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Abstract

A novel 6-hydroxy chromone-3-carbaldehyde benzoyl hydrazone ligand and its four complexegNOg)a]NO3 [Ln =Eu(1), Sme),
Th(3), Dy(4)], were synthesized. The complexes were characterized by the elemental analyses, molar conductivity and IR spectra. The crystal
and molecular structure of Sm(lll) complex was determined by single-crystal X-ray diffraction: crystallized in the triclinic system, space
groupP-1,Z=1,a=11.037(4R, b=14.770(5, ¢ = 15.032(7A, o = 60.583(4) 8 = 75.528(7)y = 88.999(4), R1 = 0.0349. The fluorescence
properties of complexes in the solid state and in the organic solvent were studied in detail, respectively. Under the excitation of ultraviolet
light, strong red fluorescence of solid europium complex was observed. But the green fluorescence of solid terbium complex was not observed.
These observations show that the ligand favor energy transfers to the emitting energy levél 8be factors that influence the fluorescent
intensity were also discussed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction a series of Schiff base, which can enhance their luminescence
by providing proper conjugate absorption groups for suitable
Because they have long fluorescence lifetimes and theirenergy transfer, and be used as a luminescent device. In the
excited states have strong fluorescence emission, europiunpresent work, a new and doubly functionalized Schiff-base
(111 and terbium(lll) have extensive applications in biologi- ligand, 6-hydroxy chromone-3-carbaldehyde benzoyl hydra-
cal medicine, especially in the fluorescence imagery cancerzone has been synthesized, and the fluorescence properties of
radiation treatmentl], fluorescence mark, and fluorescence europium and terbium complexes with the new ligand have
analysig2]. been studied. The results show that the Eu(lll) with the lig-
The bioactivity and magnetic performance of Schiff base and can emit intrinsic spectrum of Eu(lll) under excitation
and their complexes with rare earth ions have been stud-of ultraviolet light, and that the organic solvent can affect the
ied extensively. However, their fluorescence properties havefluorescence characteristics of the Eu(lll) complex.
rarely been studied due to their low luminescef&4]. So
far, chemists have realized that it is essential to design appro-
priate ligands to optimize the luminescence properties of lan-
thanide ions by facilitating the well-known light conversion
process, which show to be efficient ligand-to-metal energy-
transfer process (antenna effect). Recently, we have designe

2. Experimental
3. 1. Materials

Acetic anhydride, benzoyl hydrazine, and hydroquinone
* Corresponding author. Tel.: +86 9318913515; fax: +86 9318912582,  Were produced in China. All material and solvents employed
E-mail address: yangzy@Izu.edu.cn (Z.-Y. Yang). in this study were analytical reagents. Absolute ethanol was
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derived and distilled by standard method. The rare earth(lll) Table 1 _
nitrates were derived from their oxide acquired from Nong Crystal data and structure refinement for Sm(lll) complex

Hua (PR China). Empirical formula G2 Heg N14 Os9 Snp
Formula weight 2052.09
2.2. Physical measurements () 298(2)
Crystal system Triclinic
. . . . . Space group P-1
The metal ions were determined by EDTA titration using , (A) 11.037(4)
xylenol oranges as an indicator. Carbon, nitrogen and hydro-» (A) 14.770(5)
gen analyses were performed using a Vario EL elemental ana-< (A) 15.032(7)
lyzer. Infrared spectra (4000-400 ch) were obtained with () 60.583(4)
KBr discs on a Therrno Mattson FTIR spectrometeNMR p (0) 75.528(7)
X Y (©) 88.999(4)
spectra were recorded on a Varian Mercury Plus 300 BB, y (33 2050.6(14)
using TMS as an internal standard in DMS@-Mlass spec- z 1
tra (fastatom bombardment) were recorded on a VG ZAB-HS Reflections collected 10694
mass spectrometer. Fluorescence measurements were madgependent reflections 708R(Jnt) = 0.0226]
on a Hitachi RF-540 spectrofluorophotometer equipped with Eﬂg?;?:;sefj;gga(n] éaf 2?).0349, wR2=0.0786
quartz cuvettes of 1 cm path length at room temperature. The e difference peak, holeke® 1.141,-0.539

molar conductance values measurements were carried out in

DMF on a model DSS-11A conductivity meter. )
2.4. Synthesis of the complexes

2.3. Synthesis of ligand The ligand (1 mmol, 0.308¢) and the Ln(N)@-6H,0O

(0.5 mmol) were added to the ethanol (10 mL). The mixtures

were stirred at 60C. After 5 min, the mixtures solution was

filtrated to move reside and continued stirring for 24 h at room

temperature. A white precipitated, the Ln(lll) complex, was

2.3.1. Preparation of 5 separated from the solution by suction filtration, purified by
An ethanol solution containing benzoyl hydrazine (1.36 g, washing several times with ethanol, and dried for 24 h in a

10mmol) was added dropwise to another ethanol solution vacuum. All the complexes are white powers and stable in air,

containing4 (1.90g, 10 mmol). The mixture was stirred for  but the crystals of the solvated Sm(lll) complex is a light yel-

2h at room temperature and a white precipitate formed. low and recrystallized from C¥OH with slow evaporation

The precipitate was collected by filtration and washed with at room temperature.

ethanol. Recrystallization from 1:1 (v/v) DMF#@ gave

the ligand, which was dried in a vacuum. Yield, 85%. M.P. 2.5. X-ray crystallography

209-211C. 'H NMR (DMSO-ds, ppm): § 11.95 (1H, br,

NH), 10.18 (1H, s, OH), 8.79 (1H, s, 2-H), 8.65 (1H, A light yellow crystal of Sm(lll) complex (0.42 mm

s, CH=N), 7.95-7.25 (8H, m, Ph-H, 5,7,8-H). FAB MS: 0.19 mmx 0.13 mm) was determined with a Bruker Smart-

mlz=309 (M +H). 1000 CCD diffractometer by a graphite monochromatic

H CO CH, OH
(CH,C00),0 AICl ocH, POClg
—_— - —_— rre—
98% H,S0, A DMF
OH CO CHy oM
1 3

2

The compounds of—4 (Fig. 1) were prepared according
to the literaturd5].

O
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‘ @—HNHNHZ O |
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Fig. 1. Scheme of the synthesis of the ligand.
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Mo Ko radiation @:0_7107@5) at 298(2) K. The crys-  the oxygen of carbonyl has formed a coordinative bond with
tallographic data are given iflable 1 The intensity data  the rare earth ionf7]. The band at 1598 cnt for the free
were collected by the scan mode within 2.14&< 25.03 ligand is assigned to the (C=N) stretch, which shifts to
for hkl (—13<h<12, —17<k<17, —17<1<17). The 1571-1573 cm? for its complexes. Weak bands at 427t
structure was solved by direct method, the positions of are assigned to(M—N). These further confirm that the nitro-
rest non-hydrogen atoms were determined from successiveden of the imino-group bonds to the rare earth ipf}sThe
Fourier syntheses, and the hydrogen atoms except wate@bsorption bands of the coordinated nitrates were observed at
hydrogens were placed in the geometrically calculated posi- about 1480 ag and 840 ¢s) cm~t. Thevs (E) free nitrates
tions. The positions and anisotropic thermal parameters of @ppear at 1384 cnt in the spectra of the complex{g], in

all non-hydrogen atoms were refined BA by full-matrix agreement with the result of the conductivity experiments. In
least-squares techniques with SHELX-97 program package.2ddition, the separation of the two highest frequency bands
Absorption correction was employed using semi-empirical |v4 — v1|is approximately 154 cmt, indicating that the coor-
from equivalents. dinated nitrate groups in the complexes are bidentate.

3.3. Crystal structure of Sm(IIl) complex
3. Result and discussion

The coordination of the hydrazone with lanthanide(lll)

3.1. Properties of the complexes results in the formation of five-membered (two SmN-
. . NCO) and six-membered (two SmNOCCO) chelating
Analytical data for the complexes, presentediable 2 rings in which the lanthanide ion is ten-coordinated.

conform to Ln(NQ@)sL . All of the complexes are soluble  The complex2 crystallized in a triclinic lattice with a
in DMSO, DMF, methanol and methanol/chloroform (1:1), space groupP-1. Each unite cell contains two molecules.

slightly soluble in ethanol, insoluble in benzene, water and oRrTEP drawing with the atoms numbering scheme for
diethyl ether, and may be kept in air for along time. Conduc- [SmL2(NO3)2]NO3-0.5H,0-2CH3OH are showniffFig. 2 In

tivity measurements for these complexes in DMF solution fact, the formula of Sm complex should be double molecule in
(Table 3 indicate that all complexes are 1:1ionic compounds the unit cell Eig. 3. Main bond lengths and angles are sum-

[6]. marized inTable 4 The coordination polyhedron for complex
2 is described by two nitrate group coordinated as bidentate,
3.2. IR spectra six donors atoms (four iminolic oxygen and two nitrogen) of
the two ligands. There are five types of the coordination bonds
The IR spectra of the complexes are similable 3shows in the complex2; its bond lengths are: SAO (hydrazonic)

the characteristic bands of ligand and its complexes. The 2.476(3) and 2.510(33, Sm-O (carbonyl) 2.438(3) and
V(carbony)(C=0) andu(nydrazonic)(C=0) vibrations of the free  2.367(3)A, Sm-N (hydrazonic) 2.700(3) and 2.672)
ligand are at 1632 and 1649 ch respectively; for the com-  Sm-O (nitrate) 2.499(3), 2.479(3), 2.574(3) and 2.57&3)
plexes these peaks shift to 1609 and 1634 tmr so, Av The Sm-O (carbony) distance (mean 2.48pis significantly
(ligand-complexes}S €qual to 23-33 and 12-15 cth The band shorter than the SrO (hydrazonic) distance (mean 2.479)3
at 591 cnt! is assigned to (M—O). These demonstrate that which suggests that the Sf® (carbony) bond is stronger

Table 2

Analytical and molar conductance data for the complexes

Complexes C% found (calc.) H% found (calc.) N% found (calc.) Ln% found (calc.) Am (scrmfmol~1)
1 42.94(42.77) 2.27(2.51) 186(10.27) 15.89(15.93) 92

2 42.46(42.86) 2.36(2.52) 178(10.29) 15.52(15.70) 12

3 42.20(42.46) 2.32(2.50) 19(10.20) 16.85(16.54) 102

4 42.67(42.30) 2.31(2.49) .89(10.16) 16.14(16.85) 108

Table 3

IR spectral data of the free ligands and its complexes &m

Compounds  v(carbony)(C=0)  v(hydrazonic)(C=0) v (C=N) 11 (NO3) wv2(NO3s) v3(NO3) wv4(NO3) vo(NOs) v(M-0O) v (M-N)

L 1632 1649 1598

1 1609 1634 1573 1480 1187 840 1325 1383 596 426
2 1609 1636 1571 1480 1187 838 1325 1380 595 427
3 1609 1634 1572 1480 1187 840 1326 1384 591 427
4 1609 1637 1572 1480 1186 838 1325 1382 596 429
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Fig. 2. ORTEP drawing of Sm(IIl) complex.

than the SmO (hydrazonic) bond, in agreement with the IR 3.4. Fluorescence studies
spectral data.

In complex the @;—N, and Gs—N4 distances are con- The fluorescence characteristics of the complexes in solid
sistent with a double bond while the; 04 and Gg-041 are listed inTable 5 The solid complexes have characteristic
distances are consistent with a single bond. line emission of f—f transitions of metal ions when they are

Fig. 3. Packing diagram in the unit cell showing hydrogen bonding.
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Table 4
Select bond Iengthsﬁo and angles) for complex2
Sm(1)-0(2) 2367(3) Sm(1)-0(8) 11637(11) O(4y-Sm(1-0(12) 6668(11)
Sm(1y-0(6) 2438(3) Sm(1>-0(13) 6863(10) O(10-Sm(1)y-0(12) 13979(11)
Sm(1)-0(4) 2476(3) Sm(10(12) 7321(10) 0O(9-Sm(1)-0(12) 16322(10)
Sm(1)-0(10) 2479(3) Sm(1N(3) 2510(3) O(8-Sm(1)-0(12) 10372(10)
Sm(1)-0(9) 2499(3) Sm(1N(1) 2570(3) O(2-Sm(1y-N(3) 12726(10)
O(2)-Sm(1)-0(6) 14836(9) O(10-Sm(1}-0(8) 2574(3) O(6-Sm(1)-N(3) 6473(9)
O(2-Sm(1)-0O(4) 12291(11) O(9-Sm(1)y-0(8) 2672(4) O(4Sm(1y-N(3) 10659(11)
O(6)-Sm(1)-0(4) 67.70(9) O(2-Sm(1)-0(13) 2700(3) O(10-Sm(1)-N(3) 13825(11)
O(2-Sm(1)-0(10) 7694(11) O(9-SM(1)y-N(2) 12439(10) O(9-SM(1)y-N(3) 97.73(10)
O(6)—Sm(1)-0(10) 7837(11) O(8F-Sm(1)-N(1) 12822(10) O(8-Sm(1)-N(3) 5943(10)
O(6)-Sm(1)-0(10) 7837(11) O(13)-Sm(1)-N(1) 7331(11) O(13)-Sm(1)-N(3) 74.60(10)
O(4)-Sm(1)-0(10) 7436(12) O(12-Sm(1)y-N(1) 7225(10) 0O(12y-Sm(1)-N(3) 6593(10)
O(2-Sm(1)-0(9) 7599(10) N(3-Sm(1)-N(1) 13765(10) O(2-Sm(1)y-N(1) 66.97(10)
0O(6)—Sm(1)-0(9) 7318(10) O(13ySm(1)-0(12) 4907(10) O(6y-Sm(1)-N(1) 12732(10)
O(4y-Sm(1)-0(9) 11759(10) O(4¥-Sm(1)y-0O(13) 10906(10) O(4Sm(1)y-N(2) 60.30(10)
0O(10-Sm(1)-0(9) 5113(11) 0O(9-Sm(1)-0(13) 13280(10) O(10-Sm(1)-N(1) 80.34(11)
O(2-Sm(1)-0(8) 7006(11) O(8-Sm(1)-0O(13) 6768(10) O(6-Sm(1)-0O(13) 13507(9)
0O(6)—Sm(1)-0(8) 10440(10) O(2y-Sm(1)-0(12) 11635(10) 0O(105-Sm(1)-0(13) 14599(11)
O(4)-Sm(1)}-0(8) 16596(10) O(6-Sm(1}-0(12) 9528(9)
Table 5
Fluorescence data of the complexes at room temperature
Complexes State Slit (nm) Aex (NM) Aem (NM) RFF Assignment
1 Solid 25 344 579.2 129.9 5Dy — "Ry
591.6 829.8 D= "R
615.8 1818 5Do— "F2
2 Solid 25 333 562.4 37.96 4G5/, — BHs)n
594.6 45.71 4Gsj2 — SH7p2
641.0 12.34 4Gsj2— SH72

a RFl is relative fluorescence intensity.

excited with UV light. The solid complexes of Eu and Sm ands triplet levels and the emitting levels of the europium
(Figs. 4 and b show strong fluorescence emission, and the favor the energy transfer process for europium. This makes
fluorescence intensity of Eu(lll) complexes is the strongest. the europium complex show the most intense red fluores-
Based on the theory of antenna eff@@f10], the intensity cence. However, the Dy and Th(lll) complexes do not exhibit
of the luminescence of 131 complexes is related to the fluorescence, which indicates that energy transfer process
efficiency of the intramolecular energy transfer between the between the ligands triplet levels and the emitting levels of
triple level of the ligand and the emitting level of the ions, the Dy and Tb(lll) does not favor.

which depends on the energy gap between the two levels. The solid fluorescence emission peaks of Eu(lll) com-
In the solid state, probably the energy gap between the lig- plex are all from®Do— F; transition, and®Dg— 'F»
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Fig. 4. The fluorescence emission spectra of the Eu(lll) complex. Fig. 5. The fluorescence emission spectra of the Sm(Ill) complex.
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Table 6

Fluorescence data of the compleat room temperature

Complex Solve Slit (nm) Aex (NmM) Aem (NM) RFP Assignment

C DMSO 5.0 394 591 11.3 5Dg— "Ry
613 6.97 5Dg— "R
650 0.66 5Dy — “F3
691 1.12 5Dg— "Fa

C CH3OH/CHCk 5.0 391 572 3.32 5Dg— "Ry
591 4.61 5Dp— 'Fy
615 8.36 5Dg— R

C DMF 5.0 394 591 0.61 5Dg— "F1
616 0.84 5Dg— R

C represents concentration: 504 molL~1.
2 RFl is relative fluorescence intensity.

transition is an electric dipole transition. It can be detected andFig. 6, the fluorescence intensities of the Eu(lll) com-
as a relatively strong peak when udoes not lie in cen-  plex in organic solvent are weaker than that of powder. This
trosymmetric ligand fiel®Do — “F; transitionis amagnetic ~ may be due to the quench process of solvent molecules in
dipole transition, and its fluorescence intensity becomes thethe solution. The fluorescence intensity order of the Eu(lll)
most intensive only when Eiiion is center of inversion. In  complex (at the same concentration) in different solvents
Tables 5 and Gt can be seen that the intensityX@g — ‘F» is DMSO >CHOH/CHCL (1:1) >DMF. The fluorescence
transition is far stronger than that 8Dy — ‘F1 in solid, intensity measured in G¥DH/CHCJ is lower than the one
DMF and CHOH/CHCk (1:1, v/v), and a higher value for measured in DMSO because radiationless energy transfer
new="Do— "F2/°Do— "F1 (neu=2.19 (solid), 1.38 (DMF)  competes with the radiative processes through coupling of the
and 1.82 (CHOH/CHCk (1:1, v/v)) indicates that the line-  emissive states of Btiion to the O—H vibrational overstones.
like emission spectra results from intra-4f transitions of Besides, in DMF, which has a higher dielectric constant than
predominantly electric dipole character, and thus'Bies CH30H/CHCL (1:1), the europium complex exhibits the
in a non-centrosymmetric ligand fiel[d1]. However, in lowest intensity. This fact is due to the high coordination
the DMSO, a lower value fong,=°Dg— "Fo/°Dg— F1 ability of DMF, whose oscillatory motions consume most of
(neu=0.62) indicates that the line-like emission spectra the energy transferred from the hydrazone to the metal ion.
results from intra-4f transitions of predominantly magnetic  We also see that the emission spectra of the Eu(lll)
dipole character, and thus Eulies in a centrosymmetric  complex exhibit different bands in different solvents. Inter-
ligand field. From the above discussion, we can draw a con- estingly, the Eu complex exhibits four bands in DMSO,
clusion that the geometry of the complex has been changedcorresponding t@Do — ‘F1, °Do — 'F», °Dg— ‘F3 and
by DMSO coordination. 5Dy — ’F4 transitions. Comparing to the fluorescence of
The influence of solvent on the fluorescence intensities of solid complex, th€Dg — ’F and®Dg — ’F4 emission peaks
the Eu(lll) complex was investigated. As givenTable 6 were be observed at about 650 and 691 nm. These indicate
that solvent molecules have strong coordination effect, and
124 that the environment plays an important role in determining
the fluorescence intensity of the complekez).
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