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(Magennis et al., 1999) of collecting light and transferring its energy
to the lanthanide. However, the structure of coordination connecting
the lanthanide and the light absorber, namely, dendrons was not
clear. To clarify the structure, we studied the extended X-ray
absorption fine structure (EXAFS) of Tb or Eu K-edge of the
amorphous complexes.

2. Experiment and analysis

We prepared the Th(lll) or Eu(lll)-cored dendrimer complexes
(Fig.1) from corresponding anhydrous terbium or europium
triacetate (1 equiv.) and the dendron ligand (3 equiv.) bearing a
carboxyl group at the focal point via a ligand exchange reaction in a
solvent of chlorobenzene at temperature of reflux (Kawa & Fréchet,
1998). Thus, the three dendrons are probably assembled as
carboxylate ligands surrounding the lanthanide core. In this study,
we designated the benzylether groups whose generation number n
was G-n. The complex [G-n-xyLn is a Tb or Eu complex having
three G-n dendrons where phenyl group is bonded at x and y
positions by two benzyloxy groups.

We measured Tb and Eus-édge absorption spectra of the
dendrimer complexes at room temperature using the X-ray absorption
fine structure (XAFS) facilities of BL-12C line in the Photon Factory
at High Energy Accelerator Research Organization (Tsukuba,
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The application of photoluminescence properties of lanthanide (ll1) Q—gﬁﬁjﬁgo Vé_ e
complexes to optical tools and bioassey is an important subject. g‘:\g@b@dg ,@\ 'ooé} s ck‘@o"@
Therefore, their photoluminescence behavior has been studied @—\8 "@COO.Ln“

extensively in recent decades (Gelade & De schryver, 1984; Murru @"’O 0@.9@,0 -oog 0,@0@
et al., 1993; Steemers et al., 1995; Webber, 1990; Darwent et al., TP o @Oo = Cnn s ©
1993; Sabbatini et al., 1994; Magennis et al., 1999; Kawa & Fréchet, @C;%@Jo p oéko bo"'\\b@
1998: Gust et al., 1993; Mwalupindi et al., 1991).  Th(lll) and oS & B Ry
Eu(lll) complexes to which Fréchet type poly(benzyl ether) @)éo oéo)g {;0%}008@
dendrons shown in Fig. 1 lower coordinated exhibited high intensity @’(52‘3 gg bbb

fluorescence when these were exposed to ultraviolet light (Kawa &

Fréchet, 1998). The Tb and Eu complexes with different [G-4-35],—Ln
poly(benzyl ether) dendrons exhibited different intensity

fluorescence. It was clear that the effect of poly(benzyl ethefyigure 1

dendrons on photoluminescence was mainly an antenna effez¢hematic of typical dendrimer complexes of Th or Eu.
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Japan) with a ring energy of 2.5 GeV and storage current of 258-40@ble 1

mA. The radiation was monochromatized by using a pair of Si(111§urve fitting of the first peak in the Tb compounds by a model of Th-O shell.
crystals. Harmonic rejection was achieved by detuning the primary
beam to 60% of its original intensity. Spectra were recorded in thE compound
transmission mode using ionization detectors containinggNand A
No/Ar (1). Fourier transform (FT) ofdweighed normalized EXAFS

Th(AcO) [G-1- [G-1- [G-4-
355Tb  35kTh

L . Coordination number N 3.4(0.3) 4.3(0.3) 4.3(0.3) 5.6(0.4)
oscillation was performed in the range of 2.5 <k < 13.3 and 2.3 <}_§t0mic distance RA® 2.32 232 232 235
< 12,5 A* for the Tb and Eu compounds, respectively. We alsQepye-waller factor 0.054 0.060 0.059 0.064
measured Tb(Ngs:.6H,0 and EWO; of which atomic distance R o/AR® (0.004) (0.006) (0.006) (0.006)
and coordination number N were known. Then, we determineg-factor (%) 55 25 6.6 6.4

phase shifts and back-scattering factors, which were used in the
curve fitting of spectra of all the Th and Eu complexes. The curv&The estimated error is given in parentheses. We checked the errors of N and
fitting for each FT peak was performed in R-space. The fittness was First, the several samples randomly extracted from the same complexes

checked by performing the k-space back-transform. synthesized were measured, and the experimental errors were determined.
Second, the errors generated from the correlation between N w&ate also
3. Resuts and discussion obtained by examining the deviations of N andalculated under different

Fig. 2 shows FT patterns of the Th dendrimer complexes studié%’facmrs fixed (Anderson et al., 1998). In every complex the experimental

here. Only the first peak was evident in these patterns. The abser?cr:rgr was much smaller than the error generated from the correlation, which

N is shown in parentheses.
of & Tb-Tb shell suggests that each Tb ion is dispersed mosily § he estimated error is 0.02A. In the case of R, the experimental error was

each dendrimer complex.  Tb-O shell fitted the first peak. Table l:l'le largest in all kinds of errors. The error was estimated from the
shows the result of the curve fitting. The Th-O coordination ”Umbeéxperimental error

in the G-4 dendrimer complex was 5.6, larger than that in the G-1

dendrimer com plex, namely, 4.3. These results suggest that the

coordination of three carboxylate groups to Th is changed mainlgendritic skeleton itself. Interestingly, our result that a larger ligand
from unidentate into bidentate type when the dendron is changgthe G-4 dendron) coordinates more is opposite to the usual
from the G-1 into the G-4. The difference in electron density in thghenomenon that a larger ligand coordinates less due to the steric
focal carboxyl group between the G-1 and the G-4 acid dendronshgndrance.

almost nothing (Kawa & Fréchet, 1998). Therefore, the difference

in coordination number might be due to the difference in the size of
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Figure 2
FT patterns of Tb compounds. (a) Th(OAdp) [G-1-34}-Th, [G-1-35}-Th,
and (d) [G-4-35}Th.

Figure 3
FT patterns of various Eu dendrimer complexes.
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Table 2

Curve fitting of the first peak in the Eu dendrimer complexes by a model of. Conclusion

Eu-O shell. By the EXAFS analysis, we found that the different poly(benzyl

Eu compound [G-1- [G-1- [G-1- [naphthalene- [G-4- ether) dendrons caused the different coordination. The Th complex

24Fu  34FEu 35FEu 35FEu 35FEU  of the bulky fourth generation showed the Tb-O coordination

. number higher than that of the first generation. The Eu complex of

N b 8.9(22) 11.4(2.9) 8.0(2.0) 9.5(1.4) 6.3(0. e first generation of 3,4- or 3,5-dibenzyloxyphenyl type showed a

RIA 2.36 242 240 2.34 2':')'glonger Eu-O length and might form Eu clusters, whereas that of 2,4-

ol A? 0.088 0.081 0.070 0.092 0.070 ' '

(0.020) (0.021) (0.021) (0.011) (OOlﬁibenzyloxyphenyl type showed a shorter Eu-O length and showed
R-factor (%) 6.5 9.0 72 32 5.1 o evidence of Eu clusters. The Eu complex of the first generation
of 3,5-dinaphthylmethoxyphenyl type showed a Eu-O coordination
3P The procedure and the indication of the estimated errors follow Table number of about 9, which is higher than the total number of oxygen
The estimated error of R is 0.62 atoms in the carboxylate groups. The different luminescence

properties of these complexes might be influenced by the different
Fig. 3 shows FT patterns for the Eu dendrimer complexes studiegordination of poly(benzyl ether) dendrons.

here. Table 2 shows the results for the curve fittying of the first
peaks in FT patterns. Eu-O shell fitted every first peak. In the G-1
complexes, the Eu-O length of [G-1-g€u and k-space References
[naphthalene-35]Eu was 2.36 A and 2.34 A, respectively, and that?lPha, B., Lehn, J. M. & Mathis, G. (1987Angew. Chem. In6,
of [G-1-34L-Eu and [G-1-35}Eu was 2.42 A and 2.40 A,  266-267.

respectively. The Eu-O length of the latter were about 0.06 A Iongéofn;:Li%ré’rsRé Er?;gg% J&n-hcﬂfusrt]tjg)gn dcga‘gzgngggg 9 9R;' ) &
than that of the former. In the range of 3-4 A, [G-1;2} and A ’ yst. .

Darwent, J. R., Dong, W., Flint, C. D. & Sharpe, N. W. (1993).
[naphthalene-35}Eu showed no second peak, whereas [G-31-Bd] Chem. Soc. Faraday Trar9, 873-880

and [G-1-35}-Eu showed such a peak. Eu-(O)-Eu shell fitted these|ade, E & De Schryver, F. C. (1984). Am. Chem. Sod06,
second peaks. The peaks in the range of 0-1.0 and 4.3-6.0 A showmg71.5875.

in Fig. 3 were significantly changed by repeating the measureme@ust, D., Moore, T. A. & Moore, A. L. (1993\cc. Chem. Reg6,

and changing the condition of FT, suggesting that the peaks were198-205.

unphysical ones or noise. The back-transform formed through tHshida, A., Emura, S., Takahashi, M., Ito, Y., Kanamaru, H. &
window of R= 1.0-4.3 A was fitted by a set of Eu-O and Eu-(O)-Eu Takamuku, S. (1995physica B208-209 711-713.

shells in [G-1-34}Eu and [G-1-35}Eu. Our results suggest the Kawa, M.. &.Fréchet, J. M. J. (199&8hem. Mater10, 286-296. .
bridge-type coordination of one carboxylate group to two Eu ions, fegendziewicz, J., Gawryszewska, P., Galdecka, E. & Galdecki, Z.

type of coordination often observed in the crystalline Eu complex%a (1998).J. Alloys Comp275-277 356-360.

. . ) . e Magennis, S. W., Parsons, S., Corval, A., Woollins, J. D. &
by using the X-ray diffraction analysis (Shimizugawa et al., 1997; Pikramenou, Z. (1999 hem. Commuré1-62.

Starynowicz, 1998; Legendziewicz et al., 1998he relatively low Murru, M., Parker, D., Williams, G. & Beeby, A. (1993). Chem.
intensity of luminescence in [G-1-34Fu and [G-1-35}Eu Soc., Chem. Commuh116-1118.
measured in our study is probably due to Eu aggregation. BWwalupindi, A. G., Blyshak, L. A., Ndou, T. T. & Warner, I. M.
aggregation might also increase the steric hindrance in coordination(1991).Anal. Chem63, 1328-1332.
of the bulky dendrons, and thus weaken the strength of Eu-O bond $&bbatini, N., Guardigli, M., Manet, |., Bolletta, F. & Ziessel, R.
the two complexes, increasing the bond length. (1994).Inorg. Chem33, 955-959.

The coordination number of Eu dendrimer complexes was larg&himizugawa, Y., Qiu, J. R. & Hirao, K. (1997). Non-Cryst.
ranging between 6 and 11. Such large coordination numbers haveSolids222 310-315.
been reported for numerous Eu complexes (Ishida et al., 1998farynowicz, P. (1998J. Alloys Comp275-277 815-817.
Yamaguchi et al., 1988; Alpha et al., 1987). The coordinatiorSteemers, F. J., Verboom, W., Reinhoudt, D. N., van der Tol, E. B.
number of [naphthalene-35Fu and [G-4-35}Eu, 9.5 and 6.3, & Verhoeven, J. W. (1995J. Am. Chem. Sott17, 9408-9414.
respectively, is relatively precise because of the small R-factor. Thémaguchi, T., Nomura, M., Wakita, H. & Ohtaki, H. (1988).
Eu-O number (9) in [naphthalene-3&u was higher than the  Chem. Phys89, 5153-5159.
number of oxygen atoms (6) in the three carboxylate groupdVebber, S. E. (1990Chem. Revd0, 1469-1482.
suggesting that Eu ion is exposed to the coordination of oxygen
atoms other than that of the carboxylate groups belonging to the
same molecule as the Eu ion, for example, the bridge-type
coordination of carboxylate groups or a coordination of ether groups.

712  Received 31 July 2000 - Accepted 2 November 2000 J. Synchrotron Rad. (2001). 8, 710-712



