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Crystal Structures and Luminescent Properties of Salen-Type and
B-Diketonate Lanthanide Complexes
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Abstract: Two dinuclear lanthanide complexes [Ln,L(acac),(CH;0H)],-2CH,Cl, (Ln=Ce (1), Eu (2)) prepared by
salen-type (H,L.=N,N’-bis(2-oxy-3-methoxybenzylidene)-1,2-phenylenediamine) ligand and Ln(acac);+H,O (acac=
acetylacetonate) were structurally characterized. X-ray crystallographic analysis reveals that the two Ln(l) ions
adopt same coordination environments that octa-coordinated Ln (Il atoms form square antiprism geometry.
Luminescent analysis reveals the Eu () ion and ligand-centered co-luminescence for complex 2, which is

attributed to the incomplete energy transfer from the triplet state of H,L to the resonance energy level of the
corresponding Eu(lll) ion. CCDC: 1482355, 1; 1449142, 2.
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0 Introduction environments although their structures are often
influenced by a variety of factors such as radii of

Lanthanide complexes constructed from multide- lanthanide ions, structures of the ligands and counter
ntate ligands are of considerable interest because of ions"™. In recent years, it is known that the B-
their unusual luminescence and magnetism"". The diketone ligand are perfect sensitizers for Ln () ion
well-known multidentate salen-type ligands are able to luminescence due to their effective sensitization
stabilize different metals in various coordination ability to the metal®. In view of the recent important
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progress on the structure, luminescence and magnetism
of salen-type and B-diketones lanthanide complexes as
well as our long-standing research on this domain/**/,
the rigid hexadentate salen-type ligand of N,N’-bis(2-
oxy-3-methoxybenzylidene)-1,2-phenylenediamine and
acetylacetonate were employed to develop salen-type
and B-diketonate lanthanide complexes. As a result,
two salen-type and B-diketonate dinuclear lanthanide
complexes, [Ln;L(acac),(CH;OH)],- 2CH,CI,
(Ln=Ce (1), Eu (2); H,L=N,N’-bis(2-oxy-3-methoxy-

benzylidene)-1,2-phenylenediamine; acac =acetylaceto-

namely,

nate) have been synthesized, and their crystal stru-

ctures have been determined.
1 Experimental

1.1 Materials and instruments

All chemicals and solvents except Ln(acac); - H,O
and H,L. were obtained from commercial sources and
used without further purification. The salen-type
ligand H,L.  (Scheme 1) was prepared according to the
literature and lanthanide precursors™®. Ln(acac);*H,0
were prepared according to a literature procedure
previously described”. Elemental (C, H and N) analyses
were performed on a Perkin-Elmer 2400 analyzer. FT-
IR data were collected on a Perkin-Elmer 100
spectrophotometer by using KBr disks in the range of
4 000 ~500 c¢cm ™. UV spectra

recorded on a Perkin-Elmer 35 spectrophotometer.

(in methanol) were

Thermal analyses were carried out on a STA-6000

with a heating rate of 10 °C +min™

in a temperature
range from 30 to 800 °C in atmosphere. The Powder
X-ray diffraction (PXRD) patterns were recorded on a
Rigaku D/Max-3B X-ray diffractometer with Cu Ko
radiation (A=0.154 06 nm) under current of 40 mA
and voltage of 200 kV , and the scanning rate is 4°+s™

with 26 ranging from 5°~40°.

=N N=
OCH, H,CO
HL acac

Scheme 1 Representation of hexadentate salen-type and

acac ligand

1.2 Synthesis of complexes 1 and 2

A solution of Ln(acac);+H,O (Ln=Ce, Eu) (1.0
mmol) in CH;0H (10 mL) were added to a solution of
H,L (0.5 mmol) in CH,CI, (25 mL). The mixed solution
was stirred for 4 h at room temperature, and the filtrate
was stored in the refrigerator to crystallize at low
(278 K). Yellow crystals suitable for

single-crystal X-ray diffraction analysis were obtained

temperature

after 2 days.

[Cesl.(acac)s(CH;OH)], - CH,CL, (1) Yield: 0.632 g
(50.5%); Elemental analysis Caled. for CyHsCe,Cly
N,Oi3(%): C, 43.14; H, 4.34; N, 2.24; Found(%): C,
43.40; H, 4.20; N, 2.30; IR (KBr, cm™): 3 431(s),
2 947(w), 1 651(s), 1 645(s), 1 620(s), 1 529(s), 1 476
(m), 1 430(m), 1 199(w), 754(w); UV-Vis (MeOH, A):
232, 265, 339 nm.

[Eu,L(acac),(CH;0H)],- CH,Cl, (2) Yield: 0.432 ¢
(73.7% ); Elemental analysis Caled. for Cy;sHsEu,Cly
N,O;3(%): C, 42.34; H, 4.26; N, 2.19; Found(%): C,
42.40; H, 4.20; N, 2.20; IR (KBr, cm™): 3 421(s),
2 957(w), 1 654(s), 1 648(s), 1 616(s), 1 521(s), 1 471
(m), 1 439(m), 1 198(w), 756(w); UV-Vis (MeOH, A):
236, 261, 337 nm.

1.3 Crystallography

Single-crystal X-ray data of complexes 1 and 2
were collected on a Rigaku R-AXIS RAPID imaging
plate diffractometer
Mo Ka (A=0.071 073 nm) at 293 K. Empirical absor-

ption corrections based on equivalent reflections were

with  graphite-monochromated

applied. The structures of complexes 1 and 2 were
solved by direct methods and refined by full-matrix
least-squares methods on F? using SHELXS-97 crysta-
llographic software package™. The larger U,, values of
the dichloromethane molecules might be ascribed to
the larger thermal motions of the guest species. All
non-hydrogen atoms were anisotropically refined.
Selected crystal data and structure refinement details

for complexes 1 and 2 were summarized in Table 1.

CCDC: 1482355, 1; 1449142, 2.
2 Results and discussion

2.1 Spectral analysis

Infrared spectra of the ligand, complexes 1 and 2
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Table 1 Crystal data and structures refinement for complexes 1 and 2

Complex 1 2
Formula CusHsCe:CLN,O 3 CssHsEu,CLNO 5
Formula weight 1 252.94 1276.62
Crystal system Triclinic Triclinic
Space group Pl P1
a/nm 1.467 0(4) 1.469 4(5)
b / nm 1.598 8(4) 1.604 0(5)
¢/ nm 2.331 5(7) 2.329 9(5)
al (%) 101.520(2) 101.517(5)
B/(° 104.172(2) 104.143(5)
v /(%) 91.254(2) 91.298(5)
V / nm? 5 180(3) 5203(3)
A 4 4
D./ (g-em™) 1.606 1.630
w/ mm™ 2.002 2.654
F(000) 2 504 2 544
R, [I>20(])] 0.065 6 0.052 9
wR, [1>20(1)] 0.169 3 0.123 6
Ry (all data) 0.087 2 0.072 2
wR, (all data) 0.185 1 0.137 7
GOF on F? 1.099 1.065

are showed in FigSI. In a typical spectrum of
complex 1, the broad weak O-H stretching vibration at
3 414 cm™ disappeared, while a weak and broad band
at about 3 423 ecm™ is newly generated from the N-H
vibration. The strong v(C=N) bands occurring in the
range of 1 647~1 656 cm™ for complexes 1 and 2
shifts to higher wavenumber in comparison with that
for free HyL. (1 635 cm™), due to the coordination of
C=N groups, which reduces the strengthening of C=N
groups. The UV-Vis spectra of the ligand, complexes
1 and 2 are recorded in MeOH solution (Fig.S1 right).
For ligand, the typical absorptions at 215, 240 and
309 nm are attributed to the 7-7* transition of the
aromatic ring and azomethine chromophore. In a
typical spectrum of complex 1, the similar ligand-
centered solution absorption bands (236, 261, 337 nm)
are observed and red-shifted as compared to those
(214, 241 and 310 nm) for ligand resulting from the
changes in the energy levels of the ligand orbitals
upon the coordination of the Ln(lll) ions.
2.2 TG-DSC analysis

TG-DSC analysis of complexes 1 and 2 are

showed in Fig.S2. Complexes 1 and 2 exhibit a
gradual weight loss of 11.90% and 12.10% in the
range of 33~217 °C, respectively, which corresponds
to the loss of two dichloromethane molecules (Caled.
13.60% and 13.30%, respectively). TG-DSC data
confirm that two crystalline dichloromethane exist in
complexes 1 and 2.
2.3 PXRD analysis

Powder X-ray diffraction (PXRD) patterns of
complexes 1 and 2 are in agreement with the

(Fig.S3). PXRD analysis further

demonstrates that the crystal structure of complexes 1

simulated ones

and 2 is truly representative of the bulk materials.
The differences in intensity are due to the preferred
orientation of the powder samples.
2.4 Structural descriptions of complexes 1 and 2
X-ray crystallographic analysis reveals that comp-
lexes 1 and 2 are isomorphic. In a typical structure of
complex 2 shows a dinuclear core structure in which
the positive charges of two Eu(lll) cations are balanced
by one 1> and four acac™. Complex 2 crystallizes in

the triclinic space group Pl and as shown in Fig.1,
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Hydrogen atoms and solvent molecules are omitted

Fig.1 Molecular structure of complex 2

complex 2 consists of two of dinuclear

types
lanthanide clusters. The Eul(ll) ion displays an eight-
coordination and is bonded to six oxygen atoms (four
from the two top acac ligands and two from the
phenolic oxygen of the salen-type ligand) and two
nitrogen atoms from the salen-type ligand to form a
square antiprism geometry. The Eu3(Il) ion displays
also an eight-coordination and is bonded to eight
oxygen atoms (two oxygen atoms from the phenolic
oxygen of the salen-type ligand, four oxygen atoms
from the two bottom acac ligands, and two oxygen
atom from two methanol molecule) to form a square

(Fig.2). The Eul(ll) and

antiprism geometry as well
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Eu3 () ions are bridged by the phenolic 05 and 06
atoms forming a rhombus { EulO5Eu306} core.
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Fig.2 Coordination geometry of Eu(ll) ions

2.5 Luminescent property

The fluorescence spectrum of complex 2 is
recorded in MeOH solution at room temperature (Fig.
3a). The emission spectrum of complex 2 exhibits a
weak broad emission band at 450 ~550 nm with an
emission maximum at approximately 510 nm, which
can be assigned to the 7m-7* electronic transition of
the ligand. Moreover, the emission spectrum exhibits
an intense peak at 614 nm assigned to Dy —'F,
transition of the Eu(ll) ion®. The emission spectrum
suggests that the ligand can sensitize the lumine-
scence of Eu(lll) ion but both the ligand and the Eu(ll)
ions are co-luminescence in complex 2 (Fig.3a).
Furthermore, complex 2 shows bright red emission
under UV illumination. The lifetime for complex 2 is
found to be 283.22 s, which is the longest among the
salen-type homo-nuclear lanthanide complexes (Fig.3b).

In general, the widely accepted energy transfer
mechanism of the luminescence lanthanide complexes

B In order to make energy

is proposed by Crosby
transfer effective, the energy-level match between the

lowest triplet energy level (T)) of the ligand and the

1 000

100
7=283.22 ps
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Intensity / counts

1 000
Time / ps
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Fig.3 Excitation and emission spectra (a) and experimental luminescence decay profile (b) of complex 2
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lowest excited state level of Ln(l) ion becomes one of
the most important factors dominating the luminescence
properties of the complexes. On account of the
difficulty in observing the phosphorescence spectra of
the ligands, the emission spectrum of the complex
[Gd,L (acac), (CH;0H)], -2CH,CL,®" at 77 K used to
estimate the triplet state energy level of the ligand.
(‘7rar*) level of H,L is
estimated by referencing its absorbance edge, which is
25 000 cm™ (400 nm). The triplet (7)) energy level is

calculated by referring to the lower wavelength

The single state energy

emission peaks of the corresponding phosphorescence
spectrum of Gd(Il) complex, which is 21 505 ¢cm™ (465
nm). It is known that the gap AE(T,—Ln(lll) should be
intermediate for maximum energy transfer, too big or
too small would decrease the efficiency of energy
transfer. According to Latva’ s empirical rule, an
optimal ligand-to-metal energy transfer process for Eu(lll)
needs the energy gap AE (Cmm*-Dy)>2 500 cm™ 2,
Therefore, the energy gaps between the triplet state of
H,L. and the resonance energy level of Eu(ll) are
calculated. For complex 2, the energy gap AE (3 495
cm™) is higher than the value of 2 500 cm™ (Fig.4). In
conclusion, the effective inter-system crossing and

ligand to metal energy transfer processes can be found

S, (H,L)
25 000
A
20000 |-
— QDU
g
Q
5]
10 000 |-
[
"By
Eu(Il)
0

Si: first excited singlet state; T': first excited triplet state

Fig.4 Schematic energy level diagram and energy

transfer processes for complex 2

in the complex, which demonstrated that the ligand is

suitable for sensitizing the Eu(lll) ion luminescence.
3 Conclusions

Isolation of complexes 1 and 2 demonstrates that
the synthesis of salen-type dinuclear complex with

rigid salen-type and B-diketonate ligands are

possible, and the structure of the salen-type ligand
dominate the structures of the complexes and the
coordination geometries of the Ce(ll) and Eu(l) ions.

The energy gap analysis suggests that the co-

luminescence of Eu(ll) ion and ligand in complex 2 in
MeOH solution is dominated by the good energy
match between the triplet state of H,L. and resonance
energy level of the corresponding Eu () ion. The
lifetime for 2 is found to be 283.22 s, which is the
longest among the salen-type homo-nuclear lanthanide

complexes.
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