research Foundation of Lanzhou University.



472 ZH.H Cai et al.

)

(o
HO OH__ TsCl °N TsO OTs

e ——
HO OH TsO OTs
DMF cho% RO: :OR
OH RO OR
@ng 1)H,S0,, C,H;OH @(“,H v@ L
—_— —_ 1
OH 2)
K ©—\NH2 o DMF K,C0; ROIIOH
RO OR
:C: NBS ccly Br Br
——
hv BrjcCBr Ly

R=C¢H,CONHCH,CHs
Figure 1. Preparation of ligands L, and L ;.

metal-to-ligand stoichiometry respectively. The difference in stoichiometry is a sur-
prising result. Considering the structure of two ligands, it can be explained as follows:
(1) The branches of two ligands have half-rigid nature, which makes them as bridging
ligands to form complicated coordination polymer instead of encapsulating structure
[3]. (2) The different rigid central skeleton leads to great differences in coordination
structure of their complexes, and this also may be the key factor that make these com-
plexes different in coordination stoichiometry. The study on confirmed structure is in
process.

Free ligands L; and Ly both exhibit two absorption bands at about 1649 cm '
(C=0)and 1105 cm™' (Ar—O-). The complexes also exhibit these two bands, but the
low energy band (1105 cm ') almost remain unchanged and the high energy band
(1649 cm ") red shifts to about 1607 cm ™' (Av =42 cm™"), indicating that only the oxy-
gen atom of C=O0 takes part in coordination to the metal ions. For the four complexes,
there are new absorption bands at about 1628 cm™' (complexes of L;) or 1645 cm™!
(complexes of Lir), which were occurred from the C=0 of coordinated CH;C-
OOC;Hs. Additionally, bands at 1384 cm ™' in the spectra of complexes indicate that
free nitrate groups (D3n) exist. Two intense absorptions associated with the asymme-
tric stretching appear in the ranges 1290—1306 (v4) and 14821489 (v;) cm™', clearly
indicating that the NO3 groups (C,,) are coordinated [7]. The separation of the two
bands is about 180 cm ™' in the complexes, which indicates that the NO; groups are bi-
dentate ligands [8].

Table 1. Analytical data for the complexes.

Complexes Content of metal IR (em™) A (Sem? mOl:)

found % (calc.) C=0 Ao  (CH;0H,25°C)
[Eu(NO,);]{L,), - CH;COOG, H, 14.5 (14.9) 1606 1110 175.6
[Tb(NO3)3]5(L1)2 - CH;COOC;Hs 15.9 (15.5) 1608 1110 179.3
[Eu(NOs)s](Ln) -2 H:0 - CH;COOC,Hs 10.5 (10.3) 1606 1108 195.3

[Tb(NO;);](Ly) - 2H,0 - CH;COOC,H; 10.4 (10.7) 1609 1108 198.2
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The molar conductivity of the complexes is 170-200 Scm” mol ', indicating that
two free nitrate groups existed in each molar complex and these complexes are all 2:1
(160-220) type of electrolytes [9], which is consistent with the result of IR spectra.

As we know, the better the triplet-state level of the ligand matches with the lowest
excited state level of metal center, the more effective energy transfer will occur, thus,
the luminescence emission will be more completely quenched. So the antenna effect
ability of the ligand can be found from the ligand luminescence emission in the com-
plex luminescence spectra. This ability is only determined by the nature of ligand. So
the change in structure of ligand will influence the antenna effect ability of ligand. In
this paper, although there are differences in coordination number and environment of
the metal ion, they should not be the obstacles to our qualitative investigation in the
antenna effect of the two ligands.

The complexes of L; and Ly all have strong luminescence properties. In order to
compare the influence of different skeleton on antenna effect, the luminescence spec-
tra of the ligands and their Eu(III) and Tb(III) complexes in solid state were recorded
atroom temperature. The emission spectra of the complexes are shown in Figure 2.
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Figure 2. Emission spectra of complexes in solid state (excited at 325 nm).

Excited by the absorption band at 325 nm, the free ligands exhibit broad emission
bands (Amax = 450 nm), which is due to the s-7r* transition of the ligand. All the com-
plexes show the characteristic emissions of Eu(Ill) and Tb(III) respectively, indicating
that both ligands are good chelates to transfer energy to metal ions. In the two spectra
of Eu(III) complexes, the relative intensity of *D,—'F, is more intense than that of
D,->"F,, showing that the Eu(III) ion does not lie in a centro-symmetric coordination
site [10]. The spectra of Tb(III) complexes showed the expected sequence of °D,—F,
transitions (J =6, 5, 4, 3). In addition, the complexes of Lishowed no emission bands
at 450 nm, but the emission bands in the complexes of Ly are still visible, suggesting
that the energy transfer (antenna effect) in the complexes of L; is more effective [11].
This result is consistent with that of our recent reports [12]. So we can conclude that
the antenna effect of alkyl, being used as the central skeleton, is stronger than that of
phenyl and the main reason should be the rigidity of the skeleton.
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